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FURTHER STUDIES ON “A SIMPLE NUCLEAR E2 TRANSITION
MODEL OF 2; — 0; TRANSITION FOR EVEN-EVEN NUCLEI”+

by

C.W. WANG (z # ¥), GC KIANG (i & A), LL. KIANG*,
C.C. HSU, and EK. LIN (4 & &)

Abstract

A simple, parameter frec model for nuclear E2 transition from 2} to gf states for

even-even nuclei has been proposed. Transition rates based on this model have been
deduced and calculated. The lifetimes of the 21+ states for 2114 nuclei have been

caluulated and compared with experimental results, The ratios of these two values fall
in to a region from 0.2 to 1.67 for most nuclei, The deformation parameters for 49
vibrational nuclei have also been calculated. These values are found to consist with the
experimental values to within 509.

1. INTRODUCTION

The electromagnetic transitions in nuclei have long become a powerful
tool for the nuclear structure investigation. Numerous experimental results
and theoretical calculations have been reported on this field. These results
and calculations had been summaried and discussed in the review articles, such
as that by Yoshida and Zamick¢”. The results of each calculation depend on
the nuclear structure model. Due to the lack of a unified nuclear model, there
is no general nuclear electromagnetic transition expression that applies to most
of the nuclei. However, despite of this difficulty, many attempts have been
made on this subject. The single particle model of Weisskopf® is so far the
most systematic one that predicts the nuclear electromagnetic multipole transi-
tions some one or two order of magnitude deviated from the experimental
results for the low nonvanishing multipole transitions. Approximations that. in
terms of collective variables are also widely investigated®. However, the
results of these calculations are mostly determined by parameters such as the
deformation parameters. Refined shell model calculations for specific nucleus
are also intensively investigated®,

Recently, Hsu et. al.®® suggested that pure vibrational nuclear states were
due to the vibration of the nuclear center-of mass. These authors also pro-
posed a size parameter of 1=Muw,|(2h)=0.083A"" fm~* from an averaging
point of view. The: validity of that proposition need to be checked. In this
report, we want to present a simple, parameter free approximation for the
2 — 0 nuclear electromagnetic transitions for even-even nuclei.

+ ﬁﬁ%%ﬂﬁfﬁ%@iZ%%ﬁ%ﬂﬁﬁ@ (Rt » 69427 H281)
* Department of Physics, Tsing Hua University, Hsinchu, Taiwan, R.Q.C.
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2. THE MODEL

Since the 2; state energies of the most even-even nuclei are far below the
single particle separation energy and the wavelengths of the 27 — 0f transitions
are much larger than that of the nuclear dimensions. We assume that, in the
case of 2 — 0f transitions, the nuclear Hamiltonian of the even-even nuclel
can be approximated by the combination of a spin zero point charge and a
simple harmonic oscillator with interaction V(r) = —V,+',Me,’r*, where
M=Am is the nuclear mass and w, is the characteristic angular freguency of
the oscillator. The term —V, isa negative potential that is designed to ensure
that the nucleus is bounded. According to this approximation, the electric
quadrupole operator is

“ A . VR
Q.zﬁjg fer? Yo * (65, 8)) + 1 8 #o (_%:)—) Q+ D7y xry(r*Ye,*);
Z
~33 Tex Yok (9 69 1=Zer'Yo* (6, 6) €y

The nuclear E2 transition, 2 — 0, is then corresponding to the transition
of this sytem from two oscillator quanta state (n=2), to the ground state
(n=0). By using the well known oscillator wave function

Infm> =R, (1} Y . (6, ¢) )
the 27 — 0f transition rate become
_ 8@+1) 1 /o) (Zer®Y, *
Ti= sr0om r DT b Bo )’ 1<000 | (Zer'Yo) | 22m> 12 (3)

for specific magnetic quantum numbers m and p. The orbital quantum number
of the 2 state is assigned to consistent with the angular momentum of that
nuclear state. By carrying out expression (3) and averaging over the initial
substates and summing over the final substates, one obtains the transition rate
cZ? € ( ho )5

L& & (2P L/ at

8 fc \he) /® S
where a=Mauw,/(2h). The characteristic angular frequency w, can be deter-
mined by considering that the energy of the emitted gamma ray is he =
E(n=2)—-E(n=0) = 2hw,. That is w, = w/2. Inserting these relations and
the universal constants in expression (4), the transition -rate can be denoted
by

T =00 =

T(2 -+ 07) = 2.5199 x 10** Z* (hw)®/A® sec™ (5)

with he measured in MeV. The potential —V, plays no role in the transition
rate calculations. It is worth noticing that equation (5) contains no free
parameter.

. .
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3. RESULTS AND DISCUSSIONS

‘The 27 — 0/ transition rates of the even-even nucléi have been calculated
based -on equation (5) in the range of A—12 to A=206. A total of 214
nuclei, stable and unstable, has been investiged. The lifetimes of the 2; states
are, after the correction due to the internal conversion, also made. The con-
version coefficients are taken from the compilation listed in the book edited
by K. Siegbahn®. For all of these nuclei, that the lifetime of the 2* states
are experimentally avialable®®™®, the ratios of the calculated and experimental
lifetimes, zcal/rexp, are listed in the fourth column of Table |. These ratios
are also plotted in Fig. | against the mass number A, It is found that the
ratios are fallen in between 0.15 and 6. That is we obtained the correct order
for the 2* — 0* transition rates. Moreover, 204 of these ratios, i.e. 95.3% of
the investigated nuclei, have the values from 0.2 to 1.67. Besides, the average
of these 214 wvalues is found to be 0.851, quite close to the expected value 1.
Especially, the average value of the range #Ru to %iHg is 0.992, lest than I %
deviated from the expected result. We thus believe that this approximation is
reasonable although correction for specific nucleus is needed.

One may argue that this approximation is by no means a simple single
particle model. However, there are several essential differences between these
two approximations. Firstly, the present approximation is a parameter free
one while the single particle model depends on the radius parameter. Secondly,
the proposed approximation suggests that there is no change in the nuclear
internal - structure during the transition 2} — 0; while the single particle orbit
do changed in the single particle model. In order to investigate this approx-
imation further, we consider the mean square deformations of the ground state
Bo* of the vibrational nuclei which related to the change of the mean square
radius in various excited states bycs)

S<ri>y = ﬁz— [ — <> ]

(6)
2 s 3
=y NA RS

where N is the number of phonon of the excited state. Similar change of the
mean square rad1us can be found in the pressent approximation. It has the
form

h _ 4 1
Z Mao, Amc*he Z
By combining exprssions (6) and (7) for the vibrational nuclei and considering
the 27 state (N=1) with R, = 1.2 A'*fm, one obtains

" Bo* = 1.216 x 10°/(A**Zhw) (8)

a<ri> = , for n=2 (7)

—_3 —
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Element

lﬁc

I;G

16,

)

lgo

iiNe

#iNe

fiNe

#iNe

$iMg

Mg
#Mg

1iMg

#si

AT

A
#wCa
iiCa
1iCa
#Ca

Ca

4.43
7.012
6.916
1.98
1.8873
1.63
1.2746
1.9308
1.2463
1.36853
1.81
1.4734
1.7959
1.780
2.23

" 1.9414

2.2106
2.2303
21273
3.291
2.0909
1.97
2.168
1.461
1.2082
3.9045
1.525
1.157
1.347
3.832

Ex(2}) (MeV)

TABLE 1
T} — 0;) {10'sec™") | rcal/rexpt

|
| 53.66 0.466
159.6 0.485
208.4 0.792
" 386 0.193
5.228 0.288
2.728 0.459
| 1.078 0.321
| 3.400 0.291
| 1.451 0.320
1.615 | 0.478
3.183 | 0.544
*1.480 0.397
4232 ' 0.169
3.553 0.557
6.086 0.456
| 3.529 0.456
7.143 0.697
" 6.989 0.901
| 5.372 } 0.465
3 17.74 | 0.513
6.456 ' 0.674
4816 0.514
w 5.762 0.301
L 1591 0.390
: 0.8163 0.314
37.50 i 0.544
| 2.027 0.544
0.8064 0.295
1.164 0.153
| 24.62 0.704
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Element i Ex(2}) (MeV) T2+ — 04) (10‘3scc")§; real /rexpt
_— e

#Ti 1.555 2.600 0.663
4Ti 1.083 : 0.8002 0.278
§Ti 0.8894 0.4055 0.425
9T} 0.9833 0.5033 0.459
0Tj 1.55 1817 0.545
2T | 1.047 05177 | 0.449
aCr 0.7524 | 0.2683 | 0.287
2Cr 0.79 5 0.2863 0.391
§iCr 14336 1.582 0.684
1Cr 0.8353 0.2901 0.292
${Fe 1.409 1.634 0.425
stFe 0.8469 0.3300 0.350
i#Fe 0.8105 . 0.2696 0.956
T 2.701 1241 1.12

5Ni 145 1.790 1.02

Ni 1.3326 1.299 116

8Ni 1.172 0.8274 0.598
1N 1.34 1.161 0.853
$iZn 0.992 0.5405 0.754
$iZn 1.039 0.5840 0.742
" 1.078 | 0.6144 0.705
1Zn 0.884 0.3197 : 0.677
11Ge 1.040 0.5924 0.900
1iGe 0.835 0.2898 0.797
Ge 0.59 0.09976 0.579
Qe 0.567 : 0.08537 0.451
1iSe 0.862 0.3599 . 0.550
11Se 0.635 0.1362 | 0.848
1iSe 0.5593 0.08824 0.734
71Se 0.6142 o 0.1109 0727
1Se 0.6662 0.1346 | 0.644

— 5 —
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Element Ex(2f) (MeV) ‘ TQF— 0+ (10'%zec™) 3 rcal/rexpt
2Ge 0.6554 | 0.1220 0.619
MKy 0.424 ) | 0.04310 0.435
UKr 0.455 | 0.05056 0.548
#Kr 0.618 0.1204 - 0.851
uKr 0.7769 | 0.2277 0.610
1Ky ! 0.88 i 0.3154 | 0.666
308y | 0.3854 : 0.02606 0.665
uSr 0.795 0.2591 1.03
Sy 1.078 ! 0.6163 . 1.13
1Sr 18362 2.909 1.49
15y 2.18 5.157 1.45
27r 0.934 0.3881 0.357
UZr C0.92 0.3553 0.390
¥ 7r 1.59 1.759 1.31
197r 0.2125 0.003869 0.257
1027y 0.1519 0.001358 0.237
Mo 1.54 1.918 0.903
“Mo - 0.871 0.3324 1.04

Mo 0.778 0.2271 0.898
Mo 0.7868 ; 0.2254 0.932
129Mo 0.5355 | 0.06826 0.923
%Mo 0.2960 ! 0.01108 0.586
1Mo 0.192 : 0.002609 0.270. -
1Mo 0.1717 0.002003 0.297
%Ry 0.84 | 03138 | 0.818.
#Ru 0.66 0.1460 | 0.949
MRy 0.5396 , 0.07660 | 0.822
192R Y 0.4748 ' 0.05020 ; 0.863
1%Ru | 0.3577 0.02640 | 0.646
teRu 0.2424 - 0.005957 0.342
Ry 0.24067 0.005620 0.388
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‘ T — 0F) (10'sec™)

Ex(1}) (MeV)

Element l; . j rcal/rexpt
IRy | 0.2368 | 0.005160 | 0.420
t3:pd ‘ 0.5555 008451 0.820
105pg : 0.5118 i 0.06362 0.908
spd 0.4338 0.03732 0.473
3P ! 0.3738 0.02302 | 0.753
11pg 0.3489 0.01800 | 0.385
11pg 0.333 0.01515 0.229
16pg 0.341 0.01571 0.401
s | 0.63 0.1292 0.894
mCd ' 0133 0.1264 1.10
eca 0.6576 ' 0.1364 1.10
04 0.6174 » 0.1089 1.06
110d 0.5581 0.07766 0.992
1scd 05131 - 0.05828 0.991
12y 1.257 0.9975 1.99
gy 1.299 1.063 2.18
1Sn 1.2933 1.013 1.71
WS 1230 0.8419 165
12850 1171 0.7025 1.57
15y 1.14 0.6271 148
12Sn 1.131 0.5927 | 1.27
10T | 0.562 008399 l 0.825
#1Te | 0.564 | 0.08213 1.06
24Te 0.603 0.09716 115
125Te ‘ 0.667 0.1274 1.21
123 e i 0.743 0.1706 1.27
T 0.84 0.2390 | 1.26
0 0.3218 | 0.01700 0.453
1123, 0.332 0.01810 0.619
120Xe 0.3543 0.02125 0.582
129Xe | 0.386 0.02662 0.651
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Element Ex(1r) (MeV)
128X e 0.443
Xe i 0.338
12Xe l 0.6678
1¢Ba ‘ 0.256
1268, 0.283
129Ba 0.356
122Ba 0.464
124Ba 0.6046
11Ba 0.818
1938, 5 1.4359
'iBa 0.3595
1{iBa 0.1993
Ba 0.181
iCe 0.325
13iCe 0.4092
He 1.496
HiCe 0.6412
1$iCe 0.2586
15Ce 0.098
HNd 1.57
HiNd 0.695
HiNd 0.453
15aNd 0.300
1INd 0.132
1BiNd 0.0759
'*iNd 0.0728
'4Sm i 1.6601
'$8m : 0.550
& | 0.334
132Sm 0.12178
1518m 0.081%99

l T2; — 04 (10%sec™)

rcal/rexpt
0.03899 | 0.741
0.06771 i 1.46
0.1256 | 113
0.008350 | 0.476
0.01090 0.678
0.02110 0.821
0.04530 ! 0.900
0.09726 | 137
0.2338 1.56
1.229 2.56
0.01820 0.566
0.003017 0.341
0.002198 0.364
0.01670 0.880
0.03235 0.932
1.758 2.53
0.1108 1.10
0.006877 0.388
0.0003546 0.582
1741 5.63
0.1469 139
0.03970 0.876
0.01118 0.756
0.0009270 0.449
0.0001717 <1.32
0.0001476 0.881
2.137 3.60
0.07600 1.25
0.01600 | 0.890
0.0007570 0.564
0.0002250 0.808
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Element Ex(2}) (MeV) ! T2 — 0 (IO”scc‘l)i rcal/rexpt
4Gd | 0.34424 i 0.01822 | 131
154Gd ! 0.12307 | 0.0008110 | 0.630
1Gd I 0.088967 | 0.0002987 0.776
$Gd 0.07951 0.0002078 0.988
Gd 0.0753 00001720 | 1.05
58Dy ! 0.1378 0.001180 0.795
Dy 0.099 0.0004266 } 1.24
Dy | 0.08679 | " 0.0002803 0.865
%Dy 0.0807 0.0002198 0.958
%Dy 0.073392 i 0.0001613 1.12
$Er | ' 0.3446 0.01959 1.07
"%Er 5 0.1921 0.003309 0.740
"MEr 0.1257 i 0.0009040 0.952
e, 0.1020 0.0004712 0.901
"4Er . 0.0915 7 0.0003320 1.01
"8Er 0.08056 | 0.0002210 1.12
18, 0.0798 0.0002098 1.14
105 0.0793 0.0002011 1.20
182y, 0.1663 0.002160 0.735
184y 0.1233 0.008398 0.782
. 0.1022 0.0004783 0.950
188y, 0.08773 : 0.0002954 1.10
. 0.084267 0.0002556 1.17
1y 0.0787 0.0002034 1.30
iYh 0.0765 0.0001826 1.28
18y 0.0821 0.0002206 1.05
g0 0.1587 | 0.001895 0.665

R ‘ 0.1239 | 0.0008803 0.743
Vo E ' 0.1008 | 0.0004629 | 0.959
HIHE 0.0945 ! 0.0003726 | 0.905
MAHE i 0.0909 . 0.0003241 ! 0.956
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}
T(2 — 04) (10%sec) |

Element Ex(2}) (MeV) | tcal/rexpt
|
sHg 0.08836 00002909 1.19
eHE 0.0932 00003338 | 1.01
Tl 0.09333 0.0003278 1.03
W 0.103 0.0004653 0.965
v 0.1001 0.0004085 0.951
W 0.112 0.0005604 0.772
oW 0.1226 0.0007350 0.785
20 0.1271 0.0009022 ‘ 0.804
1105 0.120 0.0007429 0.654
13505 012716 0.001086 0.662
504 0.155 0.00153 | 0.579
190 0.1867 0.002624 | 1.03
105 0.20579 0.003441 0.907
Pt 0.163 0.0019%1 | 0.901
5Pt 0.1915 0.003112 0.808
8Py 0.2656 0.008127 122
#py 0.2957 0.01098 1.26
1py 031649 0.01318 1.31
194py 0.3285 0.01444 1.07
ey 0.3557 0.0179 .10
- 0.408 | 0.0256 1.09
g 0.427 0.03336 0.670
kg 0.4261 | 0.03248 | 1.52
g 0.4118 0.02873 | .10
- 0.36797 0.02009 ; 0.822
g 0.439 0.03344 | 0.829
3Hg 043 0.03081 0.625
1Pb 0.8993 0.2960 0.731
28pp, 0.8033 0.2070 0.419

— 10 —
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with hw measured in MeV. The absolute values of 8, for 49 vibrational
nuclei are calculated based on equation (8) and are shown in the fourth column
of Table 2 together with the experimental valuest® '° ' which are shown in
the third column. The calculated and experimental §, are quite nicely cons-
istent with each other. The largest incomsistency comes from 3Pt and 3Hg
with |8,"!— 8,™F| /8y =0.51.

From these results, we believe that the present approximation, although in
its simple structure, is a resonable approach to the nuclear 2; — 0 transition.

TABLE 2
i ' 1

Element ‘a Ej (MeV) | g, °xpt : B, 31
5F 1.41 | 0.18 E 0.207
54Fe 0.835 . 0.23 ! 0.260
#iFe 0.805 0.27 | 0.259
$$Zn 0.990 | 0.250 0.200
H 1.039 0.227 0.190
$$Zn 1.078 0.205 0.182
#Zn 0.687 0.229 0.196
1iSe 0.635 _ 0.337 0.208
1iSe 0.559 0.326 0.217
1i8¢ 0.614 0.287 0,202
8 Se 0.666 0.240 0.190
¥ Ru 0.833 0.159 0.128
%Ru 0.654 0.215 0.142
HiRu 0.540 . 0232 0.154
9IRu 0.473 | 0.264 0.162
1Ry 0.358 | 0.288 0.183
Pd 0,555 0,212 0.144
9P | 0.512 | 0.224 0.147
191Pd | 0.434 ; 0.243 0.158
1j0Pd | 0.374 0.251 0.167
25Cd i 0.633 | 0.186 0.130
1050 : 0.633 | 0.195 | 0.128

|
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Element 1 E; (MeV) : B, °XPt . By L
180d ‘ 0.658 0.183 0.123
1:Cd : 0.617 0.186 0.126
iCd | 0.558 | 0.193 0.130
H15Cd L 0.513 0.201 0.134
29T | 0.560 0.170 0.120
13 Te ‘ 0.564 0.183 0.118
124Te | 0.603 | 0.174 0.112
T 0.667 0.163 0.105
2Te 0.743 | 0.142 0.098
B Te 0.840 0.127 | 2.091
HINg 1570 | 0.104 0.058
HiNd 0.695 - 0.111 0.086
NG ‘ 0.455 0.161 - 0.105
1INd 0.300 é 0.197 ; 0.128
1820 f 0.155 0.193 0.129
13805 0.186 0.185 0.117
Wiy 0.316 | 0.179 0.088
"TiPt ‘ 0.328 0.156 0.085
195py 0.356 0.125 0.081
1Pt | 0.405 0.134 0.076
1$Hg 0.426 0.129 0.073
130 Hg 0.412 0.109 0.074
2wy 0.368 : 0.098 0.078
T T 0.440 0.086 0071
WiHg 1 0.430 i_ 0.047 0.071
204PD 0.899 0.048 0.048
26py 0.803 0.037 0.051
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Abstract

The method of exact angular momentum projection is reviewed. Experimental
excited bands in 1$3Yb,o are studied using the method of exact angular momentum and
particle number projection for excited rotational states. The results are compared to a
description of an angular momentum non-conserving cranking approach.

Angular momentum projection for a Hartree-Bogoliubov ground state wave
function has been formulated many years ago (see for instance ref. (1). Here
we shall only summarize the relevant formalism. The ground state Hartree-
Bogoliubov wave function can be written in the canonical representation

|¢> =T (ue+v b bg)[0>=(T u)expl+ 2 fu b br][0>, (1
: k>0 | % 31} 1.k
where the f, ’s can be expressed in matrix representation by the matrices U
and V as:
fik= (V * U-I)ik . (2)

The relevant quantities in the calculation as functions of the rotation angle
are:

0(Q) = [det X(Q) 1%, X(Q)=UT-R(Q)-U+VT.R(Q)-V,
K(Q)=[R(Q)-V-X'.UT], o(Q)=R(Q).-U.X"1.VT,
p(Q) =R(Q)-V.X"1. VT,

>[40 DE(@) GIHR@|$> T [ d2 Dic(@n(@R@)
> [d DL(@) GIR@)1¢) 3 [ d@ D (Dn(@)

The quantities above are defined in ref. (1), except that we write them in the
canonical representation for convenience. In deriving this formalism, the fol-
lowing mathematical artifice was used:

EJ=‘

(3

+ Work partially supported by the National Science Council of the Republic of China.
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n2(Q)=(det UT) (det U)det [1+ (V-U1)T.R(Q)- (V.U H.R(Q)T],
=det [UT.R(Q)- U+ VT.R(Q)V]=det X(Q). (4
Concerning the excited states, we shall describe here briefly the method of Lin
and Faessler® for the readers’ convenience. Let us denote a set of Nilsson
single-particle states by (a, 8,...). Among them, we use (g, v,...) for the

excited single-particle states, and (i, j, k,...) for those in the pairing phase.
A two-quasiparticle excited state can be written as

9> =bi bi | 4> =lim (b7 b) T (u+vibi bi) 0> =limy(e)>. (9

Before taking the limit ¢ — 0, we can write

| (> = (T uo)exp [%azﬂ‘, Fag (£Dbs bz 10> (6)
The matrix F,z(¢) can be written as
Fap(e)={V - U(e) 7" Jap» ' .
with Vi=1, V= -1, Up=Uz=1, Up=Usi=¢,
U,,=V,.,=0 otherwise, (8)

U, and V,, are exactly those defined in ref.” (1)
Now, it is important to note that:

(i) The inverse of U(e) does exist, and
det [V (&) -U()T] = det [U()-U() T det [U-UTly=s* T U, (9)
>

n?(Q, ¢) =det [U()T-R(Q) - U(e) + VT.R(Q) - V]=det[X,s(Q,e)]. (10)
(ii) The limit of X(Q, ¢) also exists when ¢ goes to zero.
Therefore we have

lim n%(Q, ¢)=lim det [X(Q, ¢)]= det [X(Q, e=0)]. (1D

20 ]
The energy E; then becomes
s [de D (@n(Q, ORQ,e) X f dQ Dis. (Q)n(Q, s = 0)R(Q, = 0)
E,=lim & i ~ i, - |
= n j dQ Din (Q)n(Q, <) > f dQ Dir.(Q)n(Q, s—0)

(12)
Finally, the whole calculation reduces to the calculation of the overlap func-
tions at e=0, which practically amounts to what we have to do for the ground
state calculation with a slight modification.

There is another kind of two-quasiparticle states similar to that of eq. (5),
that is |y»> =Dby by | 45 > . The formalism for such states can be worked
out in a straightforward manner in analogy to the arguments above.

The matrix Xap(Q, e=0) can be written in the form
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- [Xik le
® X, X,

The explicit form of the matrix elements can be obtained directly from egs.
(3) and (8). Let us write the inverse of X,, in the form

X (13)

Zy ZivJ

B Za= (" (1)

133 [N

It is straightforward to show by simply matrix algebra that
2y =Xu'+ (X X2 (X X))
Ziv=’ - (Xi_.il Xjﬂ-)zp.v ’ Zuk = Zm(xw kai) s (15)
Z= [ Xy — X (X5 X) 1,
and

n*(Q, e=0)= det [X,3(Q, e=0)]=det (X;,) dét (X=X (Xt X))l (16)

Recently, the spectra of '**Yb with three negative-parity and two positive-
parity bands'have been obtained experimentally by Riedinger et al.®> Based
on the study of single particle motion in rotating potentials, Mottelson® has
discussed the most striking and fundamental features revealed by this data. A
much more detailed discussion of these spectra is also given by Riedinger et
al.®®. With this rather simple model, the authors are able to explain the main
features of the observed bands and their crossings. There is no doubt that the
analysis of ref. (3) and ref. (4) is highly valuable, but it is also desirable to
have a more quantitative description based on an angular momentum conserv-
ing theory. Recently, the authors® have developed a method to project a
Hartree-Fock-Bogoliubov wave function and 2,4, 6, ... quasi particle states
before variation of the pairing and shape degrees of freedom onto good angular
momentum and particie number. In this letter we shall report on application
of this method to the new data in '**Yb. The calculations are performed in
the way described in ref. (5), therefore we shall not repeat the details of the
treatment here. We include all the 2 qp states which lie close to the Fermi
surface. These include also those 2 qp configurations which are discussed in
refs, (3) and, (4). Altogether, the single particle states we choose for our cal-
culation are: (iyge, 172)s (lisge, a2)s (Muygz, 112y (hega, 02)s (Frz, r2)s (Frga, 12)
(where we indicated, only the major component for the Nilsson wave function).
From these single particle levels, we form all the possible combinations to
construct two quasi particle excited states (including also K=0 pairs as des-
cribed in ref, (5)). For each of these states we perform angular momentum
and particle number projection. The equation &(+r;|H|4)=0 is then solved
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by varying pairing gap parameters Ay, Ap and the deformation 8 for each J.
Two strinking facts are found from all the two quasi particle excited bands
we have calculated. First, there are only a few bands which can be compared
with the data, all the others are either too high in energy or have too narrow
spacings companet to the observed values, the ground state band has the min-
imum energy at the deformation around 8=0.28, and for the excited bands at
8=0.31. These values for the deformation vary slightly from band to band,
from one J to the other, they change a little also when we change the values
of the pairing force constants Gy and the quadrupole force strength. How-
ever, all thses small variations never become large enough to change the results
by some significant magnitudes. Therefore, in order to save computer time,
in our final calculations we simply fix §=0.28 for all J-states in the ground
state band, and §=0.31 for all J-states in all the excited bands. Throughout
the calculations the pairing strength constant for neutrons is taken as Gy=24/
A MeV, and for the quadrupole strength constants Xy=Xp=Xy,=78/A"*
MeV.

For positive parity excited bands, we have calculated the (ijyg.s2, K=0)
' two quasi particle excited band, and the (ijss.52, K=0) two particle excited
band. The excited band with (igs.12, K=0) is too high in energy, For the
negative parity excited bands there are only four bands among all the possible
combinations formed from the single particle states which are in the same
energy range as the experiments. They are:

Theor. 1: (a2, 372) X (hiyge, 11y2) K=7"
Theor, 2: (1g2, 32) % (Frpe, 52) K=3"
Theor. 3: (iiss2, s2) X (fre, 52) K=0"
Theor. 41 (Lig, 372) % (higs, 1172) K=4-

In the following, we shall report and discuss the results of our calculations
in three parts: I. Negative parity odd-]J, II. Negative parity even-], IIL. positive
parity bands. This last part includes the ground and the S band.

I. NEGATIVE PARITY ODD-J STATES

The theoretically calculated excited bands together with two experimental
bands, exp. 2 and exp. 3¢ *, are shown in Fig. 1. It can be seen clearly that
the first three theoretical bands are very close in energy for each J, but Theor.
4 is distinctively higher in energy about 150 to 250 keV than all the other
three for every J. Also, Theor. 4 agrees excellently well with exp. 3 when J
> 11~. Therefore, we wish to suggest that the experimental band 3 in ref. (3)
could® be indentified with Theor. 4 in our calculation. For lower spin states
(J=9" and 7-), Theor. 4 does agree not so well with exp. 3. This could be
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due to mixing with other bands. So far as exp. 2 is concerned, the first three
theoretical bands are all very close to it. But Theor. 3 is the closest one.
We may suggest that exp. 2 should contain Theor. 3 as the main component
plus the mixing of Theor. 1 and Theor. 2. (It is interesting to see that if we
arbitrarily mix Theor. 1, Theor. 2 and Theor. 3 with the amplitude ratios 1 :
2:2 (see Th. 5 in Fig. 1), it agrees very well with exp. 2 for J > 13", At
lower spin states, as already discussed above, it should also contain some mix-
ing from Theor. (4) Thus, we have come to the conclusion that, from our cal-
culation exp. 3 should be mainly a pure two quasi particle excited band, and
exp. 2 should be a more collective band superposed by Theor. 1, Theor. 2 and
Theor. 3. To identify exp. 2 as mainly the Theor. 3 is in agreement with ref.
(3) and ref. (4) suggesting that the lower spin states of exp. 3 should also con-
tain Theor. 2 and Theor 3 is also to some extent consistent with ref. (3) and
ref. 4). A further improved theory should therefore, in addition to angular
momentum and particle number conservation (included in our approach), con-
tain also the possibility of band mixing. This kind of work is presently in
progress.

II. 'NEGATIVE PARITY EVEN-J STATES

The negative parity even-] states of our four theoretical bands together
with the experimental band 1 of ref. (3) are shown in Fig. 2. In the figure it
shows that all the first three theoretical bands, Theor. 1, Theor. 2. and Theor.
3, are quite good in comparison to the observed exp. 1. Theor. 4 is a little
farther away. Theor. 3 agrees with the experiments the best among all four
_ theoretical bands for J = 10~. Besides it agrees with the observed backbending
at J=20" to 227. It is reasonable to suggest that exp. 1 should be identified
as having Theor. 3 to be the major component as already discussed for the
negative parity odd spin states. This is again consistent with the suggestion
by ref. (3) and ref. (4). However, it should also contain some finite amount
of mixture from other bands, especially from Theor. 4. For J=6~ and 8-, Fig. 2
shows that exp. | should contain mainly Th. 4. In contrast to exp. 3 Theor.
4, the situation here for exp. 1 is similar to exp. 2 that it should be more a
mixed than just a pure two quasi particle excited band.

III. POSITIVE PARITY STATES

The calculation for the ground state band is performed exactly the same
way as described in ref. (6) except one little technical detail. In ref. (6) a
small correction for the moment of inertia for the core is introduced to fit the
first 2* energy. This is as a result practically the same as decreasing Gy A
or Gy A by approximately one MeV. This reduction of the pairing force
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strength was used in this calculation. But we have less degrees of freedom
than it may seem at the first moment. After the pairing force strength Ge
and the quadrupole force constant x are fixed, we can calculate all the excited
bands parameter free.

The calculated ground state band and the positive parity excited band
together with the experiments of ref. (3) are shown in Fig. 3. As one sees in
this figure, we find the worst agreement of our calculations for the ground
state band. This is due to the fact that ¥Yb,, is a poor rotor in ground state
band and cannot be fully described without including vibrations. The cal-
culated excited band in Fig. 3 is a superposition, with equal amplitudes, of the
(isssz, 23722 k=0) two quasi particle excited band and the (ijs, w5z, k=0) two
particle excited band. As it is straightforward to show that a k=0 two par-
ticle excited band is a superposition of a k=0 two quasi particle excited band
and the ground state band, therefore our calculated excited band is also a
mixture of the ground state band and the k=0 two quasi particle excited
band. The results of this band seem to agree with the experiments reasonably
well. This is again in principle consistent with the suggestion of ref. (3) and
ref. (4).

From all the discussions above, we are led to draw the following con-
clusions. The analysis based on the study of single particle motion in rotating
potentials is qualitatively consistent in most parts with the calculation with
exact angular momentum and particle number projection. The former can be
used as a first guide to study the excited rotational bands. However, for more
detailed quantitative invertigation, especially in the backbending region, an
angular momentum and particle number conserving theory is superior.
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Abstract

The solar cells produced by the Comsat Corporationt's ¥ were serrated surface solar
cells, and the announced efficiency was 15%. The serrated surface sollar cells may be
viewed as a combination of the horizontal-and the vertical-solar cells. The multi-layer
vertical planar-junction solar cells produced by the Solarex Corporation® may have over
139% AMO efficiency. Recently, it was found in this laboratory that the absorption of
light by a vertical planar-junction solar cell is “polarization direction of light” selective,
i.e., the vertical solar cetl prefers the absorption of light with its E-wave vector parallel
to the built-in Ege-vector of the vertical solar cell. The light absorption becomes almost
zero when the F-wave vector is perpendicular to the Eg.-vector, When the Vg vs.

