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1.4~2.0 | 0.095 | (3.5k) 0.6~1.2 | 0.038
#£-9 HA~IFars7 2.0~2.7 | 0.080] 0 ~0.4 | 0.613] 1.2~1.8 | 0.017
Y R - 2.7~3.0' | 0.077 |  0.4~0.7 | 0.079 1.8~2.4 | 0.025
%T”% g I ¥y ! [1.5%3} 0.7~1.5 | 0.250 | 2.4~3.0 | 0.031
0 ~0.6 | 0.148 1.5~2.5 | 0.275 | (6.0k]
1 50 400 0.6~1.2 | 0.046| 2.5~3.0 | 0.670| 0 ~0.7 | 0.055
2 50 800 1.2~1.8 | 0.039 | [4.0k) 0.7~1.4 | 0,051
3 50 1,500 1.8~2.4 | 0.033| 0 ~0.3 | 0.642( 1.4~1.8 | 0.057
4 50 | 1,200 2.4~3.0 | 0.042| 0.3~1.0 | 0.247| 1.8~2.4 | 0.034
5 50 900 [2.0k] 1.0~1.6 | 0.087| 2.4~3.0 | 0.046
6 50 600 0 ~0.6 | 0.118| 1.6~2.0 | 0.069
7 50 300
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1.1 - 2.229 2.232 2.243 .
1.2 2. 260 2. 269 2.28 .
2 B .
Kn:( Ca ) ] e s {46

Vi, ZDk5& Kn %E-X_'Clt?“l,ﬁ_ﬁd-%}iﬁ 61
'Ta‘amrmn

B L, Creager L ¥ Dav1s DOFTHEE
SucH LT (@8 R & b +5}§2; L,ca =
b Be , _

I 5T, %5 B L6 CTFTHEMN ORRLRAN
AU, REARREOWERE @)RieTFT
Qgﬁfﬁb ShBHbDEHFHL CLL, Harrold 35\ %
Randolph BRFHEHL TIRUDRY, Fio it
OEEBHETIC W LTI (6) Ric k. b Ku % RDT
@WREFAVRES5 A B2 b %,

Uds, TOCRNA Y S CEBBHE CH - T

RIKRE 7 ote HalW OASINCHE Ui & ©
HalW ek < fieh, WHOHES &L smae

2.30 =

2,20 [— -
2.0

1.90
1.80
1.70 L

- [ ]
4,.50_0_ : 02 . 04 0.6 .08
H"/Hd

R T

12

(10)




B R fkek D REBRICMIT B (2) 15
F-T AMARLFHZORLIBBRTRE OLEK

Pt % ¥ C  (m-sec JHfk)
# B2 & Eq(e) % #% Eaq(4p)
Ho/]‘i—d
C:LGOX%WJ € =1. 70401+ K (Hof Ha) ]2
A=1.2787 Kn=0.704
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0.5 1. 988 1.981 .
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0.7 2.005 2,082
0.8 2.141 2.130
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1n | ® # 1 2 0,500 | 7,250 5777 | 2,300 40 2,110
12 |z # 1 2 4,400 | 10,000 2,263 | 2,000 2,120
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Some Criteria on Hydrological Measurements
(October 1966)
Takeo Kinosita

Abstract :

It is generally said that hydrological phenomenon has an essential difficulty to be researched because
of its variabilities in time and space. We cannot control it in the natural situation as a laboratory
experiment. We have to observe it accurately in order to make a good conclusion. But we cannot
get rid of a trouble about accuracy rclated with the data sampling interval We always measure
numerical data on the discrete time, especially to process them by a digital computer. As sampling
exerts an influence upon accuracy of results, careful consideration should be given to the determination
of sampling interval.

It is the rainfall-runoff ;'elation that we are going to discuss here. Runoff is taken for .a linear
response of rainfall on a drainage basin. An impulse response function of rainfall is known as an
instantaneous unithydrograph /i(z) in (1). Its Fourier:transform provides a useful frequency domain
representation (2). F(w); G(w) and H(w) are in general complex, and described by Rr(w)+ilr(e)
and so on. An amplitude density spectrum Ap(ag) and a phase density spectrum fr(w) are written

by (4) and (5) respectively.
As the procedure of solvmg h(t) is rather complicated, H(a) s here COmputed by a simple relation

(6

It is expected that the reasonable sampling interval will be decided by mean of significant cutoff
frequencies in the o-domain.-

The preliminary computation was carried out in order to determine the rélation between the number
of division of the solitary wave and the error of numerical integration. Two typical waves are taken
up (cf. Figs. 1 and 2). They are transformed analytically to (7) and (9). Nvumerical/integratioh
is carried out by means of simple summation (11). The comparisons‘ of numerical and analytical
integrations are shown in Tables 1 and 2. The summary (how long period we can discuss within a
certain amount of error) is described in Table 3.

The actual data of rainfall and streamflow to which this method is applied were observed at Hubbard

Brook Experimental Forest in New Hampshire, U. S. A.
Experiment. Station, I‘orest Service, U. S, Department of Agriculture. The big storm came up there

~ November 26 th, 1964. Total rainfall was measured about 1,5 inches. (See Fig. 8) The areas of drainage

basins are 29 and 89 acres. ’I‘he szunplmg intervals of rainfall and streamflow are 5 min. and 15 min.

respectively.
The rainfall raw spectrum is shown in Fig. 10, It is in general decreasing with increase of frequency.

But there are several undulations. A remarkable depression is at 135 min. In order to confirm the

existance of these undulations we applied three kinds of the sampling interval, 3 min,, 5 min. and 7.5

min, “The comparison is shown in Table 4. These undulations may be dependent upon the structure

It is managed by the Northeastern Forest _

* ENE KRR

(1)
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of rainclouds. The cutoff period of rainfall measurement is found 2 hr. 30 min. (ef. (21)), if the
amplitude spectrum has to contain more than 10% of the amplitnde of the infinite period. In this
case the sampling interval is decided to be 40 min. within 10% error or 8 min. within 1% error accord-
ing to Table 3. )

The runoff raw spectrum is shown in Fig. 11. It is rapidly decreasing with increase of frequency.
The cutoff period of runoff measurement is found 6 hr. (cf. (24)), if the amplitude spectrum has to
contain more than 10% of the amplitude of the infinite period. Although this criterion is available

to analyze a whole solitary wave, it is not available to investigate the particular part.

We have to

use the more precise sampling interval to find out the peak discharge.

The unithydrograph spectra are shown in Figs. 12 and 13.
Table 5 is the final table, in which the cutoff periods 7c of rainfall, runoff and unithydrograph are

described.

This practice was executed under the supervision of Dr. Peter S. Eagleson, professor of Massachusetts
Institute of Technology, when the author was in Boston, U.S. A. The author is thankful to him for

his kind guidance.
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64 L oA B % OB M4
#-1 PFOURIER TRANSFORM
NUMBER OF DIVISION=10, H(0)=100.0
NUMBER PERIOD OMEGA NUM AMPL THR AMPL NUM ANG THR ANG
0.5 1.00 6.2832 100.000000 0.0 0.6000 0.0
1.0 2,00 3.1416 100.000000 0.0 0.0000 0.0000 .
1.5 3.00 2.0944 4.000032 0.683013 —2.0944 —2.0944
2.0 4.00 1.5708 4.000000 1.621140 —3.1416 —3.1416
2.5 5.00 1.2566 0.000066 0.0 —2.5213 0.0000
3.0 6.00 1.0472 4.000011 2.735676 2.0944 2.0944
3.5 7.00 0.8976 6.219848 4.718304 —2.6928 -2.6928
4.0 8.00 0.7854 3.999994 3.242272 —1.5708 —1.5708
4.5 9.00 0.6981 1.132474 0.960035 —0.6981 —0.6981
5.0 10.00 0.6283 0.000004 0.0 —1.2679 0.0000
5.5 11.00 0.5712 1.086225 0.973112 0.5712 0.5712
6.0 12,00 0.5236 4.000008 3.647571 1.0472. 1.0472
6.5 13.00 0.4833 8.144403 7.629657 1.4500 1. 4500
7.0 14.00 0.4488 12. 987932 12.139005 1.7952 1.7952
7.5 15.00 0.4189 18.134018 17.097946 2.0944 2.0944
8.0 16.00 0.3027 23.313675 22.139648 2.3562 2.3662
8.5 17.00 0.3696 28.356735 27.088867 2.5872 2.5872
9.0 13.00 0.3491 33.163406 31.838181 2.7923 2,7925
9.5 19.00 0.3307 37.681168 36.327530 2.9762 2.9762
10.0 20.00 0.3142 41.838474 40.528488 —3.1416 —3.1416°
15.0 30.00 0.2094 69.400543 68.391739 —2.0944 —2.0944
20.0 40.00 0.1571 81.726822 81.056885 —1.5708 —1.5708
25.0 50.00 0.1257 87.976044 87.513947 —1.2566 —1,2566
30.0 60.00 0.1047 91.522980 91.189011 —1.0472 —1.0472
35.0 70.00 0.0898 93.714996 93.463730 —0.8976 —0.8976
40.0 80.00 0.0785 195159485 94.964142 —0.7854 —0.7864
45.0 90.00 0.0698 96. 159836 96.003830 —0.6981 —0.6981
50.0 100.00 0.0628 96. 880402 96.753143 —0.6283 —0.6283
55.0 110.00 0.0571 97.416290 97.310455 -0.5712 —0.5712
60.0 120.00 0.0524 97.825394 97.736130 —0.5236 —0.5236
65.0 130.00 0.0483 98.144714 98.068375 —0.4833 —0.4833
70.0 140.00 0.0449 98.398636 98.332672 —0.4488 —0.4488
75.0 150,00 0.0419 98. 603897 98.546295 —0.4189 —0.4189
80.0 160.00 0.0393 98.772125 98.721436 —0.3927 —0.3927
85.0 170.00 0.0370 98.911713 98.866699 ~—0.3696 ~0,3696
90.0 180.00 0.0349 99. 025839 98. 988556 —0.3491 —0.3491
95.0 190.00 0.0331 99.127945 99.091843 —0.3307 —0.3307
100.0 200.00 0.0314 99. 212738 99.180054 —0.3142 —0.3142
150.0 300.00 0.0209 99. 649414 99.634674 —0.2094 —0.2094
200.0 400.00 0.0157 99. 802658 99.793945 =0.1571 —0.1571
250.0 500.00 0.0126 99.873642 99. 867462 -0.1257 —0.1257
300.0 600.00 0.0105 99.912125 99.907211 —0.1047 —0.1047
350.0 700.00 0.0090 99. 935425 99.931290 —0.0898 —0.0898
400.0 800. 00 0.0079 99. 950546 99.947540 " —0.0785 —0.0785
450.0 900. 00 0.0070 99.960922 99.958389 -0.0698 —0,0698
500.0 1000. 00 0. 0063 99. 968292 99.964188 —0.0628 —0.0528
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W« KR 2 O HERMERO & 2% 65
OF AN ISOSCELES TRIANGLE
NUMBER OF DIVISION=100, H(0)=99.9989624

