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1 Intreduction P. 1

CHAPTER I PRESSURE DISTRIBUTION WITHIN TYPHOON

§ 1 Inbroduction
The pressure traces recorded at the time of a typhoon passage
are well-shaped, suggesting that they might be shown by a mathemati-
cal expfession. Y. Horiguchi ~ studied +the pressure field within
the typhoon of Aug. 1924, concluding that the pressure is represented
by the formula: (760 - P){r + 1.7) = 68.1, where r is the distance
from the typhoon center measured in 100 km. unit. It was known that
this formula shows the pressure distribution within the typhoon stud-
ied by Horiguchi, but the formula is not so convenient when we at-
tempt to represent the pressure curves for the other typhoons.
- Introducing a wvariable x, the dimensionless quantity defined as
the ratio r/r, , K. Takahashi(26) presented the equation,
aP (2 = 7/F Y (1)

1+ x
where P is the pressure r km. from the center, P, the pressure undis-

P =F -

turbed by the typhoon, AP the depth of the pressurs funnel, and o
the constant for each typhoon. It has been proved that this formulé
is capable of representing the pressure curves in the outer aresas of
typhoons. There remained, howsver, a fundamental problem thet we
must admit the existence of the finite pressure gradient at the cen-
ter.

The pressure distribution in the vicinity of the center bas been
studied by many writers, leading them <+o the conclusion that the
pressure. increases parabolically with the radius. Of course, in the
outer area where the pronounced cénvergence is predominant, it is be-

lieved that +the sbsolute angular momentum for each air parcel is
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liable to be conserved, In the inner area, however, the parcels in-
volved are rather stagnant, and they circulate as if they were fixed
on 2 solid dise,  on account of the internal friction and the eddy
transfer of momentum. These motions of the air result in the initi-
ation of a constant vorticity { in the vicinity of the center.
Now, we consider the case where the air flows along the circular
isobar with the tangentiel velocity v,, the vorticity is written thus:
{ = %“5; (r ve) DUUPRIERBS S )
From the equation, it is known that the velocity ve is to be propor-

tional to the radius, namely,

Dy = K T e -(3)
where, k 1is the constant having the value £,
=12 4,29,
whenoe, = = 5 kr 2k
If the wind around the center be the cyclostrophic, we have
o2 1 OF
r p r

Using the relation, y, ==%—§ r , we obtain the pressure, thus:

2
P =PB — AP + _Eéﬁ. rf .. (4)
V. Bjerknes presented an expressicn,
. AP - |
P =B - AL (5= 1/} eoeemrem e (58)

In the vicinity of the center, where & 1s wvery small, this formula

can be reduced to

P=(B —AP) + AP x? . - -- ()
This equation shows Vthat the pressure 1in center increases paraboli-
cally, In the outer arca, however, the pressure approaches rapidly
to P., nemely, the second term in the right side of the original equa-
tion is reduced to AP/xf On the other hand, when x is very large

Tekahashi's equation is reduced to B - AP/z and it 1is known that the
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typhoons in our country are well- represented by his equation.

§ 2 TIxamination-of the Practical Pressure Distribution

In order +to find out the equation which could represent the
pressure curves for typhoons, it is wvery important to examine the
pressure of many typhoons. The writer analysed the pressure fieldu
usiné the method presented hereundar.

The pressurc curve of a typhoon through her center may be tormed
the prefile. The profile would change, according to the direction,
therefore, it will be better to define that the profile is the mean
value of the ones along various directicns. When the reporting
stations are scattered unifermly in the typhoon areas, the profile
cen be drawn by plotting the pressure for each station. In the
practical case, however, the stations are concsntrated on the islands
and the continent which do not cover <the typhoon areas perfectly.
The mean wvalue aleng the cirele with the radius R will be defined

1
thus : Ro= - LP” . (6)

where,-Pnois the pressure on the ring R km. from the center.
| Using this methed, many profiles for typhoons in their varicus
stages were obbtained, among which the case in Typhoon Jane of 3 Sept.
1960 is reproduced in Fig. 1.

Trr the practical computation of P , it is desirable té obtain
a great number of pressures on the circle. This is very laborious,
therefore, the writer chose +the prossures at the 26 points on the
circle in Fig. 1, in order to calculeste the value of ii easily. The
result was pretty much satisféctery and proved that Takehashi's equa-

tion 1is very capable for the representation of the outer field of
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Fige 1. To determine the mean pressure along the circle

of the radius, 500 km. The ocircle is devided into eve-

ry 10 degree segments. Typhoon Jane of 3 Sept. 1950.
typhoon.

Taking the above-mentioned characteristics of profiles into con=-
sideration, the writer obtained the equation which coincides with the
equation by Tekahashi in the outer area, and with that by Bjerknes in

the vicinity of the center, that is,

P = p - :/‘——-—IA-&ng (x =v/1, ) e —(7a)

This equation can be reduced to the formulas:

P = (R, — AP) + -21 AP x® (inner area)—---(7b)
P = F, — AP/x (outer area)-—— (7¢)
There happened, however, an important problem how to conneet the
parabdla in the cenmter with the hyperbola extending to the infinite
distances Of course, the above-mentioned equation by the writer is
one of the equations which would join the two curves.
Now it is likely that the pressure ocurves for typhoons are not

80 s%mple that they could be represented by the equations containing
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only three eonstants, P, , AP, and 7.

To obbtain & reasonable ocurve

by connecting <+the twoe thick curves

in Fig. 2, it is noccessary to intro-

\\\\
. \\/

AV N Hyperbola
A duce & new constant by whiclh: the

—[7\ < shape of the curve could be changsd.
/ parabola The shape of the profile is closely

related +t¢ the veosition of the in-

Fig. 2. Showing the curves
which join the  parabolas floxien point at which the profiles
with hyperbola% :
for inrer and fer outer areas could
~be connected continuously.
After the examination of profiles, it was known thet the pres-
sure ratio, ( Pinfl.—Pcenter): AP is not always constant for each ty-

phoon. By tho way, the writer compubted the pressure ratie fer the

equatiens, thus:

. AP
the ratio 0.000 for P=Fk - v
N N . I) =;= }29 zs })
the ratio 0.250 for T+ 22
the ratio 0.184 for P =P — _AF

A+

These results show that the ratios arc constant for each equation,
suggesting that it is not always able te represent the profile for an

arbitrary typhoon.

§ 2 Radius Ratio of Pressure Prefile

According to the discussien abeve, it is desirable to intreduce
the new constant which would change the pressure ratic presented be-
fores In the practical case, however, it is very difficult to detere

mine the lecation of the inflexien point en the ourve sccurately.
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The writer, therefore, considered the ratio of two radii Ra and
Rm corresponding to the pressures-%AP and-%Af’lower than P,, instead

of the value of (Pinfl- Pcenter): AP which could not be evaluated before

the location of +the inflexion
point was given. As shown in Fig.
3, the value Rn/Rm will easily be
obtained. Thus, the ratio Rn/Rm

may be termed the radius ratic of

a pressure profile.

Aftter +the evaluation of the

Figs 3. How to determine
radius ratioc for the formulas by the radius ratio Rn/Rm
’ for a typhoon profile,

meny suthors, it was known +that
the ratio for Takahashi's equation is minimum and that for Bjerknes'
maximum.

According to the study of the practical pressure traces, the
radius retios are known to be about 0.10 - 1.0 for typhoona, and 1.0
- 10 for continental cyclenes. In the redevelopment stage of a ty-
phoon into an extra-tropical or continental ecyclone, gradually  the
retio Increases. In this respect, Tekahashi's equation is most sui-
table for the %ropicai storms having a steef funnel.

The varistion of the radius ratio for the Muroto Typhoon of 21

Septs 1934, which passed across Shikoku, Kinki, and Ou Districts, is

shown below.

Time (MST)! 5 6 7 8 9110 {11 {12 13 14 ! 15 | 16
Rn/Rm [ 0.17{0,17{0416{04171 0423 043010631i 04330436 0038; 0441} 0,41
21 September 1934

It will be seen in the table that the radius ratio changed rapidly,

so that we must make an equation of wide range in the ratio, in order
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to represent the profiles for the typhoon presented hers.

§ 4 fOyclonec FPunction
The writer obteined the function containing the new constant

rclated to the redius retio of the pressure curves, thus:

/ 1+ ( ii;}g e (8R)

where, a is the constant capable of changing the radius ratio from
04065 to 0.635. Therefore, it is clear that this function has an
good adaptability from typhoon to continental cyclone in various
‘stages.

Emphasizing the characteristic of the present funetion, it may
be suiteble to term this function "the Cyclone Function"  together
~with the symbol W. Using this symbol, the pressure of a typhoon can
be written as follows: P = B, — VAP =f ( B, AP, a, 7 ) - - (8b)
It will become evident, in the following discussion, how completely
this formula accounts for not only the preséure field, but also the
pressure tendency, filling and deepening, expansion and shrink  of
iscobars, and the temperatﬁre distribution within typhoons.

The four constants in formula (8a) are the importaﬁt ones by

which the shape of the pressure curves can perfcetly be determined.

Therefore, it is convenient to give them following names.
B. e Undisturbed Pressure
AP . Pressure Depth
a : Cyclone Constant

Ty e Unit Radius
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THE VALUES OF

1
‘I'af(x,fﬂ)z 3 3"‘1’ P9 =15
/1 + (=23
0 ’ s %% 4+(I420)%°+3as’ yax _
,.._a‘i’c\yx,,_w o) P 16 — 22
‘ s x? (x-+.lf

amy = P —

E-vw=-v a1 a) 23 — 29

The values of Wx , which are always negative, are tabulated
omitting the negative signes. All the quantities are shown
in three figures, according to the following manner.

True Values Tabular Values

13.8 COPSSOPLISEIBTOSEOIRTES 8
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0!377 LR BN R R S WY ) 377
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OOOOOOOG ¢ev e evose e Qgﬁ

Computed February 1952 :
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887
604
570
539

510

999
9497
Q93
98¢
982
943
894
84 3

.
74

747
’7 04‘

665

828
594
537
488
447
412
3682
356
333
312
295
279
264
251
239
228
218
209
201
193
186
160
165
152
142
132
124
1L7
111
105
996
948
566
797
738
688
643
605
570
540

511

999
997
954
569
€3
946
LRLE
a49
800
7E3
709
670
633
600
542
492
451
415
385
358
3356
314
296
280
265
252
240
229
219
210
202
194
187
180
165
153
142
133
125
117
211
105
998
950
668
799
739
€89

645

6C6
571
541
512

100

997
994
990
984
049
930
854
805
759
T1€
6576
€39
605
546
496
454
419
267
360
237
316
298
281
267
254
241
230
220
211
203
195
188
181
168
153
143
133
125
118
111
105
100

952

£69
800
741
669
645
606
872
541
512

100
998

9985.
992 9
987 ¢

914 ©

£68

821 ¢

776
772
692
654
620
559
507
464

427 4
385 .

367

343 &4

322

303 73

286
271
257
245
233
223
214
205
197
190

183

166
155
144
134
126
1ig
112
106
100

957 ¢

£74
604
744
692
645
608
574
543

514



The Valuss of VYV .

No.

4

«80

-85

.90

+95

1.0

l.1

1.2

1.3

1.5

1.6

137

1.8 1
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© -3 o -] 3 a ©
O

12,0

—
W
Q

14,0
15.0
. 16.0

17.0 ¢

18.0
159.0

212
203
195
188
172
159
147
137
128
121
114
108
102
9753
886
814

753
700

655
615
579

548

518

100
999
998
965
G973
572
942
9086
886
824
784
74.3
705
669
604
548
500
459
423
392
365
341
320
302
285
270
257
244
233
223
214
205
197
190
173
160
148
138
129
121
114
108
103
977
890
817
756

703

657
617
581
549
520

100
999
998
996
994
975
947
912
874
833
794
753
715
678
614
556
507
465
429
398
370
246
325
305
289
273
260
247
236
225
216
207
199
191
175
161
149
139
130
122
115
109
103
982
894
821

753
705

659
618
582
551
521

100
999
998
996
994
977
951
918
881
842
802
763
725
688
623
565
515
472
435
403
375
350
228
309
292
276
262
249
238
227
218
209
201
193
176
162
150
140
131
123
116
109
104
986
898

824

762

707

661
620
584
552
522

100
999
998
997
995
979
955
923
888
850
811
772
734
698
631
573
523
479
441
409
380
354
332
313
295
279
265
252
240
230
220
211
202
195
178
163
151
141
131
123
116

110.

104
991
901
827
764
710

663

622

585

554
524

100

999
998
997
995
980
957
928
894
857
819
781
743
707
640
581
630
486
447
414
384
359
336
316
298
282
268
265
243
232
222
212
204
196
179
164
152
141
132
124
117
110
105

995

905
830
767
712
665
624

587

5865
525

100
100
999
998
996
9832
963
937
905
870
834
797
760
724
657
597
545
499
459
424
394
367
344
323
305
288
2773
259
247
236
226
216
207
199
182
167
154
143
134
125
118
112
106
100
912
836
772

717

669
628

590

557
528

100

100

999
998
997
986
968
943
514
882
847
811
776
740
673
612
558
511
470
435
404
376
352
330
311
294
279
264
252
240
229
220
211
202
184
169
156
145
135
127
119
113
107
101
920

843

778
722
6753
631

594

561
5730

100

100

999
998
997
987
972
950
923
892
859
825
789G
754
687
626
572
524
482
445
413
284
3690

7

35

318
300
284
269
256
244
233
223
214
206
187
171
158
147
137
128
121
114
108
102
927
849
783

726

67
6735

100
100
999
999
998
989
975
955
930
902
870
837
803
768
702
640
585
536
493
455
422
393
367
344
324
205
289
274
260
248
237
227
217
209
190
1753
160
148
138
129
122
115
109
103
978

856

789

731
7 681

35 638

597

583

533

600
566
536

100

100

999
999
998
990
977
959
936
909
880
848
815
780
714
653
597
548
504
465
431
401
375
351
330
311
294
279
265
252
241
230
221
212
192
176
162
150
140
131
123
116
110
104
942
862
794
736
686
642
604
569
529

100
100
100
999
998
991
979
963
941
917
888
857
826
792
728
666
610
559
514
475
440
409
382
358
337
317
300
284
269
257
245
234
224
215
195
178
164
152
141
132
124
117
111
105
949
868
799
741
690
648
607
572
541

100

100

100
999
998
992
981
966
946
9253
896
866
836
803
739
678
621
570
525
485
449
417
390
365
343
323
305
289
274
261
249
238
227
218
198
180
166
153
143
134
125
118
111
106
957
875

805

746

694

649
610

575

544

100
100

100

999
309
923
983
969
951
928
802
875
845
813
751
6390
633
581
535
94
458
425
397
371
349
228
210
293
278
265
253
241
231
221
200
183
168
155
144
135
127
119
112
107
964
881
810

750
698

653

613

577
547

100

100 1
100
399 ¢
959 ¢
994 9
985 ¢

972
954

934 ¢
909 ¢

882
853
823

761

701
644
592

545 &
503 &

466
433

404 4

378
355
334
316
298
283
269
256
245 2
234
224

203 2
185 ]

170
157
146

128
120
113
108
971
888
816
755
702.
656
817
580
549

121
114
109
979
894
821
760
706
660
620
583
552




The Values of N, Nos 5 P. 13

L
0o
L[] H
-

202 23 244 245 246 2.7 268 2.9 3.0 3.2 344 3.6 3.8 4.0 4.2

s

100 10Q 100 100 100 100 100 100 100 100 100 10C 160 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 200 100 100 100 100 100 100 100 100 100 100 100 100 10O 100
999 100 100 100 100 1CO 100 100 100 100 100 100 10C° 100 100 100

999 999 999 999 999 999 999 100 100 100 100" 100 100 100 100 100
995 995 .996 996 996 997 997 937 997 997 998 998 H98 998 999 999
987 966 989 990 991 991 092 992 993 993 994 995 995 096 996 996
976 978 179 980 982 983 984 085 966 987 988 989 990 991 992 993
961 964 986 988 97O 972 974 975 OT6 978 980 982 783 785 986 08E
942 046 949 952 955 957 760 062 964 966 969 972 975 27T 978 980
920 726 920 934 937 H40 943 046 949 952 956 960 964 967 969 972
895 901 907 712 917 921 025 928 931 935 940 946 950 354 957 961
868 876 882 888 8074 898 904 008 912 916 923 929 935:040 044 948
840 8486 855 862 &66 874 879 884 £90 €94 903 910 917 923 928 933
790 798 806 814 821 £2€ 835 841 647 858 £67 76 684 §92 898
721 731 740 749 757 766 773 761 788 795 £07 819 £30 840 849 §56
665 675 684 693 702 T10 719 727 734 742 756 769 761 792 203 813
612 622 631 640 649 658 666 674 682 630 705 718 731 743 755 766
564 573 582 531 600 608 616 624 632 640 655 669 6£2 695 707 718
521 530 539 547 555 564 570 579 536 594 609 623 636 649 661 673
483 491 499 507 515 523 530 537 545 552 566 579 6593 605 617 629
449 4BE 464 471 4T8 486 493 500 506 513 527 540 552 565 576 568
418 425 432 439 446 453 459 466 472 479 491 503 515 527 539 550
391 398 404 410 417 423 429 435 441 447 459 471 462 493 504 515
367 373 379 385 391 396 402 408 413 419 430 441 452 462 472 483
345 351 356 361 367 372 378 383 388 393 404 414 424 434 444 453
326 231 336 341 346 351 356 360 365 370 380 380 399 406 417 426
308 312 317 382 326 331 336 340 345 350 359 367 376 3€5 393 402
292 296 300 305 309 313 318 322 326 330 339 347 355 363 371 379
1.2 1 277 261 285 289 293 297 301 305 309 313 321 326 336 343 351 359
444 | 264 266 271 275 279 283 286 290 204 297 305 312 319 326 334 340
4,6 | 252 255 259 262 266 269 273 276 280 283 290 297 303 310 317 323
4.8 | 241 244 247 250 254 257 260 263 267 270 276 282 289 295 301 308
5.0 | 230 233 276 239 243 216 247 2852 255 258 264 270 275 281 287 293
5.5 | 208 211 213 216 219 221 224 226 229 231 237 242 247 252 257 262
187 192 194 196 190 201 203 205 207 210 214 218 223 227 232 236
174 176 172 180 1%2 13 1f5 187 189 191 195 200 203 207 211 214
160 162 164 165 167 169 171 172 174 176 179 183 16 1&9 193 196
140 151 152 154 155 157 156 160 161 163 166 169 172 175 17€ 180
140 142 143 144 146 147 146 150 151 154 156 159 162 164 167
130 131 133 134 135 136 137 139 140 14l 143 146 128 151 153 155
122 12¢ 125 126 127 12¢ 120 130 131 132 134 137 139 141 123 145
115 116 117 11 115 120 121 122 123 124 126 12¢ 130 1372 174 136
109 110 111 112 113 114 115 116 117 118 119 121 123 124 126 126
987 994 100 101 102 103 103 104 105 106 107 108 110 111 113 114
900 907. 913 913 926 232 93€ 944 951 957 970 963 996 101 102 103
13.0 | 626 £32 837 843 84E 053 €59 864 LTQ €75 666 ©97 708 919 930 941
14,0 | 765 763 774 779 764 T8E 793 798 802 807 716 626 35 45 £54 863
15,0 ;710 714 71§ 722 727 731 735 739 743 T47 755 763 772 780 T8& 796
16.0 664 667 671 675 679 682 666 690 693 697 704 T1l 715 726 733 740
17.0 | 623 626 630 633 636 639 642 646 649 652 656 668 671 676 6564 690
16.0 ! 586 589 592 595 598 601 604 607 610 613 619 624 630 635 641 647
119.0 | 555 557 560 562 565 568 57Q 573 575 578 563 568 574 599 604 600
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The Values of.\lf .

No. 6

-
Potre x

A

4.8

4.8

5.0

5!2

5.4

5,8

6,0

6.5

700

Teb

8.5

900

® o o & 06 o @ 06 9 © o © o & o

L)

e

3 &4 & o © o o

e 9 e

°

-nm@a-wmmmmmms\:mmmmw;—-x—:upooaoooooooooovf‘i'

¢ @ o ®© @ © 8 o © © e & @& O° O o

D000 COUNOTRONONO O PN RNOOEDPNOIDHAENOOHPANDDDADRRNDRNONHRO OO O

MO D OMD-~TII0 D NG D

NI R )
)
-3

—
[l
-] -

16.0
17,0
18.0
lq 0

a Q\;«'B oo i ON

2 100
: 100
1(\C
100
- 160
. 699
1997
1693
989
1982
974
1964

952
038
902
885
822
776
729
884
540
565
560
525
483
462
435
410
287
366
347
330

~
314

299
267
240
218
199
83
170
158
147
138
130

11186

105
952

100
100
1.00
100
100
599
997
594
989
G873
376
956
955
941
910
872
830
786
740
695

BR1

810
571
535
505
472
444
419
295
374
254
336
320
305
272
245
222
207
1886
172
160
150
140
132
117
1086

962

873 882

1805
}’7 7
696
653

814

o

813
755
703
659

620

100
100
10

100 1
100

.LOO
999
997
994
990
934
977
969
957
945
915
879
839
795
750
7085
661
620
582
545
512
481
453
427
403
381
361
343
326
310
277
249
226
206
189
175
182
Y
142
133
11%
107

973

892
822
762
709
565
625

100
100
100

999
998
395
9el
986
979
970
960
949
920
866
846
803
759
715
872
631
591
555
521
490
461
435
410
388
368
350
332
318
282
253
230
209
192
178
185
144
1358
120
108

084
901
820

769
715

671

630

100
100

100
100
100 L
599 ¢
998 ¢
995 ¢

892

87 ¢
980 ¢
972 ¢
983 ¢
952 ¢

324
891
853
812
768
725
882
640
601
564
530
498
469

443 4
418 -

395
375

356 ¢

337
322
287

258'

233

213 2
198 1

180
167
156
146
137

2z 1

110
295

910 ¢

838
776
722
677

635

999

998
996
993
988
982
975
967
957
932
902
866
827
782
742
700
659
620
583
548
515
486
458
433
409
388
368
350
333
296
266
241
219
201
186
172
160
150

140

125
112
o2

0 929

7 855

4 791

7385

2 688
0 646

100
100
l_OO

) 100
100

999
298
996
993
989
983
977
969
989
936
306
872
834
792
751
709
668
629
591
557
524
494
466
440
416
394
374
356
339
301
270
245
223
204
188
174
162
152
142
126
113
103

939
864

799
742

100
100

100

100
100

999
998
996
994
990
984
978
971
962
939
911
877
840
800
759
717
677
837
600
565
532
502
473
447
423
401
381
361
344
3086
275
248
226
207
191
77
164
164
114
128
115
104

948

872
806
749

100
100
100
100

100

100

569
997
995
991
987
981
975
966
946
920
890
855
817
778
737
697
658
621
585
552
521
492
465
440
417
396
376
358
318
285
258
234
215
198
183
170
158
148
131
118
107

972

892
824
766

100
100

100

100

100
100
999
997
995
992
988
983
977
970
952
928
900
868
832
794
755
715
677
640
605
571
539
510
482
456
433
411
290
371
330
296
267
213
222
204
189
175
163
153
135
121
109

995
913

842
782

693 T0Q 714 729
651 6F6 669 683 696

100 1
100
100
100 1
100
100

999
398
906
993
990
985
980
974
9867
935
910
879
845
809
771
733
695
659
623
589
556
527
499
472
448
425
404
385
342
307
276
251
229
210
194
180
168
157
139
124
112
102

933
861

798
744

100

100
999
998
996
994
991
987
982
976
961
941
917
889
857
823
786
749
712
676
640
606
574
543
515
488
463
439
418
298
252
2186
286
259
236
217
200
1886
173

lez

143
127
115
10%

954

879
814

758

100
100

100

100
100
100
995
998
997
99§
Q92
988
984
979
965
947
924
898
868
835
800
764
728
692
657
622
590
559
530
503
477
453
431
410
365
328
294
267
24%
223
206
191
178
166
146
130
117
107
974

897

830
772

709 72.4

100 1
100 1
100 1

100 1
lOO
100
999
998
997
995
9938
989
985
980
968
951
931
906
878
847
813
778
743
707
683
638
605
575
545
516
491
467
444
423
378
338
303
275
251
230
212
196
182
170
150
133
120
109
998

915
846

787

999
999
997
996
993
990
987
982
971
955
936
913
886
857
825
791
756
721
887
653
620
589
560
531
506
480
457
138
387
346
212
283
258
2386
218
203
187
175
154
137
123
111
102
933:
863,
802 .

735 74§§




The Values of V¥ .

Nos

7

P. 15

16

18

20

25

30

36

40

45

50

60

70

80

90
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100
100
100

100
y 100

100
100
100
100
908
997
996
9%
991
985
977
966
952
936
917
895
871
845
817
788
758
729
698
669
640
612
585
559
535

) 279

430
388
351
220
292
269
248
229
213
186
164
147
132
120
110
101

3 865

100

100

100
100
100
100
100
100
100
999
998
997
945
993
988
082

873

962
949
932
914
893
870
846
819
792
764
736
707
879
652
625
599
573
515
464
419
380
346
716
291
268
248
230
200
177
157
141
128
117
107
069
917

100
100
100
100
100

100
100
100
100
999
998
997
596
995
901
985
978
969
957
944
928
911
890
869
844
819
794
768
740
713
686
660
634
608
549
496
449
408
371
340
312
287
266
247
214
189
168
151
136
124

12
105
969

100

100

100
100

100

100
100
100
100
999
999
998
997
996
992
288
982
975
964
953
939
923
909
887
866
842
818
794
768
742
716
691
665
640
581
527
478
434
296
363
333
207
284
263
229
201
178
160
144
131
120
110
102

100
100
100
100
100
100

100

100

=

100

100
999
999
998
997
995
992
988
983
976
969
958
947
934
919
903
884
866

845"

823
801
778
754
731
07
649
594
543
4986
454
417
383
353
327
303
263
231
204
183
164
149
136
125
115

100
100
100
100
100
100
100
100
100
100
999
999
guq
998
997
995
992
988
983
977

970

261
951
940
927
912
896
880
862
843
823
802
781
759
7086
651
599
551
507
467
430
398
368
342
297

260

230
205
184
167
152
139
129

100
100
1oo
100
100
100
100
100
100
100
100
999
999
999
998
996
994
991
987
981
977
970
963
953
943
931
919
905
8390
874
857
838
819
800
750
698
648
600
555
513
474
439
407
379
229
288
255
227
204
184
168
152

100
100
100
100
100
100
100
100
100
100
100
100
999
999
998
997
9a5
9933
990
986
982
Q77
970
963
955
945
935
623
912
896
882
866
849
832
787
738
691
643
598
555
515
478
445
414
360
316
280
249
223
202
163

187

100
100

100

100

=

100

100

100
100
100

100

100
100
999
999
999
998
996
904
292
989
985
981
a76
970
963
955
946
937
925
914
201
887
873
857
§16
722
726
681
636
593
552
515
479
447
390
343
304
271
243
219
199
181

100
100
100
100
1oo
100
100
100
100
100
100
100
100
999
999
998
Qa7
596
994
991
988
984

980

975
969
263
965
047
938
927
916
905
891
877
841
800
757
713
870
628
587
548
512
479
419
369
327
292
261
236
214
195
179

100
100
100
100
100
100
100

100

100

100

100
100

100
100
999
999
98
997
576
994
992
989
986
982
978
973
968
962
a54
946
938
529
al9
807
878
844
806
767
727
687
647
609
572
537
474
419
372
332
298
269
244
220
204

100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
999
994
998
997
995
994
992
910
987
983
979
975
971
965
959
952
945
037
728
904
875
844
£09
772
735
607
660
623
588
523
465
415
371
334
201
274
249
228

100
100

100

100

100

100
100
100
100
100
100
100
100
100
100
999
999
998
998
997
995
304
992
920
987
984
980
977
973
966
963
956
950
922
922
898
571
841
507
774
739
703
668
633
567
509
455
409
368
333
502
275
252

100
100
100
100 !

100

100
100
100
100
100
100
100
100
100
100
100
999
999
998
997
996
995 ¢
994
992
990
987
985
981
978
974
Q70
965
959
953
936
916
893
866
837
806
770
740
708
672
607
547
492
444
401
363
330
201
276

141 153 166



The

Values of Hé .

No.

1

P. 16

.00
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14.0
15.0
16.0
17,0
18.0
19.0

3560

| 346
343"

338
334
314
294
274
257
238
222
2086

192

178
156
137
120
106
947
847
763
694

830

574
525
481
444
408
377
352
325
306
286
264
229

461

196
110
800
642
399
334
297
271
248
230
212
197
182
159
139
122
108
957
856
770
692
635
578
528
484
446
410
379
354
327
3n7
287
265
230

6 197
3 174

152

€ 137

121
109

> 987

897
817
687
5817
506
442
390
344
308
277
247

475

248

152
111
863
474
370
319
286
260
238
218
202
186
162
141
124
109
968
864
777
705
639
582
531
487
448
412
381
355
328
309
288
268
251
197
175
153
137
122

109

920
899
818
689
58€
507
442
390
345
309
278
248

410

261

173
130
102
535
404
340
200
271
246
225
207
192
165
143
125
110
978
873
784
710
644
586
534
489
451
415
383
357
330
310
290
267
232
198
175
153
137
122
110
992
901
820
690
589
507
443
391
345
309
278
248

357
253
184
141
113
589
433
360
313
281
255
231
212
196
168
145
127
112
988
882
791
715
648
590
537
492
453
417
385
359
331
311
291
269
232
199
175
154
128
122
110
994
903
822
691
520
508
444
391
346
309
278
248

275%226 191 160 137 118 103 901 798 710 636
236 217%197*179%162+146 133 121 110 101 937
144%134%126%118%110 103
116%110%105

184

146
120
634
461
377
325
289
262
237
217
200
170
147
129
113
999
891
799
721
653
594
541
495
455
419
287
361
333
312
292
270
233
199
176
154
138
123
110
996
9085
624
693
591
509
444
392
346
310
279
248

;78
147
123
670
484
294
338
297
268
243
222
204
173
150
130
114
101
899
808
726
657
597
544
498
457
421
389
362
334
314

293
271

234

200

176

158

129
123
111
999
907
825
694
592
510
445
392
347
310
279
249

171
146
125
700
506
410
350
306
275
249
227
208
176
152
132
116
102
908
813
731

661
601
4 547

501
459

423
391

364
336
315
295

272

235
201

177

168
139

123

111
100
909
€27
695
593
511

445

393
347
311
279
249

163
142
124
725
527
424
361
316
282
255
231
212
179
154
133
117
103
917
6§20
736
666
605
550
503
462
426
393
366
337
317
296
273
236
202
177
156
139
123
111
100
91l
829
696

594 !
511 !