—

~(Eny, Eg;) was measured, it was found that the ratio of the maximum Vg to the
average V. due to angular variation is about 1.5. The square of the above ratio, which
is also the solar energy conversion recovery factor, is about 2.25. Thus, if the solar
energy is fully recovered, the cfficieney of the vertical solar cell should be over 30%.
Circular vertical solar cell of proper size may be able to eliminate the polarization
direction of light selective absorption effect.

1. INTRODUCTION

Vertical solar cell has been considered more efficient than horizontal solar
cell¢t: ». However, the former may be even more efficient if my recent dis-
covery of the “polarization of light direction selective absorption effect” is
taken into account®. As far as the solar energy to electrical energy conver-
sion is concerned, the above effect is 2 bad one because a lot of the solar
energy is simply wasted if the E-wave vector of the incident light is not in
the direction of the built-in electrostatic field E,. vector of the vertically-
oriented planar-junction diode.

2. THEORETICAL IMPROVEMENT OF
VERTICAL-JUNCTION SOLAR CELL

The basic idea of the improvement is to make the E,-vector of the ver-
tical solar cell everywhere parallel to the E,,-vector of an unpolarized incident
light. This is only an idea because it can only be fulfilled if the unit vertical
solar cell of circular cross-section is shrunken to almost zero in diameter, and
the density of the vertical solar cells becomes infinity. It is almost impossible
to make such a densely packed vertical solar ceil at this moment. However,
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the mext. best thing one can do is to reduce the: cross-section. to a tolerable
size of the order of the wave lengths of the incident light. This approxima-
tion is based on the Heisenberg uncertainty principle. Since

' px'x ,:3 h:! o : (1)
and for photon, ' :
hy
P =+ c . (2)
By substituting (2) into (1), the result is
X > ,% or X2 | (3

If 2 is the wave length of the incident light and X is. the approximate
diameter of the circular cross-section of the vertical solar cell, then the solar
cell is within the region of vibration of the light. Since the unit vertical
solar cell and the region of the light oscillation may coincide under the
uncertainty principle, therefore the E-wave vector and the E, vector may be
considered as in the same direction. Since the silicon cell responds to about
0.1 to one micron wave lengths of light, therefore, the diameters of the cir-
cular cross-section of.the vertical solar cells must also be of the order of 0.1
to one micron in order to match the uncertainty principle. |

One unit of the vertical solar cell is shown in Fig. 1. The ohmic contacts
are made as usual. The unit can be repeated as many times as desired to
make a multiplet. Other advantages of the vertical solar cell are kept as
usual and needed not be mentioned.

|
l N ;__ -
At - " - T - .
/1 l,-"'“'"""-..‘[ Fig. 1. Proposed one unit circular-junction vertical
/ r ’ solar cell. As many such unit cells may
/ I S e be piled together as one desires.
|
! N
R it
/

~ Fig."2 shows: 'If both a vertical planar-junction solar cell (a) and a ver-
tical circular-junction solar cell (b,) have the same top area for receiving the
sun- light and have the same depth, if the circumference of the circle in (b))
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is spread out to become a straight line; the length of the line may be L if the
diameter of the circle is L/, (L~2), then without considering the “polariza-
‘tion direction of light selective absorption effect”, the physical properties of
both (a) and (b,) would be about the same. However, if the “polarization
effect” is taken into consideration and if the diameter of the circle is some-
‘what larger than {/z, then for the same top-area and depth of the vertical
solar cell, the unit cell (b,) may be physically superior than (a). (b,) is the
equivalence of (b,) when the diameter of the circle is larger than fL/z, and
the area of the unit cell remains the same as (b,). Detail calculation, based
on the diffusion-continuity equation in both Cartesian coordinates and cylin-
drical coordinates form, may show the relations between (a), (b)), and (b,).

— £
N

J
"7

Fig. 2. (a) Vertical planar-junction solar cell, (b,)
Vertical circular-junction solar cell, the

}_ E 1 design of which can be made in such a
way that the circumference of the circle in

_ID? &‘_ (b)) is longer than ¢ if the diameter of
y, 4 the circle is larger than ¢/m. (b;) The

spread out form of (b)). (a), (b:), and
D Y A' (b,) have the same top area for receiving
> the sun light and have the same depth,

=
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Abstract

The magnetoresistivity of amorphous CugZr., FegBis, FegBiSi; and FeyBi381,G,
alloys was studied for three different orientations of the ribbon plane to the magnetic
field direction. The magnetoresistivity of CugZr,, is negligible at least within our ex-
perimental  error. For ferromagnetic metallic Fe-B-5i-C  glasses, the longitudinal
magnetoresistivity is positive and the transverse one negative. When the magnetic field
is perpendicular to the ribbon plane of Fe,B,;5(,Cy, 2 small resistivity increase is observed
for small fields up to a few hundreds of Oersted, thereafter a hysteresis behavior is
followed. This can be understood qualitatively by the influence of the demagnetizing
effect.

INTRODUCTION .

In recent years interest in the mechanism of conduction of amorphous
metallic alloys to the presence of a magnetic field has been stimulated by the
following two facts: (1) the fast development of metallic glasses in the 1970’
and (2) the recent development of two-current model!' = in ferromagnetic metals
and alloys. The magnetoresistance has recently been observed in a variety of
amorphous metallic alloys such as FegoBy©*™", Fe,sMo,B,, G, Fe, Ni, P, Bs 7,
Feg,NiggCri P1aBe®, PdgSin® and Gdy;Co35¢®?.  In this investigation we reports
measurements of the field dependence of magnetoresistivity on amorphous non-
magnetic alloy CugZr,, and amorphous ferromagnetic alloys FegBao, FegoB,:8i,
and Fe,B,;;81,C,. Our experimental results are briefly described below. This
is just a beginning of our systematic investigations about the field dependence
of the resistivity in metallic glasses.

EXPERIMENTAL CONSIDERATION

One amorphous non-magnetic alloy CugyZr,, and three amorphous magnetic
alloys FegoByg, FegoBisSi, and FegoB,,5i,Cy were prepared by the technique of
solidifying a stream of molten metal against the outside of a rapidly rotating
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copper drum. The samples were .roughly in a form of, ribbon 1-2 mm wide,
20-40 pym thick and 1-2 cm in length. Four copper electrodes were lightly spot
welded to each sample, the two central electrodes being used as potential leads
and the other two as current leads.. The electrical resistivity of these samples
was determined using the conventlonal fourpoint probe technique. A seven
inches laboratory electromagnet (O S. Walker Company) was used to produce
the magnetic fields. The magnetic field was_ applied to the ribbon sample with
three different orientations as shown in Fig. 1. The potentiometer used for this
study is accurate to 0.1 V. The current was maintained constant to about
one part in 10°

} current direction I

B

/;_wibbon plane

HL r:bbon plcmwv

FIG. 1. Schematic reprcsentatlon of the directions betwccn ribbon sample and magnetnc
field etc.. :

RESULTS AND DISCUSSION

Fig. 2 shows the electrical resistivity of CugZ,, at 78 and 300 K as a
function ‘of the magnetic field. We find that the resistivity of CugZr,, is not
_ sensitive to the presence of a magnetic field. The magnetoresistivity of CugyZr,,
is negligible at least within our experimental error. The value of electrical
resistivity at 78 K is a little higher than that at 300 K, this means that the
temperature coefficient of resistivity, @ = (1/p)dp/dT, is small and negative for
CugoZr,, between 78 and 300 K. In general, charge carriers drifting in a material
under the combined action ot transverse electric and magnetic vectors are subject
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FIG. 2. Electrical resistivity of Cu,Zr, as a function of the magnetic field at 78 and 300 K.
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to the Lorentz force which deflects some of them producing the Hall field. If
all the charge carriers are identical and can be described by a spherical Fermi
surface and by a single isotropic relaxation time then the Hall field compensates
the Lorentz force, the current streamlines are invariant with magnetic field, and
in consequence, the magnetoresistivity is zero. If the charge carriers are not of
the same charge type, if their effective masses are different or their relaxation
times are energy dependent then the Lorentz force is not fully compensated by
the Hall field. This produces a current transverse to the electrical and magnetic
vectors and a change in the resistivity of a sample which can be measured along
its longitudinal direction of .current flow. According to our data, we conclude
that the Hall field compensates the Lorentz force in CugeZr,.

The field dependence of the resistivity for FegoBog, FegoB,sSi; and FegoB,,8i,C;
is shown in Fig. 3, 4, and 5, respectively. Here Apj and Apy are the resistivity
changes in magnetic fields parallel and perpendicular to the current direction,
respectively. For the Ap, measurements, the direction of the magnetic field is
parallel to the ribbon plane for the samples of Feg,B;, and Feg,B,sSi; however,
for the sample of FeyB(3Si,Cy, we chose the perpendicular situation between
the magnetic field and the ribbon plane. Generally speaking, the longitudinal
magnetoresistivity is positive and the transverse one negative, which
according to Potter!® means that the resistivity is dominated by scattering of
minority-spin electrons. Both Apy and Ap, tend to saturate with increasing
magnetic field.. For comparison purpose, Fig. 6 shows the normalized longitudinal
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and transverse magnetoresistivity at 300 K as a function of the magnetic field
for ‘all the amorphous férromagnetic samples we used fof ‘this study. Here,
P=p|/3+201/3, and p| and p, are the resistivities in saturating magnetic
fields applied parallel and normal to the current, respectively. As can be seen,
the value of the saturated longitudinal magnetoresistivity Apj/p,,. of the
FegoByo_.—,5i,C, system is decreased with increasing the impurities of silicon and
carbon. On ‘the other hand, the absolute value of the saturated transverse
magnetoresistivity | Ap; /p,,. | of this system is increased by adding the silicon
and carbon impurities. The difference of the magnetoresistivity is small between
FeqoBzq and FeyoB,sSi; (Table 1). The large negative value of Ap, for FegB,;Si,C,
could be qualitatively understood if the negative magnetoresistance®® of glassy
carbon is taken into account. :

TABLE 1. Experimen’ra! values of o . Apy, dp1, Ao and Ap/p,,. Tor FegBag,
R ) FegyB,451, and Fe808135i4C3 in saturating magnetic figlds,

f

] I

[ ]
i Pav. AP ‘ Ap i ap 1
Samples (.u.o:;m) {(up-cm) ! (yn—c'fn) ! (ua-cm) (80/0ay (X107
, .
) 0 |
FeuBo | 14642001 0323002 | —033:002 0.650.04 4494027
FenBSi, | 160.8540.01 0264002 . —043+0.02 0.69+0.04 | 4.2940.25
FeyBusSi,Cr - 16944001 | ~-0.22::0.02 — - ~=0-75+0.02 l © 0972004 | 572023

When the magnetic field is parallel to the current direction, a strong
positive Apj up to fields roughly of hundred Oersted is observed. Ap| is then
gradually saturated after a few hundreds-of Oersted. When the magnetic field
is normal to the current direction; two -directions have to be considered: i.e
H || ribbon plane and H | ribbon plane. This is due to the large ratio width/
thickness of the ribbon samples. For samples of Fe,,B,, and Fe,B,:Si,, we chose
H || ribbon plane and found that Ap; was strong negative up to fields of a few
hundreds of . QOersted and then saturated for higher magnetic fields. For the
FegoB1,51,C; sample, we let H | ribbon plane. The results are that Ap; is
slightly positive at small magnetic fields below a few hundreds of Oersted. It
seems that parts of the domains align first perpendicular to the magnetic field
direction and-parallel to the current, which leads to a resistivity increase. - This
small - resistivity increase at low magnetic- ~fields-we observed- in- FeyoB,;51,C,
sample as qualitatively consistent with that dué€ to Bergmann and Marquardt?
and Kern and Gonser(”. The hysteresis behavior of Ap, roughly between 300
and 3000 Oe can also be qualitatively understood by the influence of the
demagnetizing field.
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Further systematic investigations on a variety of glassy systems are now
in progress in our laboratories and will be reported later. '
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Abstract

* The structural and electrical properties of a scries of Fe-rich Fe-Pd alloys has been
‘studied by means of the clectrical resistivity technique. Special attention is given to
these anomalics du¢ to the magnetic phase transition, the a-v transition and the
mctastable phase which exists in higher Pd concentration Fe-Pd samples.

INTRODUCTION

The fundamental properties of iron and iron-rich alloys have drawn an
increasing interest because of their huge technologlcal importance. . In general,
there exists two different crystal structures in pure metallic iron; the B.C.C.
(a or & phases) and F.C.C. (v phase) structures. Roughly speaking, the a-phase
is stable below 1183 K; v-phase is stable between 1,183 K and 1,663 K; above
1,663 K and up to the melting temperature of iron (~ 1807 K) 6~phase is stable,
The a-phase iron is ferromagnetic below the Curie temperature (T.,), and
is paramagnetic, above T.. The v-phase iron is a quite mysterious metal whose
magnetic properties are not quite clear yet. In iron-rich alloys the changes of
these fundamental properties will depend on the kind and concentration of
foreign atoms dissolved. But any changes due to these foreign atoms should
affect the scattering behavior.of the conduction electrons and thus be observed
in measurements of the electrical resistivity. In a previous publicationt™, we
have reported on a study of the electrical resistivity of FePd alloys with 3.0
and 7.9 at.% Pd in the temperature range of 800-1200 K. The 1nterest1ng
hysteresis anomalous feature of the electrical resistivity near the magnetxc

phase transition has been cxplamcd by the overlapping effect betwéen magnetlc
and a-v transitions. :

In this paper the complete electrical resistivity data of iron-palladium alloys
containing 0.5, 1.0, 3.0, 7.9, 10.0 and 11.9 at.% Pd as a function of the absblute
temperature (T) between 77 and 1250 K are reported. Special attentxbﬂ is
given to-these anomalies due to the magnetic phase transition, the a-v transi-
tion and the metastable phase which exists in hlgher concentration - Pcf alloys!
Our experiméntal results and ‘their significance are présented below.
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EXPERIMENTAL PROCEDURE

Except the sample containing 0.5 at.% Pd, all the Fe-Pd samples used’ for
this study were cut from the same homogenized ingots prepared for the high
temiperature magnetic susceptibility study beforet®, All samples were in the
from of rectangular parallelepiped.. The surfaces of these samples were polished
by using files and sandpapes. Typical sample dimensions were roughly
2.3%2.3%x20 (units is mm?).

‘The electrical resistivity data of these Fe-Pd samples were measured by
means of the standard four-point probe technique. Temperatures between 77 and
300 K were achieved in a cryostat; temperatures between 300 and 1250 K were
achieved in a Marshall furnace. Both cryostat and Marshall furnace can be
either high vacuumed or filled with helium gases. Below 300 K, two Pt resis-
tance thermometers were used to measure the temperature; above 300K, two
chromal-alumel thermocouples were used. These sensors were placed very close
to the end of the two potential leads on the sample. Spotwelded molybdenum
wires with 0.0178 cm diameter were used as potential and current leads. The
electrical resistivity data were recorded at various small temperature intervals
of roughly 0.5 K in the vicinity of the magnetic and the a-v phase transfor-
mations, and large temperature intervals of roughly 10 to 20 K in the re-
mainder of the temperature rauge studied. The DC current was maintained
constant to ‘about one part in 10° and the potential was measured with a pre-
cision of 0.1 microvolts. For each sample dp/dT was obtained from the o(T)
data by point-by-point differentiatiori using a computer. To facilitate the critical
analysis, d®e/dT® the second derivative of o(T), was also computer generated
from the heating run dp/dT data in a similar manner.

RESULTS AND DISCUSSION

~ Fig. 1 shows the residual electrical resistivity measured at 4.2 K before
this study. This plot can be explained according to Nordheim’s rule. The
value of the increase in the electrical resistivity is gradually changed roughly
from 2.3 pQcm/at.% for very dilute Fe-Pd alloys to 0.7 pQcm/at.% for Fe-Pd
alloys containing 12 at.% Pd.

Fig. 2 shows the electrical resistivity data of our Fe-Pd alloys containing
0.5, 1.0, 3.0, 7.9, 10.0 11.9 at.% Pd with increasing and decreasing temperatures
between 77 and 1250 K. At least two different runs were taken for each
sample. The various types of points (open, closed, etc.) shown in Fig. 2 are
associated with different heating and cooling runs. For clarity not all the data
are presented. The dashed curwes in Fig. 2 means no experimental data were
taken in that temperature region. The electrical resistivity data for these Fe-Pd
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samples containing 0.5, 1.0 and 3.0 at.% Pd are consistant between different
runs. However, for temperature roughly below 900 K, the electrical resistivity
of the heating run of those Fe-Pd samples containing 7.9, 100 and 119 at. %
Pd are dramatically different between Run 1 and Run 2. This irreversible
shift phenomenon of the electrical resistivity from higher value in Run 1 to
lower value in Run 2 can be considered (even not quite) similar to the trans-
formation from a metastable phase to stable state in metallic glasses.” It is well
known that, when metalloid dissolved in either iron or palladmm under very
fast quench rate, an amorphous metallic glass is formed.’ Even we have not
found any reports or papers yet to show that FePd system is an amorphous |
alloy. However, it has been shown that two transition metals not containing
a metalloid, for example the Cu-Zr and Nb-Ni systems®, can -also be an
amorphous metallic glass. This is because that binary transition alloys may
produce a complex intermetallic compound in equilibrium. Now let us consider
the FePd system with higher Pd concentration, when samples quenched from
liquid state to solid state, some complex atomically disordered metastable inter-
metallic compound of FePd may be produced. These metastable phases will
easily tend to the atomically ordered stable state if the temperature-is increased.
Our experimental results show that the shift of the electricial resistivity does

5p Febd
— _ "'/O
: e
[ 10_
<
=
Q-
5_
T=42K
0 5 10

Pd(at. %)

FIG. 1. Residual clectrical resistivity of iron-palladium alloys as a -
function of the palladium concentration..
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not happen in the FePd. system with the Pd concentration less than 3 at.%.
This is in good agreement with the constitutional phase diagram of the Fe-Pd

system in Hansen and Anderko™®, Elliott® and Shunk(®. Because the solubility
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5 at.% Pd® or 7'at.% Pd°. This implies that in' Fe-rich Fe-Pd system with highér"
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FIG. 2 (¢) o vs T for Fe-Pd alloys containing 3.0, 7.9, 10.0 and 11.9 at% Pd.

Pd concentration, say 7.9 at.% Pd, palladium can be supersaturated or frozen in
the system to form a metastable phase; and when the temperature is going up,
palladium will gradually get enough energy to diffuse irreversibly to the atomi-
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cally ordered stable state. According to the metallurgical phase diagram of
the Fe-Pd system¢*® in Fe-rich Fe-Pd samples with higher concentration of
Pd, a"number of pure Pd cluster may also be existed in the final stable state.
This means that the value of the electrical resistivity of these alloys will be
decreased when it is transformed from the atomically disordered metastable phase
to the final stable state formed by the atomically ordered intermetallic com-
pound of FePd as well as a few of Pd clusters. |

In Fig. 2 (a) and (b), the dots represent the heating runs; crosses show the
coolmg runs. Besides the hystersis feature near the a-v transition at high
temperatures, the electrical resistivity data are completely matched between
heating and cooling runs. We can clearly observe. the change in the slope . of
the p vs. T curves due to the ferromagnetic-paramagnetic phase transition. The
detailed temperature variation of the electrical resistivity in the neighborhood of
the a-v transition is shown in the insert figures of Fig. 2(a) and (b) for Fe-0.5
at.% Pd and Fe-1.0 at.% Pd, respectively. This two hysteresis features of the
electrical resistivity are roughly extended about 26 K for Fe-0.5 at.%; Pd and 34
K for Fe-1.0 at.% Pd. A drop in p going from » phasc to a phase is about 0.4%
for Fe-0.5 at.% Pd and 0.7% for Fe-1.0 at.% Pd. Similar hysteresis feature of
the electrical resistivity near the a-v transition has also been observed in FeCo
system by Seehra and Silinsky. However, according to Arajs and Colvin®, the
electrical resistivity of high purity (99.99*%) iron, which was zone-refined,
increases by about 2% going from v phase to a phase, and the hystersis featurc
is about 2 K near the a-v transition temperature (~ 1183 K). Therefore, the
behavior of the a-v transition in Fe-based alloy system seems quite different
from ‘that in pure Fe. '

Let us first consider the high temperature electrical resistivity. The elec-
trical resistivity (o) can be expressed in terms of the electrical charge (e), an
effective electron mass (m*), a relaxation time (r) and the density of electron
(n) as '

o = m¥*/né’r o< 1/nr (D

At high temperature, the relaxation time approximation holds good,
because the change in electron energy at a collision is very much small than
KT and collision are effectively elastic, where K; is the Boltzmann constant.
Under this situation, a classical approach can lead to a transition probability
that is proportional to the mean square amplitude of the lattice vibrations
(x?)." Application of the theorem of equipartition of energy to the vibrating
ions of ‘mass (M) and frequency (f) then gives 4z*f*Mx®=KgT. Thereforc
if @ is a characteristic temperature defined by hf=Kgf, we have
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Eq. (3) can . be used for a qualitative comparison of the different behavior of
the electrical resistivity near the a-v transition between pure Fe and Fe-based
alloys. In pure iron system, the phonon spectrum should contain only the
acoustical modes. A drop in p for very pure iron from a phase to v phase as
observed by Arajs and Colvin® indicates an jumped increase in ¢ as well as
f. This means that the frequency of the vibrating Fe ions are increased by a
jump from B.C.C. structure to F.C.C. structure. However, in iron-based alloys,
because there are dlﬂ‘ercnt kinds of atoms in the primitive cell, the phonon
spcctrurn should contain both the acoustical and optlcal modes. Therefore, at
the a-v transition, the effect due to the optxcal modes can be larger than that
due to the acoustical modes; and the result is a jumped drop in ¢ as well as
in f from B.C.C. to F.C.C. iron.  In other words, the electrical resistivity will
show a Jumped drop from » phase to o phase, or a Jumped increase from «
phase to v phase, for Fe- based alloys which contain’ the 1mpur1ty above a
cr1t1ca1 concentratmn '

Thc dlffCl‘CIl.CC in thc electrical resnst1v1ty (Ap) going from B.C.C. to F.G,C,
Fe a.t thc a-~y transition is- a-negative value for pure Fe and is a p051t1ve values
for Fe-based-alloys. This suggests that Ap should be a . funct1on of the 1mpur1—§
ties.added .to the iron-based system. F1g 3 presents Ap/ OTa @S 2 functlon of
the Pd concentration, where or, is the electrical resistivity near T, and T, has.
been defined in a previous publication®®. The solid curve in Fig 3 connects
our experimental results with that due to Arajs and Colvin®. Two facts are
obvious from this plot. "First, the connecting from the positive- values of
Ap/prs for  FePd system to the negative value of Ap/pt, for pure Fe is a
smooth curve and should be quite reasonable. Second, there exists a critical
concentration (X,) that the a-v transition is not observable by the electrical
resistivity measurement. Accordmg to Fig. 3, X should be small than 0.5 at.
% Pd 1n thc Fe-rich Fe-Pd system.

For a. quantxtatwe analysis, the changes of n and M in Eq (3),
previous thermal history of the sample, and the rate and direction of the
temperature changes etc. must also be taken into account, Unfortunately, this
is a very complicated problem and is difficult to analysis. Therefore, more
experimental data are definitely necessary for domg any further quantitative
analysis.
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FIG. 3. Ratio of the difference in electrical resistivity of the FePd system near the a-p
transition as a function of the Pd concentration.
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_In_Fig. 2(c), the circles and triangles presept Run 15 the dots and squares
present Run 2. For the Fe-3.0 at. % Pd sample, the highest temperature of
Run 1 is not high enough to pass the a-v transition, the electrical resistivity
data are completely reproducible. Hawever, temperatures of Run 2 for the
Fe-3.0 at. % Pd sample were going high enough to.pass the a-v transition; so
that the hysteresis featurc of the electrical resistivity near the a-v transition
were observed and as shown in Fig. 2(c). The detailed physical picture about
the overlapping between magnetic and a-v transition in Fe-3.0 at. % Pd and
Fe-7.9 at. % Pd has- been reported in the previous publication”. We have
defined that T, is the temperature below which the v phase Fe is completely
transformed to « phase Fe; and“Tv is the temperature above which a phase
Fe:is completely transformed to v phase Fe. The electrical resistivity decrease
from the v phase to the a phase is roughly 4.5%, 9.0%, 10.0% and 10.5% for
Fe-3.0 at. % Pd, Fe-7.9 at. % Pd, Fe-10.0 at. % Pd and Fe-11.9 at. % Pd,
respectively. For the Fe-7.9 at. % Pd sample, we choose roughly the same
rate of temperature changes (~ 0.5 K/min) between Run 1 and Run 2 in the
neighborhood of the a-v transition. It was observed that the hysteresis feature
due to the a-» transition as completely coincided between two runs. However,
for the Fe-10.0 at.% Pd and Fe-11.9 at.% Pd samples, we let the rate of
temperature changes in the heating runs of Run 1 and Run 2 to ‘be the same,
and choose the cooling rate of Run 1.(~ | K/min) to be approximately twice
that of Run 2 (~ 0.5'K/min). The result is that the heating run part of the
hysteresis feature for both Fe-10.0 at.7; Pd and Fe-11.9 at.% Pd are comple-
tely coincided: - But the cooling run parts of the hysteresis feature between two
runs are not matched as shown in F1g 2(c). This suggests that the value of
T, and T, can be slightly varied by the rate of temperature changes.

Fig. 4 shows the first temperature derivative of the electrical resistivity
data of our Fe-Pd system .with both increasing and decreasing temperatures
between 400 and 1,200 K. The various type of points shown in Fig. 4 are
associated with different heating or cooling runs as indicated in Fig. 4. Again,
for clarity not all the data are presented. The slope changes associated with
the shift of the electrical resistivity of these Fe-Pd samples containing 7.9, 10.0
and “11.9at:%" Pd “are manifested roughty between 700°axd™900"K as shown in
Flg 4 (b), (c) and (d). This has been explained by ‘the transformation from
the metastable phase to the stable state. The Curie temperature (T.) is
determined from these maxima in Fig. 4 with the characteristic of a gentle
rise towards the maximum and a sharp drop just above the maximum. This
is a typxcal dp/dT variation’ near T for many ferromagnetlc alloys T, and
T, are determined from other maximum shown in Fig. 4 with the characteris-
tic of a sharp increase just below the maximum and a sharp decrease just
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FIG. 4. First temperature derivative of the electrical.resistivity of the FePd system as a function
of temperatures between 400 and 1200 K.
(a) dp/dT vs T for Fe-Pd alloys containing 0.5, 1.0 and 3.0 at.% Pd.
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above the maximum. In table I all the T, T, and T, determined from Fig. 4
(a) to (d) are listed. The readings with an asterisk means obtained by the
rate of temperature change roughly twice as that of the non-asterisk.

In the analysis of the experimental results near the ferromagnetic phase
transition, it is convenient to fit the experimental electrical- resistivity data to
the following equations: '

g _ A0 -D4B fr T>T. 4
do _ A" i-_ -
=G 1)+B- for T< T, (3)

where ¢ = |T—-T.|/T; A*, A-, B* and B~ are constants; and 2*, 2~ are the
critical exponents. In the limit 2* — 0 and 1~ — 0, these equations represent
a logarithmic divergence. For pure iron, the presently available values of 2*
and i~ are not consistent yet. As an example, Nagy and Pal® reported that
At 2= 04 + 0.1 for 107 < ¢ < 3.3x107% but according to Kraftmakher et
alt® 1) 2+ = 3~ =~ 0 + 0.1; and using an AC technique, Shacklette*> reported
that 2* = 2~ = —0.120 £ 0.01.

As to the binary iron alloy systems, the value of 2* in Fe-rich FeV
system®, for 3.7x 107 < ¢ < 1.4x 107%, has been determined as a function of
V concentration. However, the value of 2* in Pd-rich Pd-Fe system©% is
quite insensitive to the iron concentration. It is reported that the critical
behavior of Pd-rich Pd-Fe system scales with T.. Basing on the above situa-
tion, it is difficult to propose a model which would clarify the critical behavior
in binary iron alloy systems.

The study of the critical exponents 2* requires very accurate electrical
resistivity measurements, because small deviation will make strongly influence
the determined values of critical exponents. "Even our data are not accuracy
enough to analyze both 2~ and 2*, for comparison purpose, we have done our
best to computer the d’p/dT? values from our heating run data to analyze 1*.
The results are shown in Fig. 5 as log-log plots of —d%*/dT? vs. ¢ for 3.7 x
107 < e << 1.4x 1072  This d®p/dT? computer generate data shown in Fig. 5
show approximately straight lines, The slope of these straight lines should be
equal to- — (2% +1) and gives the value of 2*. We list these values of 2* found
from Fig. 5 in table I. The values of 2* are fluctuated roughly between
+0.3+£0.2 and —0.2+£0.2. This suggests that there seems to be very little
dependence of the critical exponent i* on the Pd concentration in Fe-rich
Fe-Pd system, even 2* is still a function of the Pd concentration. Further
studies about the critical behavior in pure Fe and binary Fe -allt‘)'yjs--‘using more
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accurate experimental techniques such as the Direct Current Comparator me-
thod(!® -etc. are definitely necessary.

TABLE [ T,, T,, T, and 2* of the Fe-Pd alloys

at.9% Pd To(K) Ta(K) Tv (K) ¥+
0.5 1040+ 1 11401 17441 ~0.10.2
1.0 10361 11251 1151 +1 $0.1402
3.0 10281 1042+ 1 11231 +0.34:0.2
79 102241 10121 1085 +1 —0.1+02
10.0 10201 1006+ 1 10811 —0.10.2
991+ |
11.9 10181 10041 107541 —0.2+02

* Obtained with twice the rate of temperature change of the non-asterisk reading.

Acknowledgement: One of us {Y.D.Y.) is grateful to the National Science Council, R.O.C.
for the financial support of this work.
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Abstract

Electrical resistivity (u) of metallic glasses Fe,.B,,, FeyB,Si, and FegBy;51,Cy has
been measured as a function of temperature (T) between 15 and 300 K. The temperature
dependence of the resistivity is linear for 120 <~ T < 300 K and quadratic for 20 =

T <l 100 K. This is explained by an cxtension of the theory of resistivity for liquid
transition metals.

INTRODUCTION

In recent years amorphous ferromagnetic alloys have been a subject of
considerable interest. These metallic glasses are typical examples of relatively
high electrical resistivity metallic systems which can be considered as a category
between crystalline metallic and semiconducting types of conductivity. A number
of mechanisms have been used to explain the behaviors of these systems.
Examples are break-down of the Boltzman equation‘”, electron localization®,
multiple-scattering effects®, the diffraction model‘’, Debye-Waller factor cal-
culation® ® and modified relaxation time technique®™. The temperature
dependence of the resistivity in metallic glasses has been studied in a variety
of: systems, such as Fe,Nig_ . P,Bs, Fe,NiP B, Ni-PU%1  (Fe, Co
or Ni);_, Au, ', Nb-Ni¢" and Fe-B¢' etc.. It is of great interest to see
if these properties are also found in other systems of amorphous materials. The
present paper deals with this subject in the Fe-B-Si-C system. QOur experimental
results are briefly described below. This is just a beginning of our systematic
investigations about the temperature dependence of the resistivity in metallic glasses.

EXPERIMENTAL CONSIDERATION

The glassy metallic alloys used in this study were prepared by the technique
of solidifying a stream of molten metal against the outside of a rapidly rotating

-
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copper drum(®. The resistivities of three Fe-B-Si-C alloys (i.e. FeyoBoy, FegB St
and Fey,B,,81,C,) were measured between 15 znd 300 K using the conventional
four-point probe technique. The samples were roughly in a form of ribbon
-2 mm wide, 20-40 zm thick and 1-2 cm in length. Four copper electrodes
were lightly spot welded to each sample, the two central electrodes being used
as potential leads and the other two as current leads.

Temperatures between 15 and 300 K were achieved in a Displex closed-
cycle refrigeration system (model G3-202, Air Products and Chemicals). The
temperature was controlled by a proportional plus rate cryogenic temperature
controller {(model 3610, Air Products and Chemicals). The short term stability
of this temperature controller is within £0.01 K and long term stability 1is
within +0.1K. Two temperature sensors were placed beneath and above the
sample and the average of the readings was assumed to be the temperature of
the sample. A d.c. current was maintained constant to about one part in 10°
and the voltage was measured with an accuracy to a few nanovolts. A GE
adhesive (No. 7031) or the equivalent was used between the sample and a large
copper base of good conductivity to ensure electrical insulation and good thermal
conduction.