PERIOD OMEGA NUM AMPL THR AMPL NUM ANG THR ANG

0.10 .62.8318 99.998947 0.0 0.0001 0.0

0.20 31.4159 99.998947 0.0 0.0001 0.0
0.30 20. 9439 0.039872 0.006839 . —2.0921 —2.0943
0.40 15.7080 0.000020 0.0 —1.5673 0.0000
0.50 12.5664 0.000004 0.0 ~3.0708 0.0000
0.60 10. 4720 0.039995 0.027357 2.0943 2.0944
0.70 8.9760 0.039997 0.030347 —~1.7952 —1.7952
0.0 7.8540 0.079951 0.064846 —3.1410 —3.1416
0.90 6.9813 0.011324 0.009600 —0.6981 —0.6981
1.00 6.2832 0.000020 0.0 1.8890 0.0000
1.10 5.7120 0.010855 0.009730 —0.5713 —-0.5712
1.20 5. 2360 0.120001 0.109426 —~2.0944 —2.0044
1.30 4.8332 0.125446 0.115977 1.9330 1.9333
1.40 4,4880 0.040007 0.037385 —~0.8984 —0.8976
1.50 4.1888 -0.181361 0.170980 2.0846 2.0944
1.60 3.9270 0.136589 0.129690 —1.5708 ~1.5708
1.70 3.6960 0.040004 0.038213 0.7394 0.7392
1.80 3.4907 0.331653 0.318383 2.7926 2.7925
1.90 3.3069 0.205365 0.197985 ~1.6535 ~1.6535
2.00 3.1416 0.000007 0.0 2.9494 0.0000
3.00 2.0944 0.693998 0.683913 —2.0944 —2.0944
4.00 1.5708 1.634559 1.621140 —3.1416 ~3.1416
5.00 1.2566 0.000047 0.0 —3.0777 0.0000
6.00 1.0472 2.745690 2.735676 2.0944 2.0944
7.00 0.8976 4.731544 4.718905 —2.6928 —2.6928
8.00 0.7854 3.248909 3.242268 —1.5708 —1.5708
9.00 0.6981 0.961602 0.960035 —0.6981 —0.6981
10.00 0.6283 0.000014 0.0 1.2742 0.0000
11.00 0.5712 0.974169 0.973112 0.5712 0.5712
12.00 0.5236 3.650897 3.647584 1.0472 1.0472
13.00 0.4833 7.535506 7.529668 1.4500 1.4500
14.00 0.4488 12.147122 12.139018 1.7952 1.7952
15.00 0.4189 17.107941 . 17.097992 2.0944 2.0644
16.00 0.3927 22.151001 22. 139679 2.3562 2.3562
17.00 0.3696 27.101181 27.088913 2.5872 2.5872
18.00 0.3491 31.851089 31.838226 2.7995 2.7925
19.00 0.3307 36.340744 96.327576 2.9762 2.9762
20.00 0.3142 40.541763 40.528519 3.1416 —3.1416
30.00 0.2094 68.400803 68.391730 —2.0944 —2.0944
40.00 0.1571 81.062378 81.056885 -1.5708 ~1.5708
50.00 0.1257 87.517578 87.513947 —1.2566 —1.2566
60.00 0.1047 91.191544 91.189011 —1.0472 —1.0472
70.00 0.0898 93.464752 93. 463730 —0.89076 —0.8976
80.00 0.0785 94, 964706 94. 964142 —0.7854 —0.7854
90.00 0.0698 96.004272 96.003830 —0.6981 —0.6981
100.00 0.0628 96.752991 96.753143 —0.6283 —0.6283
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66 £ K B W O# %
#-2 FOURIER TRANSFORM
NUMBER OF DIVISION=10, H(0)=9.5947332
NUMBER PERIOD | OMEGA NUM AMPL THR AMPL NUM ANG THR ANG
0.5 0.50 12,5664 9.594733 0.793267 0.0000 —1.4914
1.0 1.00 6.2832 9.594733 1.571767 —3.1416 —1.4130
1.5 1.50 4.1888 4.947109 2.322071 —1.8316 —1.3364
2.0 2,00 3.1416 4.433889 3.033145 --1.5708 —1.2626
2.5 2.50 2.5133 4.610386 3.695980 —1.4218 -1.1921
3.0 3.00 2.0944 4.947109 4.308708 -1.3100 —1.1253
3.5 3.50 1.7952 5.321399 4,866353 ~1.2177 —1.0628
4.0 4.00 1.5708 5.692591 5.370296 —1.1379 —1.0039
4.5 4.50 1.3963 6.042418 5.822569 —1.0673 —0.9493
5.0 5.00 1.2566 6.364966 B.226771 —1.0043 —0.8986
5.5 5.50 1.1424 6.658648 6.586549 —0.9474 ~0(.8518
6.0 6.00 1.0472 6.923656 6.906214 —0.8958 —0.8084
6.5 6.50 0. 9566 7.161399 7.189970 ~0.8489 —0.7684
7.0 7.00 0.8976 7.374034 7.441829 ~—0.8060 —0.7315
7.5 7.50 0.8378 7.563993 7.665511 ~0.7667 —0.6973
8.0 8.00 0.7854 7.733718 7.864392 —0.7307 —0.6653
8.5 8,50 0.7392 7.885485 8.041504 —0.6976 —0.6356
9.0 9.00 0.6981 8.021375 8.199513 —0.6671 =0.6095 -
9.5 9.50 0.6614 8.143247 8.340772 —0.6389 —0.5843
10.0 10.00 0.6283 8.252740 8.467334 —-0.6128 —0.5610
15.0 15.00 0.4189 8.912191 9.223513 —0.4311 —0.397
20.0 20.00 0.3142 9.190408 9.540288 ~0.3302 —0.3044
25.0 25.00 0.2513 9.329462 9.698396 —0.2668 —0.2462
30.0 30.00 0.2094 9.407974 - 9.787646 —0.2236 —0.2065
35.0 35.00 0.1795 9.456372 9.842660 —0.1923 —0.1776
40.0 40.00 | 0.1571 9.488222 9. 878371 —0.1686 —0.1558
45.0 45.00 0.1396 9.510238 9. 903934 '—0.1501 —-0.1387
50.0 50.00 0.1257 9.526123 9.921973 —0.1353 —0,1250
55.0 55.00 0.1142 9.537917 9.935389 —0.1231 —0.1137
60.0 60.00 0.1047 "9.546921 9. 945622 —0.1129 —0.1043
65.0 65.00 0.0967 9.553944 9. 953609 —0.1043 —0.0964
70.0 70.00 0.0898 9.559532 9. 959963 —0.0968 —0.0895
75.0 75.00 0.0838 9.564046 9. 965094 ~0.0904 -0.0836
80.0 80.00 0.0785 9.567745 9.969300 ~0.0848 —0.0784
85.0 85.00 0.0738 9.570813 9.972798 —0.0798 —0.0738
90.0 90.00 0.0698 9.573388 9.975730 ~0.0754 ] —0.0697
95.0 95.00 0.0661 9.575569 9.978208 —0.0714 —0.0660
100.0 100.00 0.0628 9.577433 9.980326 —0.0679 - —0.0627
150.0 150.00 0.0419 9.587029 9.991243 —0.0453 —0.0419
200.0 200,00 0.0314 9.590398 9.995081 —0.0340 -0.0314
250.0 250,00 0.0251 9.591960 9,006854 -0.0272 —0.0251
300.0 300.00 0.0209 9.592805 9.997816 —0.0226 —0.0209
350.0 350.00 0.0180 9.593317 9.998398 ~0.0194 -0.0180
400.0 400.00 0.0157 9.593651 9.998770 —0.0170 —0.0157
450.0 450.00 0.0140 9.593875 9.999027 —-0.0151 —0.0140
500.0 500,00 0.0126 9.594040 9.939218 —0.0136 —0.0126