446
393
548
311
279
249

153

137

123
745
544
437
371
324
288
260
225
215
181
156
134
118
104
925
627
742
671
609
553
506
464

428

395
367
3729
318
297
274
237
202
178
156

132
120
761
559
449
382
331
294
265
239
218
184
158
136
119
105
934
834
747
675
613
556
509
468
430
397
269
341
319
298
275
238
203
179
157

9 140

124
112
101
915
832
699
596
513
447
394
348
312
280

49 250

127
117
771
57%
460
390
%28
300
270
2473
221
187
160
138
120
1086
942
840
753

680

617
560

514

469
432

393,
371
342

321
299
277
238
2nd
179
157
140
124
lle
101

917
834 9

700

537 f
hl4 &

448
495
349

512 3

280
250

122
114
780
584
471
290
46
206
275
249
225
190
162
140
122
107
950
847
758
685
621
563
515
471
473

373
344
322
200
278
239
204
180
158
140
125
112
101

110
763
592
481
407
352
212
280
252
229
192
164
142
123
108
958
853
764
690
625
567
518
474

4 436
101

403
274
245
223
302
279
240
205
180
158
125
112
101
920
837
703
529
516
449
396
350
313

L 281

ol 251

106
785
603
490
416
259
317
285
256
232
194
166
143
124
109
966
860
769
694
629
570

521

477
438

408

376
247
325
303
2580
241
206
181
158
121
125

113

102
922
€39
704
600
516
450
396
380
313
281
251

102
7842
611
497
423
367
322
289!
259!
236
197
168
135
126
110
974
868
775
699
633
574
524
480
441
407
378
348
326
304
281
242
208
181
159
142
126
113
102
524
841
706
601
517
45]
397
35
213
28a
251

The wvelue prefixed

by * ig the maximum i

upright

seguence,




The Values of Y. . No. 2 P. 17

216 217 418 .19 .20 421 422 .23 424 425 426 427 28 .29 .30 .32

S

573 517 471 431 393 363 335 309 288 267 250 234 218 205 192 171
850 786 734 673 €626 582 545 b1l 478 450 423 398 376 355 337 304
970 907 852 800 752 710 671 636 599 568 540 512 487 465 442 402
*997%950 903 858 817 778 743 708 675 644 616 589 562 540 518 475
987 949%911%875%843%x809*7784748%719 690 663 637 614 591 570 528
781 776 T70 762 754 T4T 738 727 T1T*xTO6%695%E682%ET0*658%645%x621
616 619 621 624 625 627 628 627 625 62% 620 617 613 610 605 596
504 510 516 522 527 530 534 536 538 540 541 542 544 544 544 542
4730 435 441 446 451 456 461 465 468 471 473 476 478 480 482 487
373 378 383 388 393 298 402 406 410 416 417 421 424 427 430 437
327 332 337 342 347 351 3BB 359 363 367 371 374 377 380 383 389
293 297 201 308 310 314 318 322 325 328 321 374 338 341 344 349
263 267 271 275 279 282 286 289 292 295 298 301 304 306 309 315
240 243 246 249 253 255 258 261 263 266 269 272 275 277 280 285
200 202 205 207 210 212 215 217 219 222 224 226 228 230 232 236
170 172 174 176 178 179 180 182 184 186 188 190 191 193 194 197
146 148 149 150 152 153 155 156 157 159 160 162 164 165 166 169
127 128 129 130 132 133 134 135 1%6 138 139 140 141 142 143 145
111 112 113 114 115 116 117 118 119 120 120 121 122 123 124 125
982 990 998 100 101 102 103 104 104 105 106 107 107 108 109 111
872 879 885 892 898 905 911 918 924 931 938 944 951 957 964 977
780 786 791 797 702 808 813 819 824 830 836 €41 847 852 BE8 868
704 709 713 718 723 728 732 737 741 746 750 755 759 764 768 777
636 840 644 648 €52 656 660 664 668 672 678 680 684 688 €92 700
2 | B77 581 584 588 591 594 598 601 605 608 611 615 618 622 625 632
4 1527 530 533 536 539 542 545 547 550 553 556 559 561 564 567 573
6 1482 485 488 490 493 496 498 501 504 507 509 5lg 515 517 52Q 525
8 1443 445 447 449 451 453 455 458 46Q 462 464 466 469 471 473 477
0]

2

4

L
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.
DO NOOORNOOVD22I0NPDANPLD OO0
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408 410 412 414 416 418 419 421 423 425 427 429 431 433 435 439
380 381 383 385 386 388 39Q 392 393 395 397 398 400 402 404 407
350 %51 353 354 356 358 359 361 362 364 365 367 369 370 372 375
4,6 | 327 329 33Q 331 333 332 375 337 338 340 341 342 344 345 346 349
4.8 1306 307 308 309 310 212 313 314 215 317 318 319 320 %21 323 325
282 283 285 286 287 288 289 290 291 292 294 295 296 297 298 730Q
243 243 244 245246 247 248 249 249 250 251 252 253 254 255 256
207 208 209 209 210 211 212 213 213 214 215 215 216 217 217 218
182 182 183 183 184 185 185 186 186 187 187 188 188 189 190 191
159 160 160 161 161 162 162 163 163 164 164 164 165 165 166 167
142 142 143 143 143 144 144 145 145 145 146 146 146 147 147 158
126 126 127 127 127 128 128 128 128 129 129 129 130 130 130 131
113 113 114 114 114 114 115 115 115 116 116 116 11§ 117 117 117
102 102 103 103 103 103 103 104 104 104 104 105 105 105 105 106
926 928 930 932 934 936 938 940 942 944 946 948 949 952 952 958
842 844 846 847 849 851 852 B854 856 858 859 861 863 864 866 869
707 708 709 711 712 713 715 716 717 T19 720 721 722 724 825 728
602 603 604 605 606 607 608 609 610 611 612 613 614 615 616 618
518 519 520 520 521 522 523 524 524 525 526 527 528 528 529 531
451 452 453 453 454 454 455 456 456 457 458 458 459 460 460 461
297 398 398 399 399 399 400 401 401 402 402 40% 404 404 405 406
551 351 352 3b62 353 353 3H4 354 355 355 355 356 356 357 357 358
314 314 314 315 315 316 316 316 317 317 317 318 318 318 319 320
282 282 283 283 283 284 284 284 284 285 285 285 285 286 286 287
251 252 252 252 253 253 253 253 254 254 254 255 255 255 255 256

The value prefixed by # is the maximum in each upright sequence.
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The Values of W . No. 3 F. 18

034 436 438 440 o42 .44 W46 .48 50 .52 .54 .56 68 .60 .65 LFO

7
P
S/
/8

P’l

154 139 126 114 104 957 880 813 757 704 652 609 571 533 458 399
275 250 228 209 192 177 164 152 142 132 124 116 109 102 886 775
368 338 311 287 265 247 230 214 200 188 177 166 156 147 128 113
439 406 377 350 326 304 285 267 251 236 223 210 199 183 165 146
i 493 460 430 402 376 353 332 313 295 279 264 250 238 226 199 178
x601x577 563 533 511 493 474 456 439 422 406 390 375 359 330 303
586 575%566%552%541%x520%516%x504 491 480 468 457 445 433 406 381
540 537 533 529 525 518 511 504%498%491%484%47T*469%461 441 422
489 489 490 490 488 486 485 483 480 476 473 469 485%461%448%437
440 442 444 446 448 449 450 450 450 450 449 448 447 445 439 432
394 398 402 405 408 411 413 215 416 417 418 419 420 420 419 418
355 359 364 367 371 374 377 381 382 384 386 %88 350 391 293 394
320 324 328 330 237 341 345 348 351 353 355 357 359 381 355 368
289 293 297 301 306 310 313 316 320 323 %26 328 330 332 337 342
240 244 248 251 255 258 261 265 268 271 274 277 279 281 289 293
201 205 208 210 214 216 219 222 225 228 230 233 235 238 244 250
172 174 177 179 182 184 187 189 192 194 197 199 201 203 208 213
148 150 152 154 156 158 160 162 164 166 168 170 172 174 179 184
128 129 131 133 136 137 139 141 143 144 146 147 149 151 154 158
112 114 115 117 118 120 121 123 124 125 127 128 129 131 134 138
990 100 102 103 104 105 107 108 109 110 111 113 114 115 118 120
6§78 889 899 909 919 929 940 950 960 972 984 995 101 102 104 106
783 795 804 813 821 83Q 838 847 855 865 874 882 890 898 919 940
708 717 725 733 74Q TAT 754 761 768 775 783 790 798 805 824 842
1639 646 653 660 666 672 678 684 690 697 703 710 716 723 740 756
578 584 589 595 601 607 614 620 626 631 637 642 648 653 668 682
530 535 540 545 550 5565 56Q 565 57Q 575 579 584 588 533 €06 618
482 486 491 495 500 504 509 513 518 522 527 531 536 540 551 561
443 446 450 854 458 462 466 470 473 477 481 485 489 493 502 512
410 414 417 421 424 428 43]1 435 438 44) 445 448 452 455 464 472
378 381 384 387 390 393 396 359 403 406 409 412 415 418 426 433
352 354 357 360 362 365 368 37Q 373 376 378 381 384 385 393 400
327 33Q 332 335 337 340 342 344 347 349 352 354 357 259 365 371
303 305 307 310 312 314 316 319 321 323 %26 328 330 332 338 344
258 260 261 263 265 266 268 270 272 273 275 277 278 280 284 289
219 220 222 224 225 226 227 229 23] 232 233 235 236 237 240 243
192 193 194 195 196 197 198 199 201 202 203 204 205 206 209 211
168 169 169 170 171 172 173 174 175 176 177 178 179 180 182 184
149 149 150 151 152 152 153 154 155 155 1B6 157 157 158 160 162
132 132 133 133 134 135 135 138 137 137 138 138 139 140 141 143
118 118 119 119 120 120 121 121 122 123 123 124 124 125 126 127
106 107 107 108 108 108 109 109 110 110 111 111 112 112 113 114
962 966 969 973 977 981 985 989 993 997 100 100 101 101 102 103
+ 873 876 880 883 886 890 893 897 $00 903 907 910 914 917 926 934
73Q 733 735 738 T4l T43 746 748 751 754 756 755 761 764 771 717
620 622 624 626 628 630 632 634 636 635 640 642 644 €46 651 656
533 534 536 537 539 541 542 546 547 549 550 552 554 558 562
463 464 465 467 468 469 470 473 474 476 477 478 479 482 486
<0 407 408 409 410 411 412 413 415 416 417 418 419 420 423 425
16.0 ; 369 360 361 362 %62 363 334 366 367 368 359 270 371 373 375
17.0 | 320 321 323 322 %23 324 725 328 327 327 328 329 330 331 333
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18,0 | 268 288 289 289 290 291 291 292 293 293 %94 234 295 296 297 299
19.0 | 257 257 258 258 253 259 260 26Q 251 262 252 253 262 264 265 287

The value prefixed by * is the maximum in each upright sequence .
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14.0
15.0
16.0
17.0
18.0
19.0

13.0

.The Values of W, .

No. 4

<80

lDO

1.1 1.2

1‘5 1.‘4& 105

1.6

1.7

1.2

3120

159
(278
- 357
404
423

413
393
370
345
| 298
254
218
189
162
141
123
109
971
858
773
694
631
572
522
481
441
407
318
250
293
248
214
187
164
144
129
115
104
943
784
661
566
489
428
317
535
300
268

8 307
L 605

896
117
43
256
336
386
410

409
392
272
349
302
259
223
194
166
144
126
111
980
8786
789
708
645
583
531
490
449
413
384
355
297
251
217
189
166
146
130
117
105
981
790
666
570
492
431
379
337
302
269

397

245
486
723

> 9563

118
219
297

> 351

3E3

221
439
656
867
108,
203
280
334
370

*424%4 1544064397 388

200
399
596
792
985
189
263
311
357
377

166 140
334 283
502 427
871 573
£36 720
164 144
235 211
289 266
332 210
358 339

404% 39T+ 39 1% 28 5% 370 355
379% 370% 260

290
372
251
306
264
226
109
169
147
129
113
100
894
805
722
656
594
541
498
457
420
390
361
301
254
220
191
167
147
131
118
106
960
797
671
574
4995
433
381
339
303
271

767
372
352
310
269
230
204
172
150
132
116
102
913
820
735
667
604
551
507
465
427
296
367
306_
258
223
193
169
149
132
119

107 .

968
803
676
578
499
436
384
340
305
272

234
271
353
212
2773
235
208
175
153
134
118
104
932
835
748
679
616
560
515
472

369
353
31k
277
240
212
179
155

‘136

120
107
948
850
763
691
627
570
524
480

5 440
e 408
2 378

314

2 265
5 228

198
173

0 152

135

0 121

109
985
816

81 686

586
505
441
388
344
308
275

120 102 907
243 211 185
368 321 281
495 433 382
623 547 483
127 113 102
190 172 158
244 224 206
288 268 250
320 %02 285
341 326 311

350 339 328 !
B305% 360% 352% 344% 336 !

709
145
223
302
385
827
129
175
218
255
263
203
317

6332 5
120 1

200

271

347
752
119
163
204
240
269
292
306

352 B350 346 741 335%328%221% 313
31 6% 31 3 309% 304

219 222
281 285
245 250
216 220
185 190
161 167
141 146
124 129
110 114
980 101
880 908
791 818
714 738
644 665
588 605
540 555
494 509
453 466
420 431
389 399
323 331
271 276
223 239
202 207
177 180
155 156
178 140
123 126
111 113
100 102
829 841
696 707
594 602
512 518
446 451
393 397
348 352
311 314
278 281

222 322 321
289 292 294
255 260 264
224 228 272
196 201 206
173 176 181
151 155 159
123 137 141
118 121 125
105 108 111
940 967 992
843 866 891
760 781 801
685 706 726
623 641 659
571 586 602
523 537 552
479 492 505
443 455 467
410 420 431
340 348 357
282 288 294
244 250 255
211 216 220
184 188 192
161 164 168
143 146 149
128 120 133
115 117 119
104 1058 107
8514 867 880
717 727 738
610 618 626
525 531 538
457 462 467
402 406 411
355 359 36
317 32
283 28

W

I

O
DO N A
oo
W

31

I

319
296
267
236
210
185
163
144
128
114
103
918
826
746
676
618
566
518
478
a4l
365
299
260
224
195
171
151
125
120
109
892
748
633
545
472
415
367
326
292

296
269
240
214
189
167
148
132
117
106
943
849
766
694
633
580
531
490
452
374
205
266
229
199
174
154
137
122
110 -
905
758
641
551
477
420
371
328
295

296
271
243
218
193
171
151
135
120
108
965
869
782
712
649
594
544
502
462
382
311
271
233
203
177
157
139
124
112
918
768
649
558
483
424
374
331
297

306

295
272
246
221
196
174
155
138
123
110
988
891
802
729
664
609
557
513
473
291

316

271
238
206
180
159
142

126

114
930
79
657
564

BIRIBIS &1

179
214
245
269
287
298

294
273
250
224
200
178
158
141
126
113
101
910
823
747
680
623
570
525
483
399
222
282
242
210
183
162
144
128
116
943
789
665
571
493
433
381
337
303

The value prefixed by * is-

+the maximum-in each:

upright sequence.




The Values of Y& . No. 5 P. 20

72,1 2.2 2.3 244 2.5 246 2.7 2,8 249 3.0 3.2 3.4 7.6 5.8 2.0 4.2

467 426 390 360 331 307 284 264 247 231 203 180 161 1456 131 118:
963 880 808 742 687 635 590 549 514 480 423 375 336 302 273 248
149 136 125 115 106 985 916 854 798 747 659 585 524 471 426 387
203 186 171 158 146 136 126 118 110 103 910 810 725 652 591 538
1261 2739 220 202 188 175 163 152 142 132 118 105 940 849 767 700
{579 535 494 458 426 398 372 248 327 308 275 245 221 200 182 166
1978 869 808 755 TO7 661 621 584 551 520 465 419 379 345 314 288
131 123 115 108 101 954 898 B48 805 760 684 620 564 515 472 435
1169 159 150 141 133 126 119 113 107 102 925 845 77Q 708 651 602
1203 192 182 173 165 157 149 142 135 129 118 108 995 916 846 785
234 223 213 203 194 185 177 169 162 177 143 132 122 113 105 983
258 248 238 229 220 211 20% 195 188 181 168 156 145 135 126 118
277 268 259 250 242 234 226 218 211 204 190 178 167 157 147 138
291 283 275 267 259 251 244 237 230 223 211 199 187 176 166 157:
*300%295%289%284 279 273-268 263 257 252 241 230 219 209 200 191
202 290 287#284#281+278%275%272%268%265 256 248 240 232 224 216 -
274 274 274 274 273 272 270 268 266 264%260%255%249 243 237 231 -
251 252 253 254 255 256 256 256 255 254 253 251 248%244#240%236
206 228 231 233 235 236 237 228 239 240 240 239 238 237 235 233
203 205 208 210 212 214 216 218 219 221 223 225 226 226 226 225
181 184 186 189 192 194 196 198 200 202. 205 208 210 211 212 213
161 164 167 169 172 175 177 179 181 183 187 190 192 195 197 198’
143 146 149 152 154 157 159 161 163 165 169 173 176 178 181 18§3;
128 131 133 136 139 141 143 145 147 149 153 157 160 163 166 169
115 117 120 122 125 127 129 131 132 136 138 142 1457148 151 154
103 106 108 110 112 114 116 118 120 121 125 129 132 135 138 140
933 955 975 994 101 103 105 106 108 110 113 116 119 122 125 128°
844 859 877 893 907 926 945 960 97¢ 997 103 106 109 112 114 117:
763 778 794 810 826 841 857 873 883 904 937 961 985 101 104 106
694 709 723 737 752 766 780 794 809 823 852 874 897 920 950 974
636 649 662 675 688 70O 713 726 739 752 779 801 823 845 868 889’
582 594 606 618 630 642 654 666 678 690 71l 732 753 776 798 815
536 545 557 567 578 589 599 610 620 631 651 670 690 712 732 754
493 503 512 522 532 542 552 561 571 581 599 618 636 655 673 691
407 415 423 431 439 448 454 462 470 A78 493 508 523 538 553 538
330 337 345 352 360 368 375 383 390 398 410 422 435 447 459 472
287 .293 298 303 309 314 319 %24 330 335 345 355 366 376 366 396
246 251 255 260 264 268 273 277 282 286 294 303 311 320 328 336
214 217 221 224 228 232 235 239 242 246 253 260 268 275 282 289
.0 1186 189 192 195 199 202 205 208 211 214 220 226 232 238 244 250
.5 165 167 170 172 175 178 180 183 185 188 193 198 204 209 214 219’
.0
.5

Oy DN

e © @€ & © © ©& o #® 6 6 © © g © e @ o o & o o o
AN O VO AR AN D OO0

o e ® ©0 & ¢ o © e e
TTONONMNO O H OB OCEmND Do

L]

146 148 151-153% 155 157 159 162 164 166 170 175 179 184 188 193
5 120 132 134 136 138 139 141 143 145 147 151 155 158 162 166 170
10,0 117 118 120 122 124 125 127 129 130 132 135 138 142 145 148 151
11.0 (956 969 982 995 101 102 103 105 106 107 110 112 115 117 120 122
12.0 /799 809 €18 828 838 848 658 867 877 887 908 930 951 973 994 101
13.0 673 681 689 697 705 712 720 728 736 744 760 776 793 809 825 £39
1440 1578 584 591 597 604 610 617 623 630 636 649 662 674 687 700 712
15.0 1498 504 509 514 520 525 530 535 541 546 556 567 577 538 598 609
16.0 437 442 446 451 455 459 464 468 473 477 486 494 503 511 520 529
17.0 1386 389 393 396 400 404 407 411 414 418 426 434 441 440 457 463
18.0 :340 344 347 350 354 357 360 363 367 370 376 382 %85 394 400 406
19,0 1306 308 311 313 316 319 221 324 326 329 234 340 345 351 356 361

The Values prefixed by * is the maximum in each upright Sequence.
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L0
0
0
0
0
0
0
1
1

1

1

1
2
2
2
2
2
3

f 3

3
z
3
4
4
¢
5
5
6
6
7
7
g
8
9
9

10
11
12

f—t
(&)
.

14,0
15.0
15.0
17.0
1840
19.0

225

224
2123
199
185
171
157
143
130
119
109
990
210
& 38
772
709
582
4ubh
4058
S’jt ‘.‘r:
295
257
224
197
171

154

‘124

103
€52
724
620
538
469

Cq

o2}

13
86

4.6

26 207

A24

90 450

5886
140

5 248
1 372

517

0 680

857

1 104

122
141
173
200
219

$232%228
230%228%225+222%219

223
213
201
187
172
159
148
133
122
111
102
Q33
858
790
727
997

497
516 ¢

254

202 !

263
229
202
178
150
127
104
666
737
630
547
76
419
372

4.8

908

190
298
415
840
129
226
745
481
635
801
980
115
133
166
193
213
223

221
213
201
188
174
181
148
136
125
114
104
952
879

5.0 ¢

P. 21

6e5

176
275

383

498 46;

120
211
221
450
596
753
919
109
126
159
186
207
218

220
212
202
189
176
163
150
138
127
116
106
973
901
823
756
624
519
435
369
316
273

i 258

559
707
866
103
120
152
179
201

213 -

215

133
161
183
199
207

5 439

561
697
840
987
128
155
177
194
204

498

104
164
229

9 299

730

0 130
2 200

286
383

494 4

613
745
872
115
142
165
182
194

218%216x213%x211%208%201

211
202
190
177
164
152
140
129
1186
108
995
916
840
773
637
530

‘:j: ‘.A‘t 5

277
323
279

243

215

5 189

167
134
110
911
775
663
575

496

438

360

210
202
191
178
166
154
142
130
120
110
101
931
€58
789
650
541
454
385
330
285
2458
219
193
171
137
113
929
7¢9
674

[$)]

‘565

505
&4

395

209
202
192
179
168
156
143
132
122
112
103
946
875
804
663
552
464
394
%RT
29l
253
223
197
174
140

115

946
604
€84
595
513
451

208
201
192
180
170
158
145
174
124
113
104
962
890
§20
676
6563
473
402
343
296
259
227
200
176
143
118
966
&18
695
605
he2
457

£0¢

193

206%201*196
195%191*186%182
185%1682%179%174

200
192
181
172
160
147
136
125
115
106
9656
900
£36
69Q
574
483
410
350
302
264
231
204
161
146
120
984

832 864

706
615
530
263
%15

198
191
162
173
162
151
120
129
120
110
102
944
872
721
600
506
429
367
317
276
241
214
189
152

190
182
174
164
154
143
133
123
114
106
977
907
751
626
528
448
355
331
268

B0
N

|

B b et
-3,
LA

593

4 707

948
119
142
161
1756
185
190

188
162
174
165
156
146
136
126
118
109
101
978
779
651
550
167
400
345
300
262
232
205
164
131
110
929
78€
676

)
1

95}
P
[0

&

ﬁ;ﬁﬁ
AV (V]

246
436

533 4

€38
862
109
131
151
166
178
184

181
174
166
158
148
139
129
121
112
104
969
807
677
571
486
416
%60
312
273
240
213
170
139
113

9.0 9.5

260 £24

613 547 492

179
174
166
159
150
141
132
123
115
107
995
ER2
701
592
504
122
373
324
264
249
221
176

961 993

816
696
60
530

4 6-5 » Iy

6 861 775

120 108
158 142

5 390 351
1 701 632
2 110 994
5 168 143
9 215 196
£ 282 256
2 366 724

438 101

0 527 483

723 666
928 860
114 106
133 .125
149 141
163 155
172 166
177 170

177%174
173 171
167 166
159 160
152 152
143 145
134 136
126 128
116 120;
110 112
102 105:
£60 864
725 747
613 632
521 539
448 463
386 400
336 246
294 304
258 267
229 237
182 188
149 153

7 121 124

103 1061
€70 898
736 757

2% 641 660

563 579
489 502
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* o e

[
O
.
O

11.0

D ;DN

21l
444
700
980
128
318
575
900
130
178
234
297
367
444
614
799
989
117
134
148
159
167
*171
*171

159
153
145
138
130
121
114
107
910
767
855
559
479
415
357
315
276
245
193
158
128
109
925
777
678
596
514

147
309
488
664
895
223
404
640
929
127
168
214
266
325
456
607
765
928
109
123
136
146
153
157

169*%159
165%159

108
227
359
504
660
165
300
476

695 !

955
126
162
203
248
352
473
606
745
890
103
115
126
135
142
144
149

157%160

152
148
142
135
129
122
115
100
846
729
630
528
464
402
351
310
274
219
176
144
121
102
857
746
642
561

279
379

490

611
740
864
987
110
120
128
134
139
141

127
132

148%142%135
141%135
139%135%130

146
142

137

131
125
120
105
910
787
677
590
508
447
292
343
202
240
193
161
141
112
963
€21

707

632

136
133
128
123
109
962
839
730
636
553
487
427
376
332
262
214
174
144
122
104
890
782
680

134
131
128
124
112
100
883
775
876
598
523
457
406
360
284
232
190
158
132
112
970
838
728

128

129

423
549
693
156

8 125
8 173
8 229
0 294
5 366
8 446
1 526
3 611
2 698

780
861
931
100
105
110
114
116

128+118
126%118
123%118%109

114
103
923
811
717
633
556
492
436
386
309
249
202
170
141
129
103
882
775

107
980
884
794
710
631
560
501
446
358
292
238
200
165
141
121
105
905

024
050
Q79
110
145
366
675
108
159
222
297
286
521
607
891
124
165
213
268
328
394
462
534
608
682
749
813
875
934
980
102
105
107

995
922
845
766
689
622
556
501
407
331
273
226
189
162
138
119
104

017
037
058
08l
107
270
498
798
118
165

221

287
364
453
665
928

125 ¢

161
204
250
304
260

420

481

545 4

606
670
730
788
840
885
922
955

013

766
809

852 750

011
022
035
049
Q65
164

008
018
028
040
053
133
246
395
584
g18
110

16 144

416

6 466
1518
0 567

618
663
708

985 881 788
114#%109%102 944 859
106%102%966 905
964%919

988
937
875
805
734
667
803
549
447
366
304
253
214
180
156
133
116

930
884
827
764
702
644
587
484
401
335
279
234
201
171
147
127

912

183
227
337

78 472

638

1 835
9 107

132

5 162
4 194

230

1 268
4 368

309
352
396
422
488
533
578
623
661
700
764
841

870.

875

332
368
407
446
485
523
559
646
716
767
796

879%x880%81Q

835
782
730
671
618
515
432
363
306
258
213
188
161

140

835
793
743
693
644
544
458
37
228
275
237
203
175
154

BO5*755

784
756
716
675
589
506
43
364
314
269
232
201
175

05 820

9 198
5 226

256
287
319
251
385
419
451
534
806
669
713
740

980
116
135
157
179

203

229
255
283
311
341
370
445
514
579
632
671
698

754%7173

741
7185
685
615
538
469
403
349
299
262
226
198

710

701x674

661
626
566
496
435
377.
329
285
247
218

208
232
257
281
308
374
440
5032
557
605 .
639
653
672

664 |
628
576
515
458
403
352
308
271
239
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899
605

0 O i DO

368
189
127
961
767
635
539
463
406
358
286
234
196
166
142
123
107
954
850
760
684

564
514
471
433
400
370

320
270
231
200
174
153
136
122
110
989
897
749
635
472
415
366
326
292
261

456 3

621

243

628

AT77

384

221
177
123
937
753
627
h33
459
403
358
285
233
196
166
142

123
107
953
849
760
684
621
564
514
471
433
400
370
243
320
270
231
200
174

153
136
122
110
989

897
749
635
544

472 4

4 L@

326 -

292
261

*178*874%459 265 173 107 740 531 391

243%321 236 177 136 106 845
277 301*242%197 161 133 111

324 273

280

244

270 196%167 144 124
214 188 165%146%129%114%102

167 156 147
118 114°110

914
739
618
527
455
400
354
284
232
195
165
142
123
107
952
849
759
683
620
564
512
471
433
400
270
343
220
270
231
200
174
153
136

891
725
610
521
451
397
352
282
232
195
165
141
123
107
951
848
759

868
712
601
515
447
394
349
281
231
194
165
141
1e2
107

951

847
758

683 682

620

563 563
513

471
433

40Q

370

243

32Q

620

513

470
433
400
370
3435

320

178
108
846
699
593
510
443
391
347
280
230
194
164
141
122
106
950
847
758

682 682 681

129
102
824
686
584
504
439
388
345
279
229
193
164
141
122
106
949
848
757

122
978
802
673
576
498
435
385
343
277
229
193
164
140
122
106
948

845

757

619 619 619
563 562

563

513

470
432,
400

513

470
432
400

370 370

343
320

343
320

270 27Q 270 270

231 231
200

174

153

136
122
110

200

174

153
136

122

110
989
897

49 749
35 635

544
472
415
366
326
292
261

271 231

200
174
153
136
122
110
989
897
749
635
544
472
415
366
326
292
261

5132

470

432
399
369
243
320
270
231

200 200

174
153
136
122
110
989
897
749
635
544

472

415
366
292
26l

174
153
136
122
110
989
897
749
€35
544
472
415
366
326
292
261

115
940
781
660
567
492
43)
382
341
276
228
192
163
140
122
106
947

845

756
681
619
562
512
470
432
399

369

34%
320
270
23]
200Q
174
153
126
122

110

298
680
932
108

108 101*957*900%846*798% 751

905
761
647
559
486
427
379
339
275
227
192
163
140
122
1086
946
844
756
681
618
562
512
470
432
399
369
342
320
270
231

200

174
153
1368
122
110

230
556

791

938

872
741
635
5860
480
423
376
337
274
226
191
183
140
121
106
946
844

758

680
618
562
512

470

432
399
269
342
220
270
23}
200
174

152

136
122
110

989 989 989

897
749
635
544
472
415
366
326
292
261

897
749

635

584,

472
415
366
326
292
261

897
749
635
544
472
415
366
326
292
26l

183
459
676
821
910

840
722
623
542
475
419
373
234
273
226
191
162
139
121
106
945
843
755
680
618
561
512
469
432
399
269
242
219
270

231

200
174
153
136
122

110

989
897
749
635
544
472
415
366
326
29e
261

147
383
582
723
812

g209
703
611
534
469
415
370
332
271
225
190
le2
139
121
106
944
842

754 754 753.

120
323
502
638
730

779
684
599
526
464
412
368
330
270
224
190
162
139
121
106
943
842

992
278
438
567
658

749
666
587
518
458
408
365
328
269
223
189
1el
139
121
106
942
841

679 679 679
617 617 617
561 6561

512
469
432
%99
369
342
319
270
221
200
174
153
136
122
110
989
897
749
635
544
472
415
366
326
292
26l

512
469
432
399
369
342
319
27Q

231

200
174
153
136
122
110
989
897
749
635
544
472
415
366
226
292
26l

561
511
469
433
399
369
342
319
270
231
200
174
152
138
122
110
988
897
749
635
544
472
415
366
326
292
261

106

830
235
382
503
592

720
648
576
511
453
404
362
226
268
223
189
161
139
121

941
840
753
678
816
560
511
469
431
399
369
342
319
269
231
200
174
153
136
122
110
088
897
749
635
544
472
415
366
326
292
261

he value prefixed by * is the

muximum in each

upright

sequence.
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No. 2
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023

« 24
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« 26

27

« 28

29 ¢330 432

702
203
337
449
538
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694
631
565
503
447
400
259
224
266

222
188
161
138
120
105
940
840
752
678
616
560
511
469
431
399
369
342
219
269
231
200
174
153
136
122
110

988
897

749

638

544

14.0 472

15.0 415

16.0 ' 366

17,0 | 326

18.0 292
19.0 261
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597
177
297
403
488

*710%670

513
154
264
363
445
633

445
135
235
327
405
598

386
120
211
296
371
567

338
1086
190
269
339
537

299
948
171
246
313

508 481

264
85Q
155
224
288

235
761
141
205
265
457

210
687
128
188
245
434

668*643%619%x556%5T75x555%535%x 515%496 ‘
495%482%4T0*458%446%435%414

614
554
495
442
396
356
221
265
221
188
160
138
120
105
940
839
752
678
616
560
511
468
431
398
369
342
319
369
230
200
174
153
136
122
110
988
896
749
635
544
472
415
366
326
292
261

598
543
487
436
393
354
319
264
220
187
160
138
120
105
940
838
751
677
615
560
511
468
431
398
369
342
219

582
532
479
431
389
351
317
263
220
187
160
128
120
105
939
838
751
677
615
559
510
468
431
398
369
34.2
319

369 369

230
200
174
153
126
122
110
988
826
749
835
544
472
415
366
326
292
261

230
200
174
153
136
122
110
988
896
749
639
544
472
415
366
326
292
261

566
521
471
425
385
348
315
262
219
186
159
127
120
105
938
837
750
676
615
559
510
468
4zl
398
368
342
719
369
230
200
174
153
126
122
110
988
896
749
635
544
472
415
366
%26
292
261

551
511
464
420
781
345
313
260
218
186
159
137
120
105
936
836
750
676
614
559
510
468
431
398
368
342
219
369
230
200
174
153
126
122
110
988
896
749
635
544
472
415
366
326
292
261

536
501
457
415
378
342
311
259
217
185
159
137
119
105
935
836
749,
676
614
559
510
468
431
398
368
342
319
369
230
200
174
153
136
122
110
988
896
749
635
544
472
415
366
326
292
261

522
491
450
410
374
340
309
258
217
185
158
137
119
105
934
835
749
675
614
558
510
468
430
398
368
342
319
369
230
200
174
153
126
122
110
088
896
749
638
544
472
415
366
326
292
261

508
481
443
405
371
337
307
257
216
184
158
136
119
104
934
834
748
675
614
558
509
467
430
398
368
342
319
369
230
199
174
153
136
122
110
288
896
749
635
544
4‘7_2

4:]_4_5..'