RESULTS AND DISCUSSION
Figure 1 shows the electrical resistivity of the three amorphous samples
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(FegoBay, FeoBpSi; and Fey B Si,C,) between (5 and 360 K. The value of
the electrical resistivity is found to be increased when silicon and/or carbon
atoms are substituted for some boron atoms in the Fey B, system. Unfortunately,
owing to the limitation of our closed cycle refrigeration system, our measurements
do not extend to low enough temperatures to observe the resistivity minimum.
According to Rayne and Levy®, the temperature to occur resistivity minimum
is about !4 K. No electrical resistivity minimum was observed above 15 K in
our three samples, we conclude that electrical resistivity minimum should be
below 15 K for Fey,Bsy, FeeB,;Si, and Fey B,;S1,C, systems, if it is existed.

The normalized electrical resistivity o/pgu, where psg, 1s the value of p at
300 K, as a function of T is shown in Fig. 2. The temperature dependence of
electrical resistivity has a linear T dependence between 120 and 300 K. The
temperature coefficient of electrical resistivity a=p~'(dp/dT) as a function of the
concentration of Si and C is presented in Fig. 3. It can be seen that « is
positive and approximately independent on the concentration of Si and C. The
bars in Fig. 3 represent the experimental error limitation. At temperatures
roughly between 20 and 100 K the electrical resistivity shows an approximately
quadratic temperature dependence, as can be seen from Fig. 4.
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FIG. 3. Temperature coefficient of electrical
resistivity in the linear T region

(20 < T < 300 K)

FIG. 2. Normalized electrical resistivity of FegBa,
FeyoB 651, and Fe, B,,5i,C; as a function of
temperature,
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The T and T® dependence of electrical resistivity we have reported in
Fe-B-8i-C system is in qualitative agreement with predictions of recent theoretical
models based on extensions of the theory of resistivity for liquid metals®- %,
Following the same argument for the Fe-B system®®, and letting Z be the
number of electrons per atom contributing to conduction. The wvalue of Z for the
FesoBoo__,S1,C, system is Ze=0.8 Zy +7Z3(20-x-y) /1004 Z5;(%/100) + Z(y/100).
Since Si and C are poor conductors, at temperatures below room temperature;
and based on the increasing of the electrical resistivity by substituting Si and
C for B in the Fey,B,, system, we conclude that 0 <] Zg, Zo < 1. Finally, it
is concluded that Ze <Z 1 with likely wvalues of Zy <1 and 0 < Z;, Z;; and
Zo<< 1.

In summary, our experimental data further support the conclusion made
from the Fe-B system*#. Further systematic investigations on a variety of glassy
systems are now in progress-in our laboratories and will be’ reported later.
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Abstract
The concept of negative correlation energy is criticized and a process of defect
formation is proposed to explain the fact that no EPR signals are observed in chalcogenide

glasses,

Recently, intensive research has been carried out in amorphous thin film.
Considerable progress in controlling the conductivity of tetrahedrally bonded
amorphous thin film has been made, however, so far it is not yet possible to
.controll the conductivity of chalcogenide amorphous this film. Other differ-
ences of properties between these two types of amorphous thin films are: EPR
- signals are observed in a-Si but not in chalcogenide glass, d.c. conductivity at
low temperature varies according to T'/* for a-Si and a-Ge film but varies
according to e EKT for chalcogenide glasses.

Andersont® has proposed that the effective interaction between a pair of
electrons in the same site can be attractive because of coupling to atomic
motion, -therefore can explain the fact that no EPR signals are observed in
chalcogenide glasses. This attraction is the effective negative correlation energy
resulting from the polaron energy gained by the contraction of a bond more
than compensates for the electron repulsion. - Street and Mott® further apply
. this idea’ to point defects, they also assume that local lattice distortion occurs
when the electron occupation of the dangling bond changes and that it is
‘sufficiently strong for the reaction

2D — D* + D~ (D
to be exothermic. The lattice distortion they proposed is that D* can attract
and distort the neighoring lone pair to form a bond, a large electronic energy
is released thus eq. (1) 1s exothermic, and the states exist an effective electron-
“electron correlation energy. Kastner et al®® and Fritzshe® further propose
the valence alternation pair to account for the states in eq. (1). They find
‘that the lowest energy defect states are C,* and C,, and C,° is unstable
because

2C° — Gyt + Gy~ (2)
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is ‘exothermic with' an- energy gain of negative effective correlation energy.
The reaction .for the first electron lifted from C,~ to conduction band is

Cz—""ca°+e o (3
and for the second electron lifted to the conduction band 18
C— Ca (4)

and they assert that react1on(4) takes less energy than reaction(3), namely, it
takes less energy to excite the second electron than the first electron to the
conduction band, and this is the negative effective correlation energy. With
this kind of negative effective correlation energy, Okamoto and Hamakawa(®,
Adler and Yoffa¢? and Shimizu‘® made some quantitative calculation. .

However, this kind of negative effective correlation is misleading and not
very fruitful, the reasons for objection are:

(1) for the same atom, it always takes more energy to excue the second
electron than the first electron.

(2) If after exciting the first electron, the atom interact with the environ-
ment to raise the energy of the second electron, then it may be possible to
excite the second electron with less energy. But, if the atomis interacting
with the environment to raise the energy of the second electron, it should also
interact with the environment to raise. the energy of the first electron, - there-
fore, there is still no reason for the second electron to be excited to the con-
duction band with less energy than the first electron.

~ For example, eq. (3) and eq. (4) should really be written as o
C——GC'+e - (5)

C,® + energy — C;* - | : - (6)
C'—Ci*+e ' SR ()

Then it can be seen that it takes less energy to excite electron in eq. (4) than
in eq. (5), the reason is that energy has been supplied in eq. (6), since the
energy is supplied by the interacting neighbor, this neighbor should also supply
the energy to G~ in eq. (5) to raise the energy of the first electron, thus it
should take less energy to excit the eletron. Thus the concept of negative
cﬁ‘ectivc correlation energy could not be true.

)] It could be true that D* state and D~ state prevailes in the film,
however, the D~ state is the result of electrons in the system to move from
other high energy places to this low energy defect locations, not the result of
so called negative effective correlation energy at this defect location. Rcahza-
tion of this point is very important to understand the electron process in chal-
cogenide glasses.
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To propose a new mechanism without using negative correlation energy,
we assume that in the chalcogenide glasses, there are defects of dangling bonds.
The formation of these is due to the fact that the atomic configuration is either
to loose or to tight (stress) for the formation of regular bond in amorphous
film. Thus there is a distribution of energy of dangling bonds. Also, due to
irregular configuration, there are interactions bétween two lone pair or between
lone pair and dangling bonds, thus, there are defects such as:

Bonds with large stress — dangling bonds (7
Cy: (lone pair) + G,: (lone pair) — C,* — C,* + 2e (8)
C;: (lone pair) + Ci: (dangling bond) — C;* — G, +e (D

Thus, in the chalcogenide glasses, there are C,° (dangling bonds), C;°, Cg*
and free electrons, These free electrons should move to lowest energy states
available, which are the dangling bonds, thus

010 + e — G}_— (10)
Thus, there are defects such as C,” and C;*. This explains the formation of
defects and the reason for not being able to observe the EPR signals without

using the concept of negative effective correlation energy. The explaination of
other experimental facts will be reported soon.

REFERENCES

(1) Anderson, P. W. Phys. Rev. Lett. 34, 953 (1975).

(2) Street, R. A. and Mott, N. F.,, Phys. Rev. Lett. 35, 1293 (1975).

(3) Kastner, M. Adler, D. and Fritzsche, H., Phys. Rev. Lett. 37, 1504 (1976).

(4) Fritzsche, H., Chinese J. Phys. 15, 74

(5) Okamoto, H. and Hamakawa, Y., Solid State Communications, 24, 23 (1977).
(6) Shimizu, T., Jap. J. Appl. Phys. 17, 463 (1978).

(7) Adler, D. and Yoffa, E. J. Phys. Rev. Lett. 36, 1197 (1976).

- 63 —



A SIMPLE METHOD TO STUDY THE
IONIC. CONDITION OF MUSCLE

WEI KUNG WANG (% ® 1)

Biophysics Laboratory, Institute of Physics, Academia Sinica
Taipei, Taiwan, Rep. of Chnia

Abstract

We have suggested that the isolated muscle cell can net be in a steady inoic state
due to the active transport. A simple method was deviced to study the ionic condition
in muscle.

The denervated muscles as well as the normal muscles extract was separated from
the debris by centrifuging the homogenate. The debris was heated in oven at 80°C to
get the dry weight and the supernatant was diluted appropriately to measure the [Na*]
and [K*] concentrations with the flamephotometer. We could get the total weight of
extar— amd intracellular solutions by substracting the dry weight from the total muscle
weight. We could then calculate the [K+] and [Na*] in muscle {including intracellular
and extraccllular). Therefore, no matter how the extracellular/intracellular ratio varies,
we can express the relation between [Natl and [K*] as following:

En, — I
[Na*] = Iyg = e = M) (k4] ~ I
If we plot [Na+] against [K*], we can get a straight line.

In our result we found that the K+ and Na* in normal muscle were near the line.
However, the K+ and Nat in the denervated muscle were not around the line. It im-
plied that apart from the atrophy as would be seen easily, the ionic condition in the
denervated muscle cell had also change.

INTRODUCTION

To study the ionic condition inside cells is not easy. There are some

development on ion-sensitive microelectrode(?, however, it can only be applied

to those large cells that can be penetrated safely by the microelectrode.

Recently, we have suggested that isolated muscle cell can not be in a

steady ionic state due to the active transport®®, Therefore, a simple method
was developed to study the-ionic condition of muscle. Applying this method

we compare the inoic condition of normal muscle and denervated muscle.

MATERIAL AND METHOD

Siate nerves on one leg of a Sprauge Dawley rat was scissored near the

knee. After about 20 days muscle atrophy could be clearly seen by checking the
paralyzed legs which are smaller in size. The other leg which was not touched

was used as control.
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The denervated muscles as well -as the -normal muscles. were. dissected and
homogenized by glass homogenizer in ten volumn double distilled water. The
muscle extract was separated from the debris by centrifiging the homogenate
at 1200xg for 30 minutes. Sometimes it was necessary to centrifuge for several
times to get clear supernatant. The debris was heated in oven at 80°C to get
the dry weight and the supernatant was diluted appropriately to measure the

[Na*] and [K*] concentration with the flame photometer from Evans Electrose-
lenium LTD England. -

THEORY
If we assume that the dry weight of the debris was the weight of solid
structure in thé normal cell, we could get the total weight of the extra — and
intra cellular solutions by substracting the dry weight from the total muscle
weight. The density of the intra- and extracellular solution are approximate
by 1 that is the density of water. We may then calculate the [K*]==the

average K* concentration of the intra and extra cellular solution. [Na*]=the

average Na* concentration of the intra and extracellular solution by the follo-
wing equation

XNa'i'

Nat =
[Na*] A X

. Xkt

K] = &%
(K] Aw X

Xg+: K* measured
XN;«: Na* measured

: total muscle weight
Aw w—dry weight

It is known that. [Na"] and [K*] in the intracellular solution are about

16mM and 150mM respectively, in extracellular solutlon they are a.bout 150mM
and 6 SmM '

No matter what is the ratio of intracellular solunon/extraccllular solutmn
varis, we may express the relation of [K*] and [Na*] as foilowing

suppose X = - Extracellular solution

intracellular solution + extracellular solution
- K']=E, X+(1-x) L ey
E, : K* concentration in extracellular solution
I, : K* concentration in intracellular solution

[Na*t]1=Ey, X+(1-x) Ly @ .
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A simple method to study the ionic condition of muscie

En,: Na' concentration in extracellular solution

In. : Na* concentration in intracellular solution
Usmg equation (l) and (2) we will have

ot Bl s B
Na')=T= Eremled k310 @

No matter how X wvaries, the plot of [Na*] and [K*] will be near the line
according to equ 3.
RESULT AND DISCUSSION

The results were summerized in Fig. 1. It turn out that the [K*] and .
[Na*] in normal muscle were near the line. However, the [K*} and [Na']
in the denervated muscle were not around the line.

- If the effect of atrophy will change the size of the muscle and thus reduce

mM |
INa']|
150

(EKENJ

100F

50

50 100 150 [K"‘] mM
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the volumn of intracellular solution compare to extracellular solution. In other
word increase the X in the equ. (1) and equ. (2). In this case the [K*] and
[Na*] will shift along the line to the upper left. According to our results, the

[K*] and [Na*] does move toward upper left, at the same time, it also move
away from the line toward the right side of the line.

From these data, it can be deduced that in normal muscle the X = %, for
denervated muscle X increase to %-. For normal muscle, most data are on the
left side of the line, these results may be due to that when we use Awt=wt -
dry weight, the Aot may also contain some soluble protein which should be
included in the dry weight, the Awt are over estimated, and therefore, the [K*]
and [Na*] are some what below the real value. While for denervated muscle
the data are mostly at the right side of the line. If we assume the Eg, Ey,
are the same for denervated muscle (because extracellular solution should not
be changed by a local events), and plot another line which pass the (Ex Eg,)
and the average value of [K*] and [Na*] of the denervated muscle, we will
see that either Iy, or Iy of denervated muscic may have significantly increased
from the normal muscle. In other words, the ionic condition of denervated
muscle is not in an ionic steady state.
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INHIBITION OF CATECHOLAMINE BIOSYNTHESIS BY
a -METHYL-TYROSINE, 3-IOCDOTYROSINE AND
DIETHYLDITHIOCARBAMIC ACID IN RAT BRAIN

WEI KUNG WANG (% & 1) and YI CHIANG (& %)

Biaphysics Laboratory, Institute of Physics, Academia Sinica
Taipei, Taiwan, Rep. of China

Abstract

a-methyl-tyrosine, 3-iodotyrosine and Diethyldithiocarbamic acid were incubate with
crude synaptosomal preparation. Labelled CO, from L(l - “C)tyrosine were measured
by a respirometer to indicate the rate of catecholamine synthesis. It was found that all
three drugs inhibit dopamine formation in Corpus striatum as well as Norepinephine
formation in Hypothalamus. However there was a definite amount of *CO, release, which
might be from denatured tyrosine, could not be inhibited.

INTRODUCGCTION

Presynaptic regulation on catecholamine biosynthesis may happen in
several different sites these include regulating the activity of Tyrosine Hydroxy-
lase (T.H.), regulating the activity of the Dopamine-g-Hydroxylase (DgH),
regulating through the pre-synaptic autoreceptors and etc. .

Recently we developed a instrument to study the rate of dopamine forma-
tion in synaptosome(". In this report, we will check the system by inhibiting
the dopamine formation by Tyrosine Hydroxylase inhibitor. And Dopamine-§-
Hydroxylase inhibitor for two purpose.

1. To understand inhibitory effects of this inhibitors in synaptosomal pre-
aparation and compare to those pre-synaptic autoreceptor stimulating drugs.(®

2. To understand the method and instrument more clearly for both theory
and application.

MATERIAL AND METHOD

Male Sprauge-Dawley Rat (Weight 180g-230g) raised in our laboratory was
sacrificed by decapitation. Brain was removed and dissected on ice. Corpora
Striatum (containing caudate nucieus and a portion of putaman) and Hypo-
thalamus was removed and homogenized in 10 volumns of ice-cold 0.32M sucrose
by teflon pestle tissue homogenizer (Arthus H. Thomas Co. Phailadelphia). The
homogenate was centrifuge (O°C-4°C) at 1000 x g 15 minutes to sediment nuclei
and debris. Several 50 uf aliquots of supernatant (equivalent to 5 mg wet
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weight tissue). containing . synaptosomes and other cellular components were
added to test tubes each -containing 150pf physiological medium which con-
taining 125 mM NaCl 1.48 mM CaCl, 4.8 mM KCl 2.5 mM MgS0, 22 mM
NaH,PO,, 10mM NaHCO,; and 16mM glucose (chemicals are all from Sigma)
and gave a final PH=6.6 when equilibrated with 95% 0,-5% €CO,. Tyrosine
concentration was about 50xM (Specific activity 50m. Ci/m mole from New
England Nuclear Corp.) a-methyl-tyrosin, 3-jodo-tyrosine and Diethyl
dithiocorbamic acid were added to the incubation medium with 10pf 0.1 N
phosphorous_buffer PH=6.6 as correct the’ control tube was also added with
1040 of the same buffer. Liberated “CO, from (1-4C) tyrosine were measured
for every 10 minutes by a respirometer. ERR SR

RESULT

All the results were shown clearly by ﬁgurés. and may be summerized as
following. The inhibition of e-methly-tyrosine and 3-lodo-tyrosine on HCO,

Corpus striatum -
A MT
1000/0" * L ® °
o ' ¢ Control
]
o : [ ]
T
s .
5
D .
o e bpldaa, ,
A a A oLMT 5x107%
O o o o
o 0= 7 5 0 oyMT1x107
@ O l l
70" C120

Incubation time (min.)

FIG. 1. Inhibition of w-methyl-tyrosine («MT) on the dopamine formation as a function of
incubation time. Values on the right of the data are the concentration of aMT.
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Inhibition of catecholamine biosynthesis by a-methyl-tyrosine, 3-iodatyresine and
Diethyldithiocarbamic acid in rat brain

release from (1-;,C) tyrosine are -about the same that is more than 90% in
Corpus Striatum' and about 50% in Hypothalamus preparation for high dose.
The 3-I-tyrosine are more effective in inhibiting the *CO, release at the same
dose. For 3-I-tyrosine at 5x 107*M the inhibition were almost complete while
the a-methyl-tyrosine needed about 1072M to be as effective.

The DDC was found to be as effective in inhibiting. *CO, release as the
a-methyl-tyrosine. Both in Corpus Striatum. and. Hypothalaum..

DISCUSSION

Before further discussion of the result, we shall first explain briefly the
theory on which we could distinguish some different methanisms on the modifi-
cation of **CO, liberation rate. When we use a labelled precursor to study the
formation of certain compound in a separated compartment, for example, in a

Corpus striatum |

3-I-Tyr-
1000/0- 4 e ® g

@ s
® e
= ® Control ,
2 . .
Z
5]
& ®
el d L

50° 100’
Incubation time

- FIG. 2. Inhibition of .3-I-tyrosine on the dopamine formation as a function of incubation
time; Values on the right of the data are the concentration of 3-I-tyr.
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cell or a synaptosome, the most difficult point is how to determine the concen-
tration of the endogenous precursor. If we measured the formation of the
labelled product after a specific reaction time, the change of specific activity
due to the dilution of the endogenous precusor will greatly affect the final
result.

Here we will derive a mathematical model to simulate the production
pattern of our labelled compound from the preparation and try to explain the
advantage of our approach.

Corpus striatum
DDC
100%f -
. * 0 o 1x10*M
o & Control
o | ]
B
o R R
.g e n ¥ “u
= B m5x10*M
o ®
o a u 0 0 O o
- ° A A ° o o
A AT T AL, o 1x10°M
L, A , A8 A 1x102M
50 100°

Incubation time {min)

FIG. 3. Inhibition of DDC on the dopamine formation as a function of incubation
time. Values on the right of the data are the concentratien of DDCG.

This mathematical model was first derived for glucose metabolism. Here
a simplified version will be given. In a metabolic pathway, if we look at a
specific intermediate « with endogenous pool size P,, the flux rate into P, is
V., and the flux rate out of P, is V. In a steady state V,=Vg=V. Suppose the
flux into P, contains isotope “C of specific activity S,, the specific activity in
the P, is zero at t=0. When the intermediate a is converted at rate V and
flow into the pool Py, the rate of change of specific activity S in P, is
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dS  V(S§,-5)
.= 1 P .a_ - . I
dt P, Y
This equation has a solution
v
S=S8,(1-e"pt (2)

For more than two intermediates, the specific activity of the product will be

4

S=~8, (1 — e ~p ) where P, is the largest pool in the series of reactions.

According to equ. (2), the amount of CO, produced from the following
reactions -
(1—-4C) tyrosine — (1—"C) dopa — dopamine + *CQO,
inside the synaptosome will follow a exponentially increasing curve and reach
steady state with time constant P/V, where V is metabolic rate of this series
of reaction, while P is the pool size of tyrosine inside the synaptosome.

The drugs we studied will directly effect the T.H. or DH in an enzyme
preparation. Here we took advantage of our method to study the time course
of this inhibition in synaptosomal preparation.

Hypothalamus
o ~Methyl -Tyrosine
100% .
' L
* o A ® ®
& o e .
) A O A
E B a " A4
E ° K
5 g 0 A 4MT 5x103M
= O L MT 5x107*M
2
70° 120°

Incubation time (min.)

FIG. 4. Inhibition of a-methyl-tyrosine on the "“CQ, release from hypothalamic preparation
as a function time. Values on the right of the data are the concentraton of «MT.
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From these results, it is clear that the drugs could effect the catecholamine
synthesis inside the synaptosome, fastly, the inhibition of labelled CO release
happened as soon as the incubation started. :

The amount of inhibition also. justified the statement that “In Corpus
Striatum,, the 'CO, release we studied are almost totally from the
(1 - C) Dopa — Dopamine + *CO,” we also found that when labelled tyrosine
were: used for several months, ‘the *CO, release that could not be inhibited
by -all these drugs would slowly .increase from a few percents upto 10 percents

different or even more.

For Hypothalamic preparation, the inhibition was about 50%; of the L“GO
release when (1 - *C)tyrosine are reasonably fresh*. However, the absolute
magnitute of the **CO, that can not be inhibited by these drug were about the
same as the preparation from corpus striatum. Suggesting that there is a
different way for these *C which are originally from (1 - “G)tyrosme to be

onvcrtcd to “‘CO

Hypofhalamus
3-Iodo-Tyrosine
100 %} °
N \
4 AL o i
L] v ; :
2 g < ., 4 O'antr'c;l
E E 0 o N a | A )
o A }
E a o gl I-Tyr 5x105M :
L B I-Tyr 5x10M
@ . ‘
@ %
70° 120’

pemese e oo Ineybation time (minl)
FIG. 5. Inhibition of 3-I-tyrosine on the *CO, release from hypothalamic preparation as a function
of incubation time. Values on the right of the data are the concentration of 3-I-tyr.

* We could not get very fresh (1 - “C)tyrosine, because it took about a month to get the tyrosine
we ordered. . .
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The most interesting results are that the DDC inhibit the *CO, release
from (1 - “C)tyrosine in Corpus Striatum preparation as effective as that of
a-methyl-tyrosine.

DDC will inhibit #CO, release from (1 - "*C)tyrosine in Hypothalamic
preparation, because it inhibits DAH, and the neurotransmitter in Hypothalamic
area are mainly N.E. '

These facts suggested that the inhibition of DDC is not limited to D-g-H.

Hypothalamus
DDC
o
100%¢ e @ U
e o & ° J o
A ° 9 .
o [
El D .
2 . . o _ Gontrol
- A o 1x107*M
@ Q
Z A A
= A © DDC 1x10M
= 3 | A DDC 1x102M
70° 120°

Incubation time (min.}

FIG. 6. Inhibition of DDC of the *CO, release from hypothalamic preparation, as a function
of incubation time. Values on the right of the data are the concentration of DDC.
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FURTHER STUDIES ON THE INTERFERENCE EFFECT
OF CATAMARAN PLANING HULLS

CHUN-TSUNG WANG (= # #)

INTRODUCTION

By assuming that the effective width of a catamaran planing surface is
the total width of the two surfaces or the width of the individual surface,
Wang at al” obtained two sets of equations for lift of such a surface. Com-
paring the experimental data with the calculated results, it was found that the
drag-lift ratio of the experimental data were larger than those calculated by
assuming that the effective width is the total width of the two surfaces. The
deviation may be mainly due to the neglecting of the interaction effect of the
two surfaces. Savitsky and Dingee® studied the interference effects between
two flat surfaces planing parallel to each other. They found that the lift
generated by an individual surface when the two surfaces were placed closely
together was always larger than when the surfaces were widely separated.
The difference may be attributed to the interference phenomena. Adapting
Savitsky’s planing equationst®, Liu and Wang® tried to introduce an interfer-
ence factor to study the interference effect of planing hulls.

The present study intends to study interference effect from planing equa-
tions developed by Savitsky¢> and Shuford>. Also preliminary analysis on
how the interference effect may be incorporated to study catamaran planing
hull performance is introduced. It is also found that the interference factor

A does not seem to depend on speed coefficient when planing hulls are lightly
loaded.

INTERFERENCE EFFECT

The equations developed by Savitsky® have been widely used to predict
the resistance and running trim of a V-shaped planing surface. The equations

to compute lift and center of pressure for flat planing surface with width b
are:

2.5
N —;-P vZb?[0.012 2°3 4+ &0552_2] ghit M
and
2
Bt w095 — (289+501 5 5 4
b =
where

T T
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A=mean wetted length-beam ratio, lm/b; 2 < 4
C, =speed coefficient, v/3/gb, 0.6 < C, < 13.0
r=trim ahgle; 2 e 15 G
v=planing speed 5
LCG =the longitudinal distance of center of gravity from transom
For a flat catamaran planing hull with zero separation, i.e. being equivalent

to a flat planing hull of width 2b, the lift, A,, and center of pressure, LCG,,
attributed to half of the surface with width b are ' :

1 T Qm \03 0.0055 ( ,Q_r;l_)
A = Lo v(2b)* [0012 ("2'6') P L e e
g.?'b..
and 1 .
T vie2b -, _
e = 0.75 — [2.39 +5.21 g-ﬁ.mzj : (4)

At large planing speed, i.e. when C, — oo, the dynamic -component-of the
lift is predominant. Egs. (1) and (3) together give the ratio of the lift A,
for one flat plate running parallel to another flat plate with zero separation
to the lift A of one flat plate planning alone at the same speed, trim-and mean
whetted length, i.e. '

Ly Twhendo00ad G- o (5)

were d is the distance between the two catamaran surfaces. Eqé. (2).and (4)
together give _

LCG, = LCG (6) .
In other words, when C, — oo, eg. (5) holds when speed, trim, mean wetted
length and LCG remain the same for the two cases compared. When C, be-
comes finite, the mean wetted length could no longer be the same if LCG’s
are kept the same.

Liu and Wang® earlier adapted Savitsky’s equations and pointed out that
A,/A approaches 1/ 2 when C, becomes large. Now it is evident that this:
could only be true if trim and mean wetted length are also kept the same as
implied by eq. (5). Not to mention the possibility that Savitsky's equations
(1) and (3) might not be applicable at such high speeds.

When the separation distance between the two surfaces of a catamaran
planing hull becomes large, it is obvious that each surface is planing without
any interference from the other surface. And the lift A, and center of pres-
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sure attributed to half of the planing surface with width b are the same as
those obtained from a flat planing surface with width b planing alone, i.e.

& _
- = 1.0

when _g_ — oo at all speeds (&)
LCG, = LCG

Experimental data collected by Savitsky and Dingee® gave A /A at dif-
ferent separation distance when trim, speed, and depth of immersion at transom,
h, were kept the same. At C, =7.5, 2, = 2.6 and r = 10°, test results show
that

A =~ 1.45 what 5 S 0.0
e 0 (8

=1.0 =40
where 2; = h/b+sinr = 'Q‘g] — 8
52 = 0.6 when (d/b)=0.0 and 62=0.3 when (d/b) > 4.0
— @ stands for mean testing value
Whereas Egs. (1) and (3) together give

- d
—— = 1.448 whcn?

= 1.0 > 4.0

= 0.0
%

when speed, trim and depth of immersion at transom are kept the same.
Analytical results as given in eq. (9) confirm with the experimental observa-
tion of eq. (8), suggesting that Savitsky’s equations may be used to study
catamaran interference effects.

When the mean wetted length-beam ratio becomes large, the equations
developed by Shuford®” may be more applicable in studying planing hull

performance. When . co, the equations for lift and center of pressure for

b
flat plamng surface with width b are i ;
-%p%“? - 7 sin2e-cose- [_1fz_+ 1:3 R0 & 0.4’5’6(:?-'(':2%]' (10)
and : :
0875 1.33 . 0.4 2
LCG —'ITA -+ F sin2t + 3 SECT * 'Cvg- (11)
Am =5 1.33 A
I+2+ = sin2r + 0.4 secr- o :

e
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These empirical equations are applicable for 2° < ¢ < 30°, 1 < 2 < 7., and
0.5 < C? < 50. When g— - 0, the equations become

Jm ( Im )“
2 A 2b 1.33 ., 2b
_&—p‘;a—(‘jl—)‘a e Z SIN27 +Cost r— ,Q.I'_‘ﬂ =it _:'1' ~ sin2z7 - 9;: 4+ 0.4 secrt —vg'—] ( 12)
| g g2
and 0.875 1.33 0.4 glm
LCG, _ T5(fm/2b) + 2y 102 + ~yseer: "
LCG i 1.33 glm (i)

1+ (Im/2b) = sin2r + 0.4 secr-
Egs. (10) and (12) together give

4, = 1.444 when 1A 0
A b

= 1.0 > 4.0

for the test conditions outlined in eq. (8), which confirm with test results
obtained in[2]. At zero separation distance, A,/A in general does not approach
v/2 as suggested by eq. (5), instead, eqs. (10) and (12) show that A,/A is a
function of 2 and ¢ when C, becomes large. Also egs. (11) and (13) show
that LCG are not the same, differeent from that suggested in eq. (6)

(14)

Rewriting eq. (12) gives
P 1.33

=_—_sin2r+cosz* =sin2r+1+ 0.4 secr. 2y
T ovib? y Spe e Ll e (12)

when compared with eq. (10), it is seen that when separation distance decreases
from infinity to zero, the change in lift from the interference effect is mainly
due to the linear term appeared as the first term in the r.hs. of egs. (10) and
(12)’. Whereas the cross-flow term and the static term remain the same when
trim, mean wetted length-beam ratio and speed are kept the same.

i

From the above analysis, it is shown that planing equations developed by
Savitsky, eqs. (1)-(4), and Shuford, eqs. (10)-(13), could both be used to study
interference effect of planing hulls within their range of applicability. However
any implication, e.g. egs. (5) and (6), drawn from empirical equations should
be trusted only when they can be experimentally verified.

INTERFERENCE FACTOR

For catamaran planing hulls of zero deadrise angle, the mean wetted
length-beam ratio may become _quite large. Consequently the equations de-
veloped by Shuford® may be more applicable in computing the lift for flat

— B —
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planing surfaces. At —% = 0.0 and co. Shuford’s equations have been found

to give analytical results comparable to those collected experimentally as shown
in eq. (14). At moderate separtion distance, A;/A varies between the two

limiting values as -g— increases from zero to infinity®® A resonable way to

take the interference effect into consideration is to use the following synthetic
equation to relate r and fm when b, v and A, are given, i.e.

A*A e 1 l 33
— "1 = —_sin2r+cost A ¥[ —— 4+ —==sin2 +04scc--— 15
é-pvg(Ab)z G Theeicos [ +2* in2t T o ] (15)
where A* and A are the interference factors, i* = m LBk o Yo . At zeto

Ab, 7 v gAb
separation, A¥=A=2.0 and eq. (15) reduced to eq. (12). At infinite separation,

A* = A = 1.0 and eq. (15) reduced to eq. (10). For the present study, it is
assumed that

Aok o (_g_ ) (16)

whether this is the case or whether A depends on hull loading, A,/v'/:, where
A, is the projected catamaran hull bottom area, and V is the hull displacement,
will be investigated in a separate study.

Egs. (15) and (10) give

A +02 1.33 l+52

A, (2 +02)[(1+—A——) 1-1——-———511121'—1—04 géce =+ |
- -

(4, +03)[(1+2,+0.3)71 +l 2 sm2r+04 secr . 2182-}

7)

when v,  and h are kept the same for the two cases compared. Based on
experimentally collected A;/A, 2,, 2,;+61 values at C,=7.5 given in[2], eq. (17)

can be used to compute A at various % ratios, Fig. 1 shows that the inter-

ference factor A decreases from 2.0 to 1.0 as the separation distance increases
from zero to infinity.