6




R« kit ¥ o WER HHE O & 27

OF AN EXPONENTIAI FUNCTION
NUMBER OF DIVISION=100, H(0)=9.9953051

67

PERIOD
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

10.00
15.00
20.00
25.00
30.00
35.00
40.00

45.00

50.00

OMEGA
125.6637
62.8319
41,8879
31.4159
25,1327
20.9439
17.9520
15,7080
13.9626
12,5664
11. 4240
10.4720
9.6664
8.9760
8.3776
7.8540
7.3920
6.9813
6.6139
6.2832
4.1888
3.1416
2.5133
2.0944
1.7952
1.5708
1.3963
1.2566
1.1424
1.0472
0.9666
0.8976
0.8378
0.78%4
0.7392
0.6981
0.6614
0.6283
0.4189
0.3142
0.2513
0.2094
0.1795
0.1571
0.13%
0.1257

NUM AMPL
9. 995305
9.995305
0.576397
0.499348
0.524982
0.576398
0.638240
0.705311
0.775508
0.847543
0.920874
0.985050
1.069758
1.144804
1.220124
1.295596
1.371017
1.446453
1.521989
1.597154
2.338137
3.044175
3.704941
4.314804
4.870624
5.373717
5,824829

6.587160
6. 906553
7.189988
7.441431
7.664631
7.863038
8.039721
8.107380
8.338364
8. 464720
9.220459
9.537044
9.604875
9.783889
9.838704
9.874779
9.899726
9.917679

6.227897 |

THR AMPL
0.079575
0.159135
0.238664
0.318149
0.397573
0.476922
0.556181
0.635334
0.714367
0.793267
0.872018
0. 950605
1.029015

1.107234

1.185247

1.263042

1.340605

1.417922

1.494980

1.571767
2.322070
3.033144
* 3.696979
4.308708
4.866353
5.370296
5.822669
6.226771
6.586549
6.906214
7.189965
7.441829
7.665511
7.864302
8.041504
8.199513
8.340772
8.467334
9.223513
9.540288
9.698396
9.787646
9. 842660
9.878871
9.903034
9.921973

NUM ANG

0.
-3.
—1.
-1.
-1
-1
.5310

-1

-1.
-1.
-1.
-1
-1.
-1,
-1.
L4590
.4508
. 4426
4344
. 4263
.4182
3400
. 2652
1942
L1271
0641
.0052
-0.
-0.
—0.
—0.
=0,
—0.
-0.
—0.

0000
1416
5997
5708
5546
5419

5209
5113
5021
4932
4845
4759
4674

9504
8997
8528
8094
7693
7322
6980
6664

—0.6371

—0.
—-0.
—0.
-0.
—0.

6100
5849
5615
3971
3047

—0.2464
—0.2066

-~0.

1777

~0.1559
—0.1388
—0.1251

THR ANG

-1.
-1,
-1
-1
-1.
-1.
-1
-1.
-1
-1.
-1,
-1.
-1.
-1,
-1
L4442

-1

-1
—1.
-1.
-1.
-1
—1.
—1.
-1
-1.
-1.

5628
5549
5469
5300
5310
5231
5151
5072
4993
4914
4835
4756
4677
4598
4520

4363
4285
4207
4130
3364
2626
1021
1253
0626
0039

—0.9493
~0.8986
—0.8518
—0.8084
—0.7684
~0.7315
—0.6973
—0.6658
—0.6366
—0.6095
—0.5843
—0.5610
—0.3967
—0.3044
—0.2462
~0.2065
—0.1776
~0.1558
—0.1387
—0.1250

7
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@

=0 250
-

B

E-2 An exponential function
DED

A
Arla)= VItaic® } ..................... (10)

0 r(w)=arctan(—wr)
ZETS, FidthEh—picilie thoz -y =
T,

Hhliorcw, ko k5 iEke S, SHBeR
LTtk v=10min, A/z=10(1/min), FEHEE0HL
Tk, A=10, r=1min ©H%, F(O FSPTHBHMN
BEMEES IR D X 5 RO Ay,

F() =?f(t)cos mt-m—jg:'f(z)sin wtedt

SHPCH LT Ti=2 Linhsb X\2%, $agbise
LT Th=c0 TH 5, L LEFMIZIL Ti=10min
& & T, TOITEIC X BT o 0=5x10 ©
B THH TS

Ty %1058 Ui & & 10058 L B A% S L,
Hicks L OO NEBEE A Ao HT L WS BET
BHBEMD, TOLS SR DA,

F-1, FH-2ATZATY - IEEROBIERS HNUM

LRLTHB) LHHKAL (THR LRLTHL) ©
AR AU OLTIRNAS 7 F v (AMPL 270
LTH5) LfifiA=s b (ANG LELTHS) &
B B, :

ZOW#ED 5 NUMBER &% Offic s\ T &
& LT SRR TR OFI 4 5 HvdR L,
PERIOD &ix# oMY min #5R L, OMEGA &y
Y radfmin i, KoH

21 2 .
. AT as

Lo €, T TATHIE 2 VN 10X,
n 73 NUMBER, T #: PERIOD, w 7t OMEGA <&
% )
SR A T 13 ETRTHII L SR ME & D&
L X\ F Y EIERTRE CL {—FT 5,
SpeRs &, BEISOWINE, 105MoEae,

© (1 0.15rad/min AT, 1007008 E12i1 1. 5rad/min
HTths, Thriflil0%oMme 5 & 1050E 08
A 13 0.63rad/min T, 100 304 ix 6.3
rad/min LUFE 0%, BETIGE, 1 $OBEORIEE
RO 2085L, LA e B, 10%% kLD S
ST oMIREGED 5 Ll LoRllts 5,

KM 5 Dﬁ%ﬁl‘.&:f‘ﬂ%ykohz&i 5. T
/12 IO A=HO) 3EHIEI0.0% VEFThbDT
TDFIEEIE LT R hudis biew, 851 %ol
Mz, 1057805 RE @it 0.4rad/min LITF, 10053

DRI drad/min T CH 5, THHFEEI0% DM
[HE 3% & 105 HOBEIC o (1 1.6rad/min LIF, 100
SrEoG At rad/min PIF &%, BETHUL,
1 %D FEORMAFIREROZEL LRI TH S,
10% % TTER @ o, ToMMIHARBIRD 4 1%
HEoEch s,

TRBRENT D LRIDL DICRBH, HEBHD
TN DBSEN P DL 7 — ) =ZEIRTARIE A ey
\:H:Eli&l*a“zm—ergé 5,

F-3 WYtk U%‘xln: R B E, WIRHBO
o R cAts C excE DM,

T~ ____error- 0 i 2

wave form T~ | 1% L 1%
isosceles triangle 20f% : 5 fi%
csponential function S Y

L, T AR, L= P &7‘.4:-&‘5
& FEy — 2 O ARHRERE RS T, Thics -
moard VERRIEE C LTHEEAY AR 7 b A
Ar(w) RRDLFHENRS B, THUEEEIAREERR S
BBED DS HCEEY TE BRI NETHE L
5t & » T BOICHLRHETHAN, ST
55 — a0z 200 BE-CHE % e, MUBTH
0T, BEMRNEREIC X ST, BHRE
Bt EiTic 5T,

3. REB®HFIR

& TRVCHREEHE ORI TRE DT IB~R 5,
Fo g7 AV AERE= a—n v T Mt
¥« 72y 7 (HUBBARD BROOK) ST B
LOTH B, TTT A Y AEHE, REFOILHHk
S4BT (NORTHEASTERN FOREST EXPERIMENT
STAI‘]ON) o> THEFEIS T3, (@381
TIRALEE DI DPNIIBIEN B HALTY TR
AleE T B,
Z ORISR M 1,200mm, 4354012 0.58,
LT LA L2, T L LA E T TRER 1%

€8)




Wil » KL & o WEIFHIMFRO & 75 69

5o BFEAKC - T CHml L e B, LB @

SRl X o TS i ¢, BB X 5H
IS BRI B L Do P, DED, K
I X THI AL (TERES) Riih BEnd
e XD LR & o CGlithicfilroy, Lok
AR X D L o T B,

ZOMH & LCHKR E IR A 19644 R11 A 26 Flicds &
ofte CHX DI SkEHFRAIHREA TR V-5
A, BIZIERB X5, TIRIEOISORE W X
DG T TRnwo ¢, Colfx s b ki
oo —WRINE 1.5 4 9 (38mm) BECH 5B,

(1) SEEEZITMRHOFEENC L > TELLSAZR

ORFENOEHMUROTBCERTDITFIE

AL AOERIEHEE-40 L 512 L B. M. o — Fin%

ILlic, COBEEMD 3 7 2 idNiZl, Fhico3< 4

b 2 BUNEUE R BT R ST, BRI 325

5248%HHHT,

CDL BT~ &)~ FZGHEOTFA 2 2 AFHIOH
FEExHRACEL DRI L OTH S,

CHBEMIE T HIDITERD 30Dy —~AE LS
Do tey —ALELIUL L,

FHRoNHIEE DT L3, 105Tiiin
sochiul DT=10 CHb, Hz 5 VHIHEER
CEREITFDE G DIE AL, L oWo R TIP
(I-1) &, ThUBOWmERK TIP(D E&#MnT,
i X ), DT MsfdiiNomilit PPT #shabi
Do

DT« BUCKET
PPT= TP —TIPO=T) 13)

‘i BUCKET RGERAORERTI OB 0,014

VF=0.25mmTH 5, )
BD b = R1% L OGENOESENKLISEETH

ity SEARY
PR 1
1 -

- LA

-3 ==—nv7 vy -RRHEoiE

bo COMMEZOEM SEBLICRIR PPT i3 b.