366
326
292
26l

471
436
401
367
354
305
256
215
184
158
136
119
104
933
834
748"
675
613
658
509
467
430
398
368
342
319
368
230
199
174
153
136
122
110
988
896
749
638
541
472
415
366
326
292
261

188
624
117
173
227
412
478

462
429
396
263
331
203
254
214
183
157
136
119
104
932
833
747
674
812
558
509
467
430
398
268
341
319
369
270
199
174
153
138
122
110
988
896
748
638
544
472
4]_-5_
366

326

292
261

1790

153

139 126 105

565 516 470 430 365

107
159

977
147

898 827 707
136 126 108

210 195 182 169 148

391
462

453
422
391
360
228
301
253
213
183
157
136
119
104
931
832
747
674
613
558
508
467
430
398
368

372
446

444
416
286
356
226
299
252
2173
182
156
136
119
104
93Q
832
746
673
612
557
509
467
430
397
368
341
319
369

G 230

199
174
153
136
122

0 110

988
896
748
635

44 544

472
415
366
326
292
261

354 338 306
430 415 386

435 426 409
410 404 392
381 376 367
253 349 342
223 320 315
297 295 291
251 249 247
212 211 210
182 181 180
156 156 155
135 135 135
118 118 118
104 104 104
929 929 927
831 §31 829
746 745 T44
673 673 672
612 612 611
557 557 556
508 508 508
467 4671 466
430 430 429
297 397 397
368 568 367
341 341 341
319 319 318
369 369 369
23Q 230 230
199 199 199
174 174 174
153 153 153
136 136 136
122 122 122
110 110 110
988 988 988
896 896 896
748 748 748
635 625 635
544 544 544
472 472 472
415 415 415
366 366 366
326 328 328
292 292 292
261 261 261

The value prefixed

by * is

the

maximum

in each

upright

sequence,




The Values of Yo . "No. 3 P. 25
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+34 236 438 440 W42 44 46 448 50 452 454 .56 BB .60 .65 '703

890 756 649 561 487 427 376 332 295 264 238 214 193 174 138 112
310 267 230 200 176 155 137 122 109 977 882 797 723 656 524 426
809 528 46Q 404 356 316 282 251 226 204 185 167 152 139 112 910
945 828 729 643 571 510 456 410 370 335.305 277 253 232 188 154
130 114 101 902 805 721 650 588 533 484 441 404 370 340 277 230
279 255 233 21% 195 180 166 153 142 132 122 113 106 983 834 711
360 %31 315 296 277 260 244 229 215 203 192 181 171 161 140 123
%394 374 355 336 320 305 290 276 263 251 279 228 218 208 186 167
393 37T 363% 340336 325 311 299 288 277 267 257 247 238 217 199
380 368 357 346 335x325%315%305+%296%287+278 270 262 254 236 218
358 350 341 3327324 316 308 300 292 285%278%271%264%258%243 228
335 329 322 315 309 302 296 289 283 278 272 267 262 256 242%230
310 305 300 295 290 285 280 275 270 266 261 257 252 248 237 228
287 283 279 275 271 267 264 260 256 252 248 245 241 237 229 221
245 242 240 237 235 232 230 227 225 223 221 218 216 214 208 203
11208 207 205 204 202 201 200 198 196 194 193 191 190 188 185 181
179 178 177 176 175 174 173 172 172 171 170 169 168 166 164 162
154 154 153 152 152 181 150 150 149 148 148 147 146 146 144 142
134 134 133 133 132 132 131 131 131 130 130 129 129 128 127 126
118 117 117 117 116 116 116 115 115 115 114 114 114 113 113 112
103 103 103 102 103 102 102 102 102 101 101 101 101 101 100 995
925 923 922 920 918 917 915 913 912 910 908 906 905 903 899 895
828 827 825 524 823 821 820 819 818 816 815 814 812 811 808 805
{743 742 T4l 740 739 738 737 736 736 735 T34 733 732 T3l 728 828
671 670 670 669 668 667 667 666 665 664 663 663 662 661 659 657
610 610 603 609 609 608 607 606 606 605 604 604 603 602 601 599
556 555 555 554 554 553 553 552 552 552 551 551 550 550 548 547
508 507 507 506 506 506 505 505 505 504 504 504 503 503 502 501
466 466 465 465 465 464 464 464 464 463 463 463 462 462 461 461
429 429 429 429 428 428 428 428 428 427 427 427 427 428 426 425
397 397 397 396 396 396 396 396 396 395 395 395 395 395 394 394
367 367 367 367 367 366 366 366 366 366 366 366 365 365 365 364
341 %41 341 341 34Q 34Q 34Q 34Q 34Q 340 340 340 340 339 339 339
318 318 318 318 318 318 318 318 318 317 317 317 317 317 317 31T
269 269 269 269 269 268 268 268 268 268 268 268 268 268 268 268
23Q 230 230 230 230 230 230 230 230 229 229 229 229 229 229 229!
199 199 199 199 199 199 199 199 199 199 199 199 199 199 198 198
174 174 173 173 173 173 173 173 173 173 173 173 173 173 173 173
1653 163 153 153 153 153 153 153 153 152 152 152 152 152 152 152
136 136 136 136 136 136 136 136 136 136 1%6 136 136 136 135 135
122 122 122 122 122 122 122 122 122 122 122 122 122 122 122 122

110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110
988 988 988 988 987 987 987 987 987 987 987 987 987 987 987 986
896 896 896 896 B9I6 896 BI6 896 896 895 895 895 895 895 895 895
748 748 TAB 748 748 748 T4AB T48 748 TAB 748 T48 T48 748 748 748
12,0 {635 635 635 635 634 634 634 634 634 634 634 634 634 634 631 634
13.0 1544 544 544 544 544 544 544 544 544 544 544 BA4 544 544 544 544
14,0 1472 472 472 472 472 472 472 472 472 472 472 472 472 472 472 472
'18.0 415 415 415 415 415 415 415 415 415 415 415 415 415 415 415 415
18.0 366 366 266 366 366 366 366 366 366 366 366 366 366 366 366 366
17.0 [326 326 226 326 326 326 326 326 326 326 326 326 326 526 326 326
18.0 1292 292 292 292 292 292 292 292 282 292 292 292 292 292 292 292
19.0 1261 261 261 261 261 261 261 261 261 261 261 261 261 261 261 261

The value prefixed by * is the meximum in each upright sequence.
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The Values of
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«75

«80

85

.90

«95

1.0

1.1

1.2

1.3

l.4

1.7

1.8

OO DO D O
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13,0
14.0
15.0
16.0
17.0
18.0
19.0

911
352
755
129
192
611
108
150
181
202
214
*219

213
197
178
159
141
125
111
990
890
801
723
656
598
546
500
460
425
293
364
339
316
267
229
198
173
152
135
122
110
986
895
748
634
H44
478
415
1366
226

261

784
291
631
108
182
529
956
135
166
188
201
207

205
192
174
157
139
124
110
984
886
798
721
654
596
545
499
459
424
393
364
338
316
267
229
198
173
152
135
122
110
986
895
747
634
544
472
4185
366
326
292
261

632
245
533
917
139
481
849
122
153
175
189
197

197
187
170
154
137
122
109
979
882
795
718
652
595
544
498
458
424
392
363
338
316
267
228
198
1732
152
135
121
110
986
894
747
634
543
472
415
366
326
292
261

534
208
454
784
119
403
757
110
140
163
178
188

218%208%200%191

456 393

174
390
676
1oz
365
678
100
129
1562
168
178
183

153
338
587
896
714
608
913
119
142
158
189
175

296
117
258
451
692
249
495
765
102
124
141
163
160

190%184%177x 164
162%154%145%137%129

182
167
152
135
121
109
974
878
792
716
650
593
542
497
458
4272
392
363
%38
316
267
228
198
173
152
135
121
110
986
894
747
634
543
472
415
366
326
292
261

177
164
149
134
120
108
968
873
788
713
648
592
541
498
487
423
392
362
237
315
267
228
198
173
152
135
121
110
986
894
747
634
543
472
415
366
326
292
261

172
160
147
132
119
107
963
869
785
711
646
590
540
495
456
122
391
262
3T
315
267
228
188
173
152
135
121
110
985
894
747
634
543
41:_7‘_2
415
366
328
292
261

154
142
129
117
105
950
859
778
705
642
587
537
493
454
421
390
361
336
214
266
208
198
172
152
135
121
110
985
894
747
634
543
472
415
366
326
292
261

230
908
202
384
545
201
409
641
876
108
125
138
147
152

147
137
126
114
104
937
850
770
700
838
583
535
491
453
419
289
360
315
266
227
197
172
152
135
121
110
985
893
747
634
543
472
415
366
326
292
261

181
720
160
282
437
164
340
548
759
954
112
126
185
141

141
133
122
112
102
925
840
763
694
633
580
532
489
451
‘111_&
388
359
335
313
268
227
197
172
152
135
121
109
984
893
746
633
o543
471
¢l4
365
346
292
261

146
580
130
230
556
136
288
468

660 ¢

845
101

114

124
131

128
119
110
100

124
116
108
985

157
245
961

3 208

35Q
508

7 668

813

L 944
+ 105

113
122

120
113
105
968

912 899 8&g

830
756
689
629
576
529
487
449
416
237
358
2734
312
265
207
197
172
152
135
121
10

984
893
746
633
543
471
£14
365
326
292
261

821
749
683
625
573
527
485
448
415
386
358
324
312
265
227
197
172
152
135
121
109
984
893
746
633
543
471
414
365
326
292
261

81l
741
677
521
569
524
483
446
414
384
387
333
311
264
226
196
172
151
135
121
109
983
892
746
633
543
471
414
365
326
292
261

082 069
329 278 237

140
132
206
820
180
208
448
595
736
861
971
105

115 109 103 975
135%120%12%*118%x 113108 103
116 112%x108% 104

627
112
176
705
156
268
398
523
665
791
896
979

536
260
151
611
176
237
353
481
605
723
827
914

110 107 104

103
951
873
801
734
672
617
566
521
481
444
412
%83
356
332
310
264
226
196
172
151
135
121
109
983
892
7486
633
543
471
414
365
326
292
261

101
934
861
791
727
666
612
562
518
472
442
411
382
355
331
209
264
228
196
171
151
135
121
109
983
892
745
633
543
471
414
365
326
292
261

983
917
848
782
719
661
608
559
516
477
441
409
381
354
331
309
263
225
196
171
151
134
121
109
982
891
749
633
o543
471
414
368
326
292
261

204
462
827
130
531
120
210
316
432
550
664
765
653

101
960
900
835
772
712
655
604
555
513
475
439
408
38Q
35%
33Q
208
263
225
196
171
151
124
121
109
982
891
745

633 "
543
471
414
%65
3

292
261

The value prefixed

by * is

the

maximum

in each

upright

sequence.



The Values of Ya .

No. 5

Pe.

2-6 207

Ze8

2.9 3.0 3.2

Ee

.
o !

306

L ] e & & o & o ¢ o

o o . ] L
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L4 L4 L ] L] *
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QOO UTONO IO OOMIP MO OO NOODOBNMNOOO-JTONPUINHFOO OO

o
HOWWOWOI-JOOONUIP ™I P PRPRRWNUNMNIONMNNNNDRR R RROO0O0 D000 0Q00O0 OO0

14,

DD L

106 938
187 167
284 256

231

023
094
241 215
388
613
260
607
2 110
173

021
084
192
348
5490
234
550
100

203 158

391 356

502 461 421

323 294

387

269 246
355 328

227
302

61Q 561
709 660
796 744
925 B75

: 985 957
939 917
883 867
823 810
762 753
704 697
649 643
599 595
552 548
510 507
473 47Q

519
612
697

48Q 445 412
57Q 531 493 463
652 610 571 535

019
076
173
3le
496
eli
498
914
145
209

.280
383 352

432
503

825 783 742 702 667 634

986 943 901 863 827 791 757 725
*100%970%935%901 868 837 81Q 781

015 012 010
062 051 042
141 117
265 212
405 327 28
174 146
415 348
766 646
123 104

017
068
156
282
448
191
454
838
133

Q09
036
082
150
238
104
253
475
773

BB
(@3 ie)} o))

b=t
5
N

165
315
522

152
2E9
330
404 379
474 446
601 571
695 666
752 725

178
241
309

929%301*87 34B49*B24*TQ*TTE* 754

896 874 853 833 813 794 TT4*754*718*684 65Q 619 588
85Q 834 817 801 786 770 755 733 710
785 773 761 748 736 733 71l 688

798
743

689

638
590
545

505

468

734 724 714 705
682 674 666 659
632 626 62Q 614
586 581 576 572
541 538 534 531
502 499 496 493
465 463 461 458

437 435
406405

434
403

432
40z

430 428
405 398

426
397

379 377
352
329 328
307 307
263 262
225 224

171 171

134 134
121 121
109 109
981 981
-1891 890
745 745
632 632
543 543
471 471
414 414
365 365
326 326
292 292
261 261

0

351

195 195

376

350
327
306
262

224
195
171
151 151 151

134
121
109
981
890
744
632
543
471
414
365
326
292
261

374
349
326
305
261
224
195
171
151
134
2%
109
980
890

744

632

543
471

414

365
326

292
261

373 372
348 347
325 324
305, 304
261 269
224 223 223
195 194 194
171 170 170
151 150 150
134 134 134

37Q
346
323
303
260

109 109 109
980 980 979
890 889 889
744 T44 T4A
632 632 632
543 542 542
471 471 471
414 414 414
365 365 365
325 325 325
291 291 291
261 261

121 120 120

261

695
651
6092
567
527
491
456
425
395
369
345
322
302
259

223
194

170
150

134

120
1og
979
889
743
632
odg
471
414
365
325
291
261

153 132

209

182

115
159

269 237 209
335 295 262
397 354 317
518 467 424
610 561 517
677 630 586
711 668 631

EEEER!

784
0 124 110
5 165 147
234 209 188
284 256 231
387 352 320Q
476 439 406
546 510 476
594 560 528
559

682%653%x626%¥600*576

665
686 676 657 639
644 636 621 607
603 597 585 574
563 558 548 539
524 520 512 505
488 485 479 472
453 451 446 441

642 619 596%576
620 602 583 566
592 578 563 549
562 550 539. 527
529 520 510 500
497 489 482 474
466 452 453 447
436 43) 426 42)1

423 421
394 392

417

413

389 385

408
382

404
378

400
375

396
37L

367 366 363 36Q
344 343 341 338
321 320 318 316
302 301 300 298
269 258 257 256
222 222 221 221
194 193 193 193
170 170 170 169
150 150 150 150
134 134 133 133
120 120 120 120
109 109 109 109
979 978 978 977
888 888 887 887
743 743 743 742
632 631 ‘631 631
542 542 512 542
474 471 471 471
414 414 414 414
365 3685 365 365
325 325 325 325
291 291 291 291
261 261 261 261

352
331
310
293 291
252 251
219 218
191 191
168 168
149 149
133 133 ..
120 119
108 108
975 274
885 884
741 741

35T
336
314
296
255
220 220
192 192
169 169
149 149
133 133
120 120
109 108
976 975
886 886
742 742
631 631 630 630
542 541 541 541
473 470 470 470
414 413 413 413 .
365 364 364 364
325 325 325 325
291 291 291 291 .
261 281 281 281

358
333
312
294
253

349
329
308

The value prefixed

by * is the

maximum

in the upright sequence,




The Values of Ya . No. 6 P. 28

L% 444 4.6 4.8 5.0 5.2 544 546 548 640 6.5 7.0 745 840 8.5 940
.02:005 004 Q04 003 Q03 003 Q02 002 002 002 001 00l Q01 001 Q01 000 :
.04/ 020 017 015 Q13 012 01l 010 009 008 Q06 Q05 004 003 Q03 002 002
.GQ&QQAOQ&QilQZ&QZﬁOEEQZQQLBMQl;QQQmQQQQQSQ%
.08 083 073 064 Q57 051 045 041 037 033 026 021 Q17 Ql4 012 010 008

133 117 103 001 081 073 085 059 Q53 042 034 028 023 019 016 Ol

590 519 459 409 364 327 294 267 241 191 154 126 104 Q87 Q74 Q63
145 128 114 101 908 817 736 666 605 482 389 320 265 223 189 161
277 246 219 196 176 159 143 130 118 945 766 631 526 442 375 522
483 410 366 329 297 267 242 220 201 161 131 108 904 764 651 558
1 8

698 622 556 502 454 410 375 540 31Q 250 205 170 142 120 105 884
086 884 794 717 648 588 536 490 449 385 300 249 209 177 152 131
132 119 107 972 881 804 734 673 618 503 416 347 292 249 213 184

170 153 138 126 115 105 963 885 815 670 554 464 393 336 288 250
209 190 173 158 145 133 122 112 104 854 713 601 510 438 277 327
293 270 248 228 210 194 18Q 167 155 129 109 927 795 687 536 521
374 346 321 299 278 260 242 225 220 178 152 131 113 988 863 753
445 416 390 365 342 321 301 283 266 23Q 198 173 151 133 117 104
498 471 444 419 397 375 355 336 317 277 243 214 190 168 150 134
533 508 484 46Q 437 417 397 377 360 319 284 253 227 203 183 165
552 530 507 485 466 446 427 410 392 355 319 287 260 235 214 194
*556+5%6%516 498 480 462 445 430 414 379 345 314 288 263 241 222
549 533%516%501%485%470%455 440 427 394 363 335 309 286 264 24§
535 521 507 493 480 468%455%443%430%401 374 348 324 303 282 263
515 503 492 480 469 458 448 437 426%401x378 355 374 313 294 276
491 481 472 462 453 445 436 428 419 397 376x356%337x32Q 303 281
466 458 451 443 436 429 421 413 406 388 370 353 336%320%304%290
440 434 427 421 415 409 404 398 392 376 361 346 332 318%304%290
416 411 406 401 396 391 385 380 375 362 350 337 324 312 301 289
392 387 383 379 375 371 366 362 358 348 337 327 317 306 296 285
368 %64 361 357 354 350 %47 343 340 331 323 314 305 296 288 279
246 343 340 337 334 332 329 326 323 316 308 301 293 286 278 271
326 324 321 319 317 314 312 309 307 301 294 288 282 275 269 262
306 304 302 300 298 296 294 292 290 285 279 274 269 263 258 252
289 288 286 285 283 281 279 278 276 272 267 262 257. 253 248 243
250 249 248 247 246 244 243 242 241 238 235 231 228 225 222 219
218 217 217 216 215 214 214 213 212 209 207 205 203 201 199 196
190 190 189 189 188 188 187 187 186 185 184 182 181 179 177 176
168 168 167 167 167 166 166 165 165 164 163 162 161 160 159 158
149 148 148 148 148 148 147 147 147 146 146 145 144 143 143 142
132 132 132 132 132 132 131 131 131 13Q 130 129 129 128 128 127
119 119 119 119 119 11g 118 118 118 118 117 117 117 118 116 115
108 108 108 108 108 108 107 107 107 107 106 106 106 105 105 104
973 972 972 971 570 970 969 969 968 966 963 961 958 956 9563 951
. 884 883 883% 882 881 881 88Q 879 879 877 875 874 872 870 868 867
740 740 739 739 739 T38 738 737 737 736 735 734 732 731 730 729
630 629 629 629 629 628 628 628 628 627 626 626 625 624 623 623
541 541 541 541 541 541 540 540 540 539 539 538 537 536 536 536

® ¢ © & @ ¢ 9O & & @ ¢ ¢ &

L) L] v e o & o * e L] ] L] - .
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413 413 413 413 413 413 413 413 412 412 412 412 411 411 41] 410
364 364 364 364 364 364 364 364 364 363 3637 363 363 363 362 362
17.0 ;325 325 325 325 325 325 325 325 325 324 324 324 324 324 323 323
18.0 1291 291 291 291 291 291 291 291 291 290 290 290 290 290 289 289
19.0 261 261 261 261 261 261 281 261 261 261 261 261 260 260 26Q 260

The velue prefixed by * is the maximum in upright sequence.

470 470 470 470 470 470 470 469 469 469 469 468 468 467 467 466 .
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The Values of ‘V(;o No. 7 . 29

<> 10 12 14 18 18 20 25 3C 35 40 45 50 60 70 80 90

0.02| 000 QCQ 000 OO0 000 000 000 QOO0 000 Q00 000 000 000 Q00 000 Q00

838

256 231 206+185 165 147 110 826 628 485 379 302 197 135 957 706
247 226 203%185%167 149 115 875 675 528 417 333 221 152 109

238 2139 201 183 166%15]1 118 917 721 569 452 365 245 170 123 910
216 203 189 175 163+151 123 100 814 660 539 445 308 220 160 120
194 185 175 166 156 146%*124 104 870 730 611 515 369 269 201 153
174 367 360 353 346 139 122%105 905 779 66§ 572 424 319 243 188
157 152 146 14] 135 13Q-117 103*915 802 705 613 470 363 283 223 ¢
141 137 133 129 125 121 111 100 905%809 723 643 508 402 321 258
127 124 121 119 116 113 104 962 880 800%726 657 534 434 353 289
114 112 110 108 106 104 975 91l 843 780 716%658 549 456 380 312
104 103 101 994 976 957 909 859 80T 754 7Ol 650%555 471 398 338

” & 8 * »

0.04| 002 001 001 000 QQO 000 000 000 000 000 000 000 000 Q00 000 000
0.06/ 004 002 Q01 Q01 Q01 001 000 000 000 Q00 Q00 000 Q00 000 000 Q00
0.08{ 007 004 003 002 Q01 001 000 000 Q00 Q00 000 000 Q00 000 Q00 000
0.1 | 032 007 Q04 Q03 002 001 001 Q00 000 000 Q00 000 000 000 Q00 Q00
0s2 | 054 032 020 014 010 007 004 002 001 Q01 001 Q0O QOO0 000 000 Q00
043 | 139 082 052 035 Q26 018 009 005 003 002 002 001 001 Q00 Q00 Q00
0.4 | 278 164 105 071 050 037 Q19 010 0Q7 005 003 002 001 001 001 000
0.5 | 482 287 185 1.5 089 065 034 020 Q13 008 006 Q04 003 Q02 Q01 001
0.6 | 772 456 294 20] 143 1056 055 032 Q20 Q14 009 007 004 003 002 Q01
0.7 {114 681 441 302 215 159 083 049 031 021 015 Ql1 Q06 Q04 Q03 002
0.8 | 160 971 632 433 310 229 120 071 045 031 022 016 009 Q06 Q04 Q03
0.9 | 217 133 868 597 428 318 167 099 063 Q43 030 022 013 008 Q06 Q04
1,0 | 286 176 115 796 575 426 226 133 086 058 041 Q30 Q18 Q11 Q08 QQF
1.2 1457 285 190 132 961 714 382 227 146 099 Q71 052 030 019 013 009
1.4 | 671 428 28 2%1481uw@mmuwggawgug@
1.6 1923 602 411 292 215 163 886 535 247 237 169 125 074 (47 032 Q22
1.8 | 120 800 556 401 298 238 125 761 496 340 243 180 107 068 Q46 033
2.0 | 149 102 720 528 394 303 170 104 684 471 339 251 149 096 065 046
2.2 | 177 124 898 665 505 392 224 138 909 632 455 339 202 130 088 Q63
244 | 203 147 108 817 626 490 284 179 119 830 597 446 267 172 118 083
246 | 227 168 127 970 757 596 354 224 151 106 767 574 345 223 153 109
2+8 | 245 187 144 112 887 718 430 276 187 132 964 724 439 285 195 139
340 1260 203 160 127 102 815 509 333 227 162 119 897 545 356 244 105
342 | 270 216 174 140 114 938 592 393 272 195 144 1Q9 669 438 302 216
3.4 | 276 226 185 152 125 104 674 455 319 231 172 131 808 531 370 264
346 %278 233 194 162 136 114 761 520 370 270 202 155 966 638 442 320
348 *278 236 200 17) 145 124 839 587 422 311 236 181 114 758 528 381
4,0 | 275%238 206 176 152 13} 914 652 475 356 269 209 132 888 622 450
4.2 | 270%238 207 181 158 138 985 714 529 397 306 239 153 103 726 528
4zé 263 234*208 184 162 143 105 772 580 442 342 270 174 118 612
4
4.8
5.0
5.5
60
6e5
7.0
7.5
840
845
9.0
9.5 948 936 924 9ll 889 885 847 806 763 720 677 635+#555%480 413 355
10.0 [865 856 846 836 826 815 786 755 721 685 650 615 546%480 421 368

728 723 717 711 705 698 680 660 638 613 590 566 51T 469%423% 379
622 619 615 611 6Q7 603 531 577 562 547 531 514 479 444 4Q9 375
13,0 | 535 533 531 528 525 522 514 506 496 486 475 463 439 414 388 361
14.0 |466 465 464 462 460 458 453 446 440 433 425 417 339 381 362 342
15.0 1410 409 4Q7 406 404 403 399 395 390 385 380 374 362 348 334 320
16,0 | 362 361 360 360 359 358 355 352 349 346 342 338 329 319 308 297
17.0 1323 322 322 321 321 320 318 315 313 310 307 304 298 291 283 275
18,0 1289 289 288 288 287 287 286 284 282 280 278 276 271 266 260 253
19.0 1260 260 260 259 259 259 258 257 256 254 252 250 246 242 228 233

T
™
LA ]
(e Ne

The Values prefixed by * are the meximum in each upright sequence.




P, 30

AUXILIARY TABIE OF THE CYCLONE FUNCTION (I)

(1) Using the prescure profile, at first we determine +the radius
ratio Rn/Rm and choose the suitable oyclone constemt for the given
profiile.

(2) The unit radius 7, cen be obtained by the relation r = Rn/Xm,
where, Xm is the quentity tabuleted under the radius ratio. |
(3) If we want to know the oritical values, the quantitiesa, A; v, 8;
&, ¢ are availebie. As shown below, a, v, & are the maximum values of
‘I’;,z‘l',;, V;, respectively. And B, §,f{ are the values of x where the

each maximum occurs,

¥ -x W, Ya
B0 — §—o & —o
/TN T | ﬁl\
Sooa [p— /e
| S— /T |

¢ [+00 .01 .02 .03 .04 ,05 .06 .07 .08 .09 .10 .11 .12 .13 .14 .15

Rn/Rm 1065 097 118 134 148 159 165 178 187 195 202 209 215 221 226 231
Xm (182 183 185 186 188 189 151 192 194 195 197 198 199 201 202 203
a,.'. LR N ] LN L N ) LN ) LN W ) L ] e Ve ’»e 8 L N ] l47 lss ;_26 lle 110 06
F’.... LN N ] LN N ] LN [N X LN R ] *ee *e N L LR [N R %8 052 057 063 068 74

JJ71192 195 198 201 204 207 210 213 216 219 222 225 228 231 234 238
5
€
£

(170 165 160 157 154 150 147 143 140 137 133 130 127 124 122 119
«.. 090 048 313 250 200 167 147 129 115 106 QB8 Q0 Q84 Q79 Q75
... 001 003 042 054 066 080 093 107 125 141 156 171 186 202 216

6 (o156 17 18 .19 .20 .21 .22 .23 424 .25 .26 .27 .28 .29 .30 .32

Rn/Rm 236 241 246 251- 256 260 263 267 271 275 278 281 284 287 290 297
Xm_ 204 205 207 208 209 210 211 213 214 215 216 217 219 220 221 223
all00 095 091 087 084 081 Q79 Q77 075 Q73 O71 Q69 Q68 066 Q65 Q62
[Fl080 085 093 100 106 114 123 129 136 144 153 160 169 177 186 207
,5%241 244 246 249 252 255 258 261 264 267 270 273 276 278 280 285
L
4

17 114 112 110 108 107 105 103 101 100 Q99 Q99 Q98 Q98 Q98 099
Q72 068 065 Q62 Q60 Q58 Q56 Q54 052 051490 475 462 450 438 414
228 240 254 368 381 393 305 217-329 341 354 366 378 390 402 432
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a s34 436 .38 .40 .42 .44 .46 .48 .50 .52 .54 .56 .58 .60 .65 .70
Rn/Rm|302 307 311 %15 319 323 328 332 336 339 342 345 349 362 359 365
Xm 1225 227 229 231 233 235 237 230 241 243 245 247 249 250 255 259
g’ [2]060 058 057 056 054 053 052 Q51 050 491 482 476 468 460 450 438
% B1226 243 262 277 295 315 332 353 370 387 402 422 440 455 483 053
,[71290 295 299 304 308 312 315 319 322 326 329 333 336 339 346 353
*¥% 5 1100 102 103 105 107 108 110 111 112 113 114 116 118 1lo 121 125
,|€1394 380 265 350 337 325 315 306 298 290 281 272 266 260 244 230
Wiz |452 470 490 510 535 550 570 592 603 Q62 064 066 068 Q071 074 Q78
a l75 080 085 090 095 1-0 1.1 1.2 103 104 105 106 1-7 108 109 200
Rn/Rm| 372 377 383 388 393 398 406 413 420 426 432 437 441 445 449 452
im_ 1263 267 271 275 279 282 291 297 304 310 315 320 328 335 341 346
,la 424 417 407 402 395 382 377 363 353 344 335 328 322 317 311 306
Y2 181056 060 Q63 066 Q69 Q72 Q78 083 OB8 095 098 103 106 111 114 118
v 359 365 371 376 381 386 395 402 410 416 422 428 434 439 444 449
2Wxl5 1129 132 134 137 140 144 148 152 156 160 165 169 173 176 180 184
Te1219 209 198 190 182 176 165 155 146 138 131 125 120 115 110 105
Y[ 1081 085 089 Q92 Q95 099 105 111 317 123 128 132 137 142 147 151
a 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.2 3.4 3.6 3.8 4.0 4.2
Rn/Rm |456 459 462 465 468 471 473 475 477 478 482 486 490 494 497 500
Xm 352 357 362 367 372 377 382 387 392 396 405 417 423 431 440 448
JAa (303 297 294 289 285 281 277 274 271 267 262 256 252 246 243 238
Y {F 1122 126 129 135 132 138 143 145 148 152 157 163 169 173 178 182
Ll |454 458 462 466 470 473 476 480 483 486 £93 499 504 508 512 516
*Wi5 1188 192 196 200 204 209 213 217 220 224 232 239 246 252 259 264
,1& 1101 097 094 091 088 085 082 08O 078 076 072 068 065 063 060 058
Ya[r |156 160 164 168 172 176 180 183 186 190 197 204 211 217 222 228
6 |4.4 4,6 4.8 5.0 5.2 5.4 5,6 5.8 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
ggggg_sos 505 507 509 511 513 615 517 519 524 528 531 533 536 538 540
| Xm 1455 463 471 473 485 492 499 506 513 529 545 561 575 590 604 617
(e 1234 230 226 224 221 216 215 213 210 203 Io7 192 187 183 180 176
¥x[/51187 192 197 203 206 211 214 218 223 233 244 252 262 270 280 288
191519 523 527 530 533 537 540 542 545 552 558 563 568 573 577 580
*Wxls 270 276 281 288 292 298 303 309 316 329 341 353 363 373 383 393
.| €056 054 052 050 488 473 460 448 435 407 382 358 332 320 306 293
Ya it |233 239 243 249 255 261 266 271 276 287 289 309 320 331 341 352
e |10 12 14 18 18 20 25 30 35 40 45 50 60 70 80 90
Ru/Rm 542 546 550 563 556 568 574 579 583 586 589 591 595 508 601 603
| Xm 1631 691 727 770 810 849 933 102 109 116 122 129 140 150 160 169
o |2|173 160 151 143 136 131 119 110 103 097 092 088 082 076 072 068
| %8 |295 324 353 380 405 426 479 053 058 061 064 068 Q75 080 087 Q92
.17 |584 596 605 613 620 627 639 648 656 663 669 674 681 685 689 690
#¥as 1402 430 458 485 512 537 595 651 705 757 805 850 937 102 110 118
,1£.1280 240 210 185 167 152 125 105 093 081 073 067 056 484 425 380
Yo ¥ 1363 402 436 470 500 053 060 065 071 Q75 079 Q82 Q90 Q98 106 112
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In th.e case: where the formula is applied for the height of the const-
ant pressure level, F, and APare chenged into H,.and AH, respec-
tively. They‘may be called thus:
Hy voeerveensensens Undisturbed Height
AH ® ® 65308 ¢ 038 s Height‘Depth
The values of ¥ oY ona 8\Irwere computed for about 100 diffe-
3 £ N ax’ —éwa-
rent values of @. The results are tabulated on pages 9 to 29, for the
range of x from 0.02 to 19.0. The table is available when we desire
to compute the typhoon curves, their gradients, winds, and temper-
atures.