CATAMARAN PLANING HULLS

For catamaran planing hulls with zero deadrise7angle at a given separa-
tion distance d, the equation for the center of pressure remains to be investig-
ated. In the present study, it is assumed that as the two surfaces of a catam-
aran planing hull move from infinite separation to some finite separation

T e
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FIG. 1. Interference Factor between Two Planing Surfaces.

distance d, the extra loading due to interference effect acts at 0.5 Im from
the transom. And the equation to compute the center of pressure is

0.375 0.5 335 0.4 2
e ST MRS . e e 5
P 1 1.33 .. o
% + = sin2z + 0.4 secz oK

v

For lightly loaded catamaran planing hulls, where the inner top surface is
not wetted, the total wetted surface, S, is assumed to include the wetted parts
of the two bottom surfaces and the two outer reattached surfaces, if any. It
can be expressed as :

S={m-2b + 2h,-L (19)
where
h, = height at transom
L = reattached length, Im—3v® sinz/g >0
The drag-lift ratio can be approximated as

D 1 s N0
Ji- = tanct g-e B Ymtk.s (20)

V.. = the average bottom relative velocity .
C; = the skin friction coefficient

Egs. (15), (16), (18), (19) and (20) could be used to predict drag-lift
ratio for catamaran planing hull of different separation ratios and speed coef-
ficients. Figs. 2 and 3 show the test results collected at the Ship Model Basin,
National Taiwan University¢" as well as the computed results obtained from

- 8 =
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FIG. 2. - Comparisons of Drag-Lift Ratios.
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FIG. 3. Comparisons of Drag-Lift Ratios.

the above analysis (solid curves). Although data scattering \s observed, in
general test results confirm with analytical results.

It is also to be noted that the interference factor A was experimentally
determined from test data obtained at C,=7.5Y. When it was applied to

compute drag-lift ratio at speed coefficient C, varying between 3.0 to 6.5 as

shown in Figs. 2 and 3, no evidence tends to suggest that the interference
factor A should depend on C,.
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PREDICTIONS OF TEMTERATURE DISTRIBUTIONS
RESULTING FROM THE SURFACE DISCHARGE OF HEATED
WATER INTO LARGE BODIES OF WATER
by

ROBERT R. HWANG* (% # &) and SHAIN-WAY JANG**

Abstract

In this study, a far ficld model has been developed for predicting the transient dis-
tribution of excess temperatures resulting from heated water discharges into large bodies
of water. The model calculates three-dimensional excess temperature by superimposing
the temperature distributions obtained from a number of discrete, vertically-distributed
line sources which may be subject to the far field processes of ambient advection,
diffusion and surface heat transfer. Ambient currents considered can vary in the vertical
direction and with time. The method has been wverified and the result shows that the
comparison with the analytical solution is strike,

1. INTRODUCTION

Beyond the near field, the processes of surface heat exchange, ambient and
buoyant advection and ambient turbulent diffusion must be considered. Loosely
speaking these processes may be associated with the oth, 1st and 2nd moments
of the excess temperature distribution in a receiving water body: the total excess
heat contained within the body (oth moment) depends ultimately on the rate
of surface heat exchange, the location of the heat (lst moment) depends on
ambient advection, and spreading of the heat (2nd moment) is largely depend
on buoyant advection and on diffusion properties.

In contrast to the near field, the processes—and ambient advection in par-
‘ticular—must be treated as time-varying. That is the time scale over which
temperatures must be studied. Because ambient currents may vary consider-
ably, the process of ambient advection is probably the most important for far
field process.

Several types of far field models have been developed recently to predict
concentrations or temperatures in a large body of water. Quasi-analytical (or
superposition) models of continuous sources can be constructed by superposition
of analytical solutions for discrete sources. -Simple models of this kind are
presented by Abraham and Van Dam (1970), Koh and Chang (1973), Van
“Dam (1974), Christodoulou et al (1974), and Adams et al (1975). In each
case the near field was considered as a point source. For the study of Koh

D Research Fellow of Institute of Physics, Academia Sinica, R.O.C..
** Research Assistant.
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and Chang, a mathematical formulation for a time-varying current . was sug-
gested but calculations were performed for a steady current only. The second
type of models is simulation techniques suggested by Ahn and Smith (1972).
The model tracks idealized particles in ways which simulate advection and
diffusion from 2 source. The third type is the numerical models. Most num-
erical models assumed a two-dimensional velocity field and solve for vertically-
integrated concentration using dispersion coefficients in finite difference schemes
or finite element methods. Three-dimensional aspects are possible by coupling
two or more two-dimensional layers through kinematic and dynamic interfacial
boundary conditions. These numerical models are studies of Leendertse and
Liu (1970, 1973), Tsal and Change (1973), Boericks and Hall (1974), and
Leimkuhler (1974).

Each type of models introduced above has advantages and disadvantages.
The choice of a far field model depends largely on the receiving water body
of interest. For the objectives of the present study, 2 model of the first cate-
gory—superposition models, is chosen for development in this study. It is felt
that for analysis of a discharge into a large open body of water, analytical
superposition models can provide realistic three-dimensional temperature predic-
tion under a variety of transient current conditions. This type of model can
easily include near field source conditions, is inexpensive to run and uses the
type of field data most easily obtained-namely time series data from moored
current meters and diffusion experiments. This information can then be used
to help focus future efforts in the areas of discharge structure design, field
measurement and further mathematical modeling.

2. MODEL ASSUMPTIONS

Although the basic assumptions of a superposition model are quite general
and do not imply any inherent limitations on the source characteristics, the
structure of the ambient current, the representation of the diffusion or heat
loss processes, or the topography of the receiving water body, the following
additional assumptions are made to insure that the representations and para-
meterizations utilized in the model are consistent with the present theoretical
and empirical knowledge of the physical processes involved and that the re-
sulting computations are within the range of practical feasibility.

1. The velocity field in the receiving water is unperturbed by the pres-
ence of the discharge. Furthermore, it is considered to be two-dimensional,
horizontally uniform, and vertically sheared:

' u=a(t) +u’(z 1)

V=T +V (@D )
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where 0(t) and ¥(t) are depth-averaged velocities and z is a vertical coordin-
ate. Because there is no horizontal variation of velocity, the assumed velocity
field may, in principle, be ascertained from a time series of currents measured
over a vertical profile at one station. However, the presence of a simply
shoreline may be represented approximately by the use of one or more image
sources 1f necessary.

2. The ambient water temperature is known so that the actual water
temperatures can be determined from excess temperature calculations.

3. Diffusion is horizontally homogeneous but may be anisotropic with
respect to the axes (x, y, z).

4. Surface heat exchange can be expressed as a linear function of the
difference between surface water temperature and a reference temperature. No
heat transfer takes place through the water bottom.

3. ANALYSIS OF DISCRETE INJECTION

Before treating the case of a continuous solution, it is necessary to find
the excess temperature at time T due to the release at time r and horizontal
location (x,, y,) of a discrete source with excess temperature distribution per
unit depth, m,(z). For convenience m,(z) is chosen to have unit strength per
unit depth when averaged over the depth of injection, hq,

[ Fm.(z)dz = b 2)

The governing equation and the boundary and initial conditions used to
describe the temperature distribution within the patch are

dc ac dc N P N 0%
o+ um D G 4 V(s ©) S = Be t-0) L+ E(at—) §§
0 ac
'5'_3‘2“ (E.(2) *gg‘)—Kd(ts t—r7) (Cfcrer) (3
ac ‘
.E,—ai---- =0 at z=0, H (4
c=c, X Or y= % o0 (5)
e=c(X—Xy, Y—VYo, 2) t=<7 (6)

where the above formulation ¢ represents temperature, ¢, is the ambient tem-
perature, c.. is a reference temperature, E,, E, and E, are turbulent relative
diffusion coefficients and K, is a first order decay coefficient which can be used
to represent surface heat exchange.
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An expression for excess temperature Ac=c—c,, is developed by writing a
similar equation with boundary and initial conditions for the ambient temper-
ature and subtracting it from equation (3) yielding

dlc dAc dAc o 3%Ac ?*Ac aAc
dlc
E""az =0 at z=0, H (8)
Ac=0 X OF Y=t oo €))
Ac=Ac(X—Xgy Y— Vo5 Z) t=1 (10)

The decay coefficient K, is related to a kinematic surface heat exchange coe-
flicient, K/(pc,), and the excess temperature profile by

K=K Ac/,oo/(pc, j: Acdz) (11)

Statistics of the temperature distribution from this discrete injection may
be obtained by the method of moments following Aris (1956), and Koh and
Change (1973). Each term of equations (7) and (8) is multiplied by x*y¢,
and integrated over the domain — oo <x, y < oo to obtain equations for the
moments C, ,(z, t, r). Thus

et uCyy  — G sy =k = DECocs (+£ B+ 1) B, G o+
‘._t__i__ (E, ac_k £)—K.C, , ' (12)
aC
E, Skt =0 at z=0, H k)
where '
Ce (= J”_o J”j Acxtyt dxdy - (4

The moment equations (12) can be integrated numerically beginning with the
lower moments from t=c to T. Initial conditions are specified according to
the initial distribution of the source and include

Coo(z, t=7)=m,(2) (15)
Cio(z, t=1)=x, (16)
Coi(z, t=1) =Y, amn

Higher moments are chosen to approximate the initial patch distribution.

Familiar statistics describing the distribution of excess temperature within
the patch can be derived from the moments C, ,. For example the statistics
corresponding to the lower moments are
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X, = c:o/cod';
V.= Cm/coo
0i=czo/coo—(c1o/coo)2 (18)

J:ECDZ/GOO#(CDI/COO)Z

Uiy=CII/C0(_}—CLO Gox/cga
where x, and y_. are the coordinates of the center of mass of the distribution
and o}, o7 and o, are the variances and the covariance of the distribution
about its center of mass.. A large number of moments would be necessary to
completely describe a single patch. However, the lower moments provide the
most information, and when a number of individual source solutions are super-
imposed to form a continuous solution, it is reasoned that the lower moments
for each patch are sufficient to approximate the continuous plume. For in-
stance, each patch could be replaced by a Gaussian patch with the same oth,
st and 2nd moments. The peak concentration of this Gassian patch would be

Crae=Co/ 21y 262 ~ 6%,) (19)
and the excess temperature distributions at time T after a release of source at
time ¢ would be

C; (w, Y, Zs T, f)=Cmu cxp-{ oiai__ [(X—_Xc)_i + (Y_'"Yi -

o103 — ok, 203 205

2 e _

gy, (x j:ga(y Yc)J} | (20)
=y

Based on the linearity to equation (7), the temperature resulting from a source
with excess temperature per unit depth of AMm,(z) can be found by multiply-
ing the equation for a unit injection (Equation (20)) by AM.

4. ANALYSIS OF A CONTINUOUS RELEASE

The far field source which is used in the present analysis is shown in
Fig. 1 and is characterized by dimensions x,, y,, hy and B, and angle 64, and
the excess temperature distribution AC, from the near field calculation. The
excess temperature from the near field is expressed as

AC = _
ac, = 28 T, (HT(2) @
where D is the near field dilution and AG; is the initial temperature rise bet-

ween plant intake and discharge. T, and T, are lateral and vertical distribu-

tion functions satisfying the relationships
B/2 [~
JA_M T,(y)dy=B
hay (22)
j " T.(2)dz=hy
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T

Prescribed Initial Conditions
frc_:rn Near Field Solution

X

ika

FIG. 1. Far Field Structure.

A continuous solution is approximated by superimposing the distrubtision
from vertically-distributed discrete injections using NT time steps and NI(k)
laterally distributed sources at each time step. Thus
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NT NI(k) B
Gy, T = 3 537 BEOAD G 1y 2 T, Oel)  (29)
The strength of each discrete source, AM=m'm,B(z)Az/NI(k) is chosen to
conserve heat and to provide a distribution of excess temperature at the source
which is consistent with equation (21). Thus

AM = .QQACoTyl(ay%?(z)ArAy (24)

The distribution of discrete source along the far field source and hence
the initial conditions for x, v, ¢* and o2 are chosen to provide a smooth
temperature distribution at all points in the far field and to provide a reason-
able approximation to the desired temperature distribution near the far field
source. For small diffusion times, t—r, small values of Ar are used and more
than one source may be used at each time (NI(k)>1), while at larger diffu-
sion times the time step increases and a single source is sufficient at each time
step.

5. COMPUTATIONAL PROCEDURES

For the calculations of excess temperatures, equations (12) with the ap-
propriate boundary and initial conditions are used to calculate C,, and the
excess temperature is obtained in relating to the moments from Eq. (20). The
system equations for selving various order moments C, ,, for example, the oth,
1st, and 2nd moments arc

P 2 (B, %K, Coy (25)
agtw ~uCyp= L 9 (g, 3010) K, Ci (26)
% ~v Coo = L (E, %%L)—Kd Cos @n
o 2y 2K, Gt 2 & By, o, (28)
( ) A
ﬁ%& — 2v Cy;=2E, Cpo+ — a (E, acn =Ky Coe (29)
__a_gl_l_l_ — 1u 001 v C 10 = —— (E acll ) K Cu (30)

Equations (25)-(30) are weakly c0up1cd and can be integrated numerically in
the order of moments. In the numerical integration for C, ,, a central differ-
ence in space and a Crank-Nicolson difference scheme in time are employed
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whereby difference equations are expressed using variables averaged over the
present and subsequent time steps. Uniform vertical grid spacing is used and
variables are defined at grid points except for vertical diffusion which is
defined for the interval between points.

The system equations (25)-(30) have the similar forms which the lefth-
and side indicates the terms of local change advection while the righthand side
contains the terms of diffusion and dissination. Since the advection terms and
the diffusive terms in horizontal directions in each equation contain the lower
moments which have been obtained from the previous equation, the approxim-
ation for these terms are then calculated directly from the present time step.
The dinite-difference forms for terms at each grid point z and time step t are
indicated below where z=(j—1) Az, and t=74+(n—1) Az, and the moment
subscripts have been dropped for convenience.

e = (O -C/Ae qEP
0 (E ac ) . [E (cnu_{_cn _Cn+1___cn)
Bz VT Taz ) T LR JH1T My Ty j

— B (G + G- G- Gy 1/(242%) (32)
K, C=Ki(Cj"+C5)/2 (33)
The diffusive terms at the surface and the bottom are written as ‘
2 (B L) =BG G - O - C) /b2
d
9z
After writing in the finite-difference form, the system of simultaneous differ-
ence equations for equations (25)-(30) has a tridiagonal coefficient matrix and
is solved by Gaussian elimination. The distribution of discrete sources along
the far field source is chosen to provide a smooth temperature distribution at
all points in the far field and to provide a reasonable approximation to the
desired temperature distribution near the far field source. . Hence, the number
of discrete sources used in describing the temperature distribution near the
source is selected as NI where NI is an integer, and NI > 1. . The error as-
sociated with the speading of the field width may increase with increasing NI,
but in general the fit to the desired far fild source temperature distribution
improves with increasing NI,

E de n+l n D 41 n 2 (34)
(E, W)bOIton'_—‘EzNz(CNz—l‘*' G~ G —CR,) /Az

6. MODEL VERIFICATION

In order to verify the numerical scheme described previously, the numerical
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model was used to compute the steady state two-dimensional excess temperature
distribution downstream from a passive source of width B emitting a conser-
vating substance of constant strength in a steady current with velocity of U
in the x direction. A 4/3 diffusion law of the form

' E,,=A o5 (35)
was assumed.

Calculations are compared with an analytical solution derived by Brooks
(1960). Brooks computed a far field width L and centerline excess temperature
Ca.c as a function of x using the equation

. 2
U2 — g0 20 (36)

with boundacy conditions at x=0 of

Ac=1 |y| éwg’m

3 (37
For the 4/3 diffusion law, his results are
% -1+ 93%'3;‘_ )2 (38)
and o
Ac,... 3 8E ,x -1y -
Yo BT} o
where C

Acy=1nitial excess temperature
L=2y/73 o, (L=B at x=0)

o= [ ye ydy/ [T ctx y)dy
and E,, is the coefficient in his 4/3 power law,
E,=E,( L](;‘) y4re

Relevant parameters used in the superposition calculation of the present
model included U=15 cm/sec, B=236,000 cm, A=0.0517 cm??/sec, NI=5, and
m=1. A comparison of dimensionless centerline temperature decay and lateral
spreading is shown in Fig. 2. As expected the comparison is quite good. At
the origin and at large x, the variances of the analytical and predicted solu-
tions match exactly while for intermediate distances the analytical distribution
is slightly wider.
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FIG. 2. Comparison of Analytical and Superposition Calculation for centerline
Temperature Decay and Lateral Spreading.
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7. APPLICATIONS

The model presented in this study has been applied to a site of power
station to estimate the far field temperature distributions resulting from the
surface discharge of heated water into the coastal sea. A combination of net
alongshore current and tidal current are employed for the advection of the
induced temperature calculations. The net alongshore current is considered to
be wind driven and the tidal current is represented in both of the onshore-
offshore ‘component and the alongshore component. Far field source parameters
were determined from the analysis of the near field calculations. Some of the
computational results are shown in Fig. 3 and Fig. 4.

8. CONCLUSIONS

A far field model for calculating excess water temperatures resulting from
the discharge of heated water in large bodies of water has been presented. In
this model, three-dimensional excess temperatures were calculated for ambient
currents which-can be varied in the vertical direction and with time. Surface
heat loss and -turbulent diffusion in all dimensions could be included. The
presence and dynamic effect of the near field can be handled explicitly by
representing the location, size and dilution achieved in the near field as a
known function of time.
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THE BUOYANT RISE OF PLUMES IN A
STRATIFIED ENVIRONMENT*
ROBERT R. HWANG (# %)

Institute of Physics, Academia Sinica
Nankang, Taipei, Tatwan, RO.C.

Abstract

A laboratory technique is developed for studying the rise of plane buoyant plumes
issued vertically in a calm density-stratified environment. This study is to obtain such
a jet-rise formula from correlating a substantial series of experimental data of experimental
series of experimental data of laboratory study according to simple theoretical considera-
tions such as dimensional analysis. The height of rise was obtained in terms of the
initial momentum and buoyancy of plume and the stratification of the surrounding

A numerical technique for integrating the full Navier-Stokes and diffusion equations
through an initial value problem has been used to investigate the time development of
a line buoyant sturce issuing in the density-stratified environment. The basic physical
features and some structures of the interactions of the motion at the intermediate mixing
rcgion are obtained. Results show that the stratification tends to inhibit the fow
development of the buoyant source and to encourage the formation of a recirculatory
vortex on the lower region near the source and the upper region.

1. INTRODUCTION

The rise of forced plumes in a possibly stratified environment is a par-
ticularly complex phenomenon. Buoyancy and initial momentum of the plume
will cause the rise of the buoyant plume vertically and the density gradient
of the stratified environment will influence the establishment of the flow field.
In a stably stratified environment, the plume first behaves like 2 buoyant jet
and mixes with heavy bottom ambient producing a neutrally buoyant cloud.
The density deficit (or the temperature difference) of the buoyant plume will
reduce continuously and becomes zero at a certain height (point of neutral
buoyancy). The buoyancy force, from here-on, will be negative and the flow
will be decelerated, turned down and spreaded sideway after reaching a max-
imum height.

Most of the plume-rise formulae appearing in the literature<t = % are for
plumes in a cross wind, They are not very universal, that is they often fit
well only the data from they were correlated but not other data obtained under
similar circumstances. Using the integral method and assuming a constant
entrainment coefficient, Fan and Brooks(® obtained a formula of rise of the
waste-water plume discharged vertically into a linearly stratified environment.
In replacement of the Gaussian profiles adopted in neutral environments, Mor-
ton et al® recommended top-hat profiles of vertical velocity and buoyancy in

* This -paper also presentcci_;m 5th International Clean Air Congress, Buenos Ai}es, 20-26 October,
19840.
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a stably stratified environment and obtained a scale diagram for maximum
ascent heights of forced plumes to permit choice of the range of source condi-
tions for a specified height of ascent and ambient stratification. These results
of determining the rise of buoyant plumes in stratified environments have untill
recently been no sufficiently well documented experimental evidence with which
the theoretical predictions could be compared.

Previous research on buoyant discharge may conclude that it has concen-
trated mainly on the near field using the integral method with Gaussian dif-
fusion model and empirical entrainment coefficients; and on the far field, the
buoyancy effect is generally neglected and the pollutant becomes passive,
advected by the ambient current and spreading under the action of ambient
turbulent dispersion. Large scale interaction between the effluent and the re-
ceiving environment has to a large extent not been addressed, nor has the
dynamics of the intermediate stage of pollutant spreading and flow variation.
The intermediate stage is in most cases the principal stage of the development
of the fate of the pollutant. Its study will provide a clearer understanding
for the ceiling effect of a forced plume discharge into a stratified environment.

In this study, the rise of plane buoyant plumes discharged vertically into
linearly stratified environments are investigated both experimentally and num-
erically. By using the dimensional analysis, the maximum height of rise of
buoyant plume is related functionally to the discharge configurations and the
stratifications of environments from correlating a substantial series of experi-
mental data. A rise-formula was obtained in terms of the initial densimetric
Froude number of discharged sources and the stratification parameter of the
surroundinding environment. In numerical study, the dynamics of establishment
of flow for a line buoyancy source discharged vertically into a linear stratified
are investigated from the integration of the full Navier-Stokes and diffusion
equations numerically through an initial value problem.

2. EXPERIMENTAL STUDY AND RESULTS

2.1. Dimensional Analysis

The discharge of a buoyant plume vertically into a calm environment
subjects the mechanical effects of the jet momentum and buoyancy. Near
the source, differences in velocity and volume flux between the effluent and
the ambient fluid produce mixing due to the instability of the interface and
due to the turbulent energy contained in the jet. Buoyancy causes rise of the
plume. In a stably stratified environment, the density stratification can pre-
vent the rise of plumes by inducing rapid mixing with the heavy bottom fluid,
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thus producing a neutrally buoyant cloud. Therefore, the functional relation-
ship which exists between the mximum height of rise of the plane buoyant
plume and other variables involved, may be written in the form

Ym=¢1(#oa mg, By, G) (2-D
in which, py=Usby, me=U’by, and By=[ (o, —po)/p,] gUob, are the initial
fluxes of specific volume, momentum and buoyancy respectively; G=(g/p,)
(—dp,/dy), the parameter described the stratification of the environment.

By dimensional analysis, the functional relationship can be written as

Sﬁz(Ymﬁo_”sGlm: m0-1ﬁ01!3#0, mozﬁu—-‘zG):O (2_2)
The first term indicates the normalized length scale of the height of rise; the
second term is the ration of buoyancy to inertial forces at the source and can
be simplified to a form of F,™*? while the last term in sq. (2-2) can be
formed as Fy* S7', in which F,=U,/y/ (Ap/p,)gbh, and S= (Ap/b) /(- —dp,/dy)
are termed as densimetric Froude number and the stratification parameter

respectivelly. Eq. (2-2) can then be rewritten as

Lm=s(Fo™%7, F;* §°1) (2-3a2)
or Fo~2ln=g.(F,7%3, §°1) (2-3b)
50 pr
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F1G. 1. Comparison of experimental and theoretical results on rise of vertical buoyant
jets. Experimental results: A—8=310, @ -—5=320. 0—5=330, []—8=300: theoretical
results: Brooks. et alt“...Briggs(? Hwang et al for $=320,
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in which {,=F,~"* §7"* Y /b,. The program of study was therefore designed
to determine the functional relationship which exists between ¢, and the other
variables involved experimentally.

2.2 Experimental Procedure

The laboratory experiments were performed in a plexiglas test tank 178
cm long, 85 cm deep and 20 cm wide, filled with a linearly density-stratified
salt solution. The equipment and the procedure used for filling a stratified
salt solution can be referred from Hwang®. The flow was made visible by
a suspension of small Pliolite S-5 beads which were illuminated by sheath
light from both of the upper and the lower light boxes. A photographic tech-
nique given in Hwang is used to trace the development of the flow field.
Fig. 2. shows a photographic flow development with its corresponding density
profile of the environment from the experiments.

A substantial number of experiments on plane buoyant plumes covered
a wide range of flow configurations and ambient stratification were performed
in the laboratory study. The experimental data were plotted in a full-logari-
thmic coordinates according to the dimensional analysis of Eq. (2-3) presents
the plot of the ceiling height of rise against the variables involved. It is seen
that the relationship can be represented approximately by a line and the ceil-
ing height of rise can be described by .

SO
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FIG. 3. The maximum height of risc of vertical buoyant jets in linearly density-stratiﬁed environments.
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CIH= 1'05 .‘FO-H3 (2-4)
or in a simple form as
Y,../by=1.05 F,** Su2 (2-5)

The result, therefore, suggests that the maximum rise of plane buoyant plume
is proportional to F,*® and S'2

3. NUMERICAL STUDY

3.1 Formulation

In order to investigated the intermediate stage connecting the near and far .
fields for a line buoyant source discharged vertically into a stably stratified
environment by following the behavior of the inflow throughout its history, the
full Navier-Stokes equations, incorporating viscosity and diffusivity, will be
solved numerically by a finite-difference scheme. The governing equations for
an incompressible, viscous diffusive stably stratified Boussinesq fluid, two-
dimensional flow in demsionless form are

i’a% + () + D)=t Re (Z;+§;) (3-1)
53 g _ _F-20r -1 (07 | 9% -
e 0=~ R (T B
32
a;!; + %’ - G-
where £ = ML DV W ) (eimp), t=t9Q/d

oy 0x ay 0x _
Re=Q/v is the Reynolds number, F = Q/(Nd*) is the densimetric Froude
number and S, = »/D is the Schmidt number, with v, D and N denoting the

kinematic viscosity, diffusivity and Vaisala frequency. Q is half of the discharge
per unit width of the line source.

The flow field for the line buoyant source discharged vertically into a
stratified environment is taken to be symmetric with respect to the efluent axis.
A flow region as shown in figure 4 is then considered. The system of equations
(3-1) through (3-3) are to be solved subject to the following boundary and
initial conditions. These boundary and initial conditions are summarized as
follows: :

(1) Ap=1"- :wx,r e £=0; for y=0, 0<x < B

-]

(2) Y=y, £=0; for x — 00, 0 <y < 1
(3) Y=1, r=1, {=0; for x>0, y=1
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(4) 4r=1, 3r/0x=0, {=0; for x=0, 0 <y < 1
(5) 4p=0, y=0, {=0; for x >0, y=0
(6) Y=y + iz—l—Aexp( —nrx) sin nzy, {=0, r=vy, for t=0, x > 0,
T n

n=1

Y
|
y =1 :
i
|
I
x=0 X =m }
|
l
|
| y= 0 |
ling source

x1

FIG. 4. Flow region for line source issued vertically of the study.

3.2 Numerical procedure

The present problem involves a boundary at infinity. In order to keep.the
finite-difference grid mesh fine in the vinicity of the source, where the gradients
gradients are largest, and at the same time having larger grid points far away
from the source, a stretched coordinate system in rendering the computational

region finite similar to that described in Pao et al®® is used. The transforma-
tion for such a system is given as

x=1—exp(—ax), §=y (3-4)

where a is a scale factor. On substituting ' the transformation rcla.tlon (3-4)
into the governing equatlons (3-1)-(3-3), we obtain

%%-!— a(l—x%) 5}-_{ (ur) + a(1—-x) 33_7 (vr)=5;'"Re~"[a®(1 -%)* g;-:?
—a¥(1—-x) O 4 %1 -
a’(1—-x) s T 8?2] (3-5)
%y al-2 -2u0) + a1 —-x)icvlc) -~ Fa-g 2L
at ax ox
+Re™'[2%(1 -—i)zg—z;%—az (1 X) ] (3-6)
X
3 a2 @i_ 2 _— @:!"_ ‘QL‘I{‘ = -
a*(1 x) 7% a*(1—x%) % + 372 C (3 7)
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where V= — aﬁﬁax

The solution of Egs. (3-5)-(3-7) subject to the appropriate boundary and
initial conditions is accomplished by writing these equations in a finite-difference
form, and solving them on a digital computer, according to the following
algorithm. (1) At t=0 the initial conditions prevail. (ii) The u and v,
velocity fields at t=0 are computed from the relationship of u and v, with .
(1ii) Eq. (3-5), subject to the appropriate boundary conditions, is used to make
a time step in the density field ;. (iv) Eq. (3-6) is used to make a time step
in the vorticity field {. (v) With the new result for the vorticity field, a new
value for the + field is computed by over-relaxing Eq. (3-7), subject to the
appropriate boundary conditions. (vi) The velocity fields u and v, are then
update from this new field by performing the step (iii)-(vi) are repeated so
that the time development of flow field can be studied.

For finite differencing, a central difference in space and forward difference
in time are used, except in the case of the nonlinear terms, for which three-
point non-central differencing method similar to that described in Torrance &
Rockett® is adopted. By choosing the scale factor properly, Ax can be made
equal to 0.1 near the origin, while Ax invariably becomes very large as Ax
approaches infinity. In most runs, the time increment At was set 1.0 x 10~% and
Ay was chosen to be 0.025, which corresponds to 40 equal grid spacings in the

vertical direction.

3.3 Numerical results

The establishment of flow for a line buoyant source discharged vertically
into a stratified environment of finite depth was computed numerically in the
variations of the discharge condition and the ambient stratification. Fig. 5 shows
the flow field of F=0.11 Re=200, Sc=5 and r;=1.0 (or corresponding to
Fo=4.001 at t=0.2. The stratification of the ambient prevents the effluent
from inducing a vortex in the lower region. The formation of the vortex may
be explained that the first term on the right-hand side of Eq. (3-6. (3-6)
represents the vorticity generation by buoyancy forces; this term can be
written as —F~%37/dx. It is seen that near the exit of the line source, heavier
fluid lies to the right of lighter fluid, 3y/dx 1is negative and positive vorticity
(clockwise rotation) will be generated due to the tendendcy of the lighter
fluid to rise and the heavier fluid to fall. The vorticity which is produced at
the lower region near the exit is positive.

As the stratification of the ambient environment is increased, the retarda-
tion of the flow development from the source efflux becomes serious. The
phenomena of ceiling effect due to the ambient stratification can be seen from
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FIG. 5. Streamline pattern for F=0.11, Re=200, Sc=5 and Fo==4.001 at t=0.2.

Fig. 6. Fig. 6 shows the flow development of F=4.45x 10~® ,Re=200, S.=5 and
Fo=4.0 at t=02. It is seen that the retardation of the flow development
from the ambient stratification is to form an anti-clockwise vortex in the upper
region. The vortex region will grow in sense of time. Figure 7 shows the

T=0.2

T S W |

40 50 60 70 80 100120

FIG. 6. Streamline Pattern for F=4.45x10~% Re=1200, Sc=5 and Fo=4.001 at t=0.2.
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FIG. 7. Same flow conditions as Fig. 6 except at t=0.3
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FIG. B. Streamline pattern for F=0.022, Re=200, Sc=5 and Fo=1.15 at t=0.2
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time development of the flow field at t=0.3. When the density of the exit
source decreases and the stratification of the ambient environment increases,
the interaction between the effluent and the receiving environment becones
very complicated. Vortexes are formed in both of the lower and upper regions.
The dynamics of the establishment for such case can be seen in figure 8. This
figure shows the flow developmeént of F=0.022 and Fo=1.15 at t=0.2. It is
also noted that a wave-like flow pattern was formed in this time stage. It is
properly due to the propagation of the disturbances in the stratified environ-
ments in which internal wave are generated. This may explain the flow
establishment at this intermediate region in some extent.

. 4. CONCLUDING REMARKS

- A laboratory technique is developed for studying the rise of plane buoyant
plumes discharged vertically in thé:density-stratified environments. The max-
imum height of rise is related functionally to the discharge configuration of
efflux and the stratification of surrounding environments on the basis of dimen-
sidﬁa'lranaly:sis. . Although some theoretical computations are available in pre-
dicting the ceiling height of buoyant plumes discharged in the stratified environ-
ments, those models were obtained underlying that the velocity profiles as well
as density profiles are assumed to be similar at all cross sections normal to the
jet trajectory throughout the flow field. It is seen that the density deficit of
a buoyant plume issuing into a stably stratified environment reduced con-
tinuously and becomes zero at the point of neutral buoyancy. Beyond it, the
flow decelerates and spreads sideways, and the flow is no more similar. There-
fore, the functional result relating the maximum height of rise to the discharge
configuration and the ambient stratification obtained in this study provides a
powerful result.