B33, FA T BHHBIRC 1 SRS -
ter — 2 ChB, TOBEFOWLE TIPB L L, *
O « BOEFOMHIE th-Eh TIP(A), TIPC) &
T5, (F-58R) Zoffomi PPT 3,

_TIME-TIPB)
T TIPO=TIP By

+« BUCKET

% BUCKET +--(14)

&inh, ]
ZhbOR Ty — AL Lo G THEEIYER




70 ok B K W R &

TIPCA) TIKB) TP

A [
7

TIME
B-5 twEse A & ERN & ol
CEBTHHD, MEABE LTETHIR AT
1odD7r ~F 4 — b EE-GRT,

3057 & OFILIE-TOR FRUCRT, FEOBOMH
7 7 7 GBHEOR RN L o T b LD TH S,
R X - THhB & RIEOHIN 4 DOWEE X
T DA% BETHC X 5 b osR S M iliaRL T
B, & LTHM MRS LR TObAVERET B
5 L5 TH3,

(2) KUADHREAOER

Pl HOTILH I ST EIC L » TEE R T
B o MRS & OGI RIS fi—cfs BT

Q=2_52H2.41 .................................... (]5)
4 MR T
Q=4 43H249 it SPTSN as)

HORTIRIATSE ThTh29=—» — (§40.12km®) 89
o = (#90.36km®) CHBDOT, LR T HIRAH
e HURMIES Rl b, Hli e Lic, KRZofikE
EEEN D IHT ECHAR - T THEL, €-Q
FlEot, &OTC Q BEERRKT, LRORIHER]
DOFETH 5.

#13E, H4 RN TR EREERR @ ik
0.00060171 > /8%, 0.00072061 ¥+ /W TH 7z,
AR E-SI R ENTH B,

(3] 7-VxEHROFIR

ZoBED (O FHBHTHEND, ho7 -~y
=RIIIRRQADRD X 5 iR cTEEs L
MWeEBH, DED

T
F@)=3 f(B)cos ot-di- n§’f(t)sin wtdt
N
= “_fof(rtdt)tos(wndt) v At

x
—i 2, fCndtsinCandt)- At

T N1=Tl/dt CHb,
FABRI ORI 4 13, R LT55, KL
G TR LTRISHTH 5. Bl X OHHIER-8
DEEYTHB, bL, 2. CEHUIRLGEE O
HERC e Y TEESETHE, 1050RECHIE
V12055, MAIE604 X D SEVENoBC oW TEERT
BIENTEBEVIDITTHD,

READ TIP (I}

; -
_TIPO-(TIME-DT)
IWT TIP(D= TIP(-1) "B“CKET’

=3+

DU BUCKET
T TIFD- TP

TR -TIMES0

no
PPT = PPT + BUCKET

I=1+1

T TIPO-D L oo
l PPT=Tip(ny - Tip(r-1) * DUGKET +PPT

WRITE TIME, FPT etc

TIME = TIME + DT

TIP(N)-TIME2D

E-§ DATA ARRANGEMENT OF RAIN FALL
ML RIIC IR D 70t B RIS S T Th Bt
{BEFE & LTI F 28R S B CITD W o te, B LIS
BRI D T sl bTHh B, THhT, Th
AR HILH BB
gt)=goe ™kt
EER L TH R T o, (F-95) =0 & ZFAA
0N X b 9 ToMHiOES s I L, RHHE
G(), 7~V =% Glw) 1RO L5 #Hhirb,

G=f evat
T’ &l -
={ sdr+ [, gumat
77 g’
=SD GO E s as)
G(a) =S:g(t)e-!mdt

7! L
=[Tawre seidts | g(esoidt

T! ’
<[ gwermat o (Gkeos 0T
~e sin @T") —j(k sin T’
+w cos ,,,Tl)] .............................. (19)

(10)




04}~

03
0.2
041

012
011
010
009
008
007
008
005
004
003
002
001

L« 7KL ¥ o PERF MR D & 77

;'Wm‘“‘" - Recording Ruin_Gouge #1
" 1 ] 45min stow
2 =

{'rh"l—-—_l‘l_rl Ll b .M

Total 1.7 inches

Recording Rain Gouge #6
20min slow

A
P | ‘T“—f_d i ! ! !

Total 1.48inches

et/ 3 min

Recording Rain Gauge #10

¥
3
2

I : 40min slow

T

Total 1.76inches
_L.- b1 R e M

Tipping Bucket Rain Gauge

it min
3

2

A

| Tt |

Total 140 inches
SN R SRS MU WO S i B

MN. 1 2 3 4

-7 Rainfal
Rainfall Intensity
inch/,m“_ Rainfoll

_,rﬂh-rrﬂ'f{T

5 6 7 8 9 10 {1t MNoon 13 1 15 16 ﬂh_la

| Intensity at Hubbard Brook, Nov. 26, 1964

~Runoff per
unit oreo

- inchhour

Runoff Watershed #1
9,

Ruroff Vatershed #4
)

! !

24 2 4 6 8 W 12

I !
14 16 18 20 2 4 2 4 6 8 10 12 14 16 1B 0

-8 In Hubbard Brook Experimental Forest, Nov. 26~27, 1964
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72 E2 SR ]

}___—————V 0
exponential

Y3
H
1
1
1
!

— 9»= ?oe—kr’

t

7' 9:00, 288
-9 #WHHEAERORE

.
so |, g, [ gweimat Qpturcx s

iiich s,
LRk FO) %
F(0)=1.3834 v5 .
o & Hic L ORI Mg
G (0)=1.3021 v
Gy(0)=1.1671 v
$74 y 2 A1 &4 EBRBEKOTSERT,
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(R ZEDI

BRarer i, HIRORERICH D EERNRTL -
POEE LD WEENAELR TR BT, ik
I LS oNSEFTARTUL T 50T, SSRGS
EEHL TR A Z L it oo BURTOEARPETH
MR L B AERORRC LB X ) e SRR E
H o L NTED LIRS, L LEFERO
FREERIRE & I bRV RO 2 tkici i
TR Shi-STRHOEA L skirh—~BL Tl
i biclinh, Fh@rERcESEFHsbiodo
Thighe

X9 :[E-101%, Thbod b2 AEHOSEHREKIC>
T, ERSEME e Bl (PUREROWRERIC AT
59%) L DBRATRLIChDTH D, & DEE, B
R oBRER ORI ET 55 2 order FHROBS
HTROQ R HSER O cllo A PHETh 5,
[R-9 CIR AR PEBR A R LTE D, ThEE-10L

FHETIER-10 DFBAMZE LA D L RTE
X5, Lichio Tl 9-10 oS RIGREA VB
Lzt B

(5] SFseo e

(1) BEE(Dd) FiRo order KA DB IRE
Lo bimaiee LC, HER Lok
O 2 order IMADBORER (km) 2TEL,

R ISRES U (km?) Tl TR® .