When x is small, the oyclone function is expanded into the power

series,

¥ = ! = o - Loz 2L g3 (x < ay——(8a)

: 2a? al
14 (xx+1)2
x+a

It is clear that the pressure near the center increases parabolical-

ly. In the case where x is very large, the function 1is reduced to

1 1 a-—
. + {

e R
" x+a

The cyclone functicn can be differentiated partially with respect to

(#> 1) oo (84)

x and @, The results are given by

oY _ o _ s x4+ (14ga) 2*+ 302+
B L (o)

S R £ I (x<a) — e (90)
. Il ga- ‘
=TT T T (x> 1) (9¢)

oV o s 2 (X417

oe = Y = 2 (2 4+ ay® T - (108)
X 3 -%a , .
B —T—— x5 (x < a) I (J.Ob)
. 1
= g (> 1) i 102)

In order to know the change in shape of the curve, represented
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by the funetion with different values of e, three~dimensional feature
of the ourves 1is presented 4n Fig. 4, in which the value of ¥ in-

Pige 4. Showing the curves for different ocyolone constants.

ereases upward, and at the top it reaches the value, 1.000. The fig=
ure shows that the radius of curvature near the top becomes larger as
the cyclone constent inoreases. Whem «x=0, we have ¥=0, \If,'uo and

Y= -1/a", then the radius of ourvature at the top is given by
3
A+ w) 7
¥y
When ¢ is very small, the curve has a pointed top rather than rounded

= a°.- - (11)

onee If the value of @ in the eyclone function be zero, the eurve
changes into inverted-Y shape shown in Fige 5. T is the triple point
at which the three lines mest, and 1t is Yocated at the altitude of
0,707 or 12, It is evident that all the ourves must oeoupy the
space above the hatohed area in the figure. \
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Fige 5. The triple point which appears

The shepe of the
curve for 4 =0 will
change if wg introduoes
one more oonstant b into
the cyclone funotlion,

thuss
vw

/ +( FED) ¢(120)

When a4 = 0, it will be

reduced to

when g4 = O. The area where no curwve
exists is shown by hatched area,
q’ﬁ 1
lxo

V1 + (2 +b)°
The values of thls formula are tabulated

and

(12b)

shown in Fig. 6.

0.0 001 062 0.5 1.0 1.5 2.0 2'5 3!0

4.0

5.0 640 7.0 8.0 9.0 10

000 995 981 894 TO7 554 447 371 316
995 981 958 857 672 530 429 359 306
981 958 928 819 640 507 413 347 298
958 928 894 781 610 486 399 336 290
928 894 857 743 581 466 384 326 282
894 857 819 707 554 447 371 316 274
857 819 781 672 530 429 359 306 268
819 781 T43 640 507 413 347 298 261
781 743 T07 610 486 399 336 290 254
743 T07 672 581 466 384 326 282 248
707 672 640 554 447 371 316 274 242
447 429 413 37) 316 274 242 217 196
316 306 298 274 242 217 196 179 164
242 237 231 217 196 179 164 152 141
196 192 188 179 164 152 141 132 124
164 161 159 152 141 132 124 117 110
141 141 137 132 124 117 110 104 100
124 123 121 117 110 104 100 095 091
110 109 108 104 100 095 091 088 083
10,0100 099 098 095 091 088 083 080 077

® o o o @

® o © o o o
[oNoReooRoNole Ny XloNe b Ro W NN N LN NN o1

N RN N FNTN I o NoNoNoRoNo Yo NoleRo ML e

242
236
231
226
221
2l7
212
208
204
200
196
164
141
124
110
100
051
083
0717
071

196 164 141 124 110 100
192 162 139 123 109 099
188 159 137 121 108 098
186 157 136 120 107 097
182 154 134 118 106 Q96
179 152 132 117 105 096
175 150 130 116 103 094
172 147 129 114 102 093
170 145 127 113 102 092
167 143 126 112 101 091
164 141 124 110 100 091
141 124 110 100 091 083
124 110 100 091 083 077
110 100 091 083 077 Q71
100 091 083 077 071 066
091 083 Q77 071 066 062
083 077 071 066 062 059
077 071 066 062 059 055
071 066 062 059 055 053
066 062 059 055 053 050

Table 2. Showing the values of ¥'a=o.

It will be seen that the space, oocwpied by the curves with various

cyclone constants, ineoreases downward when b besomes aﬁgiéer.

It is important problem to determine the value of b suitable te
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Fige 6. Showing the cyclone function with the
value of ¢ = 0, and the different values of b.

the typhoon curves., After the analyses of meny typhoon curves, the

writer concluded that b =1 is better.

e 750?‘\\.4,,“.“,_ o TEO - g

S

,v..” - .4..4.,\‘;{1 . . IREER R ¥ S SRS \_“,.-.m - RN VN
e e e - G0 - O ! 71 1 R F S 700} e e

: :~..-~—_-—.-. wﬂ]ﬂ— - e emes cme . - . R .J e e s e mar - .'—-4— N e
Mt Kirishime Miyazaki Makurazaki Kagoshima

Fige 7. Showing the pressuretraces recorded
when the Makurazaki Typhoon attacked Kyushu.

According to the traces shown in Fig. 7, for example, the pres-
sure drops rapidly in the _Av'icinity of; the centere. This fact had been
noticed by T. Namekawa and Z. Aoki( 1), together with their notion of
"Secondary Typhoof:{'" imaginable in#&ide the area of main tyﬁhoor;i On

the other hand, however, +the writer's function is capable  of
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representing the pointed curve that they noticed.

§5 Deepening and Filling
In this section, the deepening and filling of typhoon pressure
observed from the system moving with the typhoon are studied. When
the pressure field is represented by the formula,
P = E <« VAP
the deepening and filling taking place inside the typhoon areas may
be known by differenbiating the equation partially with respect to

time, thus we have

op\ _ dB, dAP _ A p2¥ da oY 3% dy,
(dt) =g ~YI¢r AP"a‘;‘ds 'Apaz"ﬁ# """""" (13a)

Replecing the rate of change in the four constants by the notations
with single dot, we have more simple formula,

(—g-;f- = B - wAP - AP W) a + xAP ¥y log ry-meeee (13v)
(I) The undisturbed pressure R . inoreases gradually as a typhoon
enters the high pressure area in the middle latitude. The rate of
change is about 20 mb/week, nemely 1/5 mb/hr, which is negligiblly
small in the ordinary case.
(I1) As shown in Fige. 8, the rate of filling or deepening due to the

change in AP is very large in the central area. Because it is mul-

tiplied by the value of ¥, the cyclone function.

Fige 8. The value of-WAP when AP is negative(right), and
the value of -WAP when AP is positive. (rie . )
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(III) The ohange in a, the cyclone oconstent with respect to time
produces the deepening or filling of -AP¥sa, whose value is zero both
et the center and infinite distance. It is known that, in the devel-
opment stage, -tha sign of & is negative, and that it changes inté
positive in earlier decaying stage. In decaying stage, usually a
is about Q.1 per hour. This amount results in the value of-AP¥ja of -
sbout 1 mb/hour when AP=50 mb., a=0.8, and W¥gis maximum. The
shapes of the curves for deepening and filling cases are shown in.

Fig. 9.

g = 0.4 g = 0.4

Fige 9. Showing the value of ~AP¥34 in the development
(left) and the decaying(right) stages.

(IIII) The unit radius 75, increases from zero up to several hundred
kilometers through formetion, development, mature, and decaying

stages. Therefors, 7, is positive showing that the value of AP¥1ogy,

is always negative.. The deepening caused by the change in g is
shown in Fig. 10, It must be

X 4 —*x
W noticed here +that the amount

of deepening does not decrease

azO.‘i
in the outer area so repidly
Figs 10. Showing the value of

APx¥log ,, which is ususally ne- as we have seen in the case of
gative in any stage of typhoon. .
: 8, because ¥ decreases pro-

portional to the reciprocal of the larger value of =,

In the formation and development stage, the effeat of filling
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caused by @ is partly oancelled by that of the deepening by rp.

Therefore, +the deepening due to ~YAP is most prominient before a

Resultant

R e e e T e - < o ——
T ———— g mp——
e

e \r’ ’ ‘\{,, f
deepening —i ﬁlling:—————— deepening
i

Fig. 11. Showing the distribution of filling and deepening
for a decaying typhoon.

typhoon reaches its mature stage. On the other hand, in the " decay-
ing stage, values of r, and g produce a pronounced deepening in the
+ outer area, showing a remarkable contrast with the filling taking
place in the vicinity of the center. The typicel exemple of the
pressure change inside a decaying typhoon is shown in Fig. 1l.

There are twg significant studies concerning the pressure
changmi. ‘ One was carried out by Z. Acki{ 1) being suggested by T.
Nemekawa in Kyoto University. He peid much attention to the fact
that the center of typhoon decays rapidly, while the outer area re-
meains almost unchsnged. That fact led him to the conclusion that a
well-developed typhoon must ke consisted of two typhoons, the main
end the secondary typhoon, and that the latter which is to be in the
central area 1is rather small in area but very deep in pressure.
To explain the reapid filling in the central area, he assumed that the
secondary typhoon haé the characteristic to decay repidly.

The writer's funotion, however, would'expla%n the fact that Z,

Aoki had noticed. Because, when the cyolons constant is very small,
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the shape of the funnel, as ehown in.Fig. 12, is supposed as if it

% x
& 3 ] 1 0 1 2 3 4 5
1 |

i f

by

Fig. 12. The profils of typhoon :with the
cyclone constant a == 0.02.

wese consisted of two profiles for the main and the seoond&fy typhoon.
The other study was completed by A. Kesshara. BEHe introduced the
filling-up irdex, a quentity showing the mass convergence inside a
decaying tyrhom. According to his study, the index 1is to be com=
puted as the summation of the wvalues of §¢vﬁﬁff‘ multiplied ﬁy each
of the four amnular arcas which are separated by the circhds with the
redii, 20km, 40Okm, ©Okm, end 80kn from the certer, where T, ¢, and \
denote the mean vorticity inside the frictional leyer, relative vore
ticity at the surface, and the Coriolis!® paremeter, respectively,
The filling-up index by Kasahara is supported also by tho wolter's
theory, because it is evident that the filling-up tekes plase in the
vicinity of center where the verticity shows = large pcsitive value,
The mass convergence 1irside a typhoon csn be computed by inte-
greting the rate of pressure rise sround the center with respect to

the area, thus:

ivot ivot
PIve P

Rate of mass convergence = S PdA = S P2nr 7§ (14a)
center eenter

where, the pi%ot is the point noticed by Kasahara, at which the fi-

1ling changes into deepening.



5 Deepening and Filling

P. 40

Replecing r by xr, we have

pivot pivot
Rate of mass convergence =S2,r,. ,: P dx = 2n S x P dx
center T tenter
==2zn,’(-—A'PSx\I'dz--AP&Sx~Ir;dx +APlO.gy;,Sx‘\I',;dz) ------------ (14b)

whence, P = — WAP — AP¥34 + APz Wylogy
In order to carry out +the integration from ocenter <to the pivot,
graphical integration is prefersble.

The piﬁot noticed by A. Kasahars may be re-emphasized here. It
is the point or oircle at/on whioh the f£illing or deepening is not
taking place. Therefore, the value of x at the pivot must satisfy
the formula,dP/d¢ = 0, namely,

P, — VAP — APV, & + AP x¥%, logr =0
It is evident that the ssveral values of x would satisfy the equation.
The smallest value of x, however, shows the most important point as

‘the pivot.

26 Expension and Shrink of Isobars.

This is the rate of change in the isobar

redii.  If the pressure r km. from the center e
dr. ~
changes —dP , as shown in Fig. 13, the radius A dpﬁ
will expand dr, and there exists .a relation, ///// /
— 4P /dr _ ¢
de/ dt gred P (15) t+dt
therefore, '
dr dP , - 3 * Fig- 13a In order
FrE -—J-‘—/grad- P = Y, AP tg :bt:jn_the rate
o sion.
Using the formule(1l3), we have P ° .
dr - n 1 p _ &Y op_ o Yo o oLa
dt aF vt TiFw e A" p— (162)

The shape of each term in the right side is shown in Fig. 14.
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In the vicinity of the center, the formula can be reduced to

4ary . .ne’ dp _apyl (16p
ar . (dt)x«l AP dz(“’ )x ( )
' .
ap In the outer area, we get
’_—
+ L)
. dr\ 'f) - . ¥ . 16
o = e c
"/ ' (—(f"}x))z AP PR ralogAP+zk (16°)
1 2 3 s
Y ' * It is true, from these equa-
tions, that the radius of the iso=-
- ~P. bar at the center changes guickly,
\ when B —~ AP,the central pr sonre, -
Fige 14+ Showing the effect changes. And the smallest isobar
of the positive rate of
the four constants. enclosing the center would vanish

or appear abruptly.

When = is very large, the value of B, multiplied by x? .may play

an important rdle to change the radius of ‘isobars, however, in the
outer areas, this effect is not clear, since those areas s&re influ-
enced by the other pressure systems.

The schematical figure showing the shrink and expansion taking

place inside a typhoon is presented in Fig. 15. The most  impor-

Formation Development Mature Decaving Re - develop

A

Fige 15. Shrink and expansion of isobars for a tvphoon in
various stages(upper) and the change in four constants.
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tant faot seen in the figure is the expansion of the isobars in the

outer areas, which is seen in any stage of a typhoon.

8§ 7 Pressure Tendency

The pressure tendency for a moving typhoon is given by the for=

mule, —g}‘f’ = "‘g‘tB - ( V. gradp)' - ('17)

which means that the tendenoy is produced by the change of the ty-

pﬁoon itself and also by its movement.
(4) TENDENCY DUE TO THE TYPHOON MOVEMENT

It is known that <the tendency due to

Y
B the typhoon movement is given by the inner
>—\\A
/g: » ?A\\ product of two vectors; ¥, the relative
/ }‘{ 1 velocity of a station to the typhoon cen-
Xt o—t—X
\ | ter, and gradP , the pressure gradient at
\ / .
AN S the station in disoussion. If we measure
o
the time from the moment when the station
Y/

has passed across the line XX', at a time
Fig. 16. To obtain the
pressure tendency ocaused ¢ the station must be located at the dis-
by the typhoon movement.

tance r km. frem the center and ¥; km.
from XX* axis. Now, we call the station in discussion Station A, and
the other one 1locaed on YY axis r km. from the oenter Station
B. It will be seen that there exists a simple relation betwsen +he

tendencies at the Station A and B. Because the tendency at A is

~(VegradP ) = »Vé;‘:l Wy 008 § oo (18a)
= ..V'!’z’_A%.coso X 6088

= Tondenoy at B x Vrt (18b)
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which tells us the relation,

Tendency at A = Tendency at B x J;-‘- - - (18¢)
{n the othor hand, the tendency at B given by
R (184)
4

would easily be computed wusing the table of ‘I';. The tendenog}es for

the differert values of @& are presented in Fig. 17.

Fige 17 Tendencies for the station on the axis YY. It should be
noticed that the curves have three inflexien points when e > 1.0.

AL 71

1

’ N
S it

Fige 17. Isallobars of the typhoon with ¢ = 0.5(left) and those of
the cyclone with g = 5.0(right).
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Meking use of the formulas (18), the isallobars in Fige. 18 were
drawn. The most interesting and important difference betwsen the
isallobars for typhoon and continental ocyclone 1is their shape in the
inner area., As will be seen in the figure, the isallobars of the ty=-
phoon with the cyclone constant smaller than 1.0, have their shape of
the left, and the cyclone with the constant larger than 1.0 are some=-
thing like that of the right. This fact is very helpful in drawing
the isallobars of moving system.

(B) TENDENCY DUE TO 9P/t

The other tendency represented by'aR/é¢ is caused by the deep~-
ening and filling of typhoon. This effect is prominent when the ty-
phoon speed 1is rather slow, Especially when a typhoon stays at a
constant location and deforms, whole tendency is given by this value.

According to the equation(13b), we know

(g—fir = E — AP — AP ¥d + AP 2% log 1

The first term é, gives the constant tendency throughout the areas.

R - "”i_ \’-\
// e //’4~‘\\\\\\\

Y o
/ / / / "{.‘_\ ~ \\‘\

| L(D—V‘

/ B
T T ﬁ“%“)
"\ ‘-\\ \\\\\iq%/‘/ y//
LN e
\ S
\ I p
\\ * &
\\ \\\\\l/‘ e
AN : |
\, . : //
N B
N |
AN :
Fige 19. 1Isallobars due to Fig. 20. Isallobars due to

the change in AP.( — WAP ) the chenge in 4, (-AP¥a)
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The second and third ones form the isallobars shown in Figs. 19 & 20.

Similar to the third one, the last term gives the tendency with the

T e e maximum amount oncireling the
e - ‘\\
' N center. Its shape will be
S - \\
B e N seen in Fig. 21.
/ g AN \ :
, N\ \ In the ©practical case,
::/ / AT, \ \
: /( N\ \ the isallobars in Pigs. 19,
f ; ) ‘
! \
\‘ N 2% / 20, and 21 must be superime
\ \ e / : ’
\ / / posed upon those in Fig. 18.
ANy e /
\, R In her mature stage the ef-

S // fect of oP/or is very small,

- but +then she enters the mid=

Fig. 21, 1Isallobars due to the dle latitude, according to
change in r . {+APx ¥, logr,) .
the rapid change in AP, e,
and 1, the isallobars deform appreciablly.
PROBLEM OF MINIMUM PRESSURE '
‘a
One might consider that the minimum pressure at a station would
occur when a typhoon passes the nearest disbtance from the station.

This assumption, however, is not always accurate. Now we consider

the case where a typhoon passes in the vieinity of a station, the

tendency,
dpP oP .
Fr = 37 — (Vegredr)
can be reduced to
dP . (B _ap) + VAP, (v x g1)
Ti_'.»:(‘w- ) + a7 . £ (lga)
o
The time of the ocourrence of the minimum pressure is obtained, thus:
1-62 r2 . Y az r2 .
‘z—fﬁ(P”«AP>g—'77K9ﬁ'R’ (19}:)

where, P:, is the change 1in the rate of the central pressure. The
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result shows that the minimum pressure for a decaying~typhoon (éﬁ> 0)
appsars prior to the passage of the center.

If the central pressure of a typhoon, having the values, a=0.5,
ro = 100km, APs==50mb, and V ==50km/hr, increases at the rate of 5 mb.
per hour, the minimm pressure would appear 1/10 hour pefore the pase
sage of the center, namely, it ocours 5 km. shead of +the centeres
When the cyclone constant is two times larger, it will be seen about
10 km. ahead.

In the practical analyées of typhoon, we must always oonsider
the fact that the minimum pressure and the passage of the center do .
not occur at the same time. Por the illustration of this faet, en
example of isgllobars
for a rapidly decaying
typhoon is shown in
Fig. 22. It will be

understood that the
oP /ot = 0 1line, on
which the minimum pres~

sure is to te observed

does not pass through

the center. Fig. 22, Showing the isallobars of a ty-
phoon when her central pressure increases
rapidly.

§ 8 OStandard and Anomalous Pressure
(I) STANDARD PRESSURE
To obtain the standard pressure, we must compute the mean pres=

sure defined by the formula (6). We plot the pressure for the
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different radii on the section paper and draw the reasonable pressure
profile satisfying the plotted points. As will be secen in Fig. 23,
the pressures for the reporting stations are very helpful in drawing
the profile; however, it should always be kept in mind that the sta-

tions ooncentrated inside a local area indicated by the arrow have

sometimes a bad influence for draw- — 7 7 ‘““‘“"f“ I
@ -\';f_‘ ! e .~
ing the profile, BN L,, “Rm—".
.&.\‘\\ I /‘,{ ,,.‘
After drawing the profile, we \\ ;'R 7
determine the horizontal 1line for \‘-\i ¥
Y
+
R ,making use of the characteristic |
center

of the pressure profile that ap-
Fige 23+ Drawing the pressure
proaches to [, line inversely pro=- profile of a typhoon.
¢ .- Mme&n pressure, :+ — - pPres=
portional to the distance from the sure for reporting statioms.
centers Then we read the depth of the funnel AP
Next we compute the radius ratic Rm/Rn and find out the suite
able cyeclone constant using the tables in pages 30 and 3.
The unit redius r, is given by the relation,

r, = Rm,zxm
where, Xm ie the parameter tabulated on the same pages.

Using the four constants E,, AP, a, r, and also the table of ¥,
the pressure; P =P — ¥YAP
cen be compubed, which is the standard pressure for the typhoon under
discussion. |
() ANOMALOUS PRESSURE

The observed pressure subtracted by the standard pressure ‘may be

called the anomalous pressure. The characteristic of the anonaly be=-

oomes evident by drawing the isallobars for the ancmalous pressure.
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Should the anomaly chart be dravm on the steering lovel of ty=

phoon, it would show the general current by which the storm is to be

steered. To know the
general ourrent, the

surface anomaly chart

is not always suitable,
but in the case where

the storm areas are not

occupied perfectly by
cold air-masses, sure-

-face sanomaly  isobars

are something  like

those of +the steering

level.

The anomaly chart
for Typhe.Jane of 3 Sep.

1950 is presented in

Fige 24a., And at that

time she had the pro-

file shown in Fig. 24b.

It will be seen that

. !
100 800 300 400 500 800 700 km

the isobars show the ; D

general current espe- o

cially in the warm sec- Fig., 24. Anomalous pressure chart{a) for
Typhoon Jane of 3 Sept. 1950, and her pro~

tor. In the ocold see~ Pile(b) at the same time.

tor, however, the general current is screemed by the cold air-masses

north west of the typhoon. The pronounced positive anomaly over West
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Japan is produced by the shallow cold air-masses caused by the heavy

rains in that area.

In the mountain areas

such as Japan and Philippines

we see somebtimes  positive

anomaly. In Fige 25 the typ-

ioal anomaly over Japan is

shown. Suqh anomaly is sup-

posed to be caused by the

convergence of the circulat-

ing airs which results in

the  topographical filling.
On acoount of the topographw

ioal positive anomaly,

s e N
‘ 9)/ P ' - 2‘ -

A H
AR

Figc 25'
the mountains

Positive anomaly caused by

over Japan Islands.

Continental cyclone at 9h Oct,.30 1949

a travelling cyclone

over Japan Islands, in

.
i

-t

/
+

\\\
—=Z

> |
& § / )‘?
' / /5 l/
; i
; / ,/a/ '
__________ | L
a

i
i
»

T
/_"T"J::fj/:::f”‘j%“'”‘

ly(Typh. Muroto in 1934)

meny oases, has

split into two
depressions on
both offings of
the Islandse
Negative a=
nomaly is seen .
in f£8hn regions

} in typhoon areas.

An example in
North Japan at
of the

+ ...~/ the time

Maroto Typhoon
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of 21 Sept. 1934 is represented in Fig. 26« The insolation reaching
the carth's surface +through +the fine weather inside +the féhn area
sometimes heats the ground, conseguently promoting the negative anom-
aly in the daytime. Similar to the topographical anomely, this anome
aly does not reach the higher altitude, vanishing usually below the
level of TOO mbe.

It must be pointeé out here that the small depressions which
are used to be drawn on th? isobar chart of the typhoon over a com-
plicated topography are not the small secondary typhoons followed by
cyclonic winds but the apparsnt lowswithout any relation to the pro-
found nature of the storm. Thus, the pressure anomaly tells us of
many interesting problems on the pressure field, but there exist oth-
er enomalies caused by a travelling deprsssion. It will be discussed

in section 10 in detail.

§9 Pressure Oscillations

"This section has been studied in cooperatlon with K. Otan1(19)
in Fukuoka Meteorological Observatory."

In this section we only discuss the case where the density of
the air is approximately equal in horizontal directions. Under this
assumption, +the air pressure in horizontel flow coincides with the
weight of the air colum. ‘

At the time of-a storm passage, sometimes it happens that baroe
meters osciliete about several millimeters so that we can not read
the pressure aceurately. In reading the scale it has been taught to
read the mean position of the mercury menisocus oscillating up and
down. We have long been desiring <©To know the nature of the oscilla-

tions, and recently we have studied the traces of wind and pressure
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at the top of Mt. Seburi, leading us to the conclusion that the os-
cillations are closely related to the suction of air in the barometer
room, and that the me&n position of the mercury top does not indicate
the pressure in the open air.

As shown in Fig. 27, the pressure oscillates. whenever the wind
speed is higher than 15 m/sec, meanwhile the pressure itself decoreas=-
es proportional to the square of the speed. The other example re=-
corded at the time of Typhoon Kezia is also shown in the next page.
These figures do not always suffice our need, therefore, one of us
has made the traces of wind and pressure recorded on a rapidly rotat-
ing drum, by using Dines'pressure tube anemometer, the optical lever
connected +to the axis of aneroid pressure recorder, and statoscope.
The results thus obtained are presented in Figs. 29 aﬂd 30, in which
the squares of the wind speeds multiplied by half of air density are
compared with the pressure drawn upside down. As will be seen in the
figure, there exist long period oscillation(order of minutes} and
short period ome(ordsr of sqconds), which may be called +the long and
the short period gustiness, respectively. The long period gusts in
wind are correlated +o the pressure gusts, but the shorter ones are
not always correlated with them.
| Now we consider the causes of pressure oscillation from various
angles,

(A) TOPOGRAPHICAL EFFECT

The pressure within a current prevailling over a hill does not
coincide with the weight of the air coiumn, because, as shown in Fig.
31, the horizontal upstream currentsare accelerated along the hill-
side, meanwhile the pressure drops untill they reach the maximum

speed, Isobars for the practical pressure subtracted by the net
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Fige 29. Comparison of the pressure oscillations and the wind gusts
transcribed in the $p¥’scale. Fukuoka Meteorological Observatory.
recorded by Statoscope.
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weight of the air column are drawn schematically in the figure. The

low pressure area on the hill is

alwsys soreened by the centrifu-

gal force of the airs passing

over along the convex paths. If
the stream is irrotational, the
pressure drop is to be computed,

but in the practical case, the

drop in the leeward side is rath-

er difficult to be computed. Fig. 3l Stream lines and the
' low pressure field caused by a
In the case where the sta=- small hill.

tion is located 1in the low pressure area -on the hill, the observed
pressure would be lower +than the net weight appreciably. The de=
crease in pressure can be written, thus:

AR N (20
where, V is the wind speed at the station under consideration, p the
density, a the coefficient decided by the shaps of the hill and the
location of the barometer rooms The wind oscillation with the. wave
length cqmparable'to the scale of the hill will produce such a de=-
crease in pre;sure. Typhoon windg of 30 m/sec with the period of 1
minute has the wave length of about 2 km., which is enough for the
present case,

{B) SUCTION EFFECT

This effect occurs in the manner similar +to that we see in the
suction tube of Dines'! anemcmeter. In the ﬁresent case, the building
of the weather station with doovrs and windows acts as if it were the

sucticn tube. The pressure inside the room can, therefore, be given
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by the formula: P = £ }I" p S — (21)

where, 7 is the constant determined by'the way of presentation of the
building in the storm. The pressure drop mpst be proportional to the
square of the wind speed strictly, ‘

The resultant effeect of the above-mentioned preésure drop 1is
written thus:

1 1
Py + Pp ==a-2-pV’+ﬁ*§~pV9

—(a+B8)gp Vo -~ (22)

in which the coefficient a and B have each frequency character de=

007 0.1 1 0 100 min

Fig. 32, Showing the frequency charaster of « and # (left), and
the increase of gust when the door of barometer room is opened.

creasing for higher frequency. Schematically, the change .in 8 and o
with frequency is shown in Fig. 32 together with the practical exam~
ple showing the inciease of gust when the door of the barometer room
'is opened.
(C) EFFECT OF TURBULENCE

The shape of the eddies imbedded inside a typhoon current is not
50 evident, but it is reasonable to oonsider that the vortices devel-
op, deform, or decay as they travel along their courses. On account
of the internal friction or the resistance of the obstacles, eddies

will be initiated sﬁccessively inside +the frictional layers.
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The long-lived vortices must have
Fig; 33,

How much wouid the pressure
decrease when a vortex pﬁsses am
eross a weather station 7 This
question can be answered by com-
puting the pressure decrease in
the model vortex shpwn in Fige34.
If the speed of the air with re-
spect to the moving vorbtex oen-
ter be AV, the speed ¥V of the ac-
tual wind that would be recorded
by the Dines' anemometer is ob=

vtained

AV

long eddy line which is shown in

3
v
.(b.(' <

Fige 33« Three~dimensional fea=
ture of practical vortices within
typhoon wind. The airs enter ine
side the vortex from both ends of
the vortex, where the centrifugal
force of circulating air is not
enough to prevent +the entering
air.

superposing the speed of the vortex center upon the speed AV,

Fig. 34, Showing the distribution of wind relative to the

vortex center (A¥), and wind speed (¥),

decrease inside the vortexe

and the pressure

The pressure deorease in the vortex is obtained, thus:

ave —1

e T ey

r P

dP
ar

SdP=—=p AV (logr)
r .
Therefore, L’r = - p ijVg d(logr) -

- {28)



9 Pressure Oscillations P, 59

In the case where the wind

speed within a vortex, having the di-

ameter of 40 m., is proportional tc +the radius, with the proportionsal

consbant of %:per second, pressure at the center is
0

1-2 dr
—4— ———— L -3

ggom T

‘Pfg

I
- E—;i[r

o

-

2 = z 3
‘/’3000 = ‘2- Kio dyne/cm2 i% 0.5 mb.