The detailed structure of flow field for a line buoyant source discharged in
a stratified fluid at the intermediate region is not clear at the present. In this
study, a laminar model from the numerical integration of the full Navier-Stokes
and diffusion equations through an initial value provides a mean in investi-
gating the time development of flow feld to account for the motions in both
the buoyant efflux and the surrounding environment of density stratification in
some extent. The results obtained from this numerical study are very encour-
aging for the precusor to study the detailed structure and the basic physical
features of the intermediate mixing region.
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A NEW TIME INTEGRATION SCHEME FOR PRIMITIVE
EQUATION MODEL OVER EAST ASIA AREA
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Abstract

A four-level primitive equation model in pressure coordinate incorporation an
efficiency computational scheme, hopscofch method, has been developed for numerical
weather prediction in Mei-Yu season over the East Asia. The forecast equations are
carried out by making use of this scheme. The method applies explicit and implicit
finite difference schemes at alternate mesh points to integrate the forecast cquations.
Each time step the prognostic equations are calculated in two sweeps of the mesh. In
the first and subsequent odd-numbered time steps, the grid points with i+j odd (i is
the row number, j the column number) are calculated based on current values of the
neighboring points. For the second sweep at the same time level, the computation is
carried out at the points with i+j even, using the advanced values of neighboring
points calculated in the first sweep. The first sweep is explicit, while the second is fully
implicit with no simultanecus algebraic solution. The forecasts have been made for real
data using time step up to 30 minutes. For comparion, the twenty-four hour predicted
geopotential field pattern agrees with that of four-level baroclinic quasi-geostraphic model.
The hopscotch method enables primitive equation model to use the integration time steps
similar to those of guasi-geostraphic model,

1. INTRODUCTION ‘

Numerical models based on the baroclinic primitive equation model estab-
lished for several years are the powerful implements to study large-scale wea-
ther forecasts. Although the primitive equation models are simpler and involve
fewer approximations than filtered equation model, the presence of gravity
wave requires a much smaller time step during numerical integration. Inves-
tigators use a wide variety of time integration schemes for their numerical
experiments. Smagorinsky, Manabe and Holloway (1965) studied the general
circulation model by centered difference method. Kasahara and Washington
(1967) developed NCAR global circulation model using the modified version
of Lax-Wendroff scheme. Young (1968), Lilly (1965) and Kurihara (1965)
performed different computational methods and investigated a number of time
integration schemes. The accumulation of experimental evidence did not
succeed in reducing the number of integration considered by atomospheric
scientists.

The finite difference methods developed by Shuman (1962) and later used
at National Meteorological Center in the operational primitive equation forec-
ast model developed by Shuman and Hovermale (1968) were explicit method.
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The explicit schemes require small time step to avoid computational instability,
It is expensive in terms of computer time. As a consequence, there has been
considerable effort to circumvent the stability requirement. Shuman (1971)
suggested a modification of the leap-forg time-differencing system for his model
which could reduce the number of calculation for a given forecast by up to a
factor of two.

Marchuk (1966) introduced a finite differencing scheme which treated the
gravity waves implicitly, and developed a number of practical problem per-
mitting a much larger time step. Kurihara (1965) and Holton (1967) applied
the implicit method to linear wave equations. Robert (1969) performed non-
linear barotropic integration with a spectral model based on primitive equation
by implicit method using a time step of the order of 10 minutes. Kwizak
and Robert (1971) successfully applied a semi-implicit differencing method to
a barotropic 500 mb forecast which allowed a computational saving of factors
up to three over conventional explicit method. Shortly afterwards, the same
method was applied to three-dimensional baroclinic models. Gerrity, McPherson
and Scolnik (1973) developed the semi-implicit differencing equations using
Shuman’s semi-momentum differencing technique for National Meteorological
Center six-layer primitive equations model. Robert, Henderson and Turnbull
(1972) Bourke (1974), Gauntlett, Leslie, McGregor and Hincksman (1976),
Campana (1979) have reported similar experimental success of semi-implicit
concepts to integrate the models using a larger time step.

Recently, the split explit schemes is developed (Gadd, 1978; Madala, 1979)
and is used operationally for 10-level model at Meteorological office with
computing time required one-third of semi-implicit scheme. The author (Chien
and Wang, 1979) adopted a newly developed numerical scheme, hopscotch
method, to integrate the quasi-geostraphic equations for numerical weather
prediction with satisfactory results. Twenty-four hour integration from real
data with time steps of 30 and 60 minutes shows no difference for 3 significant
figures. The new numerical scheme is tried to adopted to integrate the primitive
equation over the East Asia Aera to obtain the accurate results by increasing
time step. The forecasts have been made for real data in Mei-Yu season
using time step up to thirty minutes. For comparison, the twenty-four hour
predicted geopotential field pattern agrees with that of four-level baroclinic
quasi-geostraphic model (Chien and Wang 1979).

For the sake of economy and ease of experimentation, the oragraphy,
friction and diabatic effect have not been employed. The model is flexible
so that it will be relatively easy to perform numerical experiments with
integration schemes,
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2. DESCRIPTION OF THE MODEL

The limited area model described here "is an adoption to a Lambert
conformal projection of the domain over the East Asia. For simplicity, we
consider the rectangular grid and arrange all variables in the equation on the
same grid points (Okamura, 1975). The model is a four-level primitive
equation model, Fig. 1. The predicting wind velocities geopotential and tem-
perature are at 300 mb, 700 mb and 900 mb. The equations governing large-
scale atmospheric phenomena are expressed using Cartesian coordinates and
pressure vertical coordinate. Using the notation defined in Table 1, we can
write the differential equations in of (X, ¥, p) coordinate as follows.

200 MSSEAAAAAAAAAALALAL Wy
A
300 Ap U, vy, by, 8y
400—_1_————“—'-’-71——_"102
|
A o
|
(mp) 00 - = : —-f—-hf___c%
700 Ap Uz, V3. $3,6
SRS S —_——
A
900 ap u[.: VAJ‘#JOA
1000 Wy
FIG. 1. Schematic diagram for the vertical structure of four-level model.
TABLE 1
X, ¥ Cartesian coordinates in East and North directions
P vertical pressure cooldinate
t time
—aat— partial derivative with respect to time
u component of the horizontal wind in the x direction
v compon en t of the horizontal wind in the y direction
w component of vertical p-velocity
h geopotential
R the gas constat for pure dry air
T temperature
@ potential temperature
f cariolis parameter
& stream function
X velocity potential
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The equations governing the horizontal velocity are

du du du u ¢
G PV tes T — O (1
oV av av av g

The quasi-static appromimation between gravity and the static air pressure.
the hydrostatic equation, is

a¢ RT
- .= ——— 3
ap P )
Continuity equation for quasi-static atmosphere is
du av dw , ‘
| | P i )
The thermodynamic energy equation is
a6 af 94 6
Gt TUs TVay T O (5
where ¢ is potential temperature, defined by .
| 6= "T(P 1000 /PYCP/P. (6)

u, v, @, ¢ and 6, the five dependent variables as the velocities in x-direction
and y-direction, the vertical p-velocity, the geopotential and the potential tem-
perature can be solved by the above equations.

How to formulate the lateral boundary conditions is one of the most
serious problem in limited area numerical weather prediction. Although it is
well known, the problem has not been resolved. In the past, most of the
investigators (Bushby and Timpson, 1967, Shuman, 1962) treated a rather
simple way. They assummed that all variables were held constant at their
initial values on the boundary during the forecast. The tests showed a’ great
deal of noise being generated at the lateral boundaries. Some attempts . were
made to find boundary conditions closer to the physical problems (Williamson
and Browning, 1974; Gauntett, Leslie, McGregor and Hincksman 1978).

To reduce the amplitude of all computational modes and other short-wave
disturbance but leave the main solution unaltered, Perkey and Kreitzberg (1976)
constructed the numerical boundary conditions of “sponge damping” with
weighting tendencies. The variable A%, at time n+ | on the grid point (1, J),
is computed from the previous time step quantity and its tendency,

dA;
Pl= ARt (g )" At (N
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where n is the time step index, At the time step increment, ;,; the weighting

coefficent. In this study, we take w; ;=0.5.

3. FINITE DIFFERENCE EQUATIONS

The numerical experiment in this study try to incorporate the new num-
erical scheme in four-level primitive equation model. As presented by shuman
and Hovermal (1968), Millers (1969) Gerrity, McPherson and Scolink (1973),
the government equations were transformed into difference equations containing
a great deal of horizontal averaging. = The variables u, v, w, 4 and ¢ were
defined at the grid points with averages. And differencing was defined between
the neighbor gnd points, e.g., | '

Lh .f"'(u:+l it io, /2, ' | o (8)
( l J)X (ux-i-l i u:-—l,j)- . ) (9)

In this system, equation (l) was written as (Shuman and Hovermal, 1968)

A= —mUEYE+ VR g — et 4 YT (10)

The excess averaging on the terms might upset the balance in the forecast
equations. Gerrity and McPherson (1971) have successfully used unaveraged
velocity components in Corilis terms to preserve a reasonable geostraphic balance,
And it was attemped in a semi-implicit model (Campana, 1974). The finite
difference scheme used in this study._is the semi-momentum introduced by
Shuman (1962). Equaton (1) is written as

U= —m" [AV0]+ V705 + gL ] — 0®Pa 4 YTV, (11 ):

Equatlon (2) and (4) are transformed in the similar fasions, :
V= —m OV VYV 93] — 0P — £, (12)

Pt —m™[0VEL + \7“5‘] - E)ppgxy . . . ' (13)

The average and difference of u; ; is obtained by the values the neighboring
points; : - : ‘

o1 ' |
;= a (Ui, Uiy, it ety o], (14)

_ 1
[of,)= w [y, jrrFWigg, 1= Uiy e — Uiy j—l] ’ (15)

[ui j]p A [(u: _])k+1 (un _j)k 1]: (16)

where the subscrzpt k is the index for the vertical level.
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For time difference, du; ;/dt is

1 L -1
U, i = u™ R TLE 17
O A an
And the term @ is _
(@) = sy (R —ui3), (18

where the superscript n is the index for time step index.

The time derivative is 2 simple centered-difference approximation of second
order accuracy. - '

In this study, a newly developed numerical scheme, hopscotch method, is
adopted to integrate the prognositc equations. The method computes each time
stcp in two sweeps of the mesh. In the first and subsequent odd number time
steps, the grid points with i+ equal to odd are calculated based on the cur-
rent values of the neighboring points. For equation (11), the new values of
upt! are given by

U?,}":U?.]l-zAt {ﬁ?jy I:(uf.#l,j+u?-1,_|+uil,j+1+u1u,j-1) (u?+1,j+1

+ Ul j-1— u?-l,J+1_-.u?-l.j-l)/ 16Ax + (Vi +Vigat Vi et VI -1)
X (Ui‘+;.1+1+ Uiy ga1— u?ﬂ,j-l"'u?-l.j-l)/lGAy |
+ (Pten o1t e jor—Pi1,501— 95?-1,1—1)/4Ax]

1

+gip (@hanat ol = 20000 [EEa = (@DE]
e B [V Vit Vi V] ) for ij—odd  (192)

Equation (12) and (13) may be written in the similar forms,

The first sweep consists of center-time-center-space differencing to forecast
the new values of ufy?, vii* and 674! at odd points.

The second sweep at the same time level, the same calculation is used at
nodes points with i+j even by now using the known advanced values of
neighboring points calculated in the first sweep:

u{‘,}1=u?j1 — 24t {mif { (U?Il‘,;+u£'f1‘.;+UI‘,Eil+ ui it (uityn
AUl U ) Ui ) /164 + (Vf:11..1+V?:SI.J“'VH:!'*'VR;EI
- 1
X (ulnrl,j+1+uil.1:11.j+1—'uil:lllj-l._u?:ll,j-l)/l6Ay
+ (¢f+1.1+1+90'11»,1.1-1"‘90{1—1.“1—9[’?-1.1-1) /4Ax]

+ o= (@1, g, et @i, e 20,500 DETET- Q)

— 120 —



A New Timc Integration Scheme for Primitve Equation Mode] over East Asia Aren

— TRV b ] )
for i+j=even (19b)
This second sweep is fully implicit in the sense that (n+1) values are required
at points (i+1, j) and (i, j+ 1), but this implicitness involves no simultaneous
algebraic solutions, since the neighboring advanced values are already computed
from the first sweep. -

The vertical p-velocity is obtained by the equation of continuity (6) with
difference equation ' ‘
| wp= — 0" (B + ¥3) (20)
with the boundary condition at 200 mb with w=0. c

For each time step, the hydrostatic equation with no averaging was used
(Shuman and Hovermal, 1968, p. 531 Eq. (5-3)), to obtain the geopotential
field. The geopotential for the four levels was calculated from the po_tchtial
temperature and the thickness of the level. The hydrostatic equation (3) is
integrated downward to obtain the height field, while the heights of the upper
fevel, 200 mb, is held fixed (Rosenthal, 1964; Millers, 1969).

4. INITIALIZATION OF DATA

Despite considerable inprovement in observational netwerks and - analysis
procedures, the initial fields provided for starting up primitive equation models
are not fully satisfactory. The initial wind and mass field are not completely
balanced. They will cause amplification of the gravitational and inertial
-oscillations in subsequent numerical integrations. To reduce these waves, great
care must be taken to bring the initial fields to a stable of better balance be-
fore beginning the forecast. ' T

Numerous authors have investigated the initialization problem and proposed
methods of obtaining an initially balanced state by removing high frequency
oscillations for the primitive equation models (Krishnamurti and Baumbhefher,
~.1966; Shuman and Hovermale, 1968, Daley, 1978). The most cdmmon
method of obtaining the initial fields is by solution of the balance equations
(Haltiner and Williams, 1975). The basic equations in our initialization pro-
cess are balance, omega, continuity and hydrostatic equations. The gcopotentia_l
data, were smooth once in horizontal by nine-point smoothing operator and
ohc_e in the vertical, over three points, with top and bottom levels being omit-
ted from vertical smoothing. )

The balance equation,
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7 — LU+ 2(ree Yryy = Yey) = V0 21
was solved for the stream function, using the method described by Shuman
(1957) and Wang (1975), by relaxation method. The temperatures were obt-
ained by solving hydrostatic equation. And the vertical motion was prepared
by solving omega-equation described by the previous study (Chien and Wang,
1979). . The equation of continuity .

yr-- 20 e
| .9
was solved for velocity potential, with X set equal to zero on the boundary.
The total wind was obtained by adding the divergent and the rotational com-
ponents

0= 31!:' ' ax ' - : '(23a)
and - | . ‘_
T .(235)"7 |
ax ay

The above processes were repea,ted umtl the vertical velocmes at the two
consecutive cycles of computation approach the balance criterion Max | ofji! —
wljt' | <L 107° mb/sec. This completes the initialization process. The converg-
ing vertical p-velocity, and velocity fields are the initial balanced data for
numerlca.l mtegratlons : -

| 5. RESULTS OF EXPERIMENTAL INTEGRATIONS

‘The numencal techmque described in the’ preceedmg sections has ‘been
applied to ‘th meteorogtcal charts for and 1ntegrated to twenty four hours in
order to ‘obtain sbme estimate of the characteristics of thlS techmque as cem-
pared with other methods. SRR -

To compare the hopscotch forecast in'primitive “equation ‘model-with that
that produced by -the baroclini-geostraphic ‘model’ (Chien and Wang, 1979); we
use ‘the same initial condition. The computation domain covers from- 10N 'to
55N and from 85 E to 150 E with grid size 240 Km. - The *initial’ data .used
in’ this: experiment were June 10, 1975. - The' data “were: analyzed for the
diagnostic’ study 'of ‘the atmospheric structure for Mei-Yu system' in the: vicinity
of Taiwan' (Chen and Tsay, 1977), and-'were not- specifically prepared for
testing -the model of numerical weather prediction. Geopotential height analyses
at ‘the grid point were performed ‘on isobaric surfaces. ~ We read the -analysed
data from tape and smoothed horizonatally using a nine-point smoothing oper-
ator and vertically over three points. Initialization process described in.section
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4 is performed to obtain the balanced wind, temperature, geopotential and

vertical velocity for numerical integrations.
balanced geopotential heigh and temperature fields other initialization at 300

‘'mb, 500 mb, 700 mb and 900 mb.

FIG. 2(a) Initial analysis geopotialbeight (solid
line} and temperature (dash line} on
300 mb at 0000Z 10 Jane, 1975.

FIG. 2{c) Initial analysis geopotential height
{solid line) and temperature (dash
line) on 700 mb at 0000Z 10 June,

1975.

Fig.

2(2) through 2(d) show the

FIG. 2(b) Imitial analysis geopotial height (solid

line) and temperature (dash line) on
500mb at 0000Z 10 June, 1975.
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FIG. 2(d) Imitial analysis geopotential height

—123 —

(solid line) and temperature (dash
line) on goo mb at 0000Z 10 June,

1975,



Annual Report of the Instirute of Physics, Academia Sinica, Vol, 10, 1980

A twenty-four hour forecast was produced with the method described in
this study with time increment ten minutes, larger than experimented by Shiau
and Wang (1976) using explicit method with six minutes, Fig. 3(a) through
3(d) show the geopotential and temperature fields predicted after 24 hours.
They are similar to those forecasted by baroclinic quasigeostraphic model,
although we used the different boundary conditions. The former applied the
sponge damping, and the latter free slip boundary conditions.

T g I B

FIG. 3(2) 24-hour Primitive equation_ model FIG. 3(b)} 24-hour Primitive equation model
prognsis geopotential height (solid prognosis geopotential neight (solid
line) and temperature (dash line) line) and temperature {dash line)
on 300 mb. on 500 mb. """

it

P =i 8 amet
"‘-- ,‘ vt
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3 LY o st >
¥ B R p -
970 — P
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100 10 20 130

FIG. 3(c) 24-hour primitive equation model FIG. 3(d) 24-hour primitive equation model
prognosiss geopotential neight (solid prognosis geopotential neight (solid
line) and temperature (dash line) on line)} and temperature (dash line)
700 mb, : on 900 mb.
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We adoped the hopscotch numerical integration scheme with the same
initial and boundary conditions except the integration time steps are increased
by double. The predicted geopotential and temperature fields shows no differ-
ence for 3 significant figures compared with At=10 minutes.

Further, the numerical experiment was performed with larger time incre-
ment At=30 minutes. The predicted fields agree with those of At=10 minutes.

6. CONCLUSIONS AND RECOMMENDATIONS

- The major objective of this study has been to apply the newly developed
numerical scheme, hopscotch method, to four-level prinitive equation model.
The development reported here in is part of a continuing international trend
towards the application of the limited area primitive equations models for
routine operational forecasting purposes, e.g. Okamura (1975), Burridge (1975),
and Campana (1979). An algorithm to incorporate the hopscotch time in-
tegration scheme has been presented and it is found to be meteorologically
equivalent to four level baroclinic quasi-geostraphic model using the explicit
and hopscotch time integration to 24 hours over the East Asia Area during the
Mei-Yu season. The main advantage of the operational forecasting of the
scheme is a substantial economy in computation by permitting the longer time
step and is a modest improvement in the accuracy of the forecasts. Another
advantages of the model are its unconditional stable and its simplicit, involv-
ing no simultaneous algebraic solution in prognostic equations, and no poisson
equation solution in diagnostic equation.

Although we have incorporated the new numerical scheme to the primitive
equation model with priliminary satisfactory results, we are not complete our

study. Additional developments of the model should include diabatic, surface
friction and orography effects. The features recently, developed in computa-
tional mechanics should also be added to the model to promote a longer, more
stable forecast by controlling the nonmeteorological noise that develops during
the integrations. And the comparison between the semi-implicit, split " explit
scheme and the numerical method proposed in this study should be excuted
using the same grid spacing and initial conditions so that we can compare the
computational economy and efficiency.

— 125 —



Annual Report of the Institute of Physics, Academia Sinica, Vol. 10, 1980

- REFERENCES

Bourke, W. (1974). A multi-level spectral model, I. Formulation and hemispheric
integrations, Month. Weath. Rev., Vol. 102, pp. 687-701.

Benwell, G.R.R. and F. H. Bushby, (1970). A case study of frontal behaviour using
a 10-level primitive equation model. Quart. J. R. Met. Soc., Vol. 96, pp. 287-296.

Brown, J. A. Jr and K. A. Campana (1978). An economic time-differencing system
for numerical weather prediction, Month. Weath. Rev,, Vol. 106, pp. 1125-1136.

Burridge, D. M. (1975). A split semi-implicit reformulation of the Bushby-Timpson
10-level model, Quart. J. R. Met. Soc., Vol. 101, pp. 777-792.

Bushby, F. H. ant Timpson, M. 5. (1967). A 10-level atmospheric model and frontal
rain, Quart. J. R. Met. Soc., Vol. 93, pp. 1-17.

Campana, K. (1974). Status reporton a semi-implicit version of the shuman-
Hovermale model, NOAA Tech. Memo. NWS NMC-54, 22pp.

Campana, K. A. (1979). Higer order finite-difference experiments with a semi-
implicit model at the National Meteorological Center, Month. Weath. Rev., Vol.
107, pp. 363-376.

Chen, T. J. G. and C.Y. Tsay (1977). A detailed analysis of a case of Mei-Yu system
in the vicinity of Taiwan, Tech, Rept. No. Mei-Yu-001, Dept. Atmo. Sci., National
Taiwan University.

Chien, L. C. and C. T. Wang (1979). Hopscotch integration scheme for numerical

~ weathe prediction in Mei-Yu season, Proc. Natl. Sci. Coun. ROC. Vol. 3, pp.

- 356-363.

Daley, R. (1978). Variational non—lmcar normal mode initialization, Tellus, Vol. 30,
pp. 208-218.

Gadd, A. J. (1978). A split explicit integration scheme for numerical weather
_prediction, Quart. J. R. Met. Soc., Vol. 104, pp. 569-582,

Gauntett, D. J.,, L. M. Leslie, J. L. McGregor, and D. R. Hincksman (1978) A limited
“area nested numerical weather prediction model: Formulation and preliminary
"results, Quart. J. R. Met. Soc., Vol. 104, pp. 103-117.

Gerrity, J. P. Jr. and R. D. McPhcrson (1971). .On an efficient scheme for the
“numerical integration of a primitive equation barotropic model, J. App. Met.,
"Vol. 10, pp. 353-363.

Gcrnty,] P. Jr., R. D. McPherson and S. Scolmk (1973) A semi-implicit version
. of the Shuman-Hovermale model, NOAA Tech. Memo. NWS NMC-53, 44pp.
Haltiner, C. J. and R. T. Williams (1975). Some recent advances in numerical

weather prediction, Month. Weath. Rev., Vol. 103, pp. 571-604.

Holton, J. A. (1967). A stable finite difference scheme for linearized vorticity and
‘divergence equation system, J. Appl. Met., Vol. 6, pp. 519-522.

Kasahara, A. and Washington, W. M. (1967). NCAR global general circulation

-model of the atmosphere, Mon. Weath. Rev., Vol. 95, pp. 389-402.

Kurihara, Y. (1965). On the-use of implicit and iterative method for the time
“integration of the wave equation, Month. Weath. Rev.,, Vol. 93, pp. 33-46.

Krishnamurti, T. N. and D. Baumhefer (1966). Structure of a tropical disturbance
based on solutions of a multi-level baroclinic model J. App. Met, Vol. 5, pp.
396-406.

— 126 —



A New Time Integration Scheme for Primitve Equation Model over East Asia Area

Kwizak, M. and A. J. Robert (1971). A semi-implicit scheme for grid point atmos-
pheric model of the primitive equations, Month. Weath. Rev. Vol. 99, pp. 32-36.

Lilly, D. K. (1965). On the computational stability of time-dependent non-linear
geo-physical fluid dynamics problems, Month. Weath. Rev., Vol. 93, pp. 11-26.

Madala, R. V. (1979). Split explicit integration method for tropical cyclones, AMS
12th technical conference on hurricanes and tropical meteorology, New Orlean,
Louisiana, April 24-27, 1979. :

Marchuk, G. I. (1966). A new approach to numerical solution of differential
equations of atmospheric processes, WMO, Tech. Note, No. 66, pp. 286-294.

Millers, B. I. (1969). Experiments in forecasting hurricane development with real
data, ERLTM-NHRL. 85, 28pp.

Okamura, Y. (1975). Computational design of a limited-area prediction model, J.
Met. Soc. Japan, Vol. 55, pp. 175-188.

Perkey, D. J. and C. W. Kreitzberg (1976). A time-dependent lateral boundary scheme
for limited-area primitive equation models, Month. Weath. Rev., Vol. 105, pp.
744-755.

Robert, A. J. (1969). Integration of a spectral model of the atmosphere by implicit
method, Proc. WMO/IUGG Symposium on Numerical Weather Prediction, Tokyo,
November 26-December 4, 1968, Japan Met. Agency, Tokyo.

Robert, A., Handerson, J. and Turnbull, C. (1972). An implicit time integration
scheme for baroclinic models of the atmosphere, Month., Weath. Rev., Vol. 100,
329-335.

Rosenthal, S. L. (1964). Some attempts to simulate the development of tropical
cyclones by numerical methods Month. Weath, Rev. Vol. 92, pp. 1-21.

Smagorinsky, J., Manabe, S. and Holloway, J. L. Jr. (1965). Numerical results from
a nine-level general circulation model of the atmosphere, Month. Weath. Rev,,
Vol. 95, pp. 727-768.

Shiau, C. J. and C. T. Wang, (1976). On the preliminary study of limited-area
primitive equation model, Ann. Rept. Inst. Phys. Acad. Sin. 1976. 231—262.

Shuman, F. G. (1957)., Numerical methods in weather prediction, Month. Weath.
Rev,, Vol. 85, pp. 329-332, pp. 357-361.

Shuman, F. G. (1962). Numerical experiments with the primitive equations, Proc.
Inter. Symp. Numerical Weather Prediction, Tokyo, November 7-13, 1960, Japan
Meteorological Agency, Tokyo, pp. 85-117.

Shuman, F. G. and J. B. Hovermale (1968). An operational six-layer primitive
equation. model, J. Appl. Met., Vol. 7, pp. 525-547.

Shuman, F. G. (1971). Resuscitation of an integration procedure. NMC Office
Note 54, 55 pp-

Wang, C. T. (1975). Numerical study of a simplified balanced model. Atm. Sci.,
Vol. 2, pp. 51-38.

Williamson, D. L. and G. L. Browning, (1974). Formulation of the lateral boundary
cenditions for NCAR limited-area model, J. Appl. Met., Vol. 13, pp. 8-16.

Young, J. A. (1968). Comparative properties of some time differencing schemes for
linear and non-linear oscillations, Month, Weath. Rev., Vol. 96, pp. 357-364.

—127 —



EB 2T EAZR R

# Ex  E
+ K £ B
T & -

LN RN A
B-EXE T FE F¥FE ¥

i -3

ZEAFZREERABRANEEIRERBRENERY s RAREEWEET - Fif
RER 1975 £6 A 100 BHERTEM (0000 GMT) EEER » K5 & Barnes, Cressman
+ % Inman ZBSHER - TIMEBRANZRR » ERILBWESE -

BTHEREZRSTTEY » ARRE—SRFRART » BHREERE M R e
B L RRERRERS - RRARFLH » AURESFWRERE S RAKFHA—
Fik » RREBATRE2FE o SHEBSFOONE  RTHRIBMTBHLRA » R B
7 LivieE -

- ERAENBEREEARRRS  MEBRAZRERHR  RREEHEN » EhREXE
HEEHHMEERD  FEHEEEERE  DAHAMRRBEEEERSD > MLIESER
HESEROBEEERT  BETHASERATHESEREH AL ERRBE X ARRRME
WL ARIREEERSTRIMNSTES

ARERAESEE > BHURERE FERARRET NI ERAS = A RE R B 0 5
BXBEARBREZEEBRSTHREEE » LR NOAA-4 fIA RHER A RZRBTEL L -

£~ 7

FEKBEHBERCEABDERF - FRTESERNWARER > E#

WRAZMEPRERBRER FURF » RS ER o bR a5 BB
s WRARBZSWLIE » BAHE s A—HE » ARWREES T » R REE
FRBEMER - RTHRIELENE  RREELTEBRNSFNERE - TR
WA ARSI RS LR S BEER » FARERERZFFIR RN L

— 129 —



Annual Report of the Institute of Physics, Academia Sinica, Vol. 10, 1980

REARMERE  TFRATREHERODBE » R EResRERAE » &5
HARHS -

Bergthorssen i Doos (1953) ”E)E%i?'%%%}ﬁﬂ@%ﬁim% il 4
%5)%@ﬁJJ;SJ:E‘J%iﬁﬁﬁﬂf?ﬂﬂ%@ﬁﬁﬁif@&ﬁ%ﬁﬁfﬂﬁ%%rz& o FEHTHE
oy oies > BRANGE R RS S IR SRR REBES
BIRER o BRI BB Hi R EHE » TR H 2 BN IS HEEGS
TERFRTEE4 fyEEE o Bushby Fi1 Huckle (1956) FIHTEMEFSHREE o
Shuman (1957) 4 855 » Eﬁi}»‘ﬁ-ﬁiﬁ#ﬂﬁ@f&ﬁo(]ressman (1959) Er—F&
WE %Té’?ﬁ]yﬁﬁm%%ﬁaﬁzﬁﬁﬁﬁﬁﬁﬁﬂﬁ%@ » LME ST HTE R 5 »
HEERCREEASR L (NMC) ﬁﬁﬁ“ﬁ]ﬂ_ﬂ@f%%ﬁ (McDonell, 1962).
Inman (1970) ZFEHRuE ERBRRENEE > #§ Cressman QHEENLERK >
ELEBRETRMEAEE o Barnes (1973) AAEBEERSHTEEHNAEES
» WHIBHLE B EOER o McFarland (1975) %54 Inman #1 Barnes HENE
Sl ﬁnf—‘ﬁé‘i?i?ﬁ#%ﬁﬁ%%% %%ﬁ%ﬂﬁ% °o B (1976 ’ 1977) A
B ERE ﬁﬁﬁﬂﬁfﬁﬁﬁZmﬁ% hﬁ%fﬂﬁt%%%ffﬁ HRETH
SIBERBEE - MK (1977) RESEREBEEBIHZRE » ESHEEER
AT AR ﬁﬁ%ﬁrﬁmE%Z%ﬁ%ﬁ%%ﬁg%ﬁ%i&ﬁﬁ
BHhOE ) SERNEERERBIREQERYES ﬁ%%ﬁﬁﬁ%ﬁﬁ'ﬁ HE
ERERSBREINE - %ﬁ%ﬂﬁ@ﬂﬁ?kﬁﬁi@%ﬁiﬁﬁ o

EBDIHIRER » %E‘k%%ﬁﬁ@%ﬁ&f%ﬁﬁ%ﬁﬁﬁﬁ s %Eﬁkﬁ‘]%%
AR ﬁﬂ:ﬁ%ﬁ*%ﬁﬁﬁ‘ﬁﬂﬁ%ﬁyﬂTfﬁ}@f%Tﬁ uffﬁﬁéfﬁﬁgﬁ‘i@ ki3
Eq‘ﬁ{’pﬁ—ﬂ;-ﬂ{j@mjﬁ]&ﬁo Peterson (1973) j:{:@ NMGC 300 b mﬁﬁ}ﬁﬁﬁ
B e tERiEE (“Optimal” objective analys1s) RIME AR B o Stuart (1974) %4k
£HE > BESEIBSVRBEEESY 0 SYHEEERE s BB A FMEL
FIBIEFITAE o Schlatter et al (1976) BEILAIRMIE » % THEH S HTER

(multi-variate statistical analyses), NMC § Cressman 4 #7855 T 8 5 #5008
-#& 5o Otto-Bliesner, Baumhefner, Schlatter #1 Bleck (1977) ERAZEXKIFELS
¥ (Successive-correction objective analysis) » % TL#i2t 547 (global statistical
multivariate analysis) » &4 5-# (isentropic analysis) 13805 H15E IUAE 5 5748

— 130 —



FR AN EE

K Ho IS HTS S EOR A0 & B R R R BUE AR ETENE » TRER R B
ERSHRLESNBE  ZRSF REERNRELA > TERSFUT » it
WERBYZEEGS > 400 mb UTARZAHS » UBXEEERSHS
PR »

AWFEA Bames, Cressman 1 Inman ZHSHER > (FRRBOHS -
31 EETH#RS (Chen and Tsay, 1977) MEMAH » FRALME » TIFALE
R o HERSFEXTBNFBIG T BARE B HBEEEE
BB AAARTE » AR BRI BIE B SR RRERSVTBNA R
BE - B EEAREDHBHENERFR  URERONE  BEEEARE
ENBH > BRREEEEARCREOEDTRERD » REEZHREOER
BRENE > MYRASLHEARBBNEE  BESERHARE - HRBER
EHHERER  HRAKBHZBLIERES  BRESERS NERMAZER
) HEHBERE - B EARRRRER ARG EREL 0 T REER
SHRRBDHES o |