(2) BRE(RC) MRS BRELL OB &
E(M) b 7L, BEMAVKIFMMT L ik
R-friEc A AT, COSOES ¥ AW
=, ik DKL THKIFE AR S 2 A OES
FHVAZ LI LI

(3) BIREL(Rr) B ORIES (FET W
DFFEE) M HRAEYTEL L & ORBACE
B (M) 2 FEB- TRIEL, ZheiERE
(M) & i Th 5,

(4) hypsometric integral (Hg) Wik DH 5
Emosmme o ik b LEMoAKR & oo
##(a)2WEL, ThELFIRmB(A) & DlEEh
i, ¥, TOSEREMRRERL OFEE
(R OFROLESE (H, LTLIRRELE—
FHLic\) sl A H 23R 3 5. TLT
whe A/H, BEhic ¢/ A%TRo CHEVWAETMND
o (hypsometric curve) bX i PR A
REERETIEL, = OEKORPEERH-L 5
EHHE OmBUCKT 5,85~ v % hypso-
metric integral EIES, Ut HEREcEDHs:
& 3Ed>T dimensionless TR ERCH B D,

(8) WERELEAE(HY) FIROBELAM B .
WEER T Hitine b DI IERER iR - CHIE L,
ZHOERRIA 5 e EREL OUECH.
o) WHTAREHE LD, Hi=0.5 /B L
VIR FETE A IR O gk 0 2 BRI LT k.
THHETHHZ EHFL, Hi>0.5 /ebid k.
DEFAK, H1<0.5 InbIiX FHHBOmEEn X ¢
bHZEHTEHLLTVBD,

(6) I (Fe)  VHRAOHPRIE LR 1§
R T B D BREERER L. BREDZE:
FREEMN G, #T order WIRMOMERT S, 1)
v, Fah, BRI, 1) S, §) i
bk, D 3FMABIL, TR FNOEELOWIRMRT:
T R T 5, T L CHILAHIIL 1,
ik 2 &, R 3 AL, Tt
RENRDOWALERCTARILICADTH B, Lk,
B THIRST AR chhud Fe=1.0 Ch.
Y SRABHRCHIE Fe=3.0 ThHb,
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BB 5 2, 30%% 9
TOLHEV DT, DABRKOMEMCIIEE ko THEOLEHOTEELNET 3D Th b

{z st RIS DITEE CoRW I FERTIR, 7o B ONC HEIUSE: & ca/a,
Hi 2order ORYIROHIEH, BREE, ROOIRHIR  celen, cn/a DFREIRERHLEHE, AFa7MICD
R OWERERE HF-1 R LI V(S YRR TR T U 2 450 JiRk-2 1 —
(6) 5 & _ ) no 5o om
WRARY ¢, WIRMDIIEEY cn, BiBTIHGHY
ca &FAUE, HIRBUYIAALY b ORISR, i I o
cafa=(cafen) X (cn/a) 1 211 Lig, e Z1j, T, Ty. | &
Thbe AL LERRY ) OFHEER T b, 2 | 2o ze e Bagy oamn | Ta | e
5 2 AR R EARY b OFi B ch B, Thbh 3 o
FEOThERE WAL OBIRE<BZ 2t L, i Te | T
Z OUOBMREERNL, b BHEC L) TED
BUELSEHLHE, FRF -2 LB -T, R
AN EROSROMCIEENL VB L fhe k| T Tig Ty | T

HoC, EROEHACELNLRERTEE LT
HBHTEHERIETH D, Lichis TE OEBDHRS
FirPSEE - EOREL V322 8ikb. Thb
B, GREOBIME » oD Ll THE-20 BLTUBFThS, Ti, GRES BUT ERLELY

I3 2 AR E UL, LHE S B ROBR R R TIIE %8~
. ST DEH D THB,

po —W/ Flou—ar KL, ThEHOE, $2order Fok ik Ol

k—1 N—k R LIRS THEL, ThEROHERICE T3 HIR O

GEHAEER-D, (N=ROF BfikicTsb, thie Bl s EE0BEELRLED OThH b,
|3 R R N %o R

r(mm) | 350 | a5 | 400 | 45| w0 | a5 | so0 | 525 | 50 | o5 |& #

a (km?) 2.50 6. 26 4.66) 13.21 23.22 11.82 7. 84| 8. 58 7. 67 4.57) 89.83
fn 5 50 69 525 1,068 746 469 461 519 266, 4,178
o - (m?3 13,990| 90, 650| 123, 020 917, 590]1,869, 840/1,259, 350| 805, 760| 790, 330! 879, 290} 489, 25017,239, 070
cnla 2.00 7.99 14.81; 39.74] 46.00; 63.11 59.79) 53.73 67.66| 58.21] 46.51

cala(m?) 5,506] 14,471] 26,399 69,462 80,523| 106,544 102,776] 92, 113| 114, 640{ 107, 057| 80,586
cafca(m?) 2,798 1,813 1,783] 1,748 1,751] 1,688 1,718 1,714 1,694 1,830 1,733

4 BREEM S oMK

G 3 4 5 6 & Bt

a (km? 19.04 45,32 12.87 12.60 89.83

en 570 2,797 665 146 4,178

ce (m? 1,229,930 | 4,569,570 | 1,125,980 313,590 | 7,239,070

cnla 29.94 6L.72 51. 67 11.59 '46. 51

cafa (m?) 64, 597 100, 829 87,489 24, 888 80, 586

eafen (M?) 2,158 1,634 1,693 2,148 1,733

RS AEmELHBERAKO MR
" Dd 0 1.0 2.0 3.0 4.0 5.0 6.0 [ 70| 80| 9.0(10.0| & &

en 0 115} 949  1,522( - 896 463 133 61 13 1§ 8 4,178
ce (m3) Q| 436, 28011,743, 5302, 484, 080[1,531, 050/ 722, 510, 205, 610[71, 140]11, 26018, 610}15, 000] 7, 239, 070
" cafca(m®] 0 3,794 1,837 1,632 1,709] 1.561| 1,546) 1,166] 866} 1,034 1,875 1,733
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a2 4+ A ¥ OE R &
F6 HBM Ao MK

Oula 0 20 40 60 80 & Ft

e (km?» 58.24 27.59 3.62 0.2 0.18 8Y.83

cn 2,035 1,872 251 3 12 4,178

cnfa 34.94 68.03 - 69. 34 15.00 66. 67 46.51

#=-7 - hypsometric integral & B O MEH
Hs (%) 30 40 50 60 70 a #

Cn 9 489 2,792 840 43 4,178
ca (M3 11,830 771,400 | 4,830,510 | 1,560, 820 64,510 | 7.239, 070
cafca{m?) 1,314 1,578 1,730 1, 858 1,344 1,733

bRy BB E 51T,
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i) FORBALERRY b ORIBHD MR & E 0%
PR BCR Y, FLBRTNALORBBEOSH
IR > TS RORERRET s HA RS
B
i) DR nrT, 1ERTY H o BHmai it
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{

R il 7%
gl \

B 1 % E LR 1 km? 4 b 10, 000m? DBBERCH
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#e, SFEGOFBENMEN - bR, ERCRFED
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Fbbbo ULichiaoT, = OHEOMEEIE OV TRE
fekisk T IR TREA S

foff, Bocefa k enfa L AER UERAZRL N
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L IMBRE DS 5 WML EEL Ko THET 525, B
—ETETLTLELY, 2ORCHERL (HHi b
Tz oBBioRERI I ThTHRKRTHE Lt
Mot BEABHEC R R BIMnOFOFL
BB 2D CTh - TER B ORI £ 5 Bigmttoiin
B OMINC X o Ciitbhic b DEHEEINS,

* [8) HEO TN
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//{ b DTHDA, BEENFL LD E cofentZh &
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102 4k B % OB o@ 4
MWE-1 R GUREE MR R

g B N

DM % | W m ey pe mEmaws) & g | mog PRS0 e
No. (k?nz) (r‘;’lu‘z) on =0n G |(mm) Dd mR T H,y (%ej 'F 3 (m;
101 0.60 4920 1 2 6 350 1 3.600 | 0.2260 | 0.534 45.2 1.81 | 330.0
102 0.30 2200 2 2 6 350 | 3.666{ 0.1956 | 0.434 49.4 1.90 | 270.0
103 0.28 ] 0 0 6 350 | 3.928| 0.2556 ] 0.476 48.0 1.94 | 271.0
104 0. 60 6870 2 2 6 350 | 3.466 | 0.2042| 0.586 53.6 1:90 ! 286.0
105 0.22 01 0 0 6 350 | 3.636{ 0.2934 | 0.572 47.0 2.00 | 270.0
106 0.52 0 0 0 6 375 | 3.924 | 0.2060 | 0.568 43.6 1.85 | 346.0
107 1. 30 24840 11 6 5 375 | 3.816| 0.1858 | 0.524 43.0 1.94 {3900
108 0.10 0 0 1 6 375 | 7.200| 0.28001 0.510 48.0 1.75 | 140.0
109 0,24 B 0 0 6 375 | 4.584 | 0.2244 { 0.490 55.6 1.76 | 220.0
110 0.66 5760 7 12 4 375 | 2.516 | 0.2022} 0.460 40.2 2,03 | 520.0
111 0.10 0 0 1 5 375 ] 3.000 | 0.4000 | 0.476 46.2 1.87 | 240.0
112 0.32 1800 1 2 5 376 4.188 | 0.2016 | 0.514 40.6 1.59 |420.0
113 0.18 2400 1 2 6 375 | 4.666 | 0.1876 | 0.500 36.6 1.74 | 210.0
114 0.36 -0 4] 2 6 3751 2.556 | 0.2308 | 0.462 43,6 1.73 | 240.0
115 0.20 0 0 0 6. 375 | 4.000| 0.2270 | 0.538 42.8 1.39 |178.0
116 0.18 0 0 0 6 375 | 5.334 | 0.2352 | 0.588 46.6 1.83 | 160.0
117 0.22 0 0 0 6 3751 5.728 | 0.1810] 0.552 38.8 1.64 | 190.0
118 0.12 0 0 0 6 400 | 5.166 | 0.2356 [ 0.598 39.4 1.84 | 740.0
119 1.06 14760 5 0 5 375 | 3.792; 0.2356 | 0.598 39.4 1.67 | 740.0
120 0.64 8760 4 2 6 400 ) 4.718 | 0.2778 | 0.545 37.4 2,03 |550.0
121 0.10 0 0 0 6 400 | 6.000 | 0.3140 | 0.442 32.0 1.60 | 270.0
122 0.18 0 0 1 5 400 | 4.556 | 0.1538 1§ 0.550 54.6 1.55 | 140.0
123 0.70 1000 1 Q 6 400 | 4.028 ; 0.2728 | 0.466 37.4 1.64 |480.0
124 0.18 1220 1 2 5 425 | 3.000 | 0.3352| 0.526 39.2 1.85 | 254.7
125 1.68 39200 20 9 4 400 | 2.738 | 9.2258 | 0.558 47.6 1.61 | 830.6
126 0.28 0 1] 0 6 425 | 2.642 | 0.3592 | 0.500 45,4 1.80 | 350.0
127 1.94 181790 | 145 34 4 4251 3.142 | 0.1510 ] 0.3%4 52.4 1.14 | 574.0
128 0.44 48220 27 7 4-| 425 2.728 | 0.4270| 0.538 3.0 1.28 | 555.0
129 0.88 53890 33 3 4 4001 2.818 | 0.2128 } 0.516 51.6 1.95 | 430.0
130 0.26 5100 4 [ 4 375 2.924 | 0.3174 | 0.556 53.4 1.85 | 400.0
131 0°56 35990 21 3 4 375 2.108| 073278 | 0.460 47.0 1.67 | 485.0
132 0.36 20170 11 6 4.1-400 3,888 | 0.3118 | 0.529 37.0 1.51 | 530.0
133 0.44 48830 35 12 4 425 2.818 | 0.4344 | 0.584 53.0 1.61 |530.0
134 1.29 129520 89 9 4 425 3.178 | 0.2216 | 0.408 51.8 1.63 | 554.0
135 0.30 3400 3 1 4 | 425| 2.666 | 0,3808 | 0.618 41.6 1.87 | 358.0
136 0.20 0 0. [ 6 4251 2,700 | 0.3478 | 0.456 45,2 1.81 |320.0
137 0.32 20440 20 0 4 450 | 2.1251 0.3910 | 0.484 54.0 2.52 | 430.0
138 0.40 38060 18 0 4 450 | 2,200 0.3126 | 0.416 58.0° 1.86 | 300.0
139 0.20 27920 |. 13 1 4 4251 3.100| 0.4428 | 0.428 48.8 2.59 |310.0
140 0.12 0 0 2 6 450 | 3.334{ 0.4354 | 0.566 52.4 2.00 | 270.0
141 0.66 9240 10 2 6 4751 2.364( 0.2968 | 0.520 43.0 1.75 | 540.0
142 - - —~] - = - — — — — — —