This value is conceivable in the practical cases.

In the turbulent layer,
many vortices of various sizes

the pressure is

weight -of air column which would in-

crease

schematical pressure distribution

shown in Fig. 35. As the airs

turbulent layer flow horizontally sup-

porting the weight of the over-
lying atmosphere, the pressure
from the

free perturbation

must satigfy the condition of
static equilibrium. We must,

thersfere, consider the fact
that there exist the positive
and negetive pressure pertur-

. bations inside the frictional

layer, The most  important

characteristic of the pressure
varia‘bion'is that it does not

vary parallel to the wind

speed,

in which

different from the

homogeneously downward.

The short period pressure oscillations

exist,

The

is
in the Pig, 35. Schematical distris
bution of pressure and wind
velocity - within  turbulent

layer involving vorticese.

Fige 36, Prossure decrease(Fy+iy+Fy)
caused by the successive vortices
circulating in the same direction.
It will be seen that there is no good
correlation between the speed and the
pressure decrease,

uncorrelated to those



9 Pressure Oscillations P. 60

of the wind are supposed to be ceused by these vortices. The pres=-
sure oscillation due to the vortices circulating - in the same direc-
tion is shown in Fig. 36. It will be understood that the pressure
- variations are not to be connected with those of the wind. .

The pressure oscillations of this type do not lower +the mean
valuc of the pressure traces but they make the short period pressure
oscillation more random.

Thus the pressure variation due to high winds can be represented

by the formulas,

P = wP — -}p(a-!-ﬂ)lf' =B e (248)
P o wP - %p(d"l‘ BYPY (24b)

where, P is the pressure inside the barometer room, wP the weight of
the air column, the values P, wP, 7' show the meen.
DETERMINATION OF THE CONSTANT (a+ 8)

The constant we now want to determine is very important, because
wP can be computed by 'Ehe relation,

wP = P+ (at8) gp P S e (246)

Shc'mld there be two stations at the foct and at the top of a
hill which is not so high, it is
possible to get the value as fol-

lows: At the surface station far

from hills, the pressure deorease

Fige 37. Showing the pressure and
due Yo high wind is caused only wind for two station A ‘and B,
by the suction of the station building, therefore, a=0., After the
examination of pressure treces at Fukuoka Meteorological Observatory,
the value of B for such station is known to be about 0.1 - Os2,

- L
Then, we have, F — op - 0.1% ¢ oW
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7o
|4 .

Pe = wP — (s +A) +p

where, P, P, and ‘I_";, ¥, are used in the meanings in Fig. 37.
Thus we have, B —BE=(ay+m)Ep W =01 zpPte - (25a)

If the second term in the right side, ‘'which is aboyt one tenth of the
first one, cen be neglected, we get
B P (o th )RR (250)

This formula shows us that the value of (a+ 8) is computed by pres~

sure and wind for the two stations in Fig. 37,
EXAMPLE ( [) Hosojima(top) and Nobeoka. (Typhoon Della of 1949)
As shown in Fige 38, the constant (a+p) for Hosojime lipht-

house weather station is about 0.6.

B B oo : : : ;

5 | T ! 21 June 1949

] CRR !
B U I LB --_/. — ‘ }
//' S ant . Vs S S e § 148 e
. ;
-

2 . : /
....... L - I S § ~
: e ’ 1
* >‘./ R
R - S S NS aso}ima
g 2 | B
. yep¥
ot 110. . wl A1 NS i i o :
‘ 30 m/s 23 0 4 2 3 in

Fige 38. Showing the coefficient (a+ #) obtained by
the pressure traces from Nobsoka and Hosojima. '

EXAMPLE () Muroto-misaki(top) and Tsuro (Typhoon Jane of 1950)

Using the data in Fig. 39, the constant (a+ #) for Murotomisaki
Station was compnted; it is about 0.5.

In the case where there are no surface stations, the pressure of
which could be compared with that of the hill or meuntain station, we
correlate the long period pressure oscillations +to the wind ossillae
tions plotted in %—pl” soale.

EXAMPLE () Mt. Fuji Weather Station (Typhoon Della of 1949)
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m o T -
W} TYPHOON  JANE
s —
. {47
17 ) 1/
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Fig. 32. Computation‘of (a+f) for Muroto-misaki Station.

1]
-
—2
—i3
' e
" / iV :
m/s - \, . . e
\../ mm
Fige 4C. forrelation between the pressure and wind ‘
drawn in ﬁfpiﬂ seale, Mt. Fuii Weather Station.
Pressue drop
As shown in Fig. 40, appreciable Sjmm
pressure drops assoclated with the high . . & g/f
: * e Lge e
wind were observed at the top of Mt. :; oY
2+ . e v
Fuii Weather Station. Assuming  the P
. +pV’
2 1 1 ; 1

pressure indiecated by the broken line

in the figure, we obtain the value of

2 4 6 8 mm
Fige 41. Determination of
(a+B) for Mt. Puji Stat.
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(a+B) for Mt., Puji. The result, 0.7 is not so large comparing with
the value in the two examples presented before. Therefore, it can
be concluded that (a+ 8 ) for lighthouses and mountain stations are
roughly 0.5 = 0.7.

Now it is possible to carry out the new correlétion by which the

" weight pressure)

weight of the air column, which may be called the
is obtainable. The pressure differenceS, which must be added +to the
observed pressure in order to obtain the weight of the air column are

tabulated as the function of the constant (a+ A ) and wind speed.

i..

| Remarks (e+B) 10 15 20 25 30 35 40 45 50
Station in 0.1 0.0 0.1 0.2 0ed 0% 046 De8 1.0 1l.2
| tOWn __Q_-__z_-_ 001 012 Oed 0.6 0.9 1.2 1-5 2-0 2'4
Station on 0e3 Os1 0.3 0.6 0.9 1.3 1.8 2.3 2.9 3e6
. hill ’_9_!_4’__‘ 012 004 0.8 1.2 1.7 204 501 3.9 4!9
Lighthbmghthou@as 002 0.5 1.0 1.5 2'2 3.0 3e9 4.9 6.1
or mount- 0.6 0.3 0.7 l.2 1.8 206 35 4.6 5.9 Ted
ain stat. 0.7 0s3 0'8 l.4 2.1 341 4.1 504 649 8¢5
Table 3. Showing the correction of pressuee due to high

wind. The table is computed for 0°C, 760 mm. Hg.

The value of (a+ f) for the station that needs the correction, is
not always known, however, it will be assumed, according to the re-
marks in the table. We must not be nervous in the selection of the
value of (a+ f), because, even if the suitable value could be deter-
mined, there would remein unknown errors which can be known by the
fact that the dots on the P-3pF? diagram are widely scattered. Thus
we must recognize that there are numerous errors in pressure inside a
storm area which are inevitable, and that there is no reason why we
must draw the isobars within typhoons believing the 0,1 mb. of the

reported pressures to which the correotion discussed here was not

made yet,
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§ 10 Pressure Dips

The negative pressure.anomaly supposed to occur in connection
with the structure of typhoon is the pressure dip which has been
pointed out by the writer, Pressure dip is a small travelling depres=-
sion satisfying the following definition presented by the writer;

2. Pressure dip is a small trough-like depression,

b. which is not accompanied by cyclonic winds,

c. nor a sharp drop in temperature at the time of passage;

d. and the propagation of which must be recognized by reffer-
ing to the pressure traces,

The mechenism of dip initiation wes presented by Dr. Syono(23)
early in 1940 in his study of the thunderstorms in the vicinity of
Tokyo. The idea of the decrease in pressure due to a localized heavy
rain had ledd him to the conclusion that the heavy rains in the inter-
tropic frontal zone which could lower the pressure could play an im-

portant role to the initiation = of tropical cyclones.

As shown in Fig. 42, pronounc=

g

P"Vngm’ "'ﬁwqjgizsz““' ed dip follewed by a heavy rain is
' [
\ =1 , \Tdkat& 7 /6 /5 P /3 12
| e e I — ; T — T : . ;
. \Wa]ima . n-:Amb
\ f A
AT IS ey L A—\ i |
- \ - \Toyama \ /
€ mm \ o : . Tekeyama B :

18 mm \ ;: Omm/ b

et S B i
\ Nagoya 1\
o oy f SN .I’ 3 % "'slrfﬂ
= Y JI :?..o.; . _X/‘j
' Da’iozaki | | /\A
X Oyash}r

bt i\ | | Shiomisiki )

2 0 20 g0 \||2 o s¢ 2p)

Prossure Rain

Fige 42, Pressure dip and rain. PFig. 43. Pressurc dip and rain.
(Typhoon Della of 21 Junc 1949) (Typhoon Kezia of 13 Sept. .950)
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.

seen, which passed sacross central Japan from Shimonoseki fo Aikawa.
It was known that the weight of the precipitated rain was comparable
to the weight decrease of air column, suggesting that the dip could
be initiated by heavy rains. As has been analysed by K. Hashimoto
(10), the pressure dip in the cemter of typhoon Kezia of 13 Sept.
1950 was accompanied by heavy rain shown in Fig. 43.

Thus, in many cases, dips are followed by heavy rains which

would have initiated them. Sometimes, we come across the dip free

from the rain. The largest dip with- 9 8 3 9 Sh
91 JUN. 1949
in 'Typhoon Della shown in Fig. 44 \”’ ‘,
1ki
was not followed by appreciable rein. Y N
Y 3 Hirado
- At Iki station, the pressure drop by T rffﬂﬂﬂw
: ‘ 7 Koahiki
the dip was 6.7 mb., which might be e
bt

the deepest one ever kmown. The in=-
Tomie

|

;
//g
K K

—\N

Teue

Fige 44. Pressure traces showe
ing the passage of Dip Z.

itiation of this dip is not evi=~
dent, but the writér presented
the idea +that a kind of dip can
be initiated by the large mass
of air inside the typhoon which

'gets out when the pressure groe

Fig. 45, Movement of the dips with- dient deoreases acoording to the
in Typhoon Della -of 20 June 1949,

In the right figure, the winds at rapidly f£il11i
the 500 mb. and 300 mb. levels are P Y iliing typheon erea.

shown, ' Of course, it is possible tq
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suppose that the rain which had produced the dip had already disap-
peared. The movement of dips is shown in Fig. 45. It will be seen
that the speed of dip movement is larger in the right side of the bty-
phoon center, The most mysterious fact of the movement is that dips
move along the steering current of the typhoon affected not by the
surface topography, and that +they do not stray as the center of the
main storm does.

Comparing the speed of the dips with that of the current at the

500 mbe and 300 mb, levels, it is evident that the current of 300 mb.

level is about two times Speed with reséeot to the typhoon center
larger in speed while +the Zz Y % /”%N\\g:_
R e X w
speed on 500 mb. level is
Dip speed .
quite similar to that of the . /r"”"T' ““‘T"‘
dipe |z e [X WK ast

¥ ) )
. Py 300 200 100
The relative velocities

of the dips to the typhoon Fig. 46, Showing the stecring speed of

dips, X, Y, Z and W, The speed distri-
center and to the ground are bution shows us that dips move at the

steering velocity given by both typhoon
shown in Fig. 46. It is evi~ circulation and general ocirculation.
dent that the dipsb under discussion héd moved together with the gen~ .
eral ecurrent of 30 knots,. upon which the circulating wind around
the typhoon is superposed.

These results show that a dip near the center must move with the
similar speed to that of the typhoon center. This fact seems to
be true, since we know examples of dip which moved together with the
main depression forming two pressure minima in the bottom. The two

minima in Typhoon Kezie are the good example.

As has been introduced, the pressure dips tell us greats deal
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about the unknown feature and the structure of typhoons, therefore,

it is desirable +to analyse the pressure fisld within typhoons wusing

as many pressure traces as possible.

(7)
(8)
(2)
(10)

(11)

(12)

(13)
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CHAPTER II TEMPERATURE DISTRIBUTION WITHIN TYPHOON

§1 Height of Constant Pressure Levels
(I) Height of 1000 mb. level

let P be the surface pressure within a typhoon, it is written,
thus: : P = Po% ¥AP
where, P, is the undisturbedA pressure, ¥ the oyclone function, and AP
the pressure depth. This formula can bs changed into the one showing
the height of the 1000 mb. levels '

The air-temperature within a typhoon may be different from place
to place. As shown in Table 4, the height of 1000 mbe level, corres-
ponding to the given surface pressure, is not .influenced too mmeh by

- the temperature.

T 20 21 22 23 24 25 26 271 28 29 30 3l

1020 +556 + 56 + 56 + 56 + 57 + 57 + 57 + 57 + 57 + 57 + 57 + 58
1000 0 0 0 0] 0 0 0 0 0 0 0 0
980 | = 57 = 57 = 57 = 57 = 58 = 58 = 58 = 58 = 58 = 58 « 58 = 59
960 | =116 =116 =116 =117 =117 ~118 =118 =119 =119 =119 -120 =120
940 | =174 ~174 -175 =176 =176 =177 -177 -178 =178 =179 =180 =180
920 | =236 =236 =237 =238 =238 =239 =240 -24]1 =241 =242 243 =243
900 | =297 =298 =299 =300 =30) =302 -303 =304 =305 =306 =307 =308

Table 4. Helight of 1000 mb. level in 10 feet unit.
The change in height due to the difference in temper~
ature is so small that it could be neglected.

According to the observation by drop-sonde, the temperature in
the eye at 1000 mb. level cen be extrapolated to about 30°C, There~
fore, it seems to be reasonable, in order to compute the height of
1000 mb. level, to assume that the air-temperature between sea and
1000 mb. level is 300C, Because the maximum error  for the height

would ocour only in the central area; while in the outer area, with

the pressure nearly equal to 1000 mb., the temperature difference of
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about 10°C’ is out of the question.
Now, we try to change the pressure fornula into the height for-
mula. let p be the density of the air, g the gravity, R the gas con-

stant, and T the air temperature, we have,
RT dpP

H 2 B ran i s — -
d z P . (26)
whenoe, dP ="pgdH , P=pRT,
Integrating both sides, we obtain
1000 RT 4 .
H = T l °g ~7000 (27&)

where,‘H1°M7is the height of 1000 mb. level.

Substituting P.—¥AP, into P, we have

1006 RT Po —¥AP :
= l .
H 7 og 1000 (27v)

The right side can be expanded into the series,

B = I;Tlog(1+ )—-— y—“%*+ ~)
In many cases, the value of y is less than 4/50, <therefore, the
square and the cube term in the parentheses are negligible. And the

formula can be reduced to

1000 RT P, -~ 1000 RT yAP
H = 1000~ T " g 1000 (270)
= HM _ g AHWO {274d)

1000 1000
where, H,, and AH are the undisturbed height and the height depth

of 1000 mb. level. Using the values: R = 2.87 X 10° erg/g+deg,
& =980 dyne/g, and T.= 303 K, we have
1000 : 3 P. ¢ '
H. = 8.87 (Igol?-» 1) 7410 = 2.91 (@*1) x 10 ft*——"---{27e)
1
AR ™= 887 o * 10°m = 2.91 '1%‘6‘5 % 10° fte(27r)

Thus the pressure formula can be changed into the height formule en
1000 mb. level,
(II) Height of Constant Pressure Levei

Lot ue consider the typhoon on the P mb. pressure level, travel-

ling along the straight line DD’ &t the speed of ¥ km/hr.
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The height at p, r km from the center is not only the function of r
tut alsc of the angle p O D in Fig.
a7, Tt is repi'esanted by the for-
mula,

H® = HEY «wUH - GYsing -——(28)
where, HJY is +the undisturbed
height along tho straight line DD
and GP the height gradient of the

general ocurrent. It is clear that

the height H® varies as much as
Fig., 47. Contours for a cyclone
2G} along the circle, but the mean in a general current. ' :

height defined by the formula,

o gn,
Hy = —-1—[ Hr dé6 N (29a)

2 2

is given by the funection of r, that is:

—b 1 8 P P b p
Hy =”{;,‘L(H¢'*‘l’ AH - Grsing) do
= HY — WAHP (29b)

It must be noticed here that the center from which the distance is to
be measured is not the isobaric certer but the tornado center that is
not always seen on the chart.

Next we consider +the distribution of mean temperature between
two levels with the pressure P, and K, ( P. > P). The height differ~

ence is given by subtracting

H® — BY - WP'AHP'—-— GPrsin 8
from H® = HP e YPApgP— GP% sin 6
we have P P_ - P __ P, ; ....._------._-.---.-«(506..)
, » H'-H (H. — Y aR); —[C] " r sing
The height can be replaced by the mean temperature on Emagram, using

the relation
’ _.E‘ T log ——P-.’- = Hp:_.__ Hp.
g P;
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If the shape of the typhoon is equal on two levels, the equation(30a)

is reduced to

T = (H.- rcsind‘:%/tog-g (30b)
The formula shows that, if c"> GP', the temperature between the lev-
els decreases toward the left (facing to the direction of movement)
proportional to the distance from the path of the tornado center.
And the value given by (30b) is the temperature not for the typhoon
but for the steering current.

The temperature field for typhoon can be given by equating the
values, ( H. — WAH)?‘ and —::;T log:‘i

) g P B
Te= (Hm""I’AH]pI/log'i,: (30¢)

When Typhoon Kezia of Septe 1950 was on the southern ocean of

, we have,

Japan, the heights for 1000 and 700 mbe levels were shown by the con-
stants: He= 10230 ft, AH=1640 ft, @ =0.52, r=67 Kiusses700 mb.

He= 380 ft, AH=1790 ft, ¢=0.,20, 7£=67 Kiee«e+1000 mba

I00 200 100 0 05 2oc 300 Km,
[t i 1 3 Y —t
O 00
. —
—, H e ®
. . T . \/ " o
\\\.\>\ \‘ i e [ —
T \ i L e
— . o o
* \\ . ’/..-‘ . ': -
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“, ©
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- 2
i
|
i
% TIOIW
o0
© O f Y B e R e
O o0
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Fig. 48. Distribution of mean temperature computed
by the heights of the 1000 and 700 mb. levels.

The height and the temperature computed by the cyclone function are
shown in Fig. 48. The utmost interest seen in the figure is the high
temperature in the eye which is surrounded b the low temperature

area where the ring-shaped hesvy rain would exist.
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2 Radisl Distribution of Tempsrature.
If the pressure inside a typhoon is in the condition of static

equilibrium, using the relations
dP w= — P gdH p o* =

we obtain the temperature, thus:
R"3F "7 R Bliogh)
Introduocing the notation: H w S
o ‘logP) :
- - (31a)

we write, y - -.Ié;.

When the height of the constant pressure level is represented by the

equation, H = H. +« ¥ AH
we obtain, T = -&‘-"- (—Hw + PAH+ AR Y, 3 - AH2Y, b, )-(31b)

which shows that the temperature consists of four terms.
(1) - £ - |

This term shows the temperature in the enviromment free from
‘typhoon. Because when xz is very large, the other terms in the paren-
thoses are reduced to zoro. Therefore, this term shows the tempera-
%ure upon which the typhoon temperature is to be superposed. Thﬁs we
Know, To m — -g- " (31c)
(11) £ v &m

The temperature at the center obtained by substituting x =0 in

(31b) 1is T u——% He + -g-.A"H
- T, 4 B A%
+ £ A
Therefore, "g‘A*H ae T, — Tw = AT (314)

where, AT is the temperature difference between the center and the

environment. Now, we write the present term as:
A g =
Y g AH = warT (31e)

And the temperature can be written thus:
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H ,
'gR_A“ (‘Fa ~x Wy l";") (31£)

P =¥ + ¥ AT +

Tr ths case where the valuesof i+ and @ do not change along tus
vertical, the last two terms in the parentheses are reduced +to zoro,
vize, T = Ta + ¥AT (31g)
having somewhat similar distribution +to that of the pressure or
height, The distributionsof temperature and height within such dee~

pressions are drawn in Fig. 49 & 50,

R mmb

e e - S e et "‘m ":\,_ S “//4,7-"/
- ‘/‘,—-‘-._\ e T 600 \\ “-\\ /'{1—/ /
—'—‘—‘\_’X’ \ e p
JPted o~ e - N

"""" /s s
- . e TR e P -
\ \ .
‘\\\ / [ A / e
com e T —— A\ P

Figo 49 & 50. Showing the distributicn of height and temperature

on consvant pressure .evels within the depression, the constants

r. and o of whicn do not change along the vertical,
(i) In bthe practical case, r and a ckange along the vertical direo-
tion, andg " la,f? r." plays a role to charge the temperature in the amnu-
lar arsa arcund the center. Beecauss the value of -%x% 15 zero both at
the cenbter and the infinite distance. The temperaturc surve for this
term is shown in Fig. 51« "3 " plays the role similar to that of the
previous term, and the ourve of +~¥ ' is shown in Fig. 52,

Temperature distributions computed for various AT, a and ~ are

shown in Fige 53, in which the resultant disturbances produced by the
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vertical chenge of ¢ and r, are represented by the stippled areas.

Fige 52. The value of -¥, for a=0.5.

AT=5 : , AT=-5

Fig. 53¢ Showing the possible temperature distribution within ty-
phoon and cyclone, when they are represented by the formula(3lb).
The T. is’ shown by the line passing through the center of each
figure. The disturbance by logr and & is shown as the stippled
arcasSe
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Fig. 56 Distribution of temp. and height in development stage.
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According to the vertical section of model typhoons. in Fig. 854,
556 and 56, which.were drawn by the =iriter having basis on the obsers
vational facté, each of the temperature curves in Fig. 53 is to be
found in them. Ian the figures, the cloud systems are represented by
the hatched areas, height of constant pressurc levels by black lincs,
and isotherms by red ones. 1In the lower level of typhoon, where +the
central temperature higher than those of the far enviromments is sur=
rounded by colder areas ocaused by the ring-skaped heavy rains, the
distribution is similar +to that of the temperature curve EZ. The
curves Cl and C2 are seen in the middle levels with thg pressurs of
700-500 mbe In the mature stage, the npward currents around the cen-
ter are very intense, and the temperabure involved is sometimes much
higher than that in the center,ﬂhich is higher than the environments.
This is the case that we call "cold-core cell", which is usually seen
in the upper layers. In the middle or lower level, however, we see
"warm-core cell" in which the depth of constant pressure levels be-

comes shallower along the vertical.

§ 3 Errors in the Reporting Upper-air Temperaturcs.

We are apt to consider that the temperatures observed by radio
sonde are accurate so that they can be used in our study without cor-
rection, but +this is not theAcase. Metoorologists who have had
chances to analyse the practieal upper air charts usiﬁg abundant data,
are wondering if the temperatures could be used without being correcte
eds Because such a case sometimes happens thet we cannot draw height
contours or isothermal lines after entering the materials received.

In their study "on an Aecrological Investigation of the Structure

of Typhoons", Y. Masuda and K. Takeuchi( 4) have ocorrested the
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temperatures and heights for consbant pressure levels in order to
eliminate diurnal variation in pressure and temperature. They used
the anomalies defined as the difference of observed temperature and
height from those of the monthly mean walues for each time of obser-
vation. The érrora coming from the difference between insolations ét
noon and midnight are eliminated 1in that way, howevwey, there remain
still appreciable errors which should be corrected  in order ﬁo carry
out the further studies.
(I) RANDOM ERROR | .

In the vicinity of Tokyo we have three sonde stations, Tokyo,

Huneda, and Tateno; therefore, it is possible to compare +the report-

in temper: 5 g N B [ e B e )
& poratures. sl olheT 2002504 23142 21,2001 181171615 14113112
Fortunately, Mt . § A R - {Jubo 1949,
- - SLV 0.} (Y i - . i j ; : ' ~— ; H
Fuji Weather Sta- E YR R O L N DA !
LIRS S0 DAk S B E N P Y AR he 1Y ;
F- B MR o _4;' e D + » i T :.
tign in the vicinie ’Mfﬂwi 640 mb P
‘ Lo | i
Tty reports the teme ; @ Ll :
g S g T ‘ i é . N i
peratures at about o it ot A St S
: i 700] Tokyp P
I ‘ SR A
640 mb. level, then Lo b
. e ;,/'\' i } P
the writer compared “ R TR A L (U B PN
~d_ B ”P*-“/\ 7 s A o i
11 By 7
the reports with of u 7D0; iHanefla| ! .
:
those stations in . Pl
. ¢ H \ i
. . RN C / N4 AN I A PR B
Flg. 57 . Th@ tf,m— “4—}_'"““ . ' 3 j 2T : N e Y \..l_/-‘ " .
v\. \ //?/ 7UD Ta 38’11& \ | \\./‘ Al
peratures at Fuji o i - ; = ; —

Fig. 57, Reborting temperature from
are plotted for Mb. Fuji and three zonde stations.

every 3 hrs, while those from sonde stations . for every 6, 12, or 24
hrs. It will be scen that the temperaturessat Fuji contain much per-
Turbations, some of which might be caused by the insolatioﬁ .in the

davtimee The amplitude of oscillation, except the diurnal variation,

-
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is 1 - 2 C. According to the trace in Fig. 58 showing the detailed

variation at Fuji Station

for the middl tod 1949 | 21 JUN. | 22 JUN. |
or e m e period in

I\' P‘J[\I - N"MW“/‘.;HV\"\W
Pig, 57, temperature at that - 15°C g

level fluctuated at random
Fig. 58. Variaticn of temperature
with higher frequenevy +than at Mts Fuji Weather Station.
those of sonde observetions. Another oxample of temperature measured
by thermister attached to the airplane of the Thunderstorm Project
(3 ), is represented in Fig. 59. This is the observation through the
thundercloud in earlier

lsoc : dissipating stage. It

will be seen that the

plotted  points are

scatﬁered about 2 de=

grees suggesting that

. : 4 the perturbations of
Aste ‘

" —_— - 20 that order are super-~

Fige. 59. Temperature of thundercloud mea- posed. - From these ox=

sured by the airplans of Thunderstoym Pro-

ject in U.S.A. 14 August 1947 amples, it is natural
to conclub that the temperature cbserved by radio sonde must contain
the error of this range. The temperatures observed for every 12 hrs
do not always result in the unique curve, since we get different tem-
perature curves by shifting the timc of observabtion. The temperatures
at Fuji plotted for every 3 hrs are shown in Fig. 60, together with
the ourves based upon the two observations a day, namely, (Oh 12h)

(3h 15n), (6h 18h), and (9h 21h). The four curves, in the ideal cease,

must coincide, but as will be seen in the figure smaller disturbances
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io not give the similar festure, but the long period wvariatioms ave
quite similar. Thus, we must alwaye expeet +to know the feature of
the long period variationsonly, instead of the short ones.

At any time we should consider that +the shape of one wave must
be fixed by several observed points endorsing the shape of variation.
That is to say, it would require more than 5 reliasble observations in

order to realize a variation of diurnal am-

plitude, The comnection of the observed

4

kqg'j’"*T%k“aff:hﬁr‘

A

Pig. 61. Bad connection
as the existence of +the variation is not of observed points(B),
and better one(A).

pOintS: 1, 2, 3, 4 and etc, using a wuvwy

line in Fig. 61 is not reasonable 'so long

supported by other indepen&ent fact, The
expected change in temperature is the line A in the figure. It is
because the other observations, which were to be made between  the
times of present observations, would be located on both sides of the
line A at random, as shown by the open circles. There would be no
re.son why the circles should be arranged just on the wavy line B in
question.
(II) EFFECT OF DIURNAL TEMPERATURE VARIATION

Previously, the writer pointed ovt the fact that there occurs a
scattering of the observed temperatures, which are supposed to be
measured acourately. The other cause of error due to the solar radi-
ation in the daytime is very importaat.

Usualy, the temperature for 12h MST is highsr than that for Oh.
The high temperature at noecn may be caused partly by the warming of
the air column; but if it absorbs the 20 per cent of the insolation,

2 cal/om® emin, after 10 hours the total accumulated heat 200 cal.
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sould raise the temperature only about 0.8°C. Of course, this is the
maximum rise occurring when the heat is all acoumulated., In the prac-
tical case, on +the other hand, the heat must be radiated always.

Therefore, the temperature rise will be less than 0.5 degrees.

r_ - ) /

W /

]

The differ-
ence of the month-

ly mean tempera=-

ture at 12h from
that at Oh for
each Japahese son-

de station ‘is

200 — )

300 ]

plotted in Fig.62,

The plotbed dif-

ference 8T is the

mean value, but if

we examine the in-

dividual ocase, &T

more then 2 times

larger than the

4
t
AY
mean value would BN ;
S \ .
0 < 8 1e 16°C

100 200 300 m

be seen. The
Fig. 62, Vertical distribution of the rise of
change of 8T along temperature(left) and the upheaval of constant
pressure level(right) due to the expamsion of
the wvertical is air by insolation.
shown by the thick line, and the possible mean meximum of 8T is limit-
ed by the broken line. If we consider the cagse where 3T is very
lerge, it will reach about 2°C at 700 mbh. level, 4 C at 300 mbe, 6°C

at 200 mb. and 10°C at 100 mb. An example of very high temperature
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observed on the weather ship Tare at noon is shown in Fig. 63.

The rise in the constant .
X
pressure levels ocaused by the H
high temperatures at noon is {
\\__ 3
computed for both mean and max- ‘\}\\
.‘ '\

imum values of 87T at the re~ 200 . \\\‘

_  8T=10C—x T~ 12h 13 Sept.1950
porting sonde stations. - As N\

. . AN
will be seen in Fig. 62, even wo.  Oh14 Sept./\\\\.\
in the mean conditions, +the L N

A
constant pressure levels rise %09 \\,
\\
about 200 - 300 meters in the SOOF W
1000 —ttd L1t Nt
50 [ 30
upper troposphere. Any analy- ”

e Fige 63, Errors of 8T observed
s¢s carricd out without con- on the weather ship Tare.
sideration of this problem are then not trustworthy.

(11} INSTRUMENTAL ERROR

The error considered not to be caused by the above-mentioned
HEIGHT | TE?QFENRmE
_,m“ﬂ“,_'_-.j\\wgf)al ,'/’" I \""\"'"\‘.;‘ Y T e . N B . 200
‘/;*.‘\\ " /,"’ ) \’\\ e
- e 100 /’/ e T 2002 .
: Y “ . //, —. ‘A,__’,wr-"“‘»T
~ . ® 4*"'-.‘ * - i
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k-\'\__,,. P ‘,)\‘\ 500 .’/‘/' - e \‘{ é 2 5
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Fig. 64. Temperature and height at

Barrow Point in Araska{June 1949)
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causes is the instrumental error. This is also very important, but
difficult Yo be taken off. Accérding to the writer's experience, the
temperatures from American stations are compensated for the radiation
error very well. Examples of heights and temperatures from Barrow
Point in Araska, which were read in the microfilm copies{ 6 ), are
presented in Fig. 64. It will be seen that the errors are mostly of
instrumental or accidental origin. '
(IV) TECHNIQUE IN CORRECTING THE ERRORS

As has been studied by Masuda and Takeuchi( 4 ), part of the er=-
rors from radiation can be corrected by subtracting the amount of &7
from the daytime observations, It is rather good, however, the
amount of 3T we desire to take off aﬁb different from day to day, so

that the subtraction of average value from the noon temperature is

not always reasone

. . I}efore Correction .
able, TQ? temper- . L‘}/r/771=\1\<:‘ 5% ;:11N\t“’ .
atures are present- it ST e .
ed in Fig. 65, Pl TR, T e
Comparing the tem= - ‘."".' Aftex Corre;tion)\k\::'.//;
peratures before l l l [15} l l l j}O[ ] ] ’ 7151 [ 1 L

Fige. 65. 200mb temperature

and after the cor- at Wajime (Oct. 1950)

rection, we know that there still remain the errors which should be
eliminated.