SEEEHESE  APREAEGLE  EHNBEEE HFERRRETE
ARAMEZMIAEE - FAHBRERSHREFRSFOBEELE » B
NOAA-4 KTA K RIBH RERIGTETR L LRSS AR o

R>%F B o 7 &

AR EOEE  BEANASEE ) RAERERESRRHRRANERE
) EIRDETEBSWE LI « KA LR RER » NEEMBRLE - BRaRs
BB F 0 REEBHSFEARRN » LOBBNESSHERBHMER o AH
7T AR Barnes, Cressman I Inman %£=HZEBRFHER » HEREHHAR
» {% Cressman (1959) PRt MBERIEIES » MEMoFRRAZ X B2 FIERE
EREATRE o 4% JIE TER® o o

— -~ EESHE

#Z, BRIk EERSBHAOBNE Z REBSkE 24— 1R BIHME
o DM Rflivkk EBRPIERE «—1 ROWERZEE 8l
— 131 —



Annual Report of the Instirute of Physics, Academia Sinica, Vol. 10, 1980

D t=Z, -2}
HE—REN () REEME Cf THEREELERERAN DM ENETFS
ESER

Eold o NRHGEE > W, Rl k (oBERE - &8 «—1 XWoENERIE
fE » ENBEHTI T HfE o R LAY ATE » MIAEEAEE (B D » REB

vk LR 4ifE Z

7T+ (Z— zo Yob(Ze—2) 2 X (Ze=Zy+ 2= o“"“Y

ﬁ*'h2ﬂs4ﬁmﬁ§mm%ﬁ’kﬁiwﬁ’d%mﬁﬁﬁoﬁﬂﬁkm
BRI RS HE R » B EENEREANERKFIERE « » 8/ Di[>er
B » HI RS ML SR BOR  3 » FERAT T — RIS 0 BERERRE T o %
R R RS ENR > BSOS o

—_— mgfgiﬁ'*ﬁ'

BB RS HTE R R BIPTRZ ARl ﬁmﬁ%&ﬁﬁﬁﬂﬁﬂﬁﬁm%ﬁ
HE RS o MAKIEE A REDR S ERETE  BRANRREBEBOEN
7 o BB SRIE S RIBHEISART AR T8 0 S R VA R BE A TR £ o R
HIURIER (Stephens; 1971) » BRI E RIS E —BBERE » BITTAE
BRI TTAEN B R TR o REIFT A RIBEE (definable scale) Wi/ > HLTE
ERERBHERTE o RAREKNS i €8 LETHS  ERBHRE—K F
R AR BN > GRS EEREN  LRERNNZ HRERA o

EHHEER > ASENTY : ORS ERAEERS OB ERA RS
» (@ ERAEEARQ LS o EAFEFRAROME) o

R R I AR > BRI ERS FEZEME D,

D,=Z,~Z, o
Kb Zo F Z, FHBAEL EERRERSFE - %78 D, & BRBE—HF
Rz ST o
— 132 —



TR AL Z R

% Bl oA R B R A Ak 0 B

D=Z,+ (‘ﬂﬁx + E—Z-AY) ~Z;;
?x 3y

Rt 2y BRRNZ AN S T2 B Ry HEOEERE > T
SR B F B RBR R ©

2Z_ 108f

9 X me g

°Z _ _ 1.08f

)Yy mog

LR RAR2E - c BHERAEBVERT > mBHELAR » e SEHINE
Eour vERBARExRYy HAEZHE » B8 1.08 ZHEANENASE
B o ‘
R ERAIHE » (I RBB\ER LS HHE » EESHEZENR » BRI
BELE ) DERERERESVRE
S HERY
(1) Cressman (1959) x# & & ¥
Cressman (1959) % BEUHEEBEME » REET L HRBE2 EREE
B> & : %
\m={%¥%_¢<R
=0 d.>R
AFREBBELE > d SWHEHEBREEZERE » Wo RRERE » RS R
REELRZ 48 8 d>Rs Bl
W, =0
(2) Inman (1970) =# ¥ & & _
Inman 2 HERHEBRNEENYE > o Cresman RYHE » NE LA

ERTERZEE g :

- R¥-di
* R¥+d

—133—



Annual Répbrt of the Institute of Physics, Academia Sinica, Vol. 10, 1980

R*¥2=R*(1+ 8 cos® 8)
6 RS BRSNS ALNEA (B 2) » B ER B TRMEE :

ﬁ¢0%ﬁﬁﬂﬁ%%kmﬁ’b%ﬁﬁ’~ﬁﬁﬁﬁ10
(8) Barnes (1973) > #M &£ & &
Barnes fif FIRyfa @ EE] ¢

1 d2
W, = k
£ 4n K 4K )

ﬁ¢K%ﬁ&@ﬁ Eﬁﬁ%ﬁﬁ K B » KA EBAK » E@ﬁ
EESBENRS s RZEIA  MTEETHERGBABN ST o £4H
g s 4K REER 0.8om® o HLUMIR EAUBRMEACER > I 4KSR 18,000k, -
BB H AR SOIEES 135 km o

Barnes 338 Hi b A HE B I B A T 1B © 2

(a) WEBH KR ERE » BRREEBONTLHEME >
yﬂpw)mﬁhﬁﬁﬁﬁﬁﬁﬁﬁ@ﬁ%%%ﬁﬁﬁmmﬁﬁﬁi » BRI 8
O BRTUSSE A REE
(c) JEMEERBWEHE » AR » MASEE RS o
(d) fEFEEEE » RERBE— R > TSR o

M ~ Fsa M rHE

et EHEE Z9 R 2O EEGSFZE BAVETE » REBHEASIH
@%ﬁdﬁ’%ﬁd@?ﬁi@@:+:$ﬁﬁ%%ﬁﬁjﬁﬁ@°&wmm(w
59) ETFEES TR + 850 mb EEE Z4#H 0 LL 500 mb = & EEE = 500-850 mb

BV SMMME 5 500 mb EEEZ A H » BB/ TR M A 40 4418 5 300
" fab EEEEZ S Ll 850 mb K 500 mb EREEAMERTE 2 EEEME R RATAME o
McDonell (1962) B & & BEESFRGMMREEHE o MAEEHENREFFE
T, PREARRS R  EUBGHERERE ) ISRBA—Eakek- ¥
& (1976) EREHERRALBT EHS V2 HEPETREODRETEER

— 134 —



ERSHAAZ RS

TR BB RE R » BRI ERR o QIS W2 45 BT o
- ERTERR  FWHE BENBEWTSETEERT » BEMBLEHE
TR MR, o :

#ﬁiﬁaﬁﬁk&n’:—

RIS R SRA R - 8 - ﬁ%~@%~%ﬁ%—%ﬂ%ﬁgﬁﬂﬁ¢%
BEE > TRENENRS  BREETRUERNGETREME £RE o Lok
FERELFSAUERFTHEWBTGRRAG > I AR RBERRBNE DR
@y REt (Automatic data editing and switching system) » ' B BGRE
REEL LWRRBNERZGR  BERE  PETERE  BFRI0%ELSY
ZEERHERSERIRS (51, 1977) » SRS ER0EA - B e
ARG AERBRER » SRESHSEROTERE o
 ARRFAZER  ESFIERETRET » MAFABSBRERITE
WS HRR ) BT REABERRFAMMAE—HE » LSS FBEFEA
ﬁm’ﬁﬁﬁmﬁﬁmﬁﬁlﬁﬁ#%ﬁi mﬁﬁzﬁmﬁ%xﬁﬁ%m%ﬁg
BREENATFZ—HE e -

—~ B@ki#F (hydrostatic check)

BRREWERKDE £ 1 Rl-l-lEEEE;EJ: %ﬁz@ﬂ“?ﬂﬁﬂ{%ﬁ (Inman,
1968) : :
AH‘=Hi+1“

= (Ti4Ti 4+ 546.3) In—Pi
g Pist

HAE g REAMEE REELER - p, T, 2908 | BHEEENREE (°C)
< AH, BBXTENEEERE o &aﬁﬁ@rgﬁﬁﬁﬁrgmmﬁﬁ,m
§,=h,,.—h—AH, ) - - ‘

h & by FHBE | R i+ BZEERNE - % o HERENASRESE
ROAE (6] <A o QIS BWEBKEE o AREFEENE AN ERINE
Lo B |61>0 B IS BRI o B KRR K ST R
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A— BITHERER SRWGBRREFER
(2) A (4L 2 m)

- 850 mb | 700 mq | 500 mb | 400 mb | 300 mb | 250 mb : 200 mb | 150 mb
l 700 mb | 500 mb 400 mb 300 mb 250 mb 200 mb | 150 mb 100 mb

I I |

A fE] % 33 30 30 ’; » 0 s ! oso
; - : i | ‘ . f ]

(2) EB|AH
(b)
B %  80mb | 700mb | 500mb | 300mb | 200 mb

| 700 mb ? 300 mb ! 300 mb 200 mb 100 mb
A 30 i 35 ; 50 ‘ 50 80

I ' ' ;

(b) %o

AEH  MEREESASENERAL  NERTHEINEREATHBETRE
me
=0 ~BAHBRTERTE (static stability check)

EREZERE A NG ESERER - %kﬁ%T%m#%’mEE%m#m
~KEL BB NRERE o TR TRKE

o 30

a._ — —

: ] p
&h o BREAMLA 0 SEEBEZMLE @ &)

6= T(_J_‘?;’O ) R/e,

%ﬁTﬁEMhEsc%EBm&’Rﬁﬁ%ﬁﬁo“h@%ﬁﬁ¢%?§%&ﬁ
B 0 REETRERE BT EHEZS 0 KABESRENENRERLE © Bt
R BB R B VET B8 TREOREHRASE  TLUMREE
SRR FSERE H RN o

=B E (ellnptlcnty condltlon)

R A R 5 8 B T SRR ﬁé%ﬁﬁ%%@ﬁ$ﬁ##ﬁ§o
EEFOMELR » —BBRTETERAEEERBRER - hEE Ak E
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FRSALIRE

B o e I BRI T (Haltiner, 1971)
| Vo £Vt 2(Yrtfry, — Pty = 700
ERAFHFYE A RRAY 0 SBR Monge-Ampere RS TR >t R
P& Dirichlet BAY » I T8 7R A A S IEIR ) o A 5 o f&%ﬁﬁwﬁﬂ
= (Haltmer, 19715 : .
V%—-;Fw - vi+ g >0
TERVER RS » ME S AME L FIEE RS » Y EBEE » R sEm
TR RS B — B R4 o & B R A > BB B A
MBS > & SR M IERES o FFMEREN ARG HREBSES MHE LR
FUR R A HE o

AR AU 8 Sy g R

EEERENE > BERNTEESE  OEHSE » MRERAER ) Bk
FROBEERS - KENGESHE » FATERHE—WES  ANRANEH
EREERX TERNEERER > WEEROSEEE R LB RERS
PHEMBERS » DEARBORY - HRMLUGEOEE » ADREERGEY
B o QRS AABIEHER  BEREENBEERE  HHEDRMWE
We—H B EEMEE  MEFESREARBEN  WTBNEERE » BY
BK o A& KRB RN B S AR RS » ITBR T 7R AR o
OB PR MAREEFEARSEHIEAVEERE HER » hSEENEE
E%ﬁ R EERE B AR R S LR > TSR RSB bR
m@m& MBI RS  DARNER RS FER 0 AESEER

RN IE B o
“ Miller 71 Panofsky (1957) #HEEAENIE  EHREREMFTERE

o Danard (1964) BRETE BRI » & 600 mb UITEF » dileshimy

Eﬁﬁf@%ﬂﬂ@ﬁﬁiﬁﬁﬂﬁﬁﬁbmﬂiZ%%EﬁEE%Z—- o Wilsoa (1976) o 434

Eﬁﬁ@l&ﬁﬂ‘ﬁ"ﬂ%ﬂ‘]ﬁﬁiﬁﬁ fib LA#ERAEE R 82 100 mb BAFEEERE - {F

%ﬁ@&ﬂﬁ#%%E@ﬁbmﬂEZ%% » BB IER Eﬁﬁ%f%ﬂ‘?ﬁ%ﬁﬁﬂ“ o
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Vincent, Bossingham i Edmon (1976) BE 3E B S v UL ¥ S i R S T RS AT
oy FEEE LY > BRESEETRBOEREE  ANEEIERETER
ez EERESERERHEIZL2YES » MARRE ERESHANHEE » XEX
EEBEYEEL RS2 —  ERERAET L CRAEDSEREREERET
B DEtEREEMERE o :

AW BAEG S - BN EEEE S EARRE FRTERE =G
ﬁ?’s‘ FHIRTF o

"\:E?h%%

ﬁ%ﬂﬁﬁmmgﬁﬁ@ﬁ Eﬁ%@@Zﬁﬁ%ﬁﬁﬂEﬁE \ oot — %ﬁ 
BRWATE o ASEEEL » BETRRTES :

3u+9V+90J=0 (1)
29X QY gp

A ur v HREEE xRy ﬁﬁ.l:ﬂﬁﬁg ' w ﬁﬁﬁiﬁﬁ ’ E%ﬁ- w= dP/dt
! ﬂi(l)iﬁ%%—‘ﬁtﬁﬁ Ap FLI#S o 8 |

R PFaP /3y e SR SURL I ARV ST A
7 L@ —wp+ap+ J- ‘ (§+—G‘7)dp e ey (2)
4 D¢ ﬁk%@ Ap ZAHER - T v v BREERS
p+ap‘9u ’ : S
D= (gx+zyﬁp _'.,_,,Q:_ﬁ,,®_
QAMHER
B Dy . Lo S L 4y e

£ w0 FHBKERE Ap Lﬁ@@‘F%@ZEEﬁE Eiﬁ 3o 4wl
Sk R R AR - SR - BORTHE ¢ L

w=wyt 3 D, e

ﬁ?*ﬁ&ﬂ@m@%ﬁﬁiﬁﬁo SRUE S
EEBEENFE RETELEERS - &T%Pﬂ%:&ﬁ{%ﬁ: ﬁﬁ?&ﬁﬁ
REBIME 4 BERESR  REGHERR ﬁﬁﬁ%ﬁﬁ%ﬁﬁﬁﬁéﬁﬂ‘n
BENRE  ALRBERBEAES  FRELEZA - -
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¥ g TR NS T E

HE)RA K EEBRERE » KEOTRER » REAWHERS 850 mb 2
EEEEGESR (B ; HREAEGRRE 10 mb REERERS - 8

wr=0 o F M E THAMEAABGES EFBLBEER o A o BREMEERZ

FRIEEE » FUGHEHRERE  FREESERE L -

= WHMEEEEAER o
ﬁiﬁ%@ﬁﬁ%ﬁﬁﬂ?&ﬁ%&b%ﬁﬂﬁ&?ﬁ?ﬁﬁﬁﬁ?ﬁf of/ot JETMEH »

AP TH B R AR R EIE o EHEMEEEE FEAMURM TR (

Haltiner 1971) : ' |

2 2w _ 9 __1_ , sy
. O',Va)—l-f ap? 5 P J(e, f+O ; v J( @, - p) (6)
Kb & AR ERIT :
1 alné N )
o S BREEERER
£ I3p .
fo : FIGFRBH
o :EHE |
C : b
6 (&
o BREE
Y
V=55t + >y ]
Ja, by = 22 9b _ 9b sa

°x 2y ox 2y

ORF » EWHAB v =2 Laplacian , ¥R o % E—BRAEAR AN

s HRBNEEARNEERL ; SME - ASBESRAY Laplacianc v HE
REMFBAE » GRERELIEBTN » BkATEEHEROEE ( Tren
berth, 1978) o BHBEE o, BEBWEY > & x, vy FHLBS—%H - Bi# o
HEReh o & o, BEM » REHERRES HER 7 RIEMERE o FHLSH
BRFBEEE  EEUER L TSR o
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AWgerh o ¥ o HEXZBREESBNE S LESREIARER
FERMER E TR £ ARRSERMNR2H [ RBBE  REEFZF
HBER ; TRRERE o HER RORERFZANEREE  BREIE

ERERE L -
=~ REFHEFEXE

en aE R RAREREARER  BNETEXRESTERNIEE » X5
e b 7 [ BRSO E B BB o U EAMNPAMT (Haltiner, 1971):

V3 g, () VL V= 22 (8)
at 2p
Ve (V) =V | 9@
Vir+ 2% =0 | )
3p

Vi(ow) + £ *’—p?’— f--muwr, L+E)+V « V2]

—VZLJ( p)+Vx vt _vrev ¥ g

Ip apat
it &5
f : ®HEBH
¥ ¢ PR
¢ : BHBEK
{=vV0 RE
1 HEBEE
GHTERBIENE « FREAFEH  VAR=EHREESEX - BEREE
HHABHE o HEXA » B L TUENEREETRAEHSREZ LR -
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o8 R S 3

15~ A H FR B X RKR

— % # % &

EHEEEESE 1975 56 A 10 HEHBEEBSEZER » 314 220 @
SEEEE R » S 10°N F 60°N» 70°E &£ 160°E 2/ » hEIREE+HE
VEE - B BE - PRLEREATER o

| AEANEEESEESE  BE BREE  RARAESHENE  LEHE
Bkt EAE » 8] 850 mb~ 700 mb ~ 500 mb ~ 300 mb~ 200 mb F 100 mb &
EEF > EHBEREERE 850 mb - 700 mb & 500 mb ZBEHE o BABA
1000 mb gEES o

BEEGEZ M TERRREZEIBETEEBRNES TEEMERERSH
» RELESHAT - ERBE » EETEOERT » FUEE o v

P FEOABEE RS 20 19 RLBEZE 30°N~ 120°E - fBH BT 2 BE e
RHREERS » 108 240 AE o -
=X E B R

 EEETIERAES  BrRERESAT SESRERERSS RELE
 B—EREEANER SN A AR EHREEAR A —&
RELE o AN ATEBENWHBIEH » BABRRATYE » EPERESESTA
FHEBTCM > B PSS RAAEET  HEETER - SBEETEAE
B 0 H— SR SRS o

850 mb Z BT RS - ﬁkﬁ%%ﬁﬂﬁ%ﬁﬁﬁo&ﬁﬁZﬁﬁsﬁ&Eﬁ
W SR —E 0 BABENE AR - HARRER RS E AL R o W
HAER » B AR R ISR > SR B E o 3] 700 mbBS » B AW LHA
—HEAEEER » WENSTEZES » HLERES O » MEETEH » SEBL R
HHE » SRR o HAHERE T RS ERE BT EEESY - HBATRE
EREEESERETREE ; B4 EEREZAS  KEBRE 850 mbigsE
il o

- FE 500 mb |k (@ 1la) - HENETEZES » BB AE EHRERS.O
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T RE BN 5 AR 700 mb HHRAZEZ FH o HBIICE —HA
SRR BAEEFEENE —HAERY SRR R S 2
G » (A EMRIERE LR o

300 mb LAk BAW L2 BRI W27 *%ﬁsﬁﬂalttmﬁﬁmwnﬂé?
BACRIGT ;. ATHSREHOR ) FEEFNHRNERE ; FREEH -
100 mb EREAIHEK o |

H—BR . —EBERS . EEAAKES 0 KR EERERW o B
NOAA—4 HEEE (86) HR - DESLR—HEERE : S/HRE B —
HAREWTEE ° |

e~ oA B XA

AWRRBELSHEE » » 3B Chen and Tsay (1977) ZHEFIHM LS KB
YRR Mol N o e TR o B 158 SREISNER » B A AT TR A
BgEEE EHH o 158 HEEIES > SR EBMBRSERATE » MEEEER L
FEEAY  EHNAVERB S o B ASRES RSN SRRIERERS
EIREOOH » BEF AESEES RS TS THER S R o RILEBRTE
S EREE - RRSREEE  REWEHER ~ 55 EREE BT o

HRTEMEEAREHEBLES B Bl BREBSFBE - I
ERSAEE » DR E L TIreREE - BERTESNS » ETHARE  §
SRR RN A B 2 WS o SAAE RIS IR B RE S 57 B850-700 mb
~ 700-500 mb ~ 500-300 mb ~ 300-250 mb ~ 250-200 mb ~ 200-150 mb ~ 150-100
mb S/ BRHA USRBEBKIRE - | FBEFNBEERE o £FE
BARABERE B ERENEERENEONR » BRPHERTUES
% 300-250 mb J 250-200 mb FZ Ak HAiEEREBGENBELEE - FHE
LAY CHERHBEERE B ERTEBII R FEREE RS
% T EE R R R ENBES » KBS NS H B0 RE » WETERT
R o ££ 300-250 mb g 250-200 mb —f@h.s 4714 140 & 118 {Af@H .
WARREEARE 12 R 4 BEEEEARESIREERE o LTBRERRA
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0 BIRF 2 MR $ AT Ik

ERFHALAZ K

(a) xBTH7 ‘
x B 4 850 mb"iOO mb 500 mb 400 mb|300 mb 250 mb|200 mb|150 mb
, @ BT 1700 mb | 500 mb|400 mb' 300 mb 250 mb’ 200 mb| 150 mb 100 mb
'''' o [‘ ! | " . !
. 26 . 10 40 . 12 ! 140 118 50 1 30
BoA R R 68y | 26% | 105% 329% @ 368% 311% | 132% | 19
i | : ! i '_
0 o 0 0 12 !
BHREE R T S 31.2% ; 1.?% ’ f ’
(b) E#HT
. .80 mb | 700 mb 500 mb 300 mb 200 mb
#= B % F 700 mb | 500 mb 300 mb 200 mb 100 mb
A 7 0 e 17 45
L 459 | 18% | - 11% 4.5% 11.8%
Baines ! l '
, B | 0 0 %- 0 0 0
N 27 7 9 14 36
7.19 189 249 3.79% . 959.
Cressman :
, B 0 0 i 0 0o | 0
| |
Tal 19 7 12| 7 14 | 37
| , 50% 3.2% 1.8% 379 9.7% . -
Inman - -
‘ B 0. | 0 . 0 - 0 0
§=A3%Kﬁﬁ B . ﬁﬁ%ﬁﬁﬁﬁ"

wE R AR R Ko mnyEie
EESHS AEEE .

REHL > BEBEHENER» sTHE 250 mb 2 .

M 21(2) F21(d) BMEREAREZET BRI BESEREEES
B o £ 850 mb ~ 700 mb + 500 mb & fF.» JEFFEIZIEE AR IR A MG LB RIER
EMHSIRIEE L > 850 mb gYEEE TR FAER © 300 mb ¥ 100 mb & /& » MRS
[BIBY R R S K (B EMERSEE R R E R o R aeiwE R AR
HORZR » DUEARHEEE 2 PET LR » ORI RS e b 3R b o B JE R BB AT 3L o 3k
EEAMNES @ FREEEGEHRORERSERINTES o REBHEE » 74
FRSBRAOEB S TEAE G  THEREEREREE BB BRI E
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B (AR ARE TSR B ER - R SR AR 4T e w5
e LA R AT B o

PEERERGTE o AWHEE TG - — e B AW 1 IE M »
T ATER » SRS RE R T R GRS 5 5 — GBI BN R T
K 30 B R R o 5k ) 75 S R T 2 o

B 17(2) = 17(d) SENABEZERATERS  MERERNEEES &
RUSBEECE ) BIR 107 sec™ ) SEHAMBRL - 7 850 mb B L - Kk
TREEBOR B AT » s ORRME 41% 107 sec™ » Siie I RIIE N » 48
BRI > BRITTCRAEWESEN I » MG AR 850 mb WGHRN o KT
A BB KB - (B3 B RRIT AU+ —5.6% 107 sec o
B S EMBESINES » R LERES 53x 107 sec™ » kFA R LS
b ERBESAE—ATEAE » AWESD o EFRERREL > BREEDY
BES  WERD B-RAENEESERERATE - HRBESHLHAE
ﬁﬁ% BRFEHL B S o

500 mb f§ I » 7E B AKHERRERBES » (B8 850 mb 2B » &

1B 62x 107 sec » HIBEEBARIMR 500 mb T Bl o A — bk
ﬂmg%&m$ﬁ %ﬁ%x&&mﬁ7bdv%wﬂﬁ-démv- ec™t » 5
&Eﬁ¢#ﬁ%&ﬁ—ﬁ o BRI — RIS » BAE —49x 10 sec
’ﬁ—mﬂﬁﬁﬁﬁﬁﬁAO@ﬁﬂ!%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ’&ﬁ@ﬁ%m@
RYABF A © 100 mb ZYEEEBEAE 300 mb > EBEEEE » RIEIBERK
5 58% 107% sec™ » (10 A A » BB ZMGEA o

BTEAREE S/ RAF MRS  RERENS K 0 RAACER
b WEREBAE  RAEREESNEE SRR T R
RBRERS -

Eﬂﬁt'mﬁ%ﬁﬁ%T#HE%E@ Rt > RERIBFBLOBES » 1
RS H—5 ATRFLA 500 mb WEAMOTRE » RIFTRER

Vigpel = 2V _ 32U
=t ax 9y

%%ﬁﬂﬁ%ﬁ&@@ﬁﬂiﬁ%%ﬁﬁ%
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EMF AR Zmit

Vip =V« (E74) + 2ty = V™)
B L R A L P 5 54 T
mEE SR R 10 0 KEEETLBRERBREBRIF 500 mb &
g, BEWEENEEESHEL o SEE—HEER  TUREEHSHE 500
mb EESMRBEKES M LTESATH -3t

BN ZRSHBZEEEHEH

FEOHH MRS B B A EEREEAES 0 HME 9 (350 mb) R
14 (2) (500 mb) o 850 mb  BEHAES » ¥ EFRREEE A K + HK  EBR
RILREBLANYHE  KERAEEEZEN  EERETRERAKLEE &
K EFET D 0 EEEAS — 10 gb/secc B —16 gb/sec o EFHEPEZ L
R » R R K ETEEE — 1.7 sb/seco BEREE W » b
SREBES » BRAEE—3 pbisec o TRKTE S HRERE - PRI RIERE
EHMATEREE » XA FBEEFHE 12 pb/secs 17 gb/sec B 1.1 pb/sec
 BAETBEESAEERO TIERN » ETHEERS 3 sb/sec » HERRAIN
BAR G |

700 mb BEEES » TR E AR 850 mb Al (BEERBEE L o HY
RETMEZ EFEHE » LR« EERRIH—RER » Rk LIEE
5.2 pb/sec HLREILeE o BRI Z EFHAGE » MIAR 850 mb 2
Tl » Bk EFRER —2.5 sb/ses » (TABRAE o EFEAALTH - H—H3B
0 LTI o 7 B AKDE 2 I TTHE0E 7 T RS » JBk TR 2.9
pbsec » EFHE T - BE 8 » FAER IR » BAE 2.8 pb/sec
EATESEEEA TRATEAMES 21 sb/seco

SEEHE 500 mb (M 14) k- BRESR %L%%ﬁﬁﬁ?%ﬁm@%ﬁ
B > 51 700 mb Z TEEESMAL o B 14(a) TE > EFRILGER - EWR
EThBREEE » ERRRET 2 EK ETEE  SRB— 51 sbisec &
66 pbfsec o ERMATA — EFHRIAD » HBAMER ~4.5 pb/sec o K
Bk TR 0 TSRS 49/ub sec ; HELZ TREN » BAER
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4.6 pb/sec s SATERATEN TRESE » 1 FHEERER 700 mbo

300 mb WEEEELHEIEY  FRWEZ A EFARES —4.7 gb/sec
) BITHRIEHIS —43 sb/sec s MEEH 500 mb o BAFERY > REML EAER
CJRE 500 mb 55 o BALKEBRTERN & THRARENBRTK » WS
B2 Bk TEERS 50 sb/sec o 200 mb 2 EEHEH 300 mb REHL »
BEEEHE o

£ 100 mb > BEEEFEBMKE o LI EMEIRMTRE » BARE
B —2.8 pb/sec; FRARMAILILE R BHSERE » HBEKAMES 3.5 #b/seco
© o BRI o FEXRERPEFENERBNEEEES ) B 15@) o
fEEETRRE SR BERERNRE  ARRETENZ EARTE
RET il —6 LARME » R kEASEYBRTE2ZEEREN oo i
REATE SR o FERREESEFERERS EERNORY » TENHGE
B MK BAEIRNAEREIEEEE » FEMET R SR G ERN
SERE > TEETEEEEEBOEEREDSEERMETK

| —RE  EFERSARE SN RNSERN TRES TSR AR
B oBmEZ - LAEHEEGHNS W TGEPEESHBY o RESEHE
% KFENEERES  KEFSEERE

RBEERS (E 6) » AAERTEE » BB K  RRRER— R
B MEAEAERN AR BESEETE s EEEES  To BTk
_EE o LRBEEBENES (B 7 o BRELX - R B8 RIUENE
IR TR ~ A — » BABE; BR LSRN L T~ BE—SRES
’%§(+ﬁﬁ)ﬁE1uT’ﬁ?%%m’ﬁ%ﬁﬁ%mﬁo

FLIR ﬁ%ﬁiﬁ%ﬁ%im&

Barnes, Cressman J Inman ZZ#SHBRZ & RBIHE %ﬁﬁﬁmﬁ%&
 PhBEERE ) HEeBREERENBEREINE " » KITERLARE/] TR
RGBSR S RE o UNEZREAHRERSRMNE 21 E 24 HEPHE
& BB SRBRRBASRERES  MARSIERESGZER S50
EAEZEEL BEB2OW » JHREREGZ R SRR INTEFA -
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B A AR

Bl 18+ 1920 47115 Barnes, Cressman F Inman ZFE4H86(EEE
FUEHUE - SRERSFELFBZET » JtIEEaL o TERT RN ZHE
E 1 SRR M R AL 0 850 mb BTEE ABH 0 IR ~ ESILIMEE R B
—~MBRENEE » BAPOERKIGE 0 ME—ERFABATESE « B4E
Y ABRERERE  MAPEARSE - RARBERATEY  MEELR
PEEIL— o HEBRMTES - FEERGOLERERS o 700 mb » ke
850 mb A HME o

£ 500 mb B 5 HOAKSERRIEEBESE 700 mb MR o THHER &
W SRR » REBRER 700 mb; EELERFREL QSRR
ERROKZEEE o 300 mb K 200 mb ZHIfEE 500 mb APELL - HIREWK
B0 3 100mb B > BESE > BARERESRL » SHERSFHLREERE -
RREBOHZEM » LEINZERARIEREFOERA R

SERERY  SEESFZBESRERSNER AR ERETERSEE
M BHES  BASHHENSERBIFNEBES 4 CET LE
TR - F%ﬁr’ﬁﬁﬁﬁg%ﬁﬂﬁmﬁ%mﬂ%#mmu B AT H
EEEFOEEERRBEEEE o

B 1l BE 12 SEIBSHRSEFES VTS EER LOEESRBES o
EESHSHT 0 500 mb LEEEMRIRE 60 m SIS H - Ll 3°C B
W 0850 mb EEES  SHEBSMZER » FAKENBNBESE » BIBEIH
BRZERR/D o MARHHFRERASNETENEE  ECBESYS o BE
EAE S PSSR » NEMER - EREILN » SEXESFHEHAEE (#
LESHHISE; Cressman R Inman ZESHFEZREEE S E—HEEE B4t
SRR E R 2 AT L » Barnes S HERT EREEERE o

700 mb & XBSREEASEERRS  BINEE - HABREAREWE
B o (TR B AT S GBS £eh LB SREBSFEIBSHZ2%4 » (2 Bames
RBESFOEOBERE o MNEHYERE » Cresman & Inman EESHER
B F R OB RRE WS 2B LB o T Barnes SHiBRZ S
iR EFROEEEES CRERE 2 EE  SEZHS 2P ONESRR
EEAHWZES » TE Cressman K Inman 45 B2 7500 JII R 55 B H — B PRE
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_E!k%%£¢ﬁﬁﬂﬁﬁw@ﬁﬁ2%@sﬁTmWs%ﬁﬁﬁ’mmﬁﬁ%%
YT M SR BN —ERE o FEERE R AR SRR ARERRE
AHEEEES S REERTEI o

500 mb Z4#7E (B 11) > LR ESFERARMAY o FRENLE

‘@SR BEEEL CHARSHESNEREHERIES N o HERRTS

THiE > SEERRTEZNBEERIESH » Cressman & Inman 7475 L
» Wit 2 FEAE R B FAEEST - T Barnes SATHAIE R o

7= 300 mb SRS » PRESEAKNEE - BES  ZEITBHEIES
Wil » M Barnes i 2 MG E - BEEER o

SREHSFERZ 200 mb 5 HFE ﬁ%ﬁﬁ"kﬁ?ﬁﬁzw{&%uﬁﬁﬁiéﬁ
SRR » WS RAESEREERMHZ > L Cressman § Inman 2547