(26)




MBI BES 5 2, 3 %% 103

B o« B A

No | iy | (i e | on | 6 || P4 | R | m | m®) | Pe | S
200 | o052 | o1020 | 62 | 17 | 4 | as5| 2500 o.2636 | 0.581| 450 | 236 |4e0.0
202 | 0.72 |182120 | 95 | 21 | 4 | 450 2.306] 0.373¢ | 0.534| 0.0 | L1 |s60.0
203 | 096 | 20760 | 25 | 2 | 4 | 450| s.076| 0.3566 | 0.434| 0.0 | 1.36 |410.0
204 | 014 | 12810 | 12 | 4 | 4 | 475| s.858| 0.3250 | 0.500| 45.8 | 2.68 |260.0
205 | 054 [102520 | o1 | 8 | 4 | 450 3.03 | 0.2068] 0.506| 460 | 148 |545.0
206 | 0.5 | 30010 | 19 | 16 | 4 | 450| 20| 0.378| 0.666| 0.6 | 253 |440.0
207 | 052 | 8o | 6| 8| 4 | 450 236 0.2858 | 0.500| 530 | 2.20 |400.0
208 [ 032 | 230 | 4 | 8| 4 | 450 4062| 0.2712( 0402 g0 | 298 |385.0
209 | 020 | 11220 | 6| o | 4 | 475| 4900| 02080 0532| 00 | 277 |280.0
210 | 020 | 7020 | 2 | 4| 4 [ 45| 390 o.288 | 0.40¢| 330 | 171 |32.0
211 | 033 | 60630 | 38 | 3 | 4 | 475 e.578| 0.28%0 | 0.492| 38 | L71 |30.0
212 | 0.36 | 1870 | 14 | 2 | 4 | 475| 4166 0.2500 0.546| 50.0 | 1.93 |2%0.0
213 | 0.20 | 14400 | 15 | o | 4 | 475| 5.400| 02651 0.614| 50 | Lo [260.0
214 | 050 | 59280 | 38 | 0 | 4 | 500| 2.200| 0.2616] 0.446| 500 | 185 |492.0
215 | 028 | 25130 | 10 | o | 4 | 475| 3.858| 0.3056 | 0.528| 5.6 | 170 |330.0
216 | 050 | 33430 | 14 | o | 6 | s00| 3.360| 0.28¢2) 0.57%6 | 524 | 179 |540.0
217 | 066 | 11830 | 9 | o 6 | 500| 2910 0.220| 0.384| 232 | L8 |5020
218 | 082 | 31250 | 42| 21 | 4 | 450 2.488| 0.4028| 0.524| 510 | 271 [4350
219 | 038 | 27680 | 19 | 3 | 4 | 450 | 2474 | 0.4028| 0.520| 450 | 206 |43.0
220 | 056 | 42080 | 42 | o | 4 | 475 | 3464 03014 | 0.572] 4.6 | 2.10 |432.0
220 (012 | 100 | 7 | o | 4 | 475] 5166 | 0.4166| 0.528| 450 | 189 |300.0
222 | 012 | 950 | 5| o 4 | 475| 5.000| 0.3500] 0.600| 420 | 161 |280.0
223 | 0.28 | 13050 | 10 | o | 6 | 475| 4.000| 0.3% | 0.512| 498 - | 195 |2%0.0
224 0.14 2440 2 0 6 475 | 3.572 | 0.4072 { 0.458 51.4 1.90 | 285.0
225 | 030 | 3780 | 3 | o | 6| 475| 226 03380 | 0.59¢| 520 | 18 3088
226 | 0.2 0| o| of 6| 45 s.212| o.2e88| 0.470] 420 | 169 |260.0
® R

No. | qemey | ooy | o0 | on | G |memy| P4 | Re | Hi | Hxe) | Fo | &g
301 | 0.5 | ess60 | 35 | 13| 4 | ar5] sor2| o.2e76] 0506] sLz | 210 [ae00
302 | 0.06 | 2250 | 1| 2| 4 | 45| 7.666| 0.3388| 0.4e4| 646 | 3.00 | 2100
203 | 043 | 26800 | 11 [ 6 | 4 | 475| 4000 0.32:2] 0.458| ss0 | .2.62 | 4580
304 | 040 | 2450 | 7 | 8| 4 | a75| 4450 o258 | 0.506| 5.0 | 2.98 |420.0
305 | 054 | 7osi0 | a7 | 7 | 4 | 475| 28| 01094 | 0.472| 54 | 232 374
306 [ 0.04 | 13500 | 5| o| 4 | 475| 4000( 0.3750| 0.562] 530 | '3.00 | 1200
307 | 076 | 37610 | 24 | 28 | 4| 5c0| 274 | Oa7z6| 0.592| 22 | L58 5684
308 | 0.31 | 55510 | 18 | 12 | 4 | 475| 3.942| 0336 | 0.508] 440 | 292 |3760
309 | 008 | 6750 | 4 | 7| 4 | 500] 5608 0.4616{ 0.576| 0.3 | 2.8 |240.0
310 | 0.22 | 2380 | 18 | 8 | 4 | 525| 3524/ 0.3182| 0.568| 620 | 256 |280.0
311 | 0.18 | 5500 | 28 | 2z | 4 | 525| 4666| 0.3400| 0.602| 605 | 112 |2720
312 | 032 | so7s0 | 15 | 1| 4 | 525| 4250 o.3082| 040 574 | 124 |aa0.0
313 | 022 | 10 | 8 | 5| 5 | 525| 6454| 0.3456 | 0.500| 542 | 220 |470.0
314 | 0.50 | 83630 | 42 | o | 5 | 525 4320/ o330 0.570| 564 | 147 |5320
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£ K BF %R G