The writer's correction is based upon the faet that a large
amount of temperature must be subtracted from the noon temperature
when it is too high, while if it is not, we need not subtract much.
It is rather difficult +to pursue such correction using the temper-

atures each of which contains individual error. As shown in Fig. 66,
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however, to plot the middle points of successive temperatures (middle
point correction) | 8T

gives Dbetter re- b

h
b
/
A “ /4\\ /\ </ \\
sult than subtract- /9‘\\ § //&); RY /F \§\ d ///' é
< ' i a :‘”""’\é i

h

ing the average ¢ c % e
' - Pig. 66, Mean value correction(left)
temperature differ- and middle point correction.

ence (mean value correction)., The middle point correction oan be
done again to the corrected temperatures. This process may be called

the 2nd correction, by which +the smaller perturbations of unknown

origin is reduced. ) Bofore ‘
" 10°c kS . i
An example of R T S - /" G "
. -/.~-" . ‘.\\ . :;'\"o' e ‘b
the middle point e I s S .
correction for the oo ’,,’*uxuﬁat . ey’ ‘\‘T“A
same data as in - I na e )
Fige 65 is present- . ",f' ﬂl«’w‘ﬂﬂx‘ .f1;w~“ . -
ed in Fig. 67. T Mg T
After the lst cor- e );," “%,a«;t*‘h. }/,VJ* ~!“xn,
rection, the upper e e
data soatvered in L 1 1081 [ [ [T o T[] Is{]]]

Fige 67. Middle point correction for the tem-
wide range ap- perature of 200mb level at Wajima(Oct. 1950)

proach to the curve we desire to obtain. As shown in the lowest dis-
tribution, by correcting 3 times, the long period variations do not
venish, while the short ones, the existence of which age not support=
ed by the original data, deorease in emplituds. In the practiocal
oase, it will be better to use the result of 2nd or 3rd correction.
The middle~-point correction can be applied not only to the temper=~

ature but also to the other elements such as heights, pressures, wind
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speeds and etc,

§ 4 AH-logP, AT-logP, and T-logP Diagrams

According to the equation(31d), we know the relation,

P, 88

g 3
® AH = AT
nemely, B8AH - R AT
, o(logP) g
AH — JogP AT — logP T — logP
|
200 200 200-
400 400 400
600 600 600
— 800 800 300

Q

0

!

§00m 400m 300m 8200m 100m

19 15 20°C

&
IS\

Om -20C -10C

0C +10¢

-40TC - 40T -20C

‘Fig. 68. Three diagrams for cyclone analysis.

oCc +20¢C
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which shows that the cierivative obtained by differentiating AH with
respect to the logarithm of pres‘sure is proportional to AT, the tem-
perature difference between center and environment, The relations
among AH, AT, and T are well understood by plotting the values. in
question in the diagrams in Fig. 68, in which +the right one is the
Emagrams. The temperature scale in the lower left 1is +the rate at
which the value of AH in AH-logP diagrem increases or; decreases in
ocorrespondence with the value of AT in AT-log P disgram. - Say, if AT
1s-20°C, AHwould change along the line L.

Using the three diagrems in Fig. 68, the relations between the
vertiocal distribution of temperature, AH, and AT can be studied as
follows: |

In Fig. 69, vertical distri-
bution of the three elements for

a cold cyclone aloft, having no

oyclonic feature on the 1000 mb.

level, is presented. This cyo-

48H

lone 1is very simple because the

value of AH is zero both at the Fipg. 69. Showing the change in AT,
T, and AH for the cold cyolene
1000 mb. and O mb. levels, viz., with AH=0 at 1000 mb level,
Infinity
d (AH) = 0 - (329
Surface
R 9mb ' ' 4
therefore, zJ AT d(logP) = 0 (32b)
1000mb :

This faoct is very importent, since it shows that the algebraic sum of
the areas S, and S, in the AT-logP diagram is zero, nemely, there
must exist the equal arcas on both sidesof the AT=0 line. As shown

in the figure, the largest A His seen on the level where the temper-
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atures at the center and the environment are equal, and at the alti-
tude for the max. or min. values in AT, the vertioal change rate of
» Hbecomes the largest.,

In the praotical case, however, the definite height depth exists
even at the 1000 mb. level, and the integrated value is

' Omb Hov

/ d(AH) = ~— AH
1 .

000 mb
It is desirable to meke the algebraic sum of the areas in AT-log P

diagram just zero. The writer con-
sidered the case where the air 20°C

lower than the environment is placed

ed below the 1000 mb. level. In

suca & oase, AH would decrease

along a straight line AE, the di-

rection of whieh can be decided by
Fig. 70. Vertical distribution
the lower left soale in Fig. 68, of AH AT, and T for a oold
eyclone with a definite AH at
Therefore, the imaginary area KFGJ +the 1000 mb. level,
would be put below. Thus, the relationms,
omb‘ ' 0 mb
/"“AHHN), / AT d(logP) = 0

Y EF6 EFG
hold, changing the problem into that discussed before. Now, we have

the relation,
' S¢ + S: = S, .
The stages of tropical storms can be divided into four: viz.,
Formation, Development, Mature, and Decaying Stages.
The four diagrams for each stage will be disoussed here. In the for-
metion stage, the height depth on 1000 mb. level is not too deep yet,

and the area S, is so small that it could be cancelled by the
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positive area in Fié. 71, The
height of +the storm does not
reach the tropopause. A‘small
storm not only in this stage but

also in the development stage has
tro similar ﬁemperature distribu-
tione

In the development stage, in
which the storm develops rapidly

into typhoouns of various intensi«

'Fig- 71.

The case where the area
S, is compensated inside the tro-
posphere. The vortex does not
reach up into the stratosphere.
(formation stage)

ty, the depth of storm becomes deeper snd deeper until the top reach=-

" es the tropopause, inducing dynamically a tropopause funnel. The

area So in Fig. 72, which could not
be compensated by the area S, , is
cancelled by the positive area Ss
in the stratosphere. As

seen in the figure, the funnel

depth decreases rapldly inside the
stratosphere. Such a wérm strato -

sphere is not observed yet, but in

the practical upper-air observae
tions, it is wvery difficult to
raise the Sonde Balloon, reliesed

1r.side the eye, directly wup into the funnel alof%t,

will be

When AHor So
is so large, it cannot be
compensated inside the

troposphere. (devel, st,)

Figo 72,

preventing  its

out=-going movement caused by the airs in the eye which entrain succes-

sively into the surrounding up-drafts.

When

typhocns reach her mature stage, it is believed, acoording
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to the observations made in U.S.A.( 5), that the troposphere in the
upper pertion of the eye becomes colder than that of the environment.
And the so-called warm-core cell in the lower portion lies under the

cold-core cell aloft. If this is the case, the distribution can be

- Srzj?“”WWWWSR&IT

. Fig. 73. Typhoon with cold-core Fig. 74. Typhoon in decaying
cell aloft. (Mature stage) stage.

drawn as Fig. 73, in which the areas mst be balanced, thus:

S + S = S, + Sy
This relation shows that a larger positive area in the stratosphere
should exist in order to compensate the negatiwve area in the coid~-
core cell,

In the decaying stage, most of the eye, except +the lowest por=-
tion, becomes colder, and the area S. in Fig. 74 deoreases. We see
the largest amount of AH on the upper troposphere. In the later de-
caying stage, the typhoon re-develops into a cold cyclone, reducing
the base area S, very small. And the appreciable c¢irculation remains
' only on the upper layers.

The changes in AT and AH are summerized in Fige 75. It must be
noted here that the disturbances in both temperature and height depth
in younger age propagate upward reaching the trbpopause when the

storm grows old. This fact is very interesting in the life history
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Fig. 75. Showing the change of AT and AH
in the full cycle of typhoon.

of typhoons.
Theoretical distributions with much imegination are presented

here in this section, but some day they will be observed in many

typhoons.

8§ 5 Distribution of Surface Temperatures
Surface temperatures observed at many stations are very helpful

in analysing the temperature characteristics. The time section made

PIC Oc
. o I N N

Tl W= N S— :
22 ; e ol
0l -~ S B~ e N Rk \=
e i 1/ i s B e—
6 3 0 21 18 6 3 0 21

Fig. 76. Showing the trases from Hitoyoshi(left) and Mt. Aso.
by the traces is also useful, however, seme conolusions from the sece
tions such as those in Fig. 76, might result in mistakes. According

to the figure, one might suppose that the typhoon center consists of

warm air forming warm-core cell, however, this is not the case.
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To clarify the true characteristic of the temperature distribu-
tion, we should make the isothermal chart for each moment of analyses.,

In +the practical analyses, however, we suffer much from the
B; 4 D,
g / !

searcity éf the data. The writer % D!c .ﬁ
used the method, by which the “om- %”p F'
i o
peratures cbserved at each station Eg ﬁj
about one hour before and aftor ths Eég Fﬁg
map time are entered on +he czame ,i paf
;

chert., The large letters in Fig. 77 '
are the data at the % 1 hr, which Fig. 77. Auxiliary f;tations.

are followed with small letters at the * 2 or 3 hrss The small lete
ters are not reliable because of the fact that typhoons deform even

in 1 or 2 hrs. ™We must be careful in using the unreliable figures at

any time, because they sometimes give bad influences upon judging the

F?g. 78. The isotherms showing the frontal zone
within Typhoon Delia 0100 June 23}, 1949.



5 Distribucion of Surface Temperatures P, 93

existenc: of smaller temperature disturbances, An sxample of surface
temperature fleld is presented in Fig. 78. Aocording to the ohart it
is evldeat that the high temperﬁture .observed at the time when Ty~
. pnoon Della passed over Hitoyoshi and Aso was not the appearance of
warm eye but it can be explained by the fact that the warm areas in
the east had reached as far as central Kyushu. Warm areas in Kinki
dis. and north of Shikoku were initisted by topographicel f8hns which

. were not related to the nature of typhoon.

QETERMINATION OF PHASE VELOCITY

~ The velocity o which the typhoon fields propagate is the phase
' veloeity for each weather element. As will be supported by the faot
that isotherms do not travel together with bhe pressure field, the
phase velooities are different not only from time to time but also

from place to place. We usually ses that they draw charts, as shown

Fig. 79. Showing the movement of isotherms of 22°C
accompaniel by Typhoon Delle of 20-21 June 1949,
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in Pig. 77, arreaaging the auxiliary stations‘ along the same veotors
as that of the movement of the typhoon center, however, such method
must_$e revised. As will be seen in Fig. 79 showing the hourly loca-
tions of the isotherms for 22 °C, the phase velocity is as muoch as of
the conter in the west, but in the east it is very small suggesting
that the warm front there would be almost stationary. TWhat will be
happen if we arrange +the temperature of auxiliary stations on the
same interval as of the west ? Perhaps we o2 not use them. Thus the
writer determined the phase velocities for the field in question be~-
fore entering the temperatures. .
 Except the special case, the distribution chartg for temperature
drawn»By mixing the data at the stations arranged at the relative lo-
cations to typhoon center, is not available. Of course, such oharts
would be useful if we want to know the average condition of the dis=
tribution.
ABSORPTION OF COLD AIR IN TYPHOON CENTER
As the typhoon in tropical area travels northwards it reaches

the arsa of cold air masses, The schematioal deformation of iso=-

7

c &
s

/

" ,_10
- // // .
4

Fige 80, Showing the isctherms within a typhoon
absorbing a cold air in her center.

therms is shown in Fig. 80. It will be seen that typhoons are liable
to carry warm tropic air in her center, and she usually pushes the

isotherms towards the north or north-west. As Soon as the frontvof
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cold air reach the highest wind erea indieated by the dotted ecirecle,
the cold air begins to deform quiokly advancing along the dotted
circles If the wind speed be 40 m/sec along the dotted cirecle with
its radius 200 km, the isotherms that would be transported by such
winde reach the warm front within'4 hrs. Practically, however, the
cold air involved outbreaks into the warm secter, meanwhile it mixes
with the warm air locating in its way. Thus +%he isothermel lines
move with a speed slower than of the wind., After several hours,
which may be determined by the maeximum circulation and the steering
velocity of the typhoon, the isotherms from the cold front reach the
warm front. Thus a small warm air mass is occluded which would still
be connected to the warm secter in a ﬁigh level,

The distribution of dew-point which is more oconservative than
air temperature shows such osculusion process acourately. = Sometimes
we see occuluded dew-point temperature while 1isotherms are still
dpened.

In the tropical area free from the cold air-mass, however, there
are shallow cold airs prodused by heavy rains in the.storm area.
Théy would be located over the sea surface under the pouring precipie
tations, and they must be involved around the eye making the temperw
ature of the eyt relatively higher at lsast in the lowermost level
than the environment. ,

It 1s observed by the airplane observations made through tho
lower levels of towefing cumulo-nimbil around the eye, that the tem~
perature around is colder about se&er%l degreces than of the eyes In
the upper levels, the temperature inside the towerlng cloud must be

higher,
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§ 6 Temperature Assoéiated with Péhn
We observe two fohns in typhoon which are caused by the moun=
teins and the cold dome interacting with typhoon. The former may be
called topographical Iohn whicﬁ is usually seen 3in the leeward side
of the currents preveiling over high mountains. Typical example of

the isotherms in £8hn aree caused by typhoon Della 1is shown in Fig.
81.

W
i

Fige 8l. Showing the isotherms of féhn area. At 6h when the solar
radiation was 10t effective, the surface temperature was about 20°C.
After one hour, however, having been warmed by the insolation, the
shallow cold airs on the earth's surfece were mixed with f£8hn air
eloft. Charts for 06 —> 09 22 June 1949,

Except the shallow layer on the surface, the downward current

would be almost const. depending not upon the time of a day. But if we
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write the chart wusing the temperatures observed at the altitude of
about 1.5 m. above the surface, the high temperature by fohn does not
always appear on +the charts at night. But even at night, when the
winds are so high that the ceold air could be driven away, the rise in

temperature occurs with an increasing wind. 1In the day time, however,

a marked féhn are some- 15 12 9 . 6 3 0
H 5 k] ‘ __{
times observed 1in slow ;
surface winds. The
] \s .
wenther change at Takata . 20 |

is shown in Fig. 82. It

will bs seen that the

g Qo«oggg Tj005033

Fige. 82, Rise in temperature due to
low clouds decreased from  féhn. (Takata 00-15 22 June 1949)

amount of both high and

.about 3h in the morning, suggesting that the clouds had vanished by
the downward motion of the air aloft. Meanwhile the temperature had
begun to decrease and-did so until it increased again after the sun-
rise. After that, within one hour, it was heated with the rate that
6ould not be expected on an ordinary day. The winds in féhn are not

so strong with the wind force of about 3;
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NEW THEORY ON CONVECTION PROBLEMS

CONTENTS
Intfoduction g S A L.
Equation of upward Acceleration eeecececescssesees 100
Proposed Mechanism of Pressure Propagation «es.... 102
Convection Pressure and Excessive Pressure .ee.ee. 105
Conveotion and Excessive Pressure in Frontal Zone. 108
Vertical and Horizontal Acceleration «eesvsecseased 112
Movemént of the Air iﬁ the Field of Acceleration . 125
Vertical Front with Infinite Straight Edge eeesee. 130

Appto:.imation of the Formulas for large Soale
Phenomena LU I B A I B B BN B O R BN B BN BE BN BN BN BN R B BN A BB N B BN IR B NN AN ) 133

Proposed Mechanism of Typhoon Initiation sececeses 136
Buoyancy caused by Arbitrary Warm and Cold Area . . 141

Application to Thunderstorm Conveotion ecscsserces 149



1 Introduction P. 99

CHAPTER IIIX NEW THEORY ON CONVECTION PROBLEMS

8§81 Introduction

The studies on horizontal air flow due to the horizontal pres-
sure gradient developed recently. On the other hand, the verﬁical
motions playing en important réle to produce various meteorologieal
phenomena have not been solved satisfactorily. Especially the dynem-
ios of the air movement capable of solving the nature of smaller dis=-
turbances 1is desired. To this purpose, the theory of buoysnsy or
vertical acceleration is indispensable.

It is known that the divergence of the three~dimensional motion
defined by

ou + ov *_aw

die V. =5 * 35, * 3

shows the following relation,

Qs L, 2v _ Ow
ox oy %z .

Concerning the equation it is possible to give two explenations:

(1) Horizontal convergence pushes the air upward and, as the
result, the vertical movements develop. Such convergence in horizon-
tal direotions may be produced by temperature effect or solenoid
effoct, latitude effect, ocurvature effect, topographical effeot,
effect of changing pressure system, and etc., and they would produce
vertical accelerations.

(2) On the other hand, it is known that an intense horizontal
divergence which could be resulted by the change in +the vertical
velocity is observed in medium scale phenomena in which the effects
mentioned above are not to be expected. It may be considered, there~

fore, that there are the cases where the horizontal divergence could
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be produced by a vertiecal acoeleration. In the present chapter, the
writer wants to oclarify the cause of the horizontal convergences of

this type.

§ 2 Equation of Upward Accoleration
Instead of the oconventional buoyanoy equation, the writer pro-

poses an equaebtion
aP

dw — -

1 1 a w®
whence,

1 9 fr= _
;ggf;pe'f“ g

Replacing +the weight of the air column which may be termed "the
welght pressure" by wP, namely,
[ gds ~ wp
we have j
g_,;e.. z_.‘l; a‘%‘ (P - wP) (33a)
This equation shows that the vertical acceleration is to be caused by
the deviation of air pressure from the welght pressure. The differ-
ence ( P —wpP), whioch would play an important role to initiate verti-
cal motions, may be oalled "the convection pressure" with the symbol
cP,
Thus, the vertical acoeleration or buoyanoy is given by
g_*:’_. - - .p’.. 5?;— cP (23Db)
It might be the question whether the air pressure 1is different from
the weight of air column or net, howover, it will beoome evident in
the following discussions.
Dr. L. Prandt1( 2 ) discussed the pressure on the ground exerted

by & flying eirplane,in the section "Ubertragung des Flugzeuggewiohts
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auf den Erdboden." Under the assumption that the vertical velocity
at the surface is zero, he obtained the formula showing the surface

pressure,

k
P 21R'W

where, W is the weight of the plane, A the altitude, R the distance

from the plane. The maximum pressure on the ground,
is proportional +to the inverse square of the plane altitude. This
faot shows that the pressure rise on the ground is negligiblly small
if the plane flies over with a oconsiderable altitude,

The most interesting characteristic is that the pressure dis-

tribution does not depend upon the speed of the plane ner its direc-

tion. Therefors, it ocan be .
applied to the omse where the
plene flies along a very
small circle. This shows us
also that a helicopter floate
ing at a oonstant location up
Fig. 83. Distribution of pressure

in the air would exert the caused by an airplane.

pressurc on the surface represented by the same formula as of the air-
plane case.,

The equation of statical equilibrium is based upon the faet that
the weight of the air aloft is transported only dowmward exerting the
pressure just on the surface below the welght. This is, however, not
conceivable,if we imagine the transportation of the weight of a heli-
oopter toward the earth's surface. The vertical propeller pushes the

airs downward in order to get the remotion from the underlying airs,

g
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The acoelerated airs move downward while they are decelerated through

the mixing and collision process-

68 whish would transform the
kinetie energy into heat. By the ‘ :‘//\g‘ ;, . i }‘
time  when airs reach the dotted v I\x 4 ‘Ll&&
oirele in Fig. 84, they would :
~exert the force as pressure. Heliocopter Raindrop

Outside the cirole, the pressure )
Fig. 84. Pressure exerted by

propagates not only downward but solids in the air.
also toward the oblique direoctions, That is to say, the woirht of the
helicopter must be supported by the large mass of airs locating in
the lower levels.

Using the.similar consideration to that of the helicopter, we
ocan imagine the propagetion of pressure ocasused by the rain-drops fall-
Ing at their terminal velooity. As will be seen in the figure the

basio distribution of the pressure will remain unochanged.

§3 Proposed Mochanism of Pressure Propagation.
The above~mentioned results lead us to the oonsélusion that the

propagation of air pressure mst be H do i
q\
explained by using the Huygens' Prine q& !
ciple. As shown in Fig. 85, the pri- / l
. R l h
mary pressure F, on en area-element do ’ J
A
P
would produce the secondary pressure / { . l
. L—#‘él? —_
propagating downward, with meximum A B

int nsity for vertical direction. The :
. : Fig. 85. Showing the pro-
intensity of the secondary pressure in pagation of pressurec.’
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oblique direction is multiplied by K, the direction function, which
is 1.00 for the direction of gravity and docreases rapidly becoming
soro for 6=7F. ' '

We also assume that the pressure weakens pro‘poftional to the in-
verse square of theAdista.noe. This assumption is based upon thc fact
that the area which undergoes the pressurc exeitation inercases pro-
portional to thev square of the distance from the primary pressure

source, and it can be oonsidered that the pressure may decrease in

‘proportion to the inverse square of the distance +that the pressure
had been transported. Of oourse, the pressure we now want to disocuss
here must not vary so rapidly with time.

From these assumptions, woe obtain the pressure on lower surface
L, viz.,

dP = F do x Ky * "g;

-

whoere G is the constant determined by the faet that <the integration
f far aya

‘must be equal to B do, since the same amount of secondary pressure to

that of the primary should be transported to the lower level.

The direction funotion K is still unknown, however, if the pres=
sure formulae we now want to obtain herounder is capable of represente-
. ing tho seme distribution as of the airplane, the form of the dire‘c-’-'
tion funotion is unique, that is

K= cosé
which shows that the pressure spreads with the
spherical distribution. The shape of the direce

tion function is shown in Fig. 86. Thus we have
Fig. 86. Showing
dP = %‘;\ cos 6 do direction function.
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4

If the height difference between upper and lower levels be h, we
integrate the pressure after replacing cosé by h/R, thus:
Rdos aIIdex dy—..-jﬁg’-,;-’i- orr dr do

where r 1s the distance from A to B in Fig. 85. Therefore, we have

© ar ¥ :
1 wCh re = 22C 3in@dé = 2 x C
Io Vh§+ r? }’ "o
And the constant must be
C= -1 _
2 n
Thus, the pressure received on the lower level is known to be
CR - 1 ERdo b
dP == “Rz CDseda'———z——; Ra-—-ﬁ— .
h Py do B e
dP RS (342)

It will be seen that the result is just the same as that of the air-
prlane.
Now we oonsider +the resultent pressure ocaused by the primary

pressure shown in Fig. 87. Of course, the f R B B P
3 3 2
pressure at M is written as the summation + 17 47 41:/'

= hPA hBAz Bé
P ,NR ‘)’Rc Ra

Aq Ac, AcrsAm Ao,

2® R R
= . h_ }: kAo, .--,..-.....-v.»(34b) 2R RAR
2w T R i \'\_ \z ,f ‘l /
It 1s clear that the pressure at the point
in question is very much different from M%?P P
L3

the weight of the air column aloft. And if Fig., 87. Summatfion of
the pressure to get the
there be a hoavy mass whish 1s gradually value of p ,whtich is not

subsiding over the vicinity of a point, the oqual to
pressure at that poimt must be larger than the weight pressure.

Such & summation is usually used in quantum theory or physisal
optics, when we obtain the intensity of material wave or light. And
it is believed that even the exoitation whish is not direeted toward

& point induces e considerable exeitation to the point.



4 (Convsction Pressure and Excessive Pressure P. 1056

When we compute the air pressure at the location M(X,Y,Z), it is

convenient to utilize the formula,

P = oo p g (z2—-2)dx dy ds 340
: SSS {s—X) 4 (y-7)?4 (s - _ZyT (3¢2)

where, £, y, 2 are the coordinates of air element with density p and

volume dx dy dsz,

$ 4 Conveotion Pressure and Exoessive Pressure
We knew the method to compute the air pressure acourately, then

we try to get the convection pressure,cP= P ~ wP, namely,

N ol o P 8 (s-Z)dxdydz _ i P 35a) -
°P S S {a-XF+ (y-Y)+ -2} 7 SZP & (8%)

where, pis the density of the air given as the function of x, y, and

2. If the atmosphere is uniform in horizontal direction and the den-

sity is written thus: o, = f(z), we know,
1 “("{ _p.8(z-2)dxdy dz P, 8 (3-Z)dyds ® dz_
n glsmg{fw—X)M%Yﬁ(z—z)'}% SZS (y-Yr+ (2-2)" jz"as % {35b)

Therefore, in such a case convection pressure must vanish. This fact
shows us that, as long as the eir density is homogeneous in horizon=-
tal directions, the pressurs is just the same as the weight pressure.

Subtracting the formula,

,_) {2 XV (y- Y+ 65— 7))

from the formula (36a), we have

P “zlzuj (p—F.) g (s-2)dx dy d Sl (P—p)g d% (36a)

f g (z—2)dx dyds S;ﬂ’ P PR S (35¢)

[~ X4 (r-Y P+ (2 - 7)‘}1‘
In the practical computation, therefore, it is very convenient
to carry out the integration after subtrecting the density p, from
the practical density p. %o usually choose the density of warm air

mass a8 p,, so that the value (p- p ) is positive. We term (p-~p)



4 Convection Pressure and Excessits Pressure P. 108

"excessive density". And the pressure caused by the excessive densie

ty,

_ 1T _(p-P)g(z-Z)dxdyds . (36b)
eP 2 ZS-mS {(x—X)'+(y—Y)’+(z—Z)2}%

‘can be called "the excessive pressure™ with the symbol " eP". In the
same way, the weight pressure caused by the excessive density,
o
ewP = Sz (p—p) & dz
may be called "the excessive weight pressure” with the symbol “ewP ",
Now the following relations

cP = P — wp

cP = eP — ewP
show that the computation of the convection préssure can be done by
using the excessive pressure instead of the ordinary air pressure.

The vertical acceleration is given by
dw 1 9cP
H‘_ P’ a ¥4
wuere, p’ is the density of the air, whose acceleration is in question.

In the following discussion we obtain the accelerations upon the dry
air at 0°C, 1000 mb. with the density,

p, = 1.276x10° g/en’

The word of "acceleration" used in the following sections means the
acceleration upon this air, and the practical acceleration in higher
alti‘tude must be obtained multiplying the ratio, p, to the density of
- the air in question.

Thus the wvertical accelsration

dw® -1 2 p
: di Oz €,
and the horizontal acceleration,

:‘;_!‘_m.._,égé a..ié%(cP-r wP ) ==~—;—3§%(3P——ewf’+wp)

- 1 DeP (- wF-—eszgop.gdz)
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are obtained. Summarizing the result we write, thus:

o_ duw _ 1 2eP

a de TP x| :

I} ,0 P !

R R o)
o dw® _ 1 2¢P

Y5 de T T B
where, a, f, and g arec the accelerations in x, y, and z direde

tion respectively. Tt must be noticed hers again that both vertical

and horizontal accelerations vanish when the density is equal horia

zontally, therefore, we ocamnot expect to find any acceleration inside
& homogeneous air-mass, Thus, an appreciable buoyancy could only
be found in the so-called frontal zone or in the vicinity- of convece

tive clouds which are warmer or colder than their environments.,

Principle of Superposition

We oonsider the pressure at M caused
by the density inside the stippled area in
. Fige 884 It can be obtained integrating
throughout the volume, thus:

P o sy
It is possible to obtain the integration

after dividing the space by EF,and we have
Fig. 88 To obtain the

P = 2111 SC pRL? av - 2‘-‘1 S £_5____:1 av integration usimg the

0k yic & inciple of i

S by 1¢(-p)gh principle of superpesi-
5‘;‘,’8(: R dV + 2';50,—&2@-12 dv-(38) tion

This is the formwla showing that the pressure can be obtaimed by
ruperposing the two pressures in (38).
This property is very important and it is used in the computa=

tion not only of pressure but also of the asscelerations of various

kinds,
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"§ 5 Convection and Excessive Pressure in Frontal Zone

As shown in Fig. 89, if the cold air-mass, extending from +» to

-x in y-direction, is located with its

edge rapresented by the function of
P, = £
the altitude, +tThe excessive pressure
at the point I (X,Y,2) is computed by M
0.8 44
the equation (36b)s We have %

(R-P) 8(2—2)dydxds Fig. 89 To obtain the con=-

H iz 0
: Sﬁ
eP »= — - 3 R ) vection pressure in a fro-
2w ) L (e Xy V) -2) } ntal zon6.

where, g and p are the density of the
warm and the cold air.mass, respectively. In the case where (pg=-p )

is constant everywhere, we integrate at first with respect toy.

P - (B-PE S”sf‘" (z~2) dx ds
™ (x-X) 4 (z~2)°

Z’ ~ 0
Integrating again with respect to x , we have
\ H .
ep o BR)E S cor X=S® 4, (39s)
T A z2 -2

The convection pressure is, therefore,

where, the second term in the right side, the excessive weight pres-
sure(ewP ) must be subtracted only when M is located inside or benea=

th the cold air of density p..

INCLINED FRONT

We examine the case in Fige. 90,

where the frontal surface extending from x

y==o to y =+o is the plane represented Fige 90. Definition of
h, b, ¢c. When we measure

by x =kz b or ¢ leftward from the

frontal surface, they are
The excessive pressure at M(X,Y,Z) is negative. ‘ :
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.

eﬁ) = (..._P >‘gj pot X.:,_Z.c._g. d z
z -7

¥e integrate alver replacing

Xy

—— by t -k .
We obbtain the excessive pressure '

8,
-0l ~_plf 8 N
eP p- i\l(bu .X)j\( )mn(k t) ‘6':') ‘: -+ 2(H Z)

2
where, if we use +the values A, b, and ¢ in the figure, ¢, =, and

¢t =¢/h, Thus, we get the excessive pressure

op - (P=RE &

*”

1+k' 2 (1+F°) c?

The problem occurring here is the detérmina'i;ion of the arctangent in

the formula, beceuse, as shown in —\\
Fige 91, it is two-valued function %w*_
-4 -2 {
even in the domain of ~m.++mw, In “\‘” 2 #
Negative Br ‘i

. 2
the discussion herein, we use the \\——_

positive brarch when ¢ is positive.
Fig. 9l. Showing the arctangent
But when ¢ is negative we use the branches for the computation.

o

negative branch extending -0 to =-%. Using the different branches

according to the sign of ¢, we have the excessive pressure,

- r-R)g ke K + '
oF = ‘{(" - ) g g oy + (=R g b (402)

where, the last term is used only %o the point M is located inside

the eold air. The convection pressure is obtained subtracting the
value, fB [ (p-p)gh (inside cold air)
(a-R)8dz =| b i

7 2..(,2_. R)& + (beneath cold air slope)

fuom the excessivwe pressure. Thus we have

h +b°
cpnw{(h~,+k,)ta Ll logfEEY }+(pc~p)g7r ------- (40v)




5 Convection and Excessive Pressure in Frontal Zone P. 110

According to the conventional treatment, +the air prossures wers
computed by the formula of static equilibrium. The distribution of
the excessive pressure, +the pressure caused by the excessive density

of the cold air-mass, is shown in Fig. 92. As the figures are drawn

Normal I Overhang F.

Fig. 92. Distribution of excessive pressure

by conventional idesa.

after the conventional idea, the isobaric surface is parallel +to the-

frontal surface or the direction of gravity. Looking at such figures

we must consider that the cold air will subside by its weight until
it spreads over the earth's surface as a shallow cushion, and that

the overheng front in +the right is quite unstable, sinee it must
fall down into the underlying warm air.
10km /q Kkm

v k=2
o \
-— = 3 [ "
R o= 30 9h° 6 R~ =300
- H Y
(Y
10 e L
LN
- ' !
\ 18 e N
.. . 5 \)(@
. ' %
M % 22'“ . \\‘ \\
<, 28 LR
W0 P 20 w0  wAv 2o e 0 bR

Fig, 93. Disgftribution of exeessive

pressure
by new theory.
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Next we examine the pressure distribution represented by the new
fornmla. Fig. 93 1is oomputed for the frontal zone with the inolina=-
tion of %, and the density difference,(p. -p,)=30 g/ m’ which will be
produced by the temperature difference of about 10°C. The most inter-
osting feature Qf the isobaric surface is that the height of constant
pressure decreases even under the flat surface of oold air and that
the pressure surface extends far into the warm sector showing that

the weight of cold air exerts upon the warm air.