SRR E B o CREZTE » HUBERL. Cressman K Inman 254

| SREHESTXBAN  EERZNEE ) SEERSAZEROERIRS HL
| EHS > BRI BNERAIE - LRSS SRR O XA

itk o

100 mb Z A #5745 Eﬁifﬁ#ﬁTzFfﬁ‘  BEES  HWEEEEBES XTI
K%@EB‘J%@ B RE » EEEEREEARE >, MUBERTRBFEERE » Ao

BABERTERE  BESFH Bt $EBIWAS > BHEES - BHFRE
BHRRTHBEL

BELZEBEROIESWEREZES NG  kEEAGEENER  INE 22 =

24 Pk » K595 Barnes E# 44 » Cressman FEoH K Inman FESHE
IHSMZzER BHESUSTHEINEERSIZSENZEE U 30 m BiE
f@ o B 850 mb ZZERBRGE/|N » BEGIEIE c Z£ 700 mb F » ZBEBIHFEH
SHzER TEEBEATHE » Bamnes FHEIABIHESH<EZRE 60 mo 500
mb & > Cressman % Inman SHBERXBAIHEIFZZRATLR » S HRIFEER
HeE EREGE—% ; T Barmes FHERREBEESWENER » IR LM
@4 » #5 B AB REESEIR © 300 mb 4733 £ » Cressman f1 Inman 2 & &
BEXBZHVEE > ERAE A RFESES » #H2% 30m T Barnes 27547 »
HIfE% 60 m; ZRAEEREREE S » Inman FHBRBREMIHFOERK
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b R FES"S

X 1 3% 90 m ; [j Barnes 547k 2 + 5 60 m ; Cressman ; i8R 54 » 4 30 m
o 72 100 mb f§ » LIPE AR S B K > 5 Barnes i ERAERE —Y
EAEE 90 mo EREMER  AIAHMER o
o B 12 & 500 mb EXBAABRABR=ZMEBRT NEROBEES o 76 AR
» EBSHZBEEREB S o Cressman 1 Inman 5 1748 R A8 8 18 4 4508 1
Blo e SEEEHETS 300 mb 2BEE B BENERAERS EH
FEBERE » TR PRPFE > MoEEES HORELKEMER o E 200 mb L
b RESESWE ) EREME ) WESFERATHR o

B 13 5 500 mb ZEIE REESHE » TUEL » BRESELS » kK
WHERMAL  EERE > LREFRRERIZATEL Z0FERNERE
X o . '

B BRREEA 0 AREBHELEES 0 BESNRSNEAREE (
RMSE) » B RINEE » W HRE S i 58258 Mc Donell (1962) F{Edr4:

AZ FHIFHFMMEE (Root Mean Square Error)

Cressman Z¥4% | 850 mb | 700 mb ;| 500 mb | 300 mb | 200 mb | 100 mb
Z & E m 4.02 4.75 7.46 10.99 14.51 20.61
T B B °C. 0.60 0.54 0.57 0.55 0.59 0.93
T, BEEE °C | 081 1.39 1.70 — 1 _
u BRESE m/s 1.40 1.69 1.60 1.88 1.99 1.43
v RBRESE m/s 1.49 1.58 1.41 2.26 1.87 1.66

Inman % #i 4 # | 850 mb | 700 mb | 500 mb | 300 mb | 200 mb | 100 mb

Z % B m 480 } 5.16 804 | 1267 | 1678 | 2157
T B g °C 070 063 0.6 066 071 |  1.00
T, BEsfgE °C 097 | 164 200, — - =
u RESE m/fs | - L67 : 1.93 1.85 2.04 | 2.45 1.54
v R#ESE m/s L 195 16 276 189 o
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Barnes % # & 4 | 850 mb | 700 mb | 500 mb | 300 mb | 200 mb | 100 mb
. i i i
Z % & m . 524 608 948 | 1513 | 2004 | 2465
T ® & °C 08 , 074 0.80 0.79 0.85 1.20
T, TE@g °C ‘ 11.21 \ 2.10 2.58 _ | . _
w RESE m/s | 193 124 | 238 2.63 3.06 187
v REAR m/s | 224 1 136 2.06 3.28 269 212
j |
"% § 4 % | 850mb | 700 mb | 500 mb | 300 mb | 200 mb | 100 mb
7 % E m 9.1 79 159 242 36.2 449
T ® g °C 1.5 1.2 1.1 1.2 L6 1.7
T, #@#EE °C 1.6 2.5 27 — — _
u  RESE m/s ) 32 35 5.1 6.6 33
v BESE m/s 38 2.9 3.1 58 4.5 3.1

REEBERSFRERS (197) ZEIRKEERT FHZAELRELERO
B REEE Masuda R Arakawa (1960) PifEREEREHEH
AHERRS (1977) ZRRBLE  BREESHZETRRED MRAEZER
| AR 2 71 § TR T TR B 2 RO » B

EHRAREZAN o
i@ EFERABRERSN (A 197D ZEEWRIEE |
"z & ® w | T @ & °C
; B B B By
& B Ji:1] y Y Y Masuda &
o C. Y. Hu McDonell C. Y. Hu Arakawa
! ‘
850 mb 8.4 9.7 | 1.15 0.98
700 mb 8.3 8.5 | 0.68 0.96
' 500 mb 118 12.5 0.61 091
300 mb 22.1 19.8 0.75 1.16
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Faa i fl LB
ANERSHHL LT EHEH

B 145 500 mb EE@ABSHAFESBERBLFLEEEL o £ 700
mb T@EMAF2BERE > RPESEILTSN » HEREATORR - LHEES
BB BEER o LIRRS WM A A - BHE - EEREITHIR— » HEETH
MBS 5 EEEE 2 EARR AR PRS2 R - SREX ETRRDL > 55
TR » SEREREE o« HRKESZ LAEF » SEEBZAF S ELE
~3.7 pb/sec » MIBMEBS 7 » Cressman F1 Inman SHERZ (B RE B H
HI¥E » T Barnes S WA Z (7 B MR o EEHZ EFAK 0 KBAME Barnes
% —5.2 pb/secs Cressman F1 Inman 575 —4.2 & —4.5 ub/sec» =g 27
BH—F BEFEBIRAFLRA RIS OEE » B LFRE » BS80S
HZifE o FhEEE » i ALF5EE » Barnes, Cressman F1 Inman HRE
—6.1, —62 1 —6.9 ub/sec » BHFEHERILE BB LART » SEBHFE
BRZEES I RERER > BEEERA (B7) KEULL Bames LRSS
B8 o THENES » SHAKE - PERL - BE - A48 » BA TRHLEL
WPE » HEK(E » Barnes £ 2.0 ub/sec » Cressman £ 3;1 #b/sec s Inman 5
2.8 pb/sec ; B—TRAFLIERIA » HEAME » KKBD20, 2.8, 2.8 pb/sec o 25
BESHBE T » SEEETHERRN » X AME Barnes £ 3.6 ub/sec » Cressman
#i Inman F5 3.9 pb/sec ; FEIRMER F 2 Bl LS THRER o

500 mb »EEEE (H 14) # 700 mb EE% » HARRE 700 mb L o &
BERMHEE S — A Bt » BEESHB —6.5 ub/sec (Barnes) s —6.7 ub/sec
(Cressman) » —6.8 ub/sec (Inman) o S8 i Moy - FHE TR » BB (K S
~8.1 pb/sec (Barnes) » —6.1 ub/sec (Cressman f1Inman) o ZEIFLEFEIT O
EH—RATE D » SHERSFELRSSZRAEE » SIS 4.5 (Bames)
» 6.8 pb/sec (Cressman) F16.3 uxb/sec (Inman) o ERILAAHERE 3.6, 4.8, 5.0
phfsec FERE R » FSHAMGELL » % 500 mb FL > REITPRZ L7
K0 BB HRES  KREROBERE - SERSFTRREBSH o

300 mb ¥ EEHE - HEME 500 mb ML > (HIBEHEE » 7 B ARER L
R o W AR » Sk _EFhoh O 7ESEBRHIE » Barnes £5 — 6.6 ub/sec »
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Cressman B — 7.3 ub/sec > Inman & —7.5 pb/sec o AT MR T A LI ILEE
pEET AREHFPY » LB KB » 5 TH55 0 200 mb 2 FE M E 300 mb
B BREAEZCBIRETE - BEIoUEAPRRERE —BEBT <&
BSETEGEN  MEBESWZARAS LART ) BAEREMIZFE L £
BA ARSI HZERARE » MBS THRER » BERLARRK - = 100 mb
B EERECEEE > MEREEFERE » TESWREBEIRZEREFTR o

B 15 B 16 SR AERE o FEARRESEHENNMBZEERER
HAE S S R ARAL  EENTMKRE » EARIERME 0 BEEREX
SRS TEEAPEEZ FARR » CEBRRIL - BAEFREL  BER
Wy EARRHER - TEEEEENTHRTER - ' |

e PRy R ZESWEITERHEZ EFHER  FHRHE A K- ER
ETRE S REES  BEEELEREHEEARK ) TRENS HREE
 FRELRTFEEE % o HEBEERA (F6) » ERAA R - E8-—-F -
EENER > RURUHRR—SESR EARROTES > XHEERE (E7) »
AEERERESHERREMEELS

R %

AR BEFRFERLEZEE  BREKRE  LETHE - BREFA
BERBNBEEREZER  EREEESE L & 250 mb EERMN K&
BoHEERERE B » MABRENTEE o #/H 500 mb ZREAKSG S
B BEESFSESRAL BRERREKTAE  ZRSFERTWEAR
— B o TEMGER R AR ES  ERZ ERERE SR HRREEOIHREEIE R
B BRAESERAERSFNG AERREE  BRTERS TS THREM
BRI BN B AER

Eﬁgﬁ%ﬁﬁﬁﬁﬁ%’%ﬁ%ﬁﬁﬁ%&ﬁﬁ@ﬁ#ﬁﬁ'%%Eﬁﬁﬁ
FELEAE  ENTHESWEET » TEREEBSTHRSEERARBEFTR
RRIE » KBERRNEN ~MERS FREBSHZERABRURRREHE -
AR  BHEREREHRFZAFE L » ABHEER » WEEEIERHHS
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BERGPSHXEI RO ERNETBEE  FESFEIRI S LR
H/h o

ESFHBZ R » BRI » Bamnes FHERZHER > WHEEAKZ
B BES  REEEES Y HEBTES MERER AR XS
BREMNIEE o Barmes SHEREEEEE 0 ~EEBOEHETHENE
B S > B E B IERE RO B RS2 > Al Bamnes KBS 25
RELE > LHASRM—K  HTEE S FE > RKETHELRTE  AAHBE
Ve WA A EMIE D o Cresmsan 1 Inman FHAHER - BRAZE
BHEETRK  FLUESHBEBEN » BREHEIHEL  FRARREEZR
T BRI skt 8 Barnes HHTBRBE o

TEARRSEEES T AN BEDEE > Bl o FERRRETES
BRREBEEEES ARG LERET ) FAZEESFREBSF » fED
BEFErEELY > BERERRERARNEEEEARS > MaEhS o 5
RRERFEFBARBLBERE » UBNEDREZLER » BREWREHRE
BEANEL > REEBABRREERENTEEE  FRMSE

EESEES RS SFE  TERESTBZRRRE » HENER &
N EESEREARER  ARERAFLEZEE  SHBERTE > BEOME
BEBFARRZEE  BEFREAZHE

a #

ELEFTEGRRFHEE R YRHE NSC-68M-02-08 (03) #ME FRK o hRAXRYSEFH
HHFEFREEBYER LBRTF » pREKDREFHES B EMEBEEREA » (FEFE
HE o

= £ X K

R 1977 REREEFE S 2HE 0 KRB FIE -, 1100

B iE— 0 1976 : HEEHERFERB S ER T 2HE » D RS YERETRA » 8B5%E
161~178 -
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Bra— 1977 : FIREAFRRETBSERIHZRE » FRARRYRERARTEA  BLE
s 17~92 o
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(HC) ~ EX -~ BEE > NERENREHFRY » BABER - DEyWERE
MRREEE » BRAFGREEETRESK KKEHE  Fln 1948 £EFEEMLEH
(Donova Pa) ZH{k~ 1952 Fia3ikE ~ 1930 FHAEES (Meuse Valley,
Belgiun) SHMAE TEHT AL » MRBEORE 54 FEESEL P4 98 A
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AARELETTERHEAGREEFY 166.03 ARSTRAHRRICIHET

— 173 -



Annual Report of the Institute of Physics, Academia Sinica, Vol. 10, 1980

3203% » BEREM® EHERZS/AMNESEMRME (Threshold limit value
TLV) R%E 5 ppm® EGEREE o

TEMAMBEAFERENAR  CEEARNTRAE  XBEELE (R
—) OYHEMRER BERKER - BHSEER® TSR E8{MKRE
W REB/ENE (mist) SEERFRE » YEHEE - BEY - KEE®
BERB _EMAERNEE » LS » ETEMEIF AR o

e HRMENREEREE  FWRE » B TFHE ~ o4 ~ 7Mh ~ TRE
SO AEATSNEREETREERKEFHOBE  TEMLS ¥ ~ Fh
» MABRBERT BRI » FEALEERA » EEHENRE BHrE—%F

o XEEARBERRN (MERER MREECREZEREEHE  F1H810E

EERRZE  BAEEROTEERBENBITIERER T —EETIRARHA -
MBERE—EFHNERGTX » WRRBLAE o

BE—BFFREFLEENTESR - EEFAARE V2R BRGHHTEIME
BEEAFER  NEROREAFSERSEZREM EHRERS HEFEREEFERM
HEHZ2EEMT -RHBESHERL  BHEAEEHOREXZIRE » ATFER
HEARRNES » URAKEROEENE » PR AERMER > FTLABNERE
EEEEENRE  TREMHE2AEBAERRET —EERNIR -

WRNREEHBEMS » HEEXEE LRAWES » AXRBR —&& » B
EAEEHERBOEE » INEGH » ARG FE » (B S HTEREX > B
BHENBESEZHZAER  RAARSHHEMAE  FTLUEROEREBEBLEE
BEESE FEEM T EEAESERBEORFHRE (WAXTR SHERHETER
EERSEHERNF2EENTEN > HEERRGE RN BIFERRIEE

N BRI AN Z R

N —REF—5% BRI EEHE - MHEREN BFu-ER E F 71 (
Time Series) » BRAFFIMFFE—RTHBFE® O SHERSYT  (Analysis in
frequency domain) thufEFEESHT (Spectral Analysis), {RIGRRF7IE(CT
FETRFEEBCRR » ORISR H (Analysis in time domain) » A3RAT
Box and Jenkins 7£ 1970 4 s FHg A —BRE 7581 » AT RRIRRE
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HEfd Jonkien F1 Watts!? gyEzs ARMA (p-~q) B EES (Varia-
nce) AR :

MD

LT
Var(.zt) = o-a.2 (T

. B ..
_1_,1{ 0 e TWTa |2/ |an¢ﬁe—;2fzwta | 2 dw (3)
F—3 =

«0

8

— 175 —



Annual Report of the Institute of Physics, Academia Sinica, Vol. 10, 1980

B T BB E &R R (Sampling time interval) » WRSRZ (frequ-
ency) o' % a, WEBRY  MRES THRHLER 0, a=0,q PEEL
AR ER GRS BORTHURE (1-Cjxe ™)™ g95k8g » Hd m, £
# ) EETHRT  ERZ8EEE |G| <! BEgksk MRS BNLER
KRS /G, j=1, 2---p> FILLEENRE ¢(B)=0 E4ENMBR B AMEE
MERSHE » TEEBRRPUKETESZ (Stationality) BEMRIEM: o
Flam¥ ARMA (1, 0) #E%
(1-CB) Z,=a, Hi
Z,=CZ, _,+a,
Z...=GCZ,_1+Ca, +a,,
Z..y=C2Z_+Cfa,+Ca,,+a,,
R » % 1G> RAURENERSEDERETEL » HAEHE » Ty
G| =1 RUEBENREEEAREHETRE  AFREOER » HEgE4AR
RENFF IURBEENBERES ¢(B)=0 MBSV AMEREEN o
ERBELEE ARMA (p, q) HWBFHFHTE 0 (8) BEMAERE » BEH
DAWRTHE (Invertibility) HER » ETWERTHEREFIIHAEENYE
B o
fimER ARMA (0, 1) HIEW :
Z=(1-8B) a, {I
a=(1-0B)1" Z,
=(1+0B+O0B*+...... 0, B*
4o -@BK) (1 —@ 1Bk 1)=1Z,
T EL
2= —=0Z—0 g —OZ_ a2,
—-B%*a, .,
= 10,1 >1 BIZRNAK Z. %% Z.. WEE kEHRAIBIMMTERM » Baniga
RUMNEGHRENBEREET R » LA BORSETE » FillE 6B) B/
(1-GB)m; sk » Heh m; R O(H) WE j EROKE - A |G <1, j=1,-
-oq o EEREFIIE W ERITHENERMES 0(B)=0 HEHFLALER
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B b T = LR A TR K2 aE R

7 B H o

FEF BB RN EZ % > PR SENBR B
BnER—FT » ATHBRAT

ORI BRI T EEEER -

EHERRBABIIRE T EAF RO B BE o

STHERBILEAETEY » RERERHNREXLTNREFF » L& FuH
AR Al (parsimony principle) o

RN EE ARSI ERER » BREIARENERET 1~ B
BEHBEREHERBLE o

HRERF R REZIAL R NEEDBETN AN S5 &4 (
Seasonal) + RIER MWK o

EEREFFI T ZBRAOBAELZFFINTHEERR kK B HBEE (
Autocorrelation function 4% a.c.f) RE®S kK iR HHEMER (Partial Auto-
correlation function fiEE p.a.cf) s HRESBBEQ) o

EEL EZERBEREENFIIFRE » $A2RRTHR EEENE » Bh
EEREREZRORVTREREERNMHTE  UBEMNAE—ETAKRRBER
BEREE » LML actf. K pact pgEREEx (Standard deviation)
KIERABRERE  MRERBE  MEFEREEE S W » Al EAEREERR
—EEEREENTRER=r2— MEERWTEARBEEENTTERENRE
Tz HERMRGHERAREREELE LI AERETRE

Aartlett® ZBEHT a.cf QUEEEEEBEXES

ofp]= o (125} 73 a<k @
BB 7. M 19 acko
54 Quenouill » 9 pacf. HfSFHEIEREES :
oldul= s k=p+ 1 ®
EHR act R pact GEEEELERITREBRETRED act 3

pact HESMER » WTHRFEE - 7T8E8 ARMA (p~ @) 898K %
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HRFEMUBL o
— » JEF#itE (Non-seasonal) &= :
B EBE MR IR B » BT A T A R I sk 1 -
(% acf RiE% (tail of) M pacf & k<p REBEE > k>p BTRE
% QIR AR(p) #K » B |
2=\ Lo Pl oA + Pplipt 2, (6)
HIRERE ¢(B)YZ =a,
OFR pacf EEIALM acf 7 k<{q BFEEE > k>q THEE > Jit#
AMA(q) &
Z.o=2,—8a,_; —0a, e 0,2, (7)
RTEE Z.=0(B)a,
©%F acf B q-p+! RHEBKREREERIAEREREREGRAR M
pacf FR q-p+1 EHEHES » AR EAKLXE ARMA (p~q)
Ef
Z,=a,~0a,_;—60a,_g e 0.2,
UV Y ASEIEEEE + 9Ly (8)
RATE ¢(B)Z=6(B)a,
HEBRMTEEER acl & pacl XBFMNEARNERTERARRE
B R ESRE TR —SFRE R A o
H—IERNRERFFIRMERRMRES BREL - BEUNHREFT W,
(W, =ViZ,d=0, I, 2------) o )hhE V=(1-B) T d B W. REBEERF7
W/ N ETRE » — AR 2
BN W, Mt AWEIRS 8 » B EEW ARMA (p, @) #X

p(BYW(t)=8(B)a. (9)
AR WO =VZ, RANB—72¥KN ARIMA (p, d, q) EX
$(BYVIZ,=8(B)a. | 10

= - EgifEshit (Seasonal)
KRS TSR B AR » 3 act. B pach ti@ B3 > WK
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& Au T o SR A B 2R

SRR FM B ZE SR MEE » R ERAE M XS RmEG
OB A 653045 ¢
HRMERBRNMFIAEEY S » AingMER S 1 Z ERHEATHR
MR REF ARIMA 88X 5§
(1 _¢1*B’_¢2*BZS ...... ¢P1*BP1=) (l—B‘)dl Zt
=(1—8*B"..... 8, *B")e, an
Hrb e, BR—EARREFF —BME e RREWRTE  FTHEHRK e RAMA
FRINT #afF o
(A BB M 43R4 ¢
FEFES e AHMRE—HRROFEHE BRFFINDAE 0 MB—6EN
ARIMA (p,d,q) #=:
(1—¢B—g,B% - —¢.B%) (1-B),
=(1-6,B.....-,B))a, @
EEEERIERERR RO RS RER » R BANHAREHEERX (Gen-
eral multiplicative seasonal model) o

$(B) (1-B)ig, *(B") (1-BH%Z,

=8,(B)8, *(B)a, "
Hep
¢, (B)=(1—¢gB---.. —$,B%)
0,(B)=(1-6,B--- —8,B"
¢, ¥(B)=(1¢,* B*-..... — o *B7Y)
8,4, (B)=(1-6,*B"..... — 6, *BY%)

BMBES (p 4 @ x(py 4, q) FWHEREEHE ARIMA 8K ZEHEM
FERTEEER  CEBERRARORENSERTRAE ARIMA #BRE
REER » HBRKEGEEA (Parsimony PﬂnClple)“a’ XN TIEEREEMTERX
2 EE (Estimation) o

BRATHBERAABEERAREREERE 6, 6, ¢* & OF HRMHE (Sta-
rting Values) » {fX AR A RI TS —MF BRI TAEIE Z, - o8 Z, | Z, (%H
H—EBEBTHN » FAERES/IFHEE (9 (Non-linear least square
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error method) » FBMALIER (Iterations) BIF R BN BIKE » FRE
o 2R P T S AOE 1  BR T R B R TR FE FFARE o

FER A& SRR B S B E A Ve 2517 (Diagnostic checking) » Ll A
RHMEME (Goodness of fit) (PR TIEAE L T RBHBRR TR BEHAES
FF o -

- ERHTESBERS (Overfitting) 17y BAERFT R BHIRR R HI& 1 —
R » 0 ERABAR R E A SRR I LR ER SR » SAKBLRER
FENERBREER  FTREMBEFRY [AHEEE - SENELF] - &
1P B A B A AR A A o | !
| B—EHEREE . EEART ¥EE a i ach BN - NEGHOEE
VB a, EEBRORER T HBE

ét=at+0(]71N) (14)

A B B ach BEMARTES 1//N % EES o
BHBERENEE A MR S k R a B ach TLUZRLS
n=N-d—sd, » BEE TEYE O

Q=13 (a) o e

Q WAAM XA (k—p—q) HEHE X* B chisquare FE » TEO0% RISy A
Wl o TS A F—MBRELEE—BBE » BEGURARY o NI RBE
a.c.f. REIE o
MEEDERRZ 5 R BRMARRET 2R » JIPRsR T F R TES, o
BEWHREEH ARIMA SRR » & Z.(0) FRESERR t BEFRE 1)
BERIROME » RIS A AT TERE R AR TIEEEE :
[Zt__i]=E[Z[_j]=Z{_j j=0,1,2
(Z..;]=B[Z.,1=Z; j=1,2
la=Ela_]]=2a_;=Z_;~Z,_;
[a,,;]=Ela,,;]=0 |
REER » L RESERENEENEEOBRA R SRR R
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HAE R A MR AT

ZERA » W= BRI EATERT © (EHHIT A TSR RN S TEs
HHUTRR (Updating forcasting) HHER » B £ RME S — BT

(B) = gsbjBJ‘ H4 Z,=¢(B)a, H 1
#(B)Z,=0(B)

B
$(B)¢(B)=0(B)

% TR R B L B RS O AR B B wT EE 3R
=0, — 0,
fa=ips + $: — O,

$i=Prhjort et G, —0;
BB ¢o=19 B j< 0 ZH ¢;=0> MH j>q 8 0;=0, ZEH

C =it ey ot By, j>q )
pafiz Al
Zoo(D) =g+t drasleog e
Z(L+1)= T TRT: W N1 Y- W Oy
(g% |
2o (D=ZL+D+ga, 8

HERE IR NS — 3 B EAMER R DI R AR B2 — R Ry TEHE o
FHBIE  BRET—EREFTIN ARIMA BREERRBIIERR o

E~E R 2 H &

— -~ BRS¢
A RIOBERRE P RARBERIL T ARBTG5 (S0.) %
HMRESRY  RFRZBRBEARF=E—A—BEATRESE » T RIuER R
WS 2 AR CBESEESON 45 AR EABHK 0 AR » EZRERY
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220 AR (BEIT) T EIHE 758 gay A 7S R R ITHIZ [8 » BT ELHE,
FralB MR e s AT E B RAOBERE » WEEINDEE » DAR A o
HAERBERNGOSEER 2 AR » ML AR 0 BOCERE » B2HTK
» U EENEETNRE °
B MEMER DSEHAEENEY » SR RERORE > NIRE
Turner (1970) H AR » % AR EE KR EERA
H

g,

X(x, ¥y Oy Hy= il —expl — 5(— '] 9

o
2 TR
 REBTOE x EEEE
 BERRE RS
D TR x ENEEHREK
u  FEREGE
q : BEREE
X B
AR E AR E RS H=0 BT HRa :

X(X, Y, 0, O)=’1/27§qo_ u ) (20)

5T RS A ARTAGERLE » $EES S AR/H NELKEEER
Ei® (=) ¢ Tumer §7 o, BEEME (BS) BABNEEET x=8 &
R /r=07 AR x=45 AR »/7=36 KR x=80 AR »/==65 AR
x=220 ZR s r=1T AR » BAMEE ERFKHKE RO TURRBEFAL
R B AR T A » TR BB T A » HULE B AR 9 5 0 B
R YORES » EEEEE % o LK RIRERGIE AT 24 £ B—HIRA
REMNPE > L EEEERIEE BUR SO, eRSRENBETMERARY
THEE B EMS BRI » BhREyR S A ERO R » &8 R
RSO K » (ER RIS » G0 T H MR » (BARME S~10 45 > %
R—SBEEE > BIMEBU T4 RNRKGES
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AL T = AT A R AZ AR

O— 8 = &Py R
RIEREATEE » BRE N (FINFE AR SR ERRErDE
B (B > SRER B FOCREER T » 3|5 EXEE - BeREE®E
» BR EARGEREE ) REXNDENO TR ETF s SHBERE » RELHE
rERRtRIET » AMBEBLTN AT L+ — RS B T o
REWZILTRES —FMTES TR B EHERPESR  LEHERLE
PERRE » M TIRBRE MR R » 55 —F 00/ e 7 i 8 B 34t
RIFERE b+ — R R TR £ RES S > HEHD 0 FTLL SO, BE
T BREIXTR—E0ET - B EXBEHAEE > SO, HERL - HUBRR
HREBSENTUE » B SO, WREHERD » 8 L SERTHES XS » 25
BEHRBH o BT SO, WBE GRS SBHEN » LERA - ARS EHNEG
BEHNAMAE - CHREXETEIAR L MHEEALHSHESRERS 0,5
7 0 EEEWEE 12559 FRHEOBEEI -2 > mREAYE 5—10
EERIES B - BISLRE B F IO 7T AEREE 0.15 ppm = 0.31 ppm BEEREFH
BENHTE (XD BTEEARUEEELHMNEEESSEBESELY B
LERTRELHERKRE - Bl SO, BROBVRAERE » EHFRERSEIE
BREERZES — RPN REE » B RS ROBHREE  EEERENA S
mERIER - BT REDRAREGIREBRIMN > ATLL SO, XEiktmERMm - {8
P EERZE R BR B B B o FTLUT BERYZSIE 2R I 50 1 A 1 B A B REA T8 » AR
HERTESWHUUE » BREIEHARNYSEBESE LS BT SO, wae
—EEEAREREE -
)b ¥ AL I
BENEBANER —FHE AR SO, BEAEEXLAREKIAARSE
BRERREE BT ER LRI SRAFE » —RARA TR BN & E
FIgH—KIME » ERRFFER - FTUERS LS » TE B AR5 e K g
W SO, MERK » FARLRFELT ARG » MENSSOCEREH
BB A 220 AN RN ERESSAYIREE > BrLAE B R B RN & RIS » FFLLE
HERE SO, HEREN ENKERE R E—PREN o
SF THRAESRL:
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R HENFRESERERRBATZSERE TR BRHZERH RN
P Fi G RO BUISRER - T ok > s —ETEEER
A EEMBETRHEN SO, HlERE y (AR T RS EHN R
@%’ET%%E*@%&%F%E%E@&*@%*Iﬁﬁ%*ﬁﬁ%%‘ﬁﬁ
B AT HERRIRESE -

HEEAH LK ETHRE—REETR SR 005 ppm MIEETE
E#0.075 ppm » RI{EHY ISP —EARBRERERNERELT » ARRBITE
FRNANER RN S0 EHERESERT  EERRERSTANFR
E‘J%ﬁﬁ:‘%}'fbﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ%%%%ﬁ?ﬁﬁﬂﬂ@%ﬁit » EREERT
510 » YAR—ERTHRGET » BRMAFBESEASITRNEROBRED
A R ETEEEE > FTLIR BB B E R T ARRITEIRIMY
=~ EirmEmE:

SCENNCD §: % 3-8 S8 1 3N

HE-SHBEENES  AEREREHEERE  BENITIFEEETE > BR
7?'1‘5@5”5:7"\‘+}’<$E"Jﬁﬂ*ME@K‘FEEB‘J%ﬁ%%ﬁH%@%f@—‘
NS (AN AR MEEESBUES MR HUERER 365 REvHisH
F7l > ERE act R pact. MPETHHEBIERGORERY FINE2E
J» FBEEE acf DIEHEHEIRE W pacl A7EER2 B/ fEHERE > BT
LSl T e R ARMA (2, 0) ERAFRESRPFHEERGTHEBRE -
BHRIRET ATRSERESV —HR— I \RBENEEEX » TiEM—XFA—
MBS, Big o EREBHEZIT ESAMBEERRNER » BEPRH
B EFERBE (X)) & acl RERE » WHELIWEHEERE  BERE
d & (Degree of freedom) f5308: » (RERARFIM Q (B Chi-sguare ZrELILE
EJJ H $§ﬁ 0 RSELT R

2, (959%) =43.8 1, (90%) =40.3
X, (75%) =34.8 1, (50%) =29.3
X, (25%) =248 B, (109) =206
1 (59%) =18.5 (19 =150

2 Q (8 R/ N BN B A0 S B i SR R R B R R B B L BFI 38
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LT = fALAT A FMR A2 T

BEHEFTENQES JIEIR X (90%) TRHBEE B (50%) B X (10%)
2B+ ROQERETE G4 (10%) £4 EEREEQBSRRED
TR A MEER SRR E RN A MRS Sl (RRE) BRyE
MAEI0% 4 SRR MERENTERRE » & ARMA (2,0) BT HE R
HAHTRE B A —/  EREELEY  Er SR Rs MERIERNEE » KB
R ERRAREEEEN » BE—E R ROEE AR T EE R E L EER
ERERT B ARG TRO2% » IEASSRMRE S THEE
¥ RBEAES » LS T [HEEMA%ES » THESTES | » BE—ET
LIS BMEARIEEHEE » T AR (2) TUMRIEEX o

ik &g 05 B BRI X

BT g4 FNES/ | ESEERER L TR IREBA+EE—F—§
=— A7 B8 360 N RAEE AR T L A=+ B S 360 AR
BEFSHFEEMS acl R pacl (RE+EETI) BREAMAF+T
ISR N BT NSRRI R R R R T E ARG R
MR BRRISEER IR ERE S ES » BEESIFEF+
/NEE > BB B3 A b TN RO R B MRS R A
EREUE > ETRERERNER  YEFRE  FUSELTE  MEETA
EEDMEY > ER T REENNHREERESERN  BRAENESR
BARMEEU—-RE—~BRE  MESEMEE « BE - B R iR E ki
i s T N RS B R o |