104
o I
No. (k?n"’) (f.““z) cn | on G ftmm) Dd Ry Hy Hs3(% Fe (Rnf)
401 0.10 48900 7 0 4 425 | 3.000 0.3400| 0.600 54.4 3.00 | 170.0
402 0.12 : 0 0 0 4 425 | 4.166( 0.3480{ 0.600 56.4 3.00 | 174.0
403 0.08 0 0. 0 4 425 | 5.250 | 0.3400 [ 0.400 52.0 3.00 |[170.0
404 0.48 2740 2 0 4 425 | 5.000§ 0.2262| 0.462 54.0 3.00 [294.0
405 0.18 0 ] 0 6 425 | 3.112] 0.2662 | 0.500 53.0 1.00 | 213.0
406 0.10 0 0 0 3 425 | "5.000 | 0.2500{ 0.500 49,0 1.00 | 150.0
i 407 0.12 0 Q 2 3 425.] -3.666 | 0.3264 | 0.502 45.2 1.00 | 222.0
! 408 0.10 0 1} 0 3 450 | 4.600 | 0.4040 | 0.400 51.0 3.00 |202.0
409 0.22 1860 3 0 3 450 § 4.636 | 0.3576 | 0.440 44,2 2.28 | 422.0
410 0.44 2980 9 2 3 450 | 4.228 | 0.3178 | 0.530 46,2 2.62 | 480.0
411 0.22 5290 7 2 3 450 { 5.000 0.3692 | 0.538 36,2 2,32 |480.0
412 0.76 25710 20 4 3 450 1 2.252 | 0.3666 | 0.618 50,0 2.77 | 594.0
413 0.10 9470 3 0 3 425 | 4.600] 0.4028 | 0.584 36.0 2.10 | 290.0
414 0.14 5780 2 0 4 425 | 3.5711 0.3600 0.580 51.4 3.00 | 180.0
415 0.12 1230 1 0 4 425 | 3.8341} 0.3334 | 0.666 51.0 3.00 | 200.0
416 0.68 37520 43 1 4 425 | 3.8241 0.2598 | 0.460 54.8 2.92 | 395.0
417 0.72 49200 36 2 4 425 | 3.750 1 0.2664 | 0.518 56,4 3.00 |437.0
418 0.28 23250 15 0 4 425 | 3.500 ] 0.3500| 0.598 56.0 3.00 | 350.0
419 0.14 21530 12 2 4 425 4.000| 0.5340{ 0.500 54.8 3.00 | 320.0
420 0.10 2710 3 0 6 4251 2.800| 0.49121{ 0.570 55.0 3.00 {167.0
421 0.16 3440 3 0 3 425 | 8.126 | 0.5116 | 0.566 63.8 2.76 {307.0
422 1.00 | 168140 86 9 3 450 | 1.700 [ 0.3442 | 0.554 51.0 1.76 { 7038.0
423 2.00 | 454240 | 211 34 3 450 | 1.630 | 0.3352 | 0.536 54.0 1.64 | 838.0
424 0.30 38870 26 10 4 450 | 4.000 ( 0.3100 | 0.500 45,2 3.00 {310.0
425 0.18 16610 15 [ 4 475 | 5.778 | 0.41G0 | 0.480 45.4 2.00 {208.0
426 0.28 6690 6 3 4 450 | 4.358 | 0.3564 | 0.526 60.0 2.00 | 278.0
i 427 0.38 28780 19 9 | 4 425 | 5,316 0.2098 | 0.444 56.5 3.00 |377.7
| - 428 0.28 37520 16 8 6 450 | 2.500] 0,3948 | 0.400 52.6 3.00 (300.0
429 0.18 39110 24 8 4 450 | 4.000] 0.4458 | 0.560 54,0 2.22 | 312.0
430 0.26 30260 22 8 4 450 | 3.846 ] 0.5030 | 0.442 52.0 2.75 | 342.0
431 2.32 | 162850 66 | 12 3 450 | 1.398 | 0.3988 | 0.536 57.6 1.41 | 901.0
432 1.82 37520 25 0 3 450 | 2.622 | 0.3340 | 0.486 57.2 1,22 ]1102.0
433 0.76 | 139970 58 | 13 4 450 | 2.974. 0.5400 | 0.480 57.8 2.28 |'702.0
434 0.34 48220 24 0 4 450 { 3.236 | 0.3500| 0.548 55.2 1.29 | 420.0
435 0.20 2340 3 11 3 425 | 3.500°| 0.3404 | 0.532 43.2 2.00 | 320.0
436 0.84 | 121890 12 10 3 4251 0.952 | 0.4212 | 0.524 46.0 1.78 | 724.3
437 0.34 1480 2 0 3 450 1 1.706 | 0.4778 | 0.562 50.0 2.00 |430.0
438 1.56 36160 40 | 14 3 450 | 1.538 | 0.3398 | 0.556 59,0 1.82 | 842.7
439 1.28 21110 14 7 3 450 | 1.640 | 0.3422 | 0.552 57.0 1.94 |869.3
40 1.30 6400 7 7 3 450 | 2.216} 0.3916 { 0.556 62.0 1.83 | 830.0
441 | 0.74 8170 11 0 3 425 | 2.540| 0.4694 0.512 57.8 2.01 {826.0
42 | .0.20 2970 6 0 4 450 | 4.100| 0.3178 | 0.522 52.4 1.57 | 286.0
443 0.14 2690 3 i 4 450 | 4.142 | 0.3488 | 0,500 50.0 2,00 | 286.0
444 0.44 12320 11 10 4 450 | 3.818| 0.3600 | 0.420 61.2 2,00 1360.0
445 0.50 85850 24 8 6 450 | 3.200] 0.5468 | 0.610 59. 4 2.00 | 700.0
446 0.32 2200 3 0 3 425 | 1.9381 0.4800 | 0.570 43,0 2.06 |480.0
447 0.36 18450 9. 10 3 425 | 1.278) 0.5000 | 0.568 48.2 1.80 | 660.0
448 0. 36 3420 2 4 6 450 | 2.388 | 0.5604 | 0.496 51.2 2.11 | 706.0
449 0.50 30620 11 5 6 450 | 1.760 } 0.6206 { 0.552 55,0 2.10 | 720.0
450 1.48 | 133090 28 5 3 425 | 1.216°] 0.3722 | 0.500 54.6 2.16 |[938.0
451 0.42 4310 6 4 3 450 | 2.714| 0.3790 ] 0.584 48.5 2.08 | 720.0
452 0.50 23830, 2 4 3 475 | 2.000| 0.3378 | 0.542 53.8 1.57 | 770.0
453 0.34 0 0 0 3 475 | 4.764 | 0.3392 | 0.506 51.0 1.58 | 570.0
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b,