0 km_
I e
R— =30 ¥Ym*

7 A S R S S a7
Fig. 94. Distribution of eonveotion pressure.

Distribution of conveotion pressure in Fig. 94 is also computed
by the formla(40b). In this case, there exists large positive con-
vootion pressure inside the warm sector, while. the negative conveo-
tion pressﬁre is seen inside the ¢o0ld air-mass. In the frontal zone,
the equation of statioc equilibrium oan;pe applied no more, and the
deviation from that equation, which has long been noglected, must be
closed up here in order to explain the meteorological phencmena.

As will be expeoted, the conveotion pressure besomes very small
whon the inclimation of the front is small. Cases of the normal and
overhang fronts with the inclination of 1/100 are shown in Fig. 95.

It will be seen that the convection pressure is no more than 0.5 mb.,
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which secme to be vory small., This amount, however, is capable of

/0_4’07

km /500 0000 )
Fig. 95. Distribution of convection pressurc.

producing the vertical speed of about 10 n/sec, and if we expect to
produce such a spced of the werm air gliding upward the frontal sur-
face in discussion, it would require the speed of 1 km/sec, which is

impossible to be expected.

§ 6 Vertical and Horizontal Acceleration.
The acceleration upon the air of demsity p 1is given by (37).
Therefore, utilizing the formulas (40a) and (40b), we obtain the ver=-

tical acceleration in the frontal zone,

- _L ocP _ P-p & 1 ¢ —-/_h“‘ k +b ’
Y TR e (1+k‘ e T Y e )(Ma)

Py =

and the acceleration in x-direction,

o _ 1 %P _(rp)B (_k_iqu'h | 1 og/rﬂ;
T TR e T g (I+};’ e S E T e )-(a1b)

These formulas show that the acceleration at any point is to be de-

termined as the function of the inclination of the front and the
direction of the point looked from the upper edge of the frontal sur-
face. |

In this section we desire to discuss the aeceeleration upon the
imeginary air with the density p,. Because it depends only upon the

oharactcristic of the field of acceleration. While the practical
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acceleration upon the air is not so simple, because as shown by
dw P, dw°
dt - p’ dt
it contains the density p’ which varies in horizontal and vertical di-

rections.
Using the formulas (41a) and (41b), the acceleration in the
frontal zone are computed. The fronts studied herein are classified

ascording to the value of k characterizing the inolination, thus:

I E < 0 E =0 E >0

I Normal Front Vertioal Front Overhang Front
|

The acceclerations for the normal front of k = -2 are plotted in
Fire 96. It will be seen in the upper figure that the buoyaney force,
asting wupon the air inside the warm sector, reaches long distance.
While the acceleration increases up to infinity at the frontal sur-
face. This is, of ocourse, not conceivable, however, the infinity in
question is originated by the fact that we have admitted +the disoon=-
tinuous density jump at the frontal surface. Therefore, if we solﬁe
the problem for the frontal surface at which the density increases
gradually into that of the cold air, a finite acceleration could be
expected. Such a case is disoussed later.

The horizontal acceleration shown in the middle figure is appre-
ciable only under the inclined frontal surfacte In the warm sector
or under the flat surface of the cold air mass, the acccleration is
always negligibles The resultant aceelerations arc, therefore, ale
most vertical in the sectors far from the frontal surface.

This fact can be proved computing the tangent of the direction

angle of the acceleration,
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Vertical Acceleration
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Fige 96 Accelerations in the vicinity of the normal front extending
from y = «®to +w . Constants are EK=«2,p=-9 = 3%107° g/em and

the héight of the cold mir-mass — 10 km.
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tan’ —'bL — k log h jré—
tan U (A) = 5 l " (42a)
- ~f s i )
ktan A +- og pe
when we limit the value of b and ¢ to infinity, thus:
. , hd (1 + k)
A) = lim ®
gin ten WA = ey )
e [ -------------- (42v)
] 1 s b’ (1 + kl)
l m— [~ -2
pim ten WA = fim oy

It will be secen that the accelerations are directed up or downward
when b is very large or k is very small.

| On the other hand, at the frontal surface where the value of ¢
tends to gzero, the direction of acceleration is perpendicular to the

surface, since the value of log ¢ decreases to -~x, Thus we have

lim ten Y (A) = —k oo -~ (420)
It is evident that the acceleration at the surface is directed toward
the warm air side perpendicularly to the surface. These charactor-
istics should be kept in mind when we plot the accelerations in the
frontal zone.

The accelerations for the overhang front of k=+2 are shown in
Figs. 97. According to our direct consideration, such a overhang cold
air is considered to be very unstable. The result of the computation
shows us that, so long as the accelerations are concerned, there is
no fundamental difference from the normal front.

As will be seen in the figure of vertical acceleration, the
downward force to pull down the wedge of the cold air is similar in
emount to the force by which the cold air unéer a normal frontal sur-’
face subsides downward. The conventional idea, that the heavy over-
runming mass is liable to fall down quickly, must be revised, and

we must remember that it is the gradient of the convection pressure
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Tige 97 Accelerations in the viocinity of the overhang front extending
from y= = o to +0. Constents are K =42, p -p = 3x10” g/on’
and the height of the cold air-mass=10 km.
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which accelerates the air in vertieal direction. The foroe from the
cold air wedge acts mainly upon the underlying warm air,as the result
the airs are accelerated downward just under the surface and upward
in the distant sector.

The dynamics of the overrunning ocld air, which has not been
evident accdfding to the conventional idea, became wvery clear. The
computation of the vertical and horizontal acoelerations can eesily
be carried out by using the prineciple of superposition. Namely, we
at first compute the case of normal or overhang front, after that we
subtract the amount of acceleration for the warm air which must be
replaced in order to eliminate the lower portion of the cold air-mass.‘

The schematical accelerations in the vicinity of overrunning
overhang front are shown in Fig. 98. This is the pattern for k=2.
It will be scen that the acocelerations decrease as the altitude de=
nyreases. Comparing the pattern with that of the overrunning normal
front in Fig. 99, it will be seen that they are quite similar each
other.

The most important problem occurring here is the stability of
the overrunning front far from the frontal surface where the value of
=b is very large. There we cannot expect to find any force acceler=-
ating the ocold éir downward showing that the stretification is very
stable. Thus, the conventional stability problems should be re-ex-~

amined in the following section.

ROTATION OF THE ACCELERATION FIELD
It is the question that the field of acceleration is rota%ional

or irrotational, it is, however, easily seen by subtractiﬁg
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Vertical Accelersation

overruning -cold "air, ¥
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Fig. 98. Accedemation patterms for an overruning
eo%d front wiith overhang frontal surface. The
comsstamits are: thickness of cold air, 5 kme, petac
- peta 86 g/t inctination, 1/2.
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.Vértical Acceleration
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Figs. 99. Acceleration patterns for an overruning
normal cold front with the constants: +thickness
of cold air, 5 lme; p=-p = 30 g/m*; inclination

of 1/2.
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y ):-.- (p-p) & " Eh24 kb:~kbec-he
57 Po® (B +p7) ¢(1+ k%)
from
2. «®) = (e-p) & —kbhe~hc+kh+kb?
oz Pom (B2 +b") ¢ (1+ k*)

As the result we know the fact that the rotation of the vector field

is zero, viz.,

2 (@) =R ((47) = 0 (4)

x

Thus we kmow the acceleration field is irrotational and +the acceler-

ation must have the potential,

(Pc" Py)g k¢ -1 & c h2+b~i‘
Po = (h” 1 +k2) Lan T Tyl e (44)

DIVERGENCE OF THE ACCELERATION FIELD

Next wo compute the divergence of the ficld of acceleration.

Taking the relations,
2h 25b dc¢

azawl, .é—;_zo ' —— = —

oz
into consideration, we compute the partial derivative with respeot to

z, and we have

@ ( 4°) (p—p)g (khe—be—k’h2-k %)
81 v = ’ 7, 2 g 2 \

Pom (I45% ¢ (n24+0?)
Next we obtain the other one,

,__@_( o) = P-p)8 (b —khc— h?—b*)

Ox P, x (I+ k*)c(h*+b%)
using the relations )
8k ob _ 0C
The sum of them, '
2 —(Pf ,,,3‘ 2 :
az("’)+3;(“) : (45)

shows that the divergence is not zero but 1t is inversely proportion=-
al to the negative value of c,the horizontal distancc from the fron-
tal surface. Of course, the divergence must be positive infinity on

the 60ld air side of the frontal surface, and nogative infinity on
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the werm air egide. When the density does not jump at the surface, we
would have a finite divergence even at the surface.

The conclusion is very importent, whioch shows that the acoeler=-
ations are newly initiated inside the cold air, meanwhile they venish
inside the warm air. It is also clear that, in oase of any overrun=
ning front, there exists no divergence below tho bottom of the cold

air where the positive and negative divergences are ocancelled.

Fig. 100. Distribution of divergence of accelsration.
The distribution will be seen also in Fige. 100, in which the schemat-

i0al distribution is illustreted.

MODEL OF PRACTICAL FRONTAL SURFACE

As a model of inclined frontal surface, +the distribution of
acceleorations for the system with a finite density jump separsted by
an inclined surface with large absolute value of k is computed.

The aooeleration.pattern for k= ~100 is presented in pig. 101.
Comparing with Fig. 102, it will be understood that the horizontal

eccelerations exist only beneath the frontal surface, and that the

downward accolerations concentrate wunder the edge of the top of the
frontal surface. On the other hand, when the cold air overhangs with

k= +100,appreciable upward aocelerations develop just under the edge,
suggesting that the pre~frontal squall-line might be initiated there,
This fact will be seen in the lowest figure showing the resultent
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Fig. 101 Accelerations in the vicinity of the normal front extend-
ing from y=-o00 to +00. k =-100, g- =30 g/m*, h =10 kum.
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8 Vertical and Horizontal Accelorsbion
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Figs 103 Aocceleration Patterns for overruning normal and overhang
fronts. The hoight of the cold air base is 10 km, the thickness 5 km
and the other constants are just the same as those of Figs. 101 and
102, Computed by (41la) and (41b).
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accelerations.

Similar distributions for overrunning fronts are given in Fig.
103. The patterns are computed by using the accurate formulas (41a)
and (41b).

§ 7 Movement of the Air in the Field of Accelerations.

When the air undergoes vertiocal accclerations in the field free
from the horizontal acceleration, it doos not move toward the difec«
tion of acceleration, according to the rotation of the earth.  The
velocity components for such a wind can be solved by the equations of
motion,

U 4+ 2w (wcosdo sing) = 0

9 4+ 2@ gy Sin ¢ = ¢ S Y}
. 1 2¢P

2 cos = o
w > ® u b s Bz

where the positive direcotions of x, y and z axes are chosen toward
the east, north and vertical direotion, respectively.
Differentiating the first equation with respect to time, we get
| U +20 9w C08d K 2wy Sing = 0
Then we replace # and ¢ by these in the second and third equations,
so we obtain the differential equation,

£
z:‘z + 4 0y = 20 cos¢..1. 9¢cP

p Bz
The velooity components for the boundary condition that the air

starts to move at t =0 are obtained thus:

u = ( co [ ) ‘ cos 4) 1
? == 8i 2 ot - 2 i ——. 1 __a......_Ecl e '? }
( nim Q)t) 'lnd) 003(,} - (4 a
=T - 2 3‘“ + Cos 3'. 2 -————-:

The displacement components, obtained by integrating each velocity
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component from t=0 to t, are
. . 1 2¢P
1= (20t — sinl2o0t ) cos¢m~a£z__
Y= (1~ 20°t>» cos20¢t ) singcos __d’W_%O{i - (47b)
1 ocP
4oa7p Oz

The wind represented by (47) is the new wind deviating from the gra-

z = (Cosp cos2pit — 2a't?sin"¢p — coszqs)

__dient wind which is zero in this case.
When this wind develops in the field of gradient wind repr_esgntod'

ed by the equations of motion,

7

2 w'cos¢——o'sin¢. ‘“%%}E
Za ' sing -2 BE e (ag)
~20 u 'om,cb o — ";1 % - £ |

where P’is the pressure in order to develop the gradient wind with
the velosity components u) v/, and w.
Adding the equations of motion in (48) %o those in (46), we get,

(8 +3")+ 20 (w+w)cosp —2m (v+ v')sin¢=~;1»~g-§’ ]

(6 +6°)+ 20 (u+ v)sing ~-18 b9
w_19cP_109P"

p oz p 9z g
where &%= ¢”= w'= 0, and we consider the wind by (48) far exoeeds.

(1;)-0-1;)’) ~ 20 (uFulcosd

The solution of the equations(49) is, therefore, given by the voctor,
Veileot+tu)+ji(v+o")+k(wsg w*)

= (iu +j§jo +kw )}t {iv'+ jo + k w’')——(50)

It is evident that the second term is the gradient wind balancing to

the horizontal accelerations, and thet ‘the first term is the wind

caussd by the vertical acceleration. Here, the wind initiated by

" the vertioal aceeleration mey be termed "the convestion wind",

CONVECTION WIND

As has boon seon before, the oonveotion wind represented by (47)
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superposes upon the geostrophic or gradient wind field. Thls wind is,
of course, acoolerational showing that the speed might increase up to
infinity toward the vertical and northward direotions. As shown in
Fig. 104, the air of such a wind moves spirally around the curve of
parabola drewn on the surface inclined toward the pole-star. It will

P4

TRAJECTORY

*~x

Fig. 104. Showing the trajectory of the convection wind,
computed for the latitude of 45 degrees N and the acoel-
eration field direoted upward.

x
*‘UP \3

v >0 y > ;\\Q\\

-% . EAST ;4 o EAST o

\'Y(O v 0
=% -3

Fig. 106. Left: vertical component of the trajectory.
Right: horizontal component of the trajectory.
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be seen in the figure that the air moves upward, gradually ohéhging
its direotion of movement westward while the northerly speed inoreas-
ee proportional to the time lapsed, The trajectoeries projected on

the vertical and horizontal surfaces are shown in Fig. 105.

THE RESISTANCE UPON THE CONVECTION WIND

‘If the convection winds develop, ascording to the vertical ac-
celeration; the horizontal convergence must be followed with. Or
else, in the portion from which the airs have risen, there must start
e low pressure which would pull back the ascending airs downward. On
the other haﬁd,the air converging into that portion should be resist-
ed by the earth's surface,showing that the resistances of the earth's
surface which act upon the converging airs are the forece to prevent
the development of the convection wind. Thus, the conveotion wind is
accelerational no more, but it reasches the terminal velocity.

The time by which +the oconvection wind reaches the terminal
velooity is not known but it will depend upon the roughness of tho
earth's surface just as in the ease where the horizontal winds are
resisted.

If we assume that the oconveotion wind balances to the resistance
directed toward the opposite direction to the wind speed represented

by (47a), the tangent of the direstion of the horizontal wind vector

rust be

v . . 2wt — 8in2wt -
e 1 B R S N  — 5
¢ ( 1 - coS ot ) ( -L)

where the value in the parentheses depends upon the time by which the

convection wind reaches its terminal velocity. From this, it can be

said, when »%%;B is positive,
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(1) the convection wind is directed westward on the equator, and

(2) as the latitﬁde inoreases, the direction chenges as follows:
W — WNW — NW,

(3) while the air rises upward.

But when -1ack negative,

2z
(4) theF;onvection wind is directed eastward on the equator, and
(5) as the latitude increases, the direction changes as follows:
E — ESE — SE,
(6) while the air subsides.

Each component of the convection wind velocity 1is proportional

to the vertical acceleration, therefore, as shown in Fig. 106, the

‘ j*’/ﬂi,/” :;%\kvfm\‘ﬂ ‘ﬁ> e, //lgfiwsfi;;
- //,f ° 9Q§P 5’
/ ; ’”"OJ S"’

\
’ >

g (=)
e

\

1 - VOD
7 ““”M o] \Vﬁ/

// -
T S & o
-- Conveetion W. L Nite e

o
I

e e B S

— Gradieut W, >

Fig. 106. Convection winds in both sectors of a cold front.
directions of the wind in both sectors of a cold front have quite
different feature. In the warm sector, where the accelerations are
usuallvy upward, the prevailing winds shift northewestward resulting in
the larger deviation angle than expected.

In the cold sector,the downward accelerations shift the gradient
winds south-eastward, A great number of examples are seem in our

dayly weather analyses.
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§ 8 Vertieal Front with Infinite Straight Edge.
Replacing the value of k in (40a) & (40b) by zero, we have the

excoessive pressure,

: { —
— 3 YR % .
eP = (—&;&'—)«5- | #ton ‘2 - flog,fh%—Q?g + (.~ ) gh(522)
where the last term is used only when ¢ is negative.
The convesction pressure.is .
- (p-pg | -t h [ B+t
cP = p t h tan ""E'- - ¢ log = }‘ (52b)

A% the boundary surface, according to the conventional idea, the

pressure must be considered +to be diseontinuous, In the new treoate
ment, however, if we approach the surface from the warm air side, we

have the limiting walue.

: 3 (c“ N h A_ Nt
Hmy o = GoRE b Lp o ygho o (55)
while that for the cold air side is
i (& ~ Py ~mh b
clj;fo eP = Pc,r )8 7 (P~ pu) g b =5 (p.—p,) g b-—(53b)

it is evident that ¢the exoessive pressure is continuous even at the

boundary surface, with the air pressure of

] 1 » loe]
P :eP+J‘ dx =——-j.! - d +J' dz
/A P,.,g ¢ 2 Z\pc P,‘,)g z 7z Purg

I I(®
= 7fz pgds + -1 jz A — (54)

This 1s the mean value of the pressures inside the warm and cold air-

WARM AIR
‘{\\é
\4\{ -~ -
N S -\\“\,\‘\
) o _ N - N - T
e o & & 4 2 2 4 5 &8 W dxm

Fig. 107. Distribution of pressure across a frontal surface.
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mMesses, The pressure distribution through the frontal surfasce is
shown in Fig. 107.
The vertical and horizontal accelerations are kmown from the

formulas (41a) and (41b). They are

" o O / P )
Ty '-—;tB— tan‘fa%l— . a® = -————f log i -';c “““ (55)

c
The acceleration pattern is presented in Fig.1l08.

¢ 3 + L
] 4 1
2y f f 1 4 +
R t k4
l ‘ l X \ \ e / r L 'S
e 73 % ' 3 r ¥ 0] z 4 3 N R ] iy

Fig. 108. Acceleration pattern.
It will be seen that the resultant accelerations are vertical at tye
frontal surface with infinite amount. In order to avoid the ocour-
rence of such unreasonable value, wo solve +the problem of vertical
front with gradually changing density distribution.
According to the infinite acceleration at the boundary, the ver=-
tical front must have the density distribution ohanging continuously

in the frontal zone. Now we consider the front showm in Fig. 109,
P(_ .
To compute +the accolere T Ac

1+ Ap

ation eaused by such a front,
1 Pe:

we make the sammation of the

accelerations caused by the

imaginary vertical front with

the finite density jump for

&

every Ac interval. Thus the Fig. 109. To get the acceleretion
at M.
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vertical acceleration at M is given by

o Ap -+ h -1 h -t h -1k
—_— — t — 4 - —
10 = g (rer i e b tan c2>

(o)

If the density gradient be Gag;g/cm, we substitute the relation

Ap _ de dp
3¢ =" d¢=% s

into the above formula changing the sammation into integrationm, thus:

[
o _ &6 ¢ h
v = ———Po" . tan ;- de
Gh 2 -1_h / -/ h Wit ¢l
= Lo (- Frang + Fron'g - logy il ) (562)

In the same way, the horizontal acceleration is known to be

o g6 Cy R4 ¢t

- _LG_( 18 _ -1 € W¥e_ s 9‘> .......
o k tan 7 k tan 7 -jl—qug p: ¢ le = (56b)

Using these formulas the vertical accelerations are drawn in Fig.110,

ot e

LTI

Density Gradient
- G

. om, 2
. a?\_/sec
N & T
Ty
~—— .
Q“\. T
S S
N S

Fig. 110. Vertiocal accelerations around the vertical cold front
with continuously chenging density.

It is evident that the accelerations at the boundary are no more in-
finite. The most interesting features of the buoyancy pattern are
that the largest values appear at the location where the demsity gra-

7 dient changes abruptly, and that any appreciahle acceleration is not
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expected in the zone of constant density gradient.

§ 8 Approximation of the Formulas for Large Sealc Phenomens.
If we want to oompute +the vertisal accelerations for the dayly

synoptic situation, the density jump separated by a surface would not

be expected. Usrally, as shom in T AN ‘
e\ g
Fig. 111, the density for a warm 2,\ 3 /5 /o m®
‘30 ,
air-mass increases up to that for /' \\\WARM

the cold air-mass continuously. It
Fig. 111, Schematical distri-

is necessary, therefore, to set up bution of density anomaly.
the foruiulae capable of computing the acoceleration field for an arbi-
trary distribution. As +the height of the atmosphere 1is very small
comparing with the horizontal extension, the absolute walues of b and
¢ in the formulas ar-, in many cases, more then 10 times larger than

h, nemely

h l 1 hj 1
<l <% o 5 <1
This fact shows us that the formulas (56a) & (56b) can be reduced to

o _ 8Ch, ~£Ll e -
v N °f . (572)
af = — g;;h ----------------- (in the zone of changing density)-—(57b)
[
= 0 e (in the ether zones) ------rmmwee (57¢)

respectively,
Using the principle of superposition, the acceleration at the
surface ocaused by a density gra=

dient aloft can be computed. If we

' use the notations in Fig. 112, the

‘__
.
(1]
»

vertical asceleration at M computed
' Fig. 112 To compute the
accolerations at M and M. by (572) 18
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gChith) ), ey £Che g, 15| o BCh el
o A ool B o log |1 . log o (58a)

Aooording to (57), this is the vertical acceleration at M” just above
the point M in the figure. It is obvious, therefore, that the accel-
eration is the same at any point on the line M M. In the similar
manner it can be proved that the formulas (25b) & (25¢) can be appli-

ed in the same way., .

HORIZONTAL ACCELERATION IN LARGE SCALE FHENOMENA
Differentiating the relation,
F = wP + ¢cP

with respeot to x, we obtain
oP _ owP , OcP

ox Ox ° x
1 T R TS

Nemely, in the practical ocase, change in air pressure is caused
only by the density gradient within the layer of the thickness &,

The formula(57b) can be transeribed into
° . 8GR _ 1 2P
Py pr Ox .
This faoct shows that the conventional formula,

de . _ 1l aopP
di fp Ox

holds good for the case of horizontal accelerations.

«a

- (580)

VERTICAL ACCELERATION IN LARGE SCALE PHENOMENA

If <the density is homogeneous in y-direotion, the vertical
acceleration can be computed. As shovm in Pig. 113, we divide the
zane where the density is different in x-direction into uniform dis-
tances of Ax that is larger than about 300 km so as to make SA% more
than 10 times larger than the height of the zone. After numbering
the vertioal segments from the bottom, thus:
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noom= }., 2, 5, 4, 5, 6, sevssse €t0.
" and the horizontal segments, thus:

M= «csses "3, "2, -1, O, +l, +2, +S, esesr otC,

m =3 -2 -/ & / 2 3 4
0 Al } v
ks Gss | Gas| Gz | Gos | Gis i Gar | G5z | 643 |3
hs G2 | G220 | Gz | Goz | Gie | €Czz | Gsz | Gur | 2
h. G-3/ Gz | G-y} Goa Q;/ G2y G3/ Gy J=n
Ax  Ax | Ax ?ﬁéﬁg; As | Ax - Ax . Ax
i ‘ :0~~——~— [ s Mpp—— 1 ' f
, —c, o ey ;

= ' " e e G e

e — oy - :

: o e -—-G-——»—-— ——-—--—«—--—--dw

Fig. 113. Segments of the atmosphere for computation
‘ of the acceleration.

we compute the vertiocal acceleration at M, the middle point of the
bottom of the segment Goso Applying the formula(57a) for the segments

in Fig. 113, we obtain the vertioal aoceleration at M,

G -+
"= Z gl“’"‘ Y. na b

m
whenoe, from (58b) we know
(38 ¢ (Gt + G+ Gt )
The practioal acceleration is, therefore,
+m
Y = ‘;;Ir' Z %f«mlog!f%"il% """""""""""""""""""""""""""""" (59b)
-m

This formule is very convenient since it gives the method by which
the vertical acceleration is to be ocomputed using our ordinary synop-
tie charts.,

Using the approximate relation,
1ap AH

P Ax 'gAx
we transcribe the formula(59a) into

v = £ 2 (BE) tog|mLl ~(590)
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where H is the height of constant pressure level. Because of the
fact that the height gradient not on a constant altitude must be used
for the present computation, the results cemputed by this formula are
not so acourate but the distribution of the vertical accelerations on
high leﬁel chart can be known approximatély.

To make the computation of the formula easier, +the values of

1og|€;:11 are tabulated in Table 5, whieh is available as long as wo

divide the zone into uniform horizontal segments Ax,

m | .20 | -1o | -18 | -17 | =16 | =15 L e1a | .13
log |=04050|=04052|=04054 |~0.058 ~0.061-0.066(-0.071]~0.077

m -12 | -11 | ~«10| -9 =8| =7 =61} =5
log "0-085 -0.091 -00100 -00110 “00126 -0.143 "00167 “00200

m -4 | =3| =2 =1 0 1 2 3
Lo‘g "'Oc251 "00363 -0.511 -1.100 0000 '*l.lOO +Ot511 +0.333

S 5 7 8 9 10 11

. 6
log +04251|+04200|+0+167 |+04147 |+0+126|+0.110|+0.100|+0.091

m 12 13 14 15 | 16 17 18 19
log |+0.083]+0.077 |+0.071{+0.066 |+0.061|+0.058 | +0.054 | +0,052

Table 5. The value of log %%Slias the funoction of m.

$ 9 Proposed Mechanism of Typhoon Initiation.

The accelerations upon the air of density p° in the intertropic
zone wlth the pressure distribution represented by the top curve in
Fig. 114 are computed by using (59a). The oomputations are oarried
out after assuming that the pressure gradient vanishes at the alti-
tude of 10 km. As will be seen in the figure, this is the cese where
the pressure distribution is symmetrical with respect to the front,
however, when the southern part of the zone is filled with the cold

alremass from the southern hemisphere, the distribution varies appre=-
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Pres ure Distribution

o PO BUD e e e et e e
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Buoyancy Pattern EQUATOR
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Flge 114. Acceleration Pattern in the intertropic zone. The accelew

rations are computed for the pressure distribution of annual mean co~
ndltion.
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ciablly.
Tho vertical accelerations for such a case are presented in Figs

115. The top curve shows the surface pressure distribution and the

Pressure Distribution

Buoyancy ///T/l‘\
- v e ! N #0085 cn/sect

v g !
L o 5 ’44‘//?, ,Iu_v__,[(____.! ’ £ e L‘
- — - - N, ,: - i.——-*-——-—G
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Fig. 115. Distribution of vertical acceleration in the inter-
tropic frontal zone when its southern half 1s occupied Dby
cold air from the southern hemisphere.
middle one the vertical acceleration. It will be seen that +the cold
air from the south results in a very large buoyanoy in the frontal

zone and downward acceleration south of the front.

INITIATION OF TROPICAL STORM

Using the fact that the buoyancy force in the intertropie fron-
tal zone ineresses, it is possible to explain the initiation of a ty-
phoon. As has been pointed out by Dr. Syono{ 5), deorease in prese
sure, especially in the lower levels, ocsused by heavy presipitation
inside the ocumilonimbi would develop into the tropical eiroulation.

The cause of heavy shewers oan be explained by the present theorys
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As shown in Fig. 116-a, the maximum buoysney inside the inter-
tropic frontal zone is no more than 0.1 cm/sec’. This emount is, how-
ever, not enough since, according to the formuls,

V = /2ak
where ¢ is the acceleration, h the altitude through which air is ac=-
celerated by a, ¥V the terminal velooity; if thé air on sea level were
to be accelerated, without friction, up to 5 km level, the terminal
velooity would be about 3 m/sec. It is known that, on an ordinary
day when such amount of the buoyanoy is expected,there develop inter-
mittent squalls which pour in short duration with high intensity.

When the air pressure soutﬁ of the intertropic front increases,
therpatﬁern of the vertical aocelerétion changes appreciablly, and as
will be seen in Figs.ll3-b~c~d, the buoyancy inside the low pressure
ares increases . up to several times, say 0.3 cm/sec’ . On the other
hand, a marked subsidence zone develops along the south of the front.
The cumulonimbi which would presipitate heavy shower continuously ,
that would make the pressure lower, will develop and the processes of
typhoon initiation presented by Dr. Syono will begin.

It should be pointed out here that, though we require the exis-
tence of the cold air outbreaking from the southern hemisphere, +the
mechanism of the shower initiation is quite different from the idea
of frontal theory which was established to explain the typhoon initi-
ation by using the frontal wave. In the present explanation, the
high density masses from the south play a role to increase the con-
vection pressure, namely its vertical gradiente Thus we do not need
the conbact of warm and cold air-masses at the intertropic frontal

surface which is very difficult to imagine.
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0.1 €m/goc2 \ f R ros y
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116. Showing the initlation of heavy showers which would develop
into a tropical storm.

Ordinary day free from the cold air from the southern hemisphere.

As the cold air south of the equator develops,the buoyancy forece

in the intertropic zone increases.

If the cold air which might ohange into warm air enter the south

of the intertropiec front, the pressure unbalance results in the

large buoyanoy.

The stage in which heavy showers develop.
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The most interesting and important result which must be.empha-
sized here is the fact that +the airs from the south, which might be
virtually ocolder, undergo buoyancy as well as the warm air locating
before. It is evident that the heavy showers develop inside the airs
reaching the frontal zone from the south, and that the cause is not
the 1lifting effect of the 60ld air-mess that produces upward motion
but the pressure or density distribution itself inside a large area
in the vieinity.

Sohematical chart show= i
ing +the horiZOntai distribu=- o

tion of the vertical acceler-

ations is presented in Fig.

117,  The intensity of the . | N S
nte Yy ¢ a 0° | /H _;\\_\\M sy
acoelerations is represented S ; \\\F\#

by the density of the nega- Fig. 117. Schematiocal figure show-
, ing +the distribution of upward(+)
tive and positive signs. and downward(~) accelerations.

$10 Buoyancy Caused by Arbitrary Warm or Cold Area.