BRI/ A B AR B actf B pacf (RE-+NEE+E
) AT ARG RARER (L0, x (1,0, THER » BRETHABHE
SABEEA+TEE—A—BE—A+EONERS

(1—-0.77B) (1+0.13B*)V*Z, =(1+0.09B) (1—0.64B*")a,
fitB+AHELAS+HIOERS |
(1-0.75B) (1+0.22B*)V*Z,=(1-0.11B) (1-0.44B*)a,

HEpsem ach (REL) BESMESROEARY ARIMA SRV ETEZ
B BTSSR S B A I > (NS 109 0 $T AR (R TRSRSE, o

frasE—ARCANmELS  NTBER XA SBLZ RARTHOF
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B EHA » BRKEFMENLETEERSRORNEEEREERNVEY » |
EEBMERR  RFER—MEARBEE-XRRE - HEGTEERREETHRR
SRATHEY » HALFEGETFHEBNEEEZE T LEMSEHZR » T
HRETER ERRAT MO REREZBRRAELANER » TLAELESGE
BB TREAI B (L DR R SRR o
Sdga THRAE

BREATHESN/NRRERAERR (Simpson) KRS EHEKEFER
EitE acf R pacl (BARREL ASERHEREHR—DREROERHELT
ERBABNER  BENSBENAFRES/NFIEEEBNTER THOE
£V

(1-0.61B—0.09B*) (Z,—2.303)=a, @D

B ach (REH) ErHER—-REFNEAMAEXBTrESRTREE
ERE ST — BB ER/MENRZE ) BIEATHREREATAE—REE
REBAR 01 PPM TrERB AR 0.15 PPM (XZ) B TRAMSFEZ
i SO, BER B FEAERSZEELT » BIEMDATFT AR ZT AR
MZeE B e » U REHZN B FHRERARARESNFATRENGRE—D
HIERET ©

BREREATZEZERBEATARFER—F (WHEAZR) BB FEREMHEM -
SUOTE— SRR FS ) 578 ach R pacf (B RETL) AER
AAE—BEN-LRE « AERNIERH PEREMAER » ST EENH
FiggE # R A B ERNBERTERT MHEUFR— AR RMEFET—
BERNIEH (Smoothing) MEEB/AREHP LR (—EHD) ERMEBENREL
& BIEARS-LREN act R pach RE (B{/A\R+N) AERBHERS (
LoD x (LO,D)ZREMER » B THAIBR

(1—-0.65B) (1-0.1BHV'Z =(1-0.14B) (1-0.88B")a, @

HEBEERN ach FR (Fh) B-RNETEER BB LEBENEE
B/ R EERERL0Z o

AEAHEHRRTUERREATEFEHE B ER T REXRBRH
EREFHHEHBEZBE L ROEY > B AREMERK (1,0,1) x (
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Bk = fALAR T A R 200 5T

1L,0,1) ; HAEEF BT AN
(1-0.72B) (1+0.03B")V'Z,=(1-0.1B) (1—-0.92BM)a, @3
He ach pact BAMEREELRQWARKRBETLIE—REFER
y EERHEROERETED  BR4BEE RS PRERT TEREEAE—
B - E R « BEt Ry ARIMA (R0 4 20 TOF{E R nRE Rk 3
SRR SIS R R
= AR EE
SEE ONE T .1
HEREA+TEE—~F—HZ—A-+E A ERAERERFRBE+ES
BB S E S A R FRE AR ERNEEARIREGNK » ERRAA
BN R » e RMYE ¥ A FEIEIRRE (Updating forcast) M7 iBEHER MRS
BEAAWET o
SEESCP J 45 T
EATEAFEALERPARRATEEN B S REREERERIAET
+— I —RIFE R - ERERRHRET I  HEEERE R » ke
T8 (Updating forcast) @HEFHIRER o
B X — 0 B X 2
FlE/ N RA T FUES— B A — D BERZ EHFRE T c TRA
~HES— B R —/ NSRRI A S » BEROS BT
e EES Y S AR AR NN » e+ ROEERE— B FA—/
BEARSHEST HESE o AENEMRRERTE » ATFNRSE_S
PO+EFE (time steps) o T—MAER » HMAFFRIRREBREE » FLIESRE
EMEREL - +HES— B B~ RS ER ARG R o
RN QY%
BAK A FA— RS ARMA (2, 0) BEBHASREFNER  BRT
BEBEEANSE  ERE ARETRNER R
BERERA— ARIMA (3, 1, 1) B8R » HERAROERERLIFEEEN
Bl R A ERREEREELBBELRN  MEBEE TS SEEF » 1
H#sRA
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(1-0.26B—0.1B*—-0.07B*) (1-B)z,=(1-0.95B)a, @
BBEHTE 6,=095 AR WBTER » EEREESESHRN  KTVH 2
ARELEDBIERY o AT LREF AR RIS » MABAMERERAES 0053 » K
THERARMA (2, 0) Feiy 0.051 B3 » WEBRHBNBE TN ET EHRER
» KMERERBEN AR EEE 0053 R 0051 HALFEERBAELAK
RZRl > AEFEERHBEIETLER o
BHURE EARNBRARE » KRIEXS

(1—0.42B—0.12B?) (z,—3.18)=a, 9
=3k ARMA (2, 1) RIES
(1—0.17B—0.30B%) (z.—3.18)=(140.27B)a, o8

ERREN—HNEHRENERELT _AER N TRAE  BERES
HyEEEREZE 0.077 HIFZRRY 0.078 2475 » Fril B HoETFREMG » KRN
TEFAREEOENR  FIHUBN—-H2EETREED
. ALEEMNBEATTELERENOEE  GARSTEOS M EE AR
BRHEMASTFLESBHERZE o

B~ F g 22 &

AXHNARETBEFHERSBEHTE (ARIMA) HEREHRER  EHBRME
2| FURETH 7 922 R IE R R G — B B TR B TR o BARE RSB
AFEHREBEOBRENEHERF—2HSMEEREER - BEN— SRR
HESMUENHESR o AFREEA RFHE ~ PUdRERESHHE
» MMRERIEZAERFAFHRYOERN > ATstESEREnBRERCER > Eir
ARIMA fiEH TR B DEBRESERBLZN » AER » BULEEBE
851k » G40 : HRBPASERE R TR » BUEHEF - BIERA ~ BA ~ N EREEHR
NEZBBRREATGRIENERERHEE o

A A SR PE R A BRSO B R A REERRY ARIMA X
MEREIEAER » BRZRERMNBRIRSBEREARBYOYE - WEE
Fik—EFEY » BRI AR RN —EEY ) EUHEROTREES B2
R T S A9 EH » RMBRINRAE L AR BT o B @ B TR R
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At o RALAEE A H AR LR

RSP JIELAE0 ARIMA 5% HEEEFEIFMREE o Ming
REENE SR RB OSSR A6HER ) X ADRREREENER R HEES
PR E i AR R ERNH SR TR E S TR EANEY « BE
EPEEL > MR —ERERZ2ES R BN R o
BRAEMAEKBTRT R4BANERE— O ERBRNEY R THENER
TR UESERANEBRENSE - KR BMELF TG SARER
THEEREBIAERE » TS » AnWE » WEAREN » THEmKT » TR
F TEEMZASEBASE  BTRASSL AR LACHES  RFAFER
R—ABRTRMCE » B AP R BRE X HSFREFE4EREEL
BRSO RRNEATE » RBEEN > BTESSEMES  ABAREET
AHERFEEACHEENE ) PERASBEN TR  ESECEREREE
BAOBRE S (AT ERER  BIREERME) BRI SBINEY
[EHEECEEERRAER BT -BEEEERFNHREILY  MEAREEER
REBH  EHHEZRFANEREEGERBTRET - BRENZEER o

= 4 X &

WERsE 0 1975 : LRI EBREHLE - tE 0 68-70

HETcHE > 1964 EEMEERTRERN - EEESESAE  AE -8 19-33.

glr—» 1979 : “HeRBRHBFHRE R ZERNGE » T8 - 80-102-

Martin Crawford, 1976: Air Pollution Control Theory, McGraw-Hill Book

Company, New York.

BTh3C 1977 : LY 5% R EBT I $% » BEREA » HB "8 » 85-96 -

6. BEE) 1977 : BEHRAEERETEER - BEREA - LE=H 2 97-104-

7. Borf ~ FERE 0 1880 : B —FULH HRER IR 8LFF S - RTEZN » —8—
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22 L 0.38 0.223
23 ! 0.42 0.168
24 0.49 0.076
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&) u=={i, v~v, zag
Hrpu, v BIEFIE® x, y HEAMEESE  z RRTEENEEE 0, v 2B
X,y HEESE » z HEEHNEER o QRS EE S FEREY
z, u, v BBWHEN 2 O, ¢ BB/ BANL BEESEAEEZ A 2
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EESBBOR/ I BBEERRIERNEL - AR TEBREGEHE  MREL
S 2 AR —ERRGE IR EWRE N2 —Bk » BINAMBE » %
RS EE > ROEEBEE N -t EFESBE (Diagnostic) A
y MABAEEE v, v IHEERE o MBEE O EELHNWKELELE
B o

Q)RR BRF BB HWHEEM:  (Weak Constraints) » F LR FAOBS
ARB
&) 5J=am232(u-ﬁ)2+EZ(v—V)%ﬁ"ﬁcz—%‘)Z}ﬂ;Sz =0

Heh o RESEMER > o f FHR x, vy HAEESENEENBARE
¢ RWEBYET (image scale) o

ORAHBS RELEERBHEN » KERAREARES 2 u v FHR
2 B RHAIEBEREANERE 2, 0, Vo BUEE » REGREERENER
EEZOFHBE/ME BB CRAWEERR o o, B ZEWHBELASLHR
% > REMFTEES S HERRHRMNK o BEEENENEORERERZ
B4R o BIN—BEENEERK > RETHEARENGR/  ESEBESESY
HERRAES TR EREIHOER K2 H—BEORNELERRE  BETHY
BRNAFREARAZ BE o N4 EASB BB EARNE R A R 5S
TR GH M > B2 Bengtsson (1975) —Befi BEABAIAHE o
 RERPHREK z o, v BT  MREEEZY HORET ALY
BRI A o AR AR RRIEEY 2 u v KR &
Bou, v RFE z EAEHEHE  FRAMERTERXS

(4)

(6) A k= —k=T08

Gkt m BHRAR g BEIINELE » { BRED o G0 L R EHETR
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HRAEEZZMY I

THEEEBEHORELEEEREYN c OB B8 WEEE » OXTENE
6) 8J=6f7 ([a*(u—1)? +a*(v—-¥)2+ B (z—2)*]+

d ? dxd
[t (ke g V0 730k 0 +)*)- Y o

ORFHEERERREAERERERS 2, u, v EHEHEEE M BIESE o

BEWBATUMARBORES > BE—FEEZEh » QA6 NIERE
H18 2 BN R © AREVERRTEE S HT 2 SR BT LU o AT B E L S
HiB o BB 2R W R TS R o AUBMEEERE (Sampling Theo-
rem) (Stephens, 1971) » [RINZERISE b BEHIE H — BB 2 B » FI3E M gISE T BE T
Bz BNER—EALEE  WRRRTERIER (definable scale) W/ Fik
EBLREREOBNE  BARSWSED HTES > F AR A 3 R R
» (BB IR —EE o

ORAFENEESRRBUE > HAEORAMA— » AT AHRLL
o 3R E TSR AR b B o
Hi(6)5 sk Euler-Lagrange FERAE :
) (&’ +ru=a’i—-rk, g;
® (@=L
O Pk (SRt S =Ptk ko
0 ) OERRAOR > BEEBZAVHER > B
I R L B DR AN

al+y? a®+ 9yt
av ol
( kl_a-_x_ + sza7)
Euler-Lagrange FERAZ HAEFEES 6z=0> gIEEEEER EREBE » T
PEAEFERIEEETES 547 o

-~

FORF 4 O=2L, TELE

—

at+ ot
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Ze 1200, R L OV _ dl
i Bz —-k*CViz=48 z+kC(.ax... .‘ay)

He k=k;=—k; 0

E-REAETRAR 2 EFTRIZARERX
FHEEAERERESBASZANTE  EREBRN"H#RE=ATT

%> BETHRAF=ELHY B | BrAHENERLTERERLR » 36F 165 ET

o> NEMM o E—THEP » B » THREABRSERER

42 Q=0+ aX+ azy

Kb x, y BEEE + a), ay ay BRI ERRE o RATE=E B EERN
BRI AR -

= £ x=X; y=Y;
i3 P =9; 7 x=X;, y=Y;
0= Py T x=X,, Y=Yk

L J, k RICEZZEH - X, Ye(B=1, j, k) BEHRZEE (@ 2) o
RBORRAGK » 7 ay, s oy H—BEIZHER
o=+ X+ as Y,
{4) [goj=a1+a2Xj+a3Yj
o=+ X, +ay Yy

ﬂﬁf‘% &)y Qgy dg %

f
@ = 5 (X YK Yot (Xe Yim X, You,+ (Xi Y- X Y]

5 { a2=?lx[(yj_yk)9°i+(Yk_Yi)Sﬂj“‘(Yi—'Yj)Eﬂk}

o= e T = XD+ (K= K+ (X=X

1 X Y
1 X, Y,
1 X, Y,
ABESEE AT » AR TRZER o BORX o, a o ZERAGK - B8
BURE

AR+ 2A= » BURZRBATIIRZME » REETTHRZ HRORIEE
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16 e=N; 0;+N; ¢;+N, 9°k=§N.aSD.s (=1, ), k)

e No= | fa+bxicyl, a=X; Yo-X. Y,
=Y, Y,
Ci=Xk_Xj

NJ-=-2-1A fa,+bx+cyl, a,=X. Y,-X, Y,
bjﬁYk_Yi
Cj=X;—Xk

N, = -2--1A—|:ak+bkx+cky], a=X; Y,-X, Y,
b,=Y;—-Y;
c=%X;—X;

N; BEMIREE (shape function) » FBEE x, y ZEH o

WE—TTHKZ 2,0, v ¢ 2z, 0, V B RERNGREERS

B
18 ﬁ'—"BZ N, 1, u=.‘§, Ns ug (=1, j, k)
(19) V=ﬁE Nﬂ Gﬂ V=¢§t Nﬂ Vﬂ

AW Galerkin FALUR () KNEEE B BRIT FHEX (local finite
element equation) (Chung, 1978)» B FFlZz&RT :

04 fj[ﬁz z—k? 6V22—§2E—ka(

9v _ 2 _ L
o ——W)]NT dxdy=0 (r=1, j,k)

EE—TEP B kK TRE~HEEO R=RE k  k, k 2F5HE ) -
9RRA LR HEEBSR BB HFRITRITERX

AREZRBERTEABRS
21 1Yz b+ ci bb;+cic; bbit+cie) [z
- | _ _
oy LAL121][2] +CA|bb+co bt bbotea ||
112 Zy bkb;+ CiCi bkbj‘l"ckcj i‘['c;: Zy

—219 —



Annual Report of the Institute of Physics, Academia Sinica, Vol. 10, 1980

211
_ A
- EiM121 )

z; _
%]*kc*“hﬂ+bﬁrﬂhﬂ:9@qm—cmo
112)\z

F—ELEBEREERTRSER > MHLKES —TRSHBIEE (piece-
wise continuous) BIFES » WAL AT EREEABRBEAESN2EHESR R
## G (Assemblage) AR AT UB R 25 AR TE HEL (global finite element
equation) o 57 BB T2 Chung 1978 1 Segerlind 1976 o 23k HR TTHIE
FRAAFNERIARYSER BT KRR TEEE R —EEE
BIEE R o
M- HEHERHES R
RFEERTRTERS 92 ERMIAEAER  HEBUERS 92x 92 M
FkE - TR ARERMHEREEES o HRTREST0GEBRERE 6L
HOVH B B RSP S By » Heb IR R AT B ARk SR HEE - Bk
RARREUEE R —EMME o # 8k —ibh » 6 B EAER AR » 7R
DHEMPT RO R o 65 F EE B AR AR (0 1978) > WA
REBAT0% 5048 - FILHERTTESME o A @ T HERFE » BEh
BRIFLAROME (I Fellipa 1975) » 77 LLEI4 3 5 5H A RISAT o
AWERBUSER » R EHBOT :

LR ASRATEZ R

2B A B RS

LI EOE— TR AR ERTRAEREY

4 UM A RBEBRIABSER ;

5.4 92 i B 2 M TE A 1 5

6. U IE# > SEEAEAREERAD » OF= » A Galerkin (R

REZBEFREufMv o

A~NH x # R

— - REERREXERI
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HRAEEZ TSN

AREBEBEHRIITSE 6 A I0RBHKRBRBHZ EEEE » 714 220 BRI
FERNER » EEKE 10°N 2 60°N » 70°E % 160°E >3 » A KERE -
Sy B PR  FEEREATERRE o

FMIEENEEENAESE - BE - BREE - AMLAES 2 BHE » HE
EREXFAELE > B 850 mb» 700 mb » 500 mb s 300 mb s 200 mb ZEER »
Hemgia R TREE » BAWENA - 54484 1,000 mb ZEEHE o

EREERZ M TREREIRE  FEEETABENGRTEETES
$H o LR AR RELFRAEI E OB RBES » A0%BIS%2E
EHSERSERTE (B0 197 » HAHESKENNEA » EENKRE > &
EAERBER T FLEE (Chen and Tsay, 1977) LURKRFTAEMISSREE » R
A EAER A TEE o

B 3B S00mb TABHE A LELEEEZERPLEEREHEE
WL B ERBRE AR (BRER) » &2 700 1 850 mb LEM
BRI o BV > BPEE—SE—RERPO 0 WE 00 mb £, @K
BT EALR o HEEMAE0EL  BHKKERE » £0LF L7 R 3 AW
SHEE () RREE (38 B

H—BSRD s —EEMEY > WBAAEES - R ESRNEE S B
NOAA-4 MEZEER (BS5) » UEBIT—SRERE - HES —EEEER
BT A BREFEE o W ERBEASF e ZERTERE (H4)
 REXFRAAEEZEHAFS o
=Bz

B » RBEZH » BEDEREBREE o, p BB HEE ¢ off
FRBSSHEEEY ) STRATHENSER  DASEI TEMEESE ()
HEARARRBNEERESRE  RECARNEREZ S (b) HER
BNARBHIREZ KK BEN » 4T ERSETWERERRZEF o &
NEMCHERE  BEBN—EEX  ABAME o, § REBWHTRE > #
(u-1), (v—9), (z—2) SERMERE > HOBRERERER > WXES
%, B EREK o BOBERE (g tv), (gt HHEEKE > BMOD
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HEERK » RERRHEWHE A EBRTE - BRAESEME  BRA-ME
HBSIHEE - B0 B/a, /o) B—ETERE 10

ARRGER a=1 B 5, r HFHEHAERETEENS 2R BTN
BER REERSESIRE > BEEECERDE—HEBR/ME » MEREZEHELEA
EMZ MAB—BERE/ME (Stationary Minimum) > g HEE 2 A% R0 B
PERFAERENS HEAYERE  MIEREERSFESABEET o

SR 500 mb —BHESSHREMSEREZME RA B P SHER
104, 10% 10%, 10%, 10°, 107, 1072, 1072, 10~* o JREE LI 4 FUEY = EHE EME R @S
HEk AR EEERESAEREE S &

o (Au),_m_,=[:zﬂjlu(u,'-—ae)ﬂdxdy/165]v=
o) (AV)r.m_s=[:éff(vg—vc)zdxdy/165]‘/2

4 (A2)rm.= [:BE:II [ (2, —z.)*dxdy/165]':
HESTOATEREE » AL TR T REEHB

& (AG)rms =[§I S (k1—g?+vc)2dxdy/l65]‘/z

@ (MG, =[ 27 (K, aai;’—l—ue)zdxdy/lGS]‘/z

BN (A, my (AV), e BEFBREBZEFA » (AG), o, B (AGY),... AHFEH
HOTLGEEE  HAES:
@ (AC) m.=[(AW)% o+ (AV)?, T
B (AG)rm.=[(AG) .+ (AG)% L 1
Bz ERETIEL (Q)~(c) » META BHBEE—EREARE RBNRER
Ko 8 (u-)~ (v-9) B (z-2) FR/D » HIRBEERKL - MEHHEER
BB DR AR K o
BN S M BE » AR T2 E4E
(A, sy (AV); m~2m/S
(Az),.m.s~10m
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ik Ad L Rt

R E R @R 500 mb &L SAIBMERERSYRER 2m/S ) MEERER
10 m o FREEEALURIIRE » BE—REHREEME w v, z FRRAE &

BRAZHE o AFRSBEABNE 0 9, z K& o LBAIZ 8, ¥, z RAE
R EHAETLEME - FIRE 3 & o BLAEMRRERME AW s LR
» FREDREBEAEAEREAN—ROEE o ESHIETCURER » RANR
£ 3FIZE  FEREREE U  MERSSHERREERRLS AT —
o _

Mm% | hAREHRELAERINRE 3T ENEES 8 £ 107°~107,
i 72 BIZEIO"~107! 2R o Si—B Y& B B 7E M T i A0 () B B
M EEEASS10%5 » EFRIEERRERE  AZERERI P XS
FREREESOSE SRS  SIERTERI—ENEZHE  WES S FHN
KR ES  MASHEREERARA - THHW - RHES T REEZERMFT
& UEIEEE SR K—RFERE ERERER o

BARE2 2EERE6 (a)~(C) B6 (2) HMLES B 28 REEES
07 B 1072 G 10 &4 KEES (02),n., ZE c BHRERA * HEA0THH

B (02), e ZKNE BB BPEHRZBE ) ASFHBRT2HF o £
@6 (b) s MEES (AC)...., BHRIERESER » TR (AC) .., 2SR
2RE B LS TR P 2ER P BAM AC),.. A RZAR i
HEREIFHERZEFGEH 6 (©) MLES (AG),... 28 » BLEHER
SEPEE B HE £ B> (0G) .., HENGER > TEEE ° 5958/ b
BERERKRK o % 1* 2HBUR2HFEE o (06) ., B £ ZBEERE
» EETE R R RS QUR P R AT S R » BRPE () ZBEH BIWE

kxg—:wv, kzg—;"‘u y MEEZRELAHWE 10: 6000 EEMS 2: 10 R

E=BEBE BNz EEEEEEAERAZRBEE » BHE AG)wn 2
BEEERZIE  JEEEEE ) DAZEREL—HERK-
FIEZE2 RE6 (a)~(c) » KAREREHE L HEk: gakE » ZE
DAEAALS B % (AG), .., ZBMLEER/D » BI7RE AR/ 2 g IR
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WEME AR ERERIFRY  THRAEZ o RBLUFEZ  E5DE
6 (a) 8 6 (b) Ll (AC),y F1 (82),., HABREFRAES B 8 o WHAIFT
B—EAEEENEERES AL SHEE o
S ARREBRABRRERR « TWH 40 Cressman BRI DS s

AHEURREEFI755 6 100 B e R ERNEEERE 2 B E B
EIfF A ERA R o KAFEE BMSHT5H0 Cressman K5 HHS 1 — S5 -
BEBESNES c REFURESZ BB ERES  hBERNEESHRERS
FZ R REAWESH HERZ THtE » THBRAREZES B2 SE o

FEPHEZERF 00 mb KEBEH 3 » AREHSHEIZ 500 mb EEE
BEEM 7 (c) > MEZEEBIERAF o Cressman ZES Bt 2 e &
#ERAR (pattern) ~ (ZEFIRE o BEBZHE » BTESFE - ZESHERE
BEEESFEKEE - REx FrSES - By FaSESH - BT S5
%> ESBREN X HMsES  BOBEREN Y AT ES » A REIHHF
s bfR¥ Cressman ZEFH > c QIBEWEREBIHE - SESFHBRZER
IR EhEAINERFRERE » 5 RRART :

B 7 BSESHEE 500 mb EEF LMEES » 75 500 mb ARG
fm 60mo

500 mb & » R BSESHATAEY o FEIEAPELR Cressman £25
FEELUREBSH © (AEBERBE L > AFEE Cresman FEH HMES
BREBSH - WERFEOCENSESFHEOHER - EEAEEZRESE  AFE
FY BT —HAREE » T Cressman 4047 Bl o

milE 500 mb FZWE > TUBRARELEES: HERIEE BB
Cressman ZESHEELEBAHT o LHEEERMIE » 51 Cressman 2 4 #i &
KEFE 120 m > MEEBEHSHEE 30 ms KAPEEERSFHCRETRES
FHgRE o

B8 B=EAHE 500 mb EEFLEEx S BBNSVE BOSy
FHia5 B o BIBHSH » £ 500 mb» HEREHKNMBE 10 m/so

500 mb & » AFREEES 2 ABHME » Crossman % BI5 A AT B
His BS LBEES 5 m/So
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Wik R E kRSN

Bl 500 mb Z4H7 0 ARAREES LM OHERED » Tl Cress-
man EESFHBREREEZFABSL  EFEREAHERLESHES
ML TSR RERIE Cressman RS HTBOEAL - (BT WA V2 FHERE
/o '

KW Bt —p LEZ B SR feEs (Vorticity) » B #54 #7
Gressman 435 #7 2 B HL60TE HEFE 13 (7 HL 8 o 401 & BTBATT R 18 2 BETE B 48
» PlGalerkin LB RAS B L2 ERE - BNEZE 3 WEBREL 5
REEGMERS D » RIEERSHEE SR o |

BB = M54 EBR LBEES - 24 a. b. ¢ SHRFEEIFS
Cressman ZEAFHBRARELES VS  HRESWAH » £BHLL 2x 107
s B ERAORINE o

500 mb Bk % HARKGERORIEEE S » B8 700 mb k(R » BERK
= H MR o PRMGE L2 KA » Cressman ZES 4 REMEARE 10x
107 570y WEREBEAFEATRES o EAMEIBRARBESIES =6
ST » KRB SERFIERS o

SBEEAY » SESV 2 BESNRE S AR EREEE R SEERKL
EHES  MARES VS 2 BBHREE SR S RS o

EET U ESERBNLE » AREAEBE RS54 » BEER KR B
TH o MEEISEBRPMERTE « RBEZESHH0 Cressman X E 514 H
B FRAESES ~ RERIBES » 5k Cressman A FEETEES 2
T o MHERARESH HEXTRER RS H SR BT R R » TR
MRS FHEEY  RESETRAERS N2 7S SRS REL EES
¥ o

B~ & £

FHRAAE S FER G —EN AR TSEBSHEEBRT RN &
HBERTEERE o IR EHR RSB BIIE » ERERZRKBESE
Wi AR - RN R B R RERE R 2 — B > MR LIERREREKX
EEEEE 2 Rt o FIR ARTTREMBBE T ERERS S E RS PTa9iE - HiE
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ARE—FREEHER » AL EFREARTEEGE o RSB0 EES
ENE > IR R AR 2 R TR0 R B TR 224 OB R o OB BT
SABSER Galerkin BEBIARTEFRL  MANRSERSFIIERAE
BEEE LR AR > FESTHESSHER Galerkin EUEEHBIEETEHE
& o B —ERREFAWEZ FETERBRARFFESRS » TARRTIFEN
EESFREFRR  SFEREENR S ARG EDIER AR SMT I o BN
BECHE (1980) AARTRERARBEEE o B4T (1979) BHEETEE
IVEBEBRTRSE 500 mb BEES AAEE » HRER) o

ARREFREEZBE > AREIEESTRSES —BLENZS HREE
WTEEY - EERFRREZ FHE > TERETERERRER - KA=KE LMW
SEEH KBTS EESNASES —TEANT HER  HREERE
S BT UE SR A RES S M o AT EEINABENSH - F5H0F
FEAAINNEE  RREEETUREESESEZEA A LWRE » WASHT
AN ESE AP NEE A LSRR ERNTN -5 c BEFTERMAE
SETEES » EMBEHER  BAHER  BERFEANBNLHERES
SRS EERE4GRASREE » FELRSBEELMRRBHTER o

AR ERTRE B EES N KRAFENARES FES TR
EEASERSES  ANEREERYSHEEAR UAHR4EREREN
D RETABTEBERG RO ER T BRES @R ARES » AT
LR GE AR EEE ) FEASHASBEE » B HETRWRERKUE
REEE S E (G R B AVAR » TR LR T RE A b LU BB i o B3R Al
HEFTAZ AR ) BRTFECHERSNEETS  FERR ST
B R LR o

HAREEEN R RET A ECEENIET ERI BB S s
GHBZ A o T A& BESEHEERIRT BB HREEZ REBH
TIFERRBEEEMRZ PR » RFERZAR - BEERRTHRES 57 AR
FRIEH o |

EBERRODE » D HERM Galerkin F LI A BHER HFERFAAL
B ZkspfER (quadratic constervation law) (Fix, 1975)» EHILRTEL BEBETE
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HILAE LZ R

RRGTBERR  EWERGEOFEES DL EEEREEPEENE
£ o MATENAPNAEEFigEEL > RILREFEMNAREOIRNAEE &g
EEABEEZARFBHERMPERERSRE  LAREFEER 1 =
MR _RETHRERTAUNSRAE IS » BTHANER OISR ERTRERE
BHELRGE -

U EFRREE TIEREEARTERETE o

2 & X K

WHEE o 1978 : FLANER o

WA, 1977  RERFEERSTZHE - KERE - HEPE, 1~10

B—> 1980 : AERILTRERAEEEREE - KEHS L 13~20

#ERE 1979 : EESNERNZBE o PR BB EFREL B R o
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RSN 3 ES S R

& L 500 mb #&REFEHM (a) AC (b) AZ (¢) AG

(a) AC

RN ; i

. 104 l 10° 102 | 10t 100 10t 102 10 10
104 8.8 ‘ 88 . 87 } 8.0 4.4 08 | 008 | 0.008 | 0.0008
108 88 « 88 87 | 80 | 44 08 © 008 | 0008 | 0.0008
102 88 | 88 | 87 : &0 4.4 03 | 008 | 0008 | 0.0008
00 84! 84 | 83 76 43 08 | 008 | 0.008 | 0.0008
0 73 73 2 67 3.8 0.7 | 0.08 , 0.008 | 0.0008
10-2 65 | 65| 64 | 59| 33 06| 008 0008 00008
10- 6.5 | 6.5 64 | 59 3.2 06 | 007 | 0.008 | 0.0008
10~ 66 | 66 66 | 60 33 0 06 | 0.06 | 0007 | 0.0008
10-¢ 6.7 [ 6.7 6.6 6.0 33 | 06 | 0.06 . 0.006 | 0.0007
(b) AZ

) g ‘ :

\f\ L 05 10 10t 010 10 10 | 10~
BF : | | : ? .
10¢ | 0001 0001 0000 0001 | 000l 00006 0.0006 0.0006  0.0006
10° 0.01 © 001 | 00L ' 001 @ 001 : 0001 | 00006 00006 0.0006
102 045 | 046 ¢ 006 0.4 008 0015 | 0001  0.0006 0.0006
1t 12 12 1.2 L1 107 0.14 | 001 : 0002 0.0006
100 | 49| 49 4.9 47 1035 | 11 ] 016 | 0016  0.002
0017 L T 14 |93 49 12 016 | 001.
17 203 203 | 203 | 200 181 114 49 12 0.16
10-+ 233 233 | 233 | 132 229 | 200 | 117 | 49 1.2
10-+ 237|237 | 237 237 | 136 132 | 203 | 119 49
(c) AG

ST 108 102 [ 101 l 100 : 10 | 107 | 108 | 10~
EN. B | {
104 109 | 109 | 109 | 109 | 116 | 133 | 138 | 138 | 138
10 109 | 109 | 109 \ 109 | 116 = 133 | 138 | 138 | 138
102 107 | 107 | 107 ¢ 107 | 115 | 133 | 138 | 138 | 138
10t 92 1 92 | 92 | 93 | 106 | 131 | 138 | 138 | 138
100 59 5.9 59 6.0 76 . 118 | 135 | 138 | 138
10! 4.2 4.2 42 1 43 5.4 8.7 12.1 13.6 138
10-2 38 3.8 38 3.8 4.8 7.0 74 1 121 | 136
s 1370 37 1 37 [ 3.7 48 | 638 7.4 91 | 124
0 37 37 0 31 37 48 | 68 7.2 74 9.1
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#17. S00mb #FMERE 2 EHM (a) AC (b) AZ (¢) AG
(a) aC
7 | o]
= 10 09 | 08 | 07, 06| 05! 04 ‘ 0.3 ‘ 02 | 04
£ T | j i
0.1 332 | 316 | 297 | 276 | 253 | 226 | 196 | 1.60 | 118 | 0.8
0.09 331 | 304 | 295 | 274 | 251 | 225 | 195 | 160 | 117 | 067
0.08 329 | 312 | 294 | 273 | 250 ¢ 224 | 193 | 1.58 | Ll6 | 0.6
0.07 327 | 310 | 292