Wtk il g5 2, 30%H 105
mof N

No. | 42 ‘a en | on | 6 | K| Da | R H Ha(%) F Re
. (kmg) (mg) n » (mm) T 1 370, ¢ (m)
501 0.46 7740 3 1 6 525 | 2.130 | 0.2590{ 0.596 60.0 2.86 |320.0
502 0.24 4280 2 0 4] 525 | 3.250 | 0.3044 | 0.543 52.8 2,84 |280.0
503 0.32 3810 3 0 6 5251 2.626| 0.2786 | 0.562 55.4 1.24 | 312.¢
504 0.74 37720 23 3 6 525 | 1.864 | 0.2384 | 0.556 49.7 2.71 [ 429.0
505 0.34 10230 5 1 4 525 | 5.764 | 0.1842 | -0.448 46.2 2.29 |280.0
506 0.50 11660 7 2 4 500 | 4.204 | 0.2126 | 0.512 48.6 2.34 §340.0
507 0.24 6900 7 2 | 4 500 | 4.584 ) 0.1770 | 0.520 54.2 1.92 | 177.0
508 0°06 2260 1 0 4 525 | 5.334 | 0.3334] 0.626 52.4 3.00 | 160.0
509 0.09 Q 0 0 4 475 | 5.556 | 0.2096 | 0.452 66.7 2.00 |130.0
510 0.30 12260 10 0 4 475 | 4.666 | 0.2666 | 0.470 48.7 2.49 | 240.0
511 0.15 15950 9 2 4 4751 4.800 | 0.4118 | 0.556 52.9 2.62 ]280.0
512 0.23 21540 13 1 4 475 | 3.217  0.3400 0.522 50.5 2.21 | 340.0
513 0.04 1070 2 1 4 475 | 7.750 | 0.2855 0.476 54.8 1.75 | 120.0
514 0.06 17490 8 0 4 475 | 5.666 | 0.3000; 0.470 48.7 217 | 150.0
515 0.26 43790 28 0 4 475 3.308 | 0.2910 | 0.500 41.6 2.38 .| 320.0
516 0.10 14040 5 1 4 525 | 6.000 | 0.3000| 0.530 43.1 2.71 | 240.0
517 0.24 11900 12 6 4 | 5251 4.167 { 0.3680 | 0.596 48.0 2.38 | 346.0
518 Q.22 31420 26 0 4 525 | 4,092 | 0.2830 | 0.482 43.1 2.42 §300.0
519 0,18 20110 11 1 4 500 | 7.112 | 0.2298 | 0.550 48.6 1.92 |200.0
520 0.96 | 154630 98 6 4 500 | 3.980 | 0.2608 | 0.548 45.3 2.28 [612.0
521 0.32 24160 23 4 4 500 | 5.376 | 0.2712 | 0.508 53.4 2.23 | 320.0
522 0.22 21660 18 1 4 5251 7.090 | 0.2632 | 0.438. 39.9 1.74 {300.0
523 0.40 53910 38 3 4 | 5251.5.850 | 0.2056 | O0.586 52.8 2.01 | 370.0
524 0.35 35110 18 0 4 500 | 4.914 | 0.2808 [ 0.512 42.7 1.91 | 334.0
525 0.16 11900 12 1 4 525 | 4.500 | 0.2660 | 0.512 41.7 1.75 | 250.0
526 0.12 15590 13 1 4 525 | 6.666 | 0.2222 | 0.488 48.1 2.13 | 190.0
527 0.34 27850 16 4 4 525 | 4.470 | 0.2648{ 0.474 49 2 2.07 |360.0
528 0.34 88320 54 7 4 475 | 3.058 | 0.3524 | 0.462 42.3 2,05 |458.0
529 0.68 | 175520 | 113 13 4 4751 2.794 | 0.37021 0.530 59.3 2,10 | 488.6
530 0.06 2860 2 0 4 4751 5.666 | 0.2916| 0.416 54.7 1.86 | 140.0
531 0.40 82190 27 0 4 475 | 3.950 | 0.3572 | 0.568 51.1 2.26 |578.6
532 0.05 3690 5 0 4 500 | 8.000 | 0.4043 [ 0.452 55.8 2.00 |190.0
533 0.26 22970 15 9 4 500 | 4,924 | 0.3834 | 0.584 53.8 2.64 | 460.0
534 1.14 | 202150 | 11t 10 4 4751 2.036 | 0.3404 | 0.456 52.3 1.78 1606.0
535 0.98 | 270310 | 147 25 4 500 ] 2.598 | 0.2670 | 0.428 47.8 1.61 {560.0
536 0.22 39630 22 7 4 500 | 4.136 | 0.4566 | 0.434 11.6 1.59 |420.0
537 0.38 93850 44 8 5 525 | 3.894 1 0.3266] 0.492 51.6 1.91 |490.0
538 0.16 11780 15 0 4 5251 6.934 | 0.3158 | 0.532 46.2 1.72 | 300.0
539 0.20 19590 15 0 4 525 ] 6.000 | 0.3018 | 0.466 41.0 2.17 | 350.0
540 0.16 41250 26 4 4 525 | 5.625 | 0.3270 | 0.478 40.4 2.16 | 340.0
541 0.62 46530 3¢ 8 4 525 | 5.194 1 0.2078 | 0.434 41.1 2.90 | 320.0
542 0.12 6780 2 1 5 525 | 4.834 ¢ 0.2992 1 0.442 48.1 1.64 | 203.4
543 0.26 13690 5 4 5 525 | 4.076 | 0.2872| 0.468 48.9 2.61 | 270.0
544 0.92 | 141130 81 14 5 550 | 3.876 | 0.3300 | 0.490 46.1 2.09 |330.0
545 0.14 34000 17 2 5 550 | 5.144 | 0.3333 | 0.500 44.0 2.00 | 280.0
546 0.46 33520 25 1 5 550 | 4.218 | 0.2626 | 0.550 56.8 1.91 }420.0
547 0.16 18000 10 2 5 575 | 3.8761 0.3300} 0.490 56.5 1.80 | 330.0
548 1.17 | 211000 | 127 8 5 550 | 3.026 | 0.2700 | 0.540 52.5 1.68 | 740.0
549 1.26 51980 32 5 5 575 | 3.984 | 0.1682 | 0.644 55.3 1.95 |583.4
550 0.32 33500 23 0 5 550 { 3.500 | 0.3164 | 0.532 49.9 2.55 | 500.0
551 0.12 4600 6 1 5 575 | 9.166 | 0.2026 | 0.580 58.1 2.47 1320.0
552 0. 06 6630 4 0 5 575 | 8.667 | 0.4333| 0.500 69.9 2.00 |260.0
553 0.10 15000 8 7 5 575 | 10.000 | 0.3857 | 0.500 62.8 2.00 | 270.0
554 0.10 11530 8 (1} 5 525 | 4.200 | 0.3400 | 0.578 48.8 2.00 | 170.0
555 0.04 2880 1 0 5 525 | 5.000| 0.3376 | 0.500 47.8 1,91 |136.0
556 0.12 7380 38 1 5 575 | 8.750{ 0.2704 | 0.530 68.6 1.89 | 190.0
557 0.64 64130 41 6 5 550 | 4.656 | 0.3156 | 0.616 52.5 1.54 | 707.0
558 0.52 47000 39 7 5 550 | 4.616 | 0.3336 | 0.496 48.5 1.77 | 667.0

55! — — - - - — — - - - —_ -
560 0.16 2000 4 3 5 525 | 6.500 ) 0.1660 | 0.416 41.5 1.81 |200.0
561 0.18 0 0 0 5 525 | 5.500 | 0.1590 | 0.546 45.8 1.78 | 140.0
562 0.06 4250 5 1 5 525 | 8,000 0.2500| 0.578 44.5 1.90° | 130.0

(29)




106 =K B % B A &
< Dl

No. | gy | Gomy | e | o | € fommy| P4 | & | B | Ha®) | re | &2
‘601 0.44 36880 12 0 4 500 | 3.636 | 0,4994 ] 0.534 54.2 2.56 | 749.0
602 1.26 80380 39 24 4 550 | 1.920 | 0.4178 | 0.540 46.4 2,98 | 985.0
603 0.88 | 159630 54 25 4 575 | 1.8641 0.5940 | 0.450 53.8 2.67 | 796.0
604 0.12 3130 4 0 4 575 | 3.166 | 0.7226 | 0.612 57.4 2.97 | 448.0
605 | 009 | 4380 | 7 | 1| 4 | s75| 5.556| 0.7352| 0.500] 49.2 | 2.96 |500.0
606 | 0.74 | 50130 | 19 | 2 | 4 | 525| 1.756| 0.433¢| 0.500{ 57.6 | 2.88 [780.0
607 0.86 77000 | '34 2 4 550 | 2.558 | 0.3464 | 0.556 49.0 1.86 |[686.0
608 0.84 30750 15 0 4 500 2.930| 0.2992 | 0.392 58.2 2.65 | 538.4
609 0.42 37500 30 1 4 550§ 2.440 ] 0.4700 | 0.500 49.0 1.65 | 470.0
610 0.20 68380 39 2 4 575 { 4.300 | 0.3524 ) 0.476 4.0 2.13 | 370.0
611 0.20 36130 24 0.4 575 | 5.000 | 0.3130{ 0.434 51.0 2.23 | 288.0
612 | 018 | 20130 | 7 | 0 | 4 | 575| 3.33| 0.3100| 0.500( 53.0 | 186 |186.0
613 | 0.05 of o of 5| 575| 400 0.500( 0.500( . 622 | 186 |200.0
614 0.10 7750 8 0 5 575 | 5.200{ 0.5000 | 0.488 - 57.2 1.95 | 210.0
615 0.32 35130 19 0 4 575 2.812 | 0.4388 | 0.666 55.0 2.00 |39.0
616 | 0.60 | 50500 | 3 | 0 | 5 | 575| 3.320| 0310 0.602| 66.0 | 195 |4500
617 | 0.6¢ | 71500 | 41 | 10 | 5 | 550 3.126 | 0.2842| 0.564| 46.4 | 1.62 |540.0
618 | 0.32 | 48630 | 22 { 0 | 5 | 550 4562 | 0.3500| 0,400| 5.0 | 200 |4200

2 No. 142 2 No. 55 i G 5D THS Liz,

(30)
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Wil e p35 2, 3 D#E%E 107
FR-2  HEBOPER
Fy
® & | B R|Bmg| F B
0.01 0.05
cala G—R |3, 22| 5367 4.82 3.05 1%
R—R; |9, 4| 2624 3,25 2,30 5%
r—G |9, 16 1.803 3.78 2,54
Fe—PR |4, 30 1.091 4,02 2,69
Hs+—R |4, 26 1.169 4.14 2.74
Dd—R |5, 29| 0.401 3.73 2,54
R—R |5, 28| 0.977 3.76 2.56
crla G—R 3, 22 5.844 4.82 3.05 1%
G—Rr |9, 14| 6638 5. 56 3.34 "
R—R: |9, 4| 4115 3.25 2.30 "
R—Dd |9, 25| 6108 3.21 2.28 "
Oufa—Rr |4, 12| 7.745 5. 41 3.2 "
R—F. |9, 25| 2749 3.21 2.28 5%
Onfa—R | 4, 21 2.822 4.37 2,84
R—G |9, 16 1.623 3.78 2.54
H—R |4, 26 1.284 4,14 2.74
Oula—G |4, 7| 207 7.85 4.12
Dd—R |5, 29| o0.373 3.73 2.54
Dd—G |5, 10| o370 5.64 3.33
R—R |5, 28| o0.541 3.76 2,56
R—G |5, 12l 042 5.06 3.1
Fe—R |4, 30| 089 4,02 2.69
F—G |4, 13| . 0.209 5.20 3.18
H—G |4, 10| o0.477 5.99 3.48
Ouwla—Dd |4, 11 0.759 5.67 3.36
calca Dd—R |5, 29| 57.384 3.73 2. 54 1%
Dd—Ry |5, 15| 60.973 4,56 2.90 "
Dd—G |5, 10} 386.019 5.64 3.33 "
H+—R |4, 26] 3.609 4.14 2,74 5%
HsR, |4, 15 1.009 4.89 3.06
H—G |4, 10| 2569 5.99 3.48
a—R; |5, 15 1.691 .4.56 2.90
a—G |5, 11| 1.663 532 3.20
G—R |3, 22 1.521 4.82 3.05
R—R |5, 28| 208 3.76 2.56
R—G |9, 6| 0.464 3.78 2. 54
Fe—R |4, 30| 0.354 4,02 2.69
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