We compute +the excessive pressure in the.field with warm area
surrounded by cold one. Let P. be the density of the warm air-mass,
and P. be <that of the cold, the excessive preésure can be computed
using (36b) after changing it into that for the oylindrical coordi~
nates,

In the following computation, when the point whose pressure or
the acecleration is in question is loocated inside a warm area, we
use the subsoript 1, while the point is loocated inside a cold area,

we use the subscript 2.
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Fig.l18. Computation of excessive Fig.l19. Computation of exeessive
pressure at M, inside a warm area. pressure at Mpinside a cold area. A

The exoessive pressuresfor M, and M, are, therefore,

244
Hoo
1. - P, )g(8~Z)rdrdz do :
P, = ;
oh =gl [ [ AR I (60a)
_ 1 gq (po=P,)8(z~Z)rdrdzdé . :
P, = 5 —— k.2 [ S
€2 ”-fo Io {ri4(e-2)°}F ' (60b)

where r is the distanoce of the point M from the boundary. Integrate
ing the formulas, under the assumption +hat (e —p,)1s constant, we
obtain

P = (P*’P)gff t —Z . ds'd&?
L4 (z-2)

b ~RIE J’o (m‘,:e* — 1) d-(6la)

(R-AR )8 ‘ (s-Z )
eby = TL ,’; (1- 1/r1’+(1er—z)‘~’>alz dé

= (g —6)8h — epp— -~ (61b)

where b = H+ Z. Next we compute the conwection pressures, by using

the relations,

P =¢P ~euwP, ew B a(%w&,_)gh,

The convection pressures are, therefore, written thus:

‘¢ = eF : (. ewh = 0 ) 7 (6lc)

¢, = ¢P, — (g —p,)8b = — B~ : (61d)
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VERTICAL ACCELERATION
The vertical acoeleration 1is given by differentiating the ocon-

vection pressure with respect to z, namely,

o 1 SchB B° h
A == = gﬂfo T de
Bof” 1 6
% Jo V1% x*
BO 2
ol = I — (622)

where h = H - Z, x = r/h, B’= g, and Y the cyclone funotion for

pc - Pur
Po
a=1s We have also the vertioal acceleration for the point M-,

) 1 2ch =“<_ 1 aePl)&_’_(” 1 9chy

Y T T s BT Po O3 GBr) = e

HORIZONTAL ACCELERATION

To compute the horizontal ac-
celerations at My locating inside
e warm air-mass of p,, surrounded

by P, we obtain first the excesw

sive pressure at M: caused by the

area element ABCD in Fig. 120,

Using the formula(6la)
. Fig. 120. To obtain the horizon-
we obtain tal acceleration caused by ABCD.

B'= (h —p)E (VER - 1) de
eB'+ deR=(p.- P.,)-—-[ r4+dr)+h?— (r+dr)}d0 —log f+ﬁ ’+h’ le

’

whiore the gecond term in the right side 1is the excessive pressurc
caused by the erea DCEF, eand ol = drdé . Diwiding the diffesemee of

these two formulas by dr, we obtain
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deR’ YT
——ﬁ-(&*m)%{%(/ﬁﬁ-ﬁ-zogm’ '““”}da

27

_ 1 8eR’ B°{ _ }
Po or 2= 8° T log?(l.'- g 46

e .—2_”— ¢ dé S (63a)

where @ 1s the quantity in the braces. Thus we obtained the similar
formula +to (62a) used for the computation of vertical acceleration.
~ On the other hand, when the point is located inside the cold air

using the relation(61), we have

e bl

The z-ward acceleration can be obtained by integrating the % =

----- (83b)

csomponent of the acosleration -~lement given by (63a) o thus:

@ - — L Pl - B L P (~cos0)df = B° ;”d(«siﬂe)w» (64a)
Po Zx o
In the same way, we integrate the y~component
o _ _ 13eR _ L
8 L - j ¢( sme)deuT @ d(cos @) (64b)

The horizontal accelerations obtained here are the case where the
point in question is located inside the warm air, but if it is inside

the cold, we obtain them from (63b) which can be transeribed ast

0 .0 0 o .
&g -~ a, N B = — B (64c)

DIAGRAMS TO COMPUTE «, B, AND 7.

The formulas (62a), (64a) and {64b) show +the Pact that +the ao-
celerations oan be integrated using the acceleration diagrams in Fige
118. To obtain the nccelerations, it is convenient to carry out in
the following way.

(A) If the point M is located in the warm-air side of the tangent



145

F.

10 Buoyancy Caused by Arbitrary Warm or Cold Area

(A) Acceleration Diagram for "

Y ", the Buoyancy.
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{B) Accelerstion Diagram for

(C) Acceleration Diagram for #.
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at the boundary, we plot the curve so that ¢ inereases, however,
if the point is located in the cold air side, we do it as 6 de~
oroases. |
(B) We put the arrow along the ocurves on the diagram in order to
represent the plotted direstion.
(C) It is evident, from (64a) (64b) and (64c), that the area under
the ocurve directed rightward shows the positive acoeleration. 1In
the opposite case, the sign reverses,
(D) Usually the curves on the diagrams are elosed, therefore, the
aroa enclosed is proportional to the acceleration.
(E) When the point is located on the boundary, horizontal acseler~
“ation is infinite, and it 1s direoted from cold to warm area.
The accelerations at M. inside the warm area are shom 1in Fig.

122. As was noticed above, the direotions are always entered in the

Y e
7 A
- N,
$ - N, e,
+
e d
P
’//5// ) a B
/{‘ Warm Jf
/ ;' £
8t M O«——-—;&———.’g /2‘. o ‘o\\
\ 5 4
A _ é s ?d/ - . // + 0
o L
7 3 1

Fige 122, Representation of the acoelerations on the
diegrams when the point is located inside a warm area.

figure, so that the acceleration directions can be determined easily.
When +the point is loocated outside the enclosed warm area, the

ourve on the vertieal asceleration diagram oloses, and the direction
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It will be understood, comparing the buoyancies inside and

reverses,
outside the warm area, that the dewnward acceleration is very small.
o4
'y d; \
]
{ 2
| o 3
| 5 b;
7 \\6
! |
3 \
f Warm/ & 4
i
N {
9\\\ /L -0 //p\\*
\\gﬁ / + l {
4 0
AN | ,r‘f’“" + b1
\ shg 1 34 )})

Fig. 123. Showing the ourves on the asoceleration diagrams
when the point iz looated outside the enclosed warm area,

This is the reason why the airs surrounding a cloud do 510t descend
rapidly to oompensate the aseending ourrent. By using the disgram,

it is not possible to obtain the resultant socseleration in horitzontal
direction directly, however, it can be obtained by adding the x= and

- y=tomponents.,
y
'Y — (. — by -‘}V -~
\ M; (-) 10/;
3’*‘\:.. o w A
e A
‘ 3,{/ 8 M, )
J/T Werm‘ 'ia ‘t ﬁj “
A‘Ma § t
Mz\ 9 »0 . L x ’z
W A + +
N, ¥ R \
\ o | ) A
& o \K;}o
Penl | S

Fig. 124. Showing the acseleration at the boundary.
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It might be peculiar to get +the infinite acceleration at the

boundary. This is true since we have sssumed a density jump there.

The curve on the verticsl acceleration diagrem in Fig. 124 shows that

vertioal accelsrations at M, and M; are quite different in smount and

direction.
than that

on the other, but the sum of the absolute wvalues

That is to say, the smount on the enclosed side is larger

is just’

the same as the conventional buoyanoy foree.

ACCELERATION FAR FROM THE BOUNDARY

(1) Straight Boundary.

) M‘ v
large, compering with +the height of the
i air-mass of different density, they are
Cold ﬁ'"*'“'{}""""oM' re’uced to
; o B° Re . B°/h)\?
Fig. 125. To obtain the a =glogyl+pz = FE(‘E) """""" (652)
acoelerations far from o
a- straight edge. o  B° . h . °/ h
‘ & ] Vo= tan 5 = % (-l—)*)( 65b )
D na® Y °
———t It is obvious that the buoyaney «°©
5 {0.020000 | 0.,200000 :
10 | 0.005000 | 0.100000 | decrenses inversely proportional to the
20 | 0001250 | 0050000
30 | 0+000555 | ©.033333 | distance from the boundary, while that of
40 | 04000312 | ©.025000 :
50 .| 04000200 | 0.020000 x-direction decreases more rapidly or pro-
60 | Dsc00l39 | 0.,016666 '
- 70| 0.000102 | 0.014286 | portional to the inverse square of the
80 | 04000078 | 0.012500]
90 | Os000062 | 0.011111| distanse. In the case where the height of
100 | 0.000050 | 0.010000
200 | 0.000012 | 0.005000]| the cold air-mass with straight frontal
300 | 0.000005 | 0.003333 '
400 | 0.000003 | 0.002500| boundary is 10 km, at the distance of 1000
500 | 0+000002 | 0.002000
km om/sec km from the boundary, there still exists
Table 6. Decrease in the vertical acceloration of 1/300 B. The

acceleration far from
e straight boundary,

The acoeleration at M, in Fig. 125 is

given by (55), When the distance is very

horizontal acceleration 1is, however, only
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5/300000 B which is about 1/200 smaller than the vertical one.

(2) Cirocular Boundary. We consider the accelerations at M
N ~/ with distance D from the center of a cir-

L Gﬁ _
' ocular warm or cold area, As the distance

Fig. 126. To obtain the D is very large, the values of ¥ and ¢ are
accelerations far from

a ciroular boundary. reduced to

1 . 3

. 1
Y= o ® 5y L.

—— ¢¢—-——-

The srea on the vertical aceeleration

D-R .\ b diegram corresponding to the given circu=-
D+R : lar area is to be obtained, by assuming

i
i

Fig. 127. Showing tho  the elliptic shape. Therefore, the verti-
ourve on the vertical
acceloration dimagrem for cal and horizontal ascelerations are ob-
the point far from the

circular area. tained approximately, thus:
' ) : o 2
) B oy R B~ AR
T = g X SR 7 7 L — (66a)
a [ ] $pa
o, R 3.2 h R 3 .o AR
@ = Fx""Dp T4 DR TR o (66b)

As the result, it will be scen <that <the vertical acceleration
deoreases in proportion to the negative 3rd power' of the distanoce,
and that the horizontal acceleration to the negative 4th power. Com~
paring this result with that of the straight 'edge oase, it will be un-
derstood thet +the effeost of the pressure unbalance caused by a en;
closed system venishes 8o rapidly thet we cannot dotect it at a

considerable distance.

811 Application to Thunderstorm Conveotion
It was known, acsording to the Thunderstorm Project in U.S.A.

{1), that there exist warm (up-draft) and cold (down-draft) areas
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inside a thundercloud.

The temperature corresponding to the density

of the air whioch would produce atmospheric pressure must be Tyw, the

temperature presented by the writer( 4 ).

where w is the mass(gr.) of water droplets imbedded within a gram of

va o= (IMW’T')

That 1s

air. Cunningham and Miller( 3 ) reported the water amount as much &s

645 g/m’ at the 700 mb level which would lower the temperature

2 degrees. It is wvaluable to clarify the acceleration pattern within

such systems as develop on thunderstorm day.

VERTICAL ACCELERATION

Distribution of buoyancy inside and outside

aboub

a ciroular cloud

e N T >~)\\5 e 4T
- N N N : S A
T B SN SRS  pm2km— ]
S N\ . LS >
e RN /0 R o Center .
A N — : P
-180 ' -90- ] 90 180
Fig. 128. Computation of buoyancy for 5 km level.
N, F T2 6 5 AT okm-
. T I ey N Pt S 2{_‘enter
,‘/)/
N ;/
- 180 o &0

»0
Fig. 129. Computation of buoyancy for the bottom of cloud.
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with smaeller density then of the environments was computed - by the
vertical acceleration diagrams in Figs. 128 & 129. Constants for the
clouds ares h =10 km, R =5 km, P. —p, =3 g/m’' (temp. diff. of about
1°c), P, ,“m = 710 g/m®, Prouton™ 1160 g/m®.

: x K % Kk X *x %
UNIT OF ACCELERATION

To carry out the practical evaluation of the accelerations it is
desirable to use a suiteble unit. The gravity is too large for
the present case. The writer, therefore, want to put forward the
aecoeleration unit comparable to the acceleration ocaused by the
pressure gradient of 1 mb/1 latitude. The acceleration given to the

unit mass of surface air is

1 . 1mb
Pasrtace 111 km
The density of the surface air is different from place to place and

Accelerations

from time to time; however, if We aSSUMe Pauree = 1.2%10° gfom’,

we have

8
Accelerati 10 * 1000 0.075 cm/sec’
OO N X 11100000 — om/

It is convenlent, therefore, to introduce the umit of
0.1 M/Secgm 1l AU,

and it may be termed "the acceleration unit"(abbreviated as A.U.).
¥ %k % & x % *

Cloud 5 lm Cloud |5 km‘] The computed results are

BottomiLevel | P iBottom | Level!
22.8 {32,3 20i -0.356 | =033 tebulated in Table 7., 4s will
22.9 32.9 30 "0.11 ! -0.10
2340 {35.9 40} =0.05 | ~0.06] be seen in the table, within the
2343 {37.4 | 50| -0.03 | =0.02 .
-2.1 |-7.9 60; =0.02 | =0s01| celoud warmer 1 C than of the en=

: =1 .8 5-603 70 =0.01 | =0.01

i =leb =349 80{ =0+0l | =0.00| viromnments, there exists the ac-
10§ -1l.1 «2e¢% 90§ =0400 | «0400
15} =0.64!{=0.76 | 100| =0.00 |'=0.00| coleration of about 3 em/sec’®

Table 7. Buoyancy(&.U.) in and

outside of a circular eloud, which would accelerate the air

OB NO O
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to the speed

V = / 2+ 3% H onfseo
whire, if H be 5 km = 500000 cm, the final speed would be 17 m/sec.
It will be understood that there is the gradient of convection
pressure rcaohing as much as 30 A.U. which would be expected on the
surface weather maps where the pressure gradient of 20 mb/1° latitude
exists,
Outside the cloud, however, the dovmward acceleration is very

"small, and even at the boundary it is not more than 10 A.U. The dis-

{10AU
é 8 70 2 ke
’L/,.L——‘L_"L—'W

Fig. 130, Distribution of buoyanocy in and
outside the circular ocloud.

tribution of buoysney is shown in Fig. 130. As we go away from the
clovd the dovnward acceleration decreases rapidly, and at the place
5 lm from the oloud edge, it is about 1 to 2 A.U. Therefore, it cen
be oonsidered that +the downward current fo compensate +the up=draft

develops only in the viecinity of a thundercloud.

HORIZONTAL ACCELERATION (ENTRAINMENT AND DETRAINMENT)
The horizontal inflow of the surrounding air has been discovered
by the Thunderstorm Project, however,the reasons are remained unsolwve

ed yete So long as we beliewe the oconventional ides that the air
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pressure propagates only dowmward, the horizontal foree by whish the
surr-unding airs entrain inte a thundoreloud 1is very difficult to be
stviled.

Acoording to the new theory, the horizontal acseleration oan be
oomputed by using the horizontal aceeleration diagréms in Fig. 118,
And the cntraimment pfocess is the natural result which comes from
the distribution of excessive pressure field formed by the extraordi-
nary density distribution of thunderstomm.

As an example, the en-

D 5 lm |
Level | trainment asecelerations for
0 | Deo0 tho eircular cloud mentione
2 6,24
4 18.4 ed before are sempuwted by
5 hY
} infinity, the diagram in Fig. 1851,
5
6 116.0 In contrast with the buoy-
8 | 4.50
10 | 2.10 aney force, it is known
15 | 0.39
20 | 0l.12 that the entrainment accel-
30 0.02
40 Oenob eration dcoreases almost to
50 06003
60 | Oeso00l zoere at the distance of
70 | O.00007
80 | O.00004 about 10 km from the cloud.
90 0 e.0c0002
100 | O.ov00l | At the center of the eleud,
k]'n A‘Ul
0 20 7] —é0 30 where the distanos from the
Fig. 131. Computation of »
the entrainment forece. cloud edge 1is equal in

every direotion, the entrainment force 1s, of sourse, zero.

DETRAINMENT
If there be a cold eell, the direction of the horizontal ascel-
eration reverses. Therefore, it is evident that a force to detrain

the cold airs from the down-draft appefés not only inside the aell
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but also in ite enviromments. Such a process may be termed "dotrain-
ment"

The detrainment will be observed whenever & cold portlon is
located within e wermer envirémment. The detraining air from the top
of a developed thundercloud is a good example of the detraimment. If
we went an example in the large scale phenomena, we can see a large
mass of cold air locating over the equatorial zone, which diverges
gradually toward the poles.

In the similar reason, we must expect’ a detraimment process for
2 coid down-draft. This process will, however, be revealed by obser-
vations in future.

Next we consider the entrain-
mont field within the system of
cold end werm areas. Fig. 132,

showing the acceleration patterns,

is computed by the acceleration

37 agram. It will be seen the Fig. 132, Entrainment and de-
traimment within the system of

airs are given a force to get out cold and warm areas,..

from the oold area and enter the warm ones The patterns are, how~

ever, somewhat different from those we see in the electric or mag-

netic lines of foree; it is because, the entraimment foros decreases

proportional to the negative 4th power while the electric or magnetic

force to the negative 2nd power.

Excessive Pressure Diagram.

SpAC e e o

When we compute the horizontel acceleration pattern of arbitrary
system, 1t is rather troublesome to obtain it as veetor field,

Therefore, it is more convenient to draw the iscbar for excessive
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pressure by using the formulas (6la) and (61b), which show that the

exsesslive pressure ocan be obtained by graphieal integration.

Changing (6la), we write

R = BTRIEh (U _a a0 (67a)
0 » .

s

where x =T /4. We also write eR as

eP: = (Pc “‘P.,)Eh - er

C em B
= Eﬁil&il&ﬁf {1—‘(Jx’+1~—x)}d6~"m"m»4w(s7b)
FY 4 0 .
Instend of ¥ or ¢ used in acceleration diagrams, as shown in Fig, 1%8%,
b ° t : ; . T P ; ; [ :
o2 : ! P
o ’ ! ;
06—
o8
‘0
)
20 !
3 H
4 : +
jo : » + ; 3 .
ey’ St ) 7 R 7 36 @ 3080 %0 7 7%

Fig. 133. Exocessive pressure diagram,
excessive pressure diagram has the soale of
D= fxty 1 — x

We utilize the excessive pressure diagram as shown in Fig. 124,
in whioh the examples of representation are illustrated,

The pressure distribution beneath a thundersloud warmor than the
snvironment is obtained by the diagrem in Fig. 135,

According to the conventional idea, it was only known that the
pressure inside the cloud under disoussion is lowsr 1.47 mb, however,
as shown in Fig. 136, the pressure oomputed by the new theory is low-

er only 0.86 mb then the enviromments, This is because the pressure
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Fige 134 Representation of excessive pressures for the
points A,B,C,D, and B, PFrom (672) and (67b) 1t is known that
the areas on the diagram which correspond to the cold area on
the density chart show the excessive pressure.

r**—«\\~\\\4 \ e —6~\\,_\ _ / & e o o
S -
o ! e . PR
R e
o RS L "y

Fige 135. Curves on the excessive pressure diagram. Numbers
in km unit on the diagram represent the distance from the cene
ter of the cloud with diameter of 10 lm and the height of 5 km.

/0 x [+ & . 70 km
N""""‘—*v\»» t * L// =
New Theor .
1.0 ME.

Conventionsa 1 T

Fige 136. Pressure distribution an the 5 Jm level.
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caused by t'2 heavy surrounding airs exerts pressure into the cloud
through its houndary.
Thus, the structurc and the process taking place within thunder-

sloud can be clarified by using the new convection theory.
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EXAMPLE I

PRESSURE PROFILES OF TYPHOONS

() .Lyphoon Maro{,o of 21 Sept. 19%
oei o] oe 09. 10 11| 1z§ 13; 14?
dfé;_zoze 101811018 ¢Ol811018'¢018 1018 | 1018 1018 imb
AP 89, 25(8 «T|66.7|56.0]4800 46401 4407 4240/42. o7 mb
& 006! 0,05!0.06{0s16]0.32|0.36 0648 |0.65 0,85 dimensionloas
sme & 27 ¢72§ 222 245, 243' 248, 2a1_ 243! 236 km
(B) Typhoon Deile of 20-21 June 1949
22, 22| 23] oof o1 ©O2] @3 tw'
P l1018]1018/1018 1018|1018 10181018 1018
AP 156.0)50,6{49.3 4647]4440/42.740s0 386
_5?_'” 0«50'0@70 0. 95‘1:2 1«1 009020090 0080
v, | 136 131i 126| 128; 141} 166, 191] 240,
(¢) Typhoon Jame of 3=4 Sept. 1950
| | o8] o8] 10 12] 14 16 18§ 20, 22| 2 oz? oel o8l
e ¢017Tﬁ01" 1017 1017{1018.1013 1018[101811018 1019|1019 | 1019:10191
A P 16440|61,2| 57.3 53, 4147, 64248|39.0136.1 35, 8(51.5(29,7 28,9 128,0!
ﬁmwm_o,4o;o 34| 0.27/0422/ 0,18, 0, 19 0. 2410 32 :0s4410+60|0685 10,95 1. 20!
r, | 62, 68 80| lo5 128 151 168 182 192| 200! 200 200, 212
(D) Typhoon Kezia of 13-14 Sept. 1950
| l2)- 15 18} 21 24] 03]
I e
P 11014:1014! 1014 1014/ 101411014 |-
IZ}_«PE_ 5200 52-4 7 ? '7 O 3;03‘?”_01'
@ [005410446] 0434 | 0.46] 0,38! 0,48 |
“r, | 99] 108) 129 LM. 1741 126
(E) Typhoon Ruth of 14 Oct. 1951
19| 20| 21 22 23] 24
_,.,*;_._..?,.I O_L____.. oo D e
1Pr_ o014 1”141"014fLO141 014 {1014 |
‘,451&0 066,110+ 54,2 5221 150,5!
~a@ 10,54|0.7010:90 {1410 |0.95 {0 80t
) 14 “144} 149 162| 203] 249
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EXAMPLE g
HOURLY SURFACE CHARTS OF TYPHOON DELLA | .
Frém 12h 206h o 08h Z2nd

June 1949 .

"Isobars" are contoursd for every 1 mm Hg by black curves. In the
central areas of the typhoon where the relation of winds +to isobars
is not so evident the isobars are dreawn after referring to the pres=
sure traces from onch weather station. Especially the arcas affected
by the dips are contoured by using the traces ‘only, since the angle
between wind and isobar is quite different from the one we believed
-conventionally. Thus, the angles can be sbudied by the following map
sequence . ‘ :

"Isotherms" are ocontoured for every 1l degree centigrude. Before

drawing the isotherms, the temperaturcs at those stations locating at

_the top of 2 hill or nlatoau had been corrested to sea level, and the
lapse rate was assumed to be 6°C/km.

Before the typhoon reached the frontal zone locating over Japanese
Islands, the tomperaturc gradient near the front was not prominent,
however, as she advanced northward, & marked warm front appeared
along the Pacific side of Japanese Islands.: The most interesting
feature of the temperabure distribution - is the development of the
warm area which has started to form west of Shikoku at Olh 21 June.
The werm area spread over ChugoPu and uhwkoku Districts with the mex-
imum temperuturo of qbout 30°C :

"Rein Intensitics" are contoured for the values, 0, 1, 3, 5, 10, 30,
50 mm/hour. In order %o make the precipitation pattern the traces
of rain at each station are differentiated carefully, and the values
at e¢ach map time are entered. _ : ; _

It is found +that the mederstse rain south of Japan wms intensified

s the typhoon approached. This is the case for a deeaying typhoon,
and the precipitetion pattern around the Lyphnon centor 1s not con-
centric but the heavy reins are seen msinly in the ¢old sector. In
the eastern areas of the typhoon far from the center there were

observed heavy showers moving northecastward. :
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EXAMPLE 3
DISTRIBUTION OF WIND SPEED WITHIN TYPHOON DELLA
From 21h 20th +o 06h. 21st

June 1949

In the following charts, the wind speeds arec contourcd for
every 5 knots, end the areas with the speed more than 30
knots are represented by stippled ones.

At 21h, when the typhoon has passed over Yakushima Islond, +the slow
wind ares in the ocenter extended north-castward,but as the time passe
“ed on, the direstion changed NNE +te¢ N. While the strong winds were
observed, as expected, in the castern area. ;

A% Olh, the strong winds surrounded +the <typhoon cenbter perfectly.
This is due Lo the fact that the wind speedswere not so high on Kyue
shu Islamd.

At OBh, the high wind speed 1is seen cver the cold air push entering
from the west of typhoons In many cases the typhoon winds slow down
when they enter the area of complicated topography, but in the pre-
sent cass,” the cold northery winds were prevailing over north Kyushu
without chenging their speed, This is becausc. the cold airs tend bo
subside carrying the lerge momentum on higher levels down %o the
ground, and the action would help the meintenance of the high speed.

After all, it can be said that an atbtempt to draw the wind speed pat-
tern by entering the observed values at different time of cbservetion
Yo the same chart 1is not reasonable. Since the patbterns change sc
roapidly even within one hour. Of course, in drawing the present
charts, the suxiliary data cbserved 30 minutes before and after ths
map time are used for helping the main data.

It must always be kept in mind +that +the reporting wind speed for
lighthouse weather station is usually one and half times higher +than
that for the surface station that is located below the hill, and that
the speed at the station in a town is slowsr <+han expected, because
the wind tower of such a station is sometimes located iuside the
appreciable turbulent layer caused by trees end buildings.



.

2h 20 JUNE

s
















P, 156

O e B B e A e i = S el o MBI

EZAMPLE 4
ISALLOBARS WITHIN TYPHOON DELLA
From 21n 20th to 06h 21st

Junc 1949

The following charts show +the isallobars contoured -“or
every 1 mm=Hg/hour. The tendenciss for the mep tims were
comgubpd by differentiating +the pressure +btraces with
respect to time. The areas of positive tendencies are re=
presented by stippled arsas.

At 21h, the minimm pressure line  exbended from WSW to ESE pessing
through the typhoon center. A marked trough line Yravelled northward
in the western sector resulbing in a markﬁd pressure rise south of
the trough. As will be seen in “the chart for 24h, at first the nini-
mum pressure line bended southward but according +to the unorthward
movement of the trough the pesitive tendency area advanced northward
rapidly.

&6 02Zh, the marked trough reached Tsushima Island, meanwhile <the
isallobars concentrated near the trough line. It is known that the
pressure traces at the-stations northewest of Kyushu showed a pointed
bottom at the time of the btrough pacssage.

At O5h, the greater parﬁs of the tyohoon areas showad' pos1u1v e
dency, and especially in the region through which +he cold air from
the north-west was éntcrl‘g the southern sector of the typhoon, the
rate of the pressure rise was very large.

Isallobars are verv useful in distinguishing the dip {rom the topo=
graphical low pressurc arcas which do nobt move as a dip does. As
will be seen in the charts, pressure drops appreciablly when a dip
approaches, and sometimes it happens, even ~when the main storm is
closing near, that the pressure rises after the passage of the dip
center. On the other hand, there are no special pressure tendencies
in the leeward side of a mountain where the pressure 1is sometimes

lower 1 or 2 mbs. then of the undisturbed regions. This is hecause
the Lopographloal low stays almost at the constant location.
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EXAMPLE 5

MIDDIE POINT CORRECTION FOR THL UPPER-AIR DATA
N TYPHOON KEZIA

From 10 to 18 Sept. 1950

To eliminate the errors in therupper=air data, the middle point cor-
rection is very useful. The examples of the corrected results are
shom in the following sheets.

The corrections were carried out for the heights and temperatures at
the constant pressure levels of 1000, 850, 700, 500, 300, 200, 150,
100 and 80 mbs. The circles in the figure show the middle point of
each line segment oonneoting the successive observed velues,, Vhen
the observation interval is larpger than 12 hrs, the segment is repre-
sented by broken line.

INDEX OF STATIONS

YONAGO %5 26 N 133 21 E 7.9 m
SHIONOMISAKI 3% 27 W 175 46 & 7449 m
KAGOSHTUA %1 34 N 130 33 B 5.4 m
ITA ZUKE - %3 35 N 130 27 E 7.0 m
TXDF(N S ) 25 00 N 135 00 B 0.0 m
x " 39 00 # 152 00 E 0.0 m

36 03 N 140 08 E 27.2 m

38 18 N 140 54 & 29,8 nm
“xPPQdO 43 04 N 141 20 E 18.1 m
WAKKANAT 45 25 N 141 41 B 3.2 m

TAS TMA 37 23 N 136 54 E S.é I
AKTTA 39 43 N 140 06 B 2.9



TONOMI SAKT

SH

QNHWW

TAT|

¢
%)

& 1)

TUre

lTempeta

ture

ra

[JD

X
| e
m
13
(=]
=
=
-
[
=5

J

TION (TYPHOON

KEZI

1



5

Se.p

10




2195

100D




v

TATENO




Faeae

Ataa




WATIFA




EXANPLE 6

CONSTANT PRESSURE CHARTS FOR TYPHOON KEZIA
AT 200 mb LEVEL

From 12h 12th to 18h 15th

Sept. 1950

To make the echartes at 300 mb level of our arss, the mumber of the
aveilable stations 1is not so  large enough. In the present
ana lyses, thoerefore, the velues road from the red ocurves in the pfe-
vious middle point ecorreetions are also entored on the chart ot the
locations 8 hrs before and after the map time, AL the same bime the
arrows showing the tendeneies of temperature and height are enbered.

In spite of the ecareful corrcetion of the original data, the values
on the charts are not so accurate as we sco on the surfacc maps. The
height contours are drawn under such condition, but it is possible to
know the approximate patterns.

It must be pointed out hore that the time seetion at a shation locab-
ing near the typhoon vath does not always represent the similar press
sure field +to what we see on spatial chart. For instance, one might
suppose, by looking at the time section at Wojima or Akibta, that the
constant pressure surfacs of the %00 mb in the typhoon center is
higher than of the environments, howsver, it is not the case.

As will be scen in the tyvhoon pattern, in which only the =26 C lincs
are contoured, warm air surrounding the typhoon owver southsrn ocean
advenced northward together with her, until it formed = tongue which
changed into an enclosed area. It must be poinbted out alseo thet <the
waym oreas in question were accompanied by cold stratospherc in tho
levels higher then the 150 mb level,
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INDEX OF  SUBJECT

Pe 206

Y-
Asceleration 106
Acoeleration diagram 144 145
Alr pressure, formula of 105
computation of 104
Aname lous pressure 47
=B
Buoyanoy 100
-C-
Coofficiont (a+8) 60
Cold-oore Lell 77 90
Oonvection pressure cP 100 142

Convection wind

126
Cyelone oonstantfag 7 33 47 158

Cyclone function(e 7 32 143
eDw

Deepening 36

- 4H=1logP, AT=logP diagram 86

Detrainment 153

Direction function(K) 108

Divergence 99 120
whe

Entrairment 152

Excessive density 106

Excessive prossuro(eP) 106 142

Exoessive pressure disgrsm 154
Exoessive weight pressure 106
Eye of typhoon 72 77 93
-F"'
Filling 36
Fllling=up index 39
F8m 96
Frontal gone 108
Height depth AH 32

Horizontal acceleration
106 112 134 144

. e

Inolined front 108
Intertropioc szsone 137
Isallobarxr 43 186
Mass convergence 89

Mean walue corrsction 86
Middle point correction 85 192
.N-
Normal fromt 113 114 122
=O=
Overhang front 113 116 123
Overruming front 118
wPe .
Phase veloecity - 93
Pivot . -39
Pressure depth AP T 47
Pressure dip 64
Pressure osolllation - B0
of lang period 51 52
of short perlod Bl 59
Pressure profile 3 5 47 158
Pressure tendeneoy 42
i
Radius ratio 5
Po 106
" Rotation of acceleration field 117
-s-
Secondary typhoon 35 38 50
Steering level or ourrent 46 66
Standard pressure 46
T
Thunderstorm oonvestion 149
Time section 91 199
Typhoon initiation 136
ol
Undisturbed height H. 32
Undisturbed pressurs Po 7 47
Unit of aoceleration(A.U.) 151
Unit redius 7 47

Ve
Vertloal aocosleration
106 112 134 143 150

Vertieal front 113 130
Vortex 58
T ‘

Warmecore eell 77 96
100 63

Woight pressurc(wp)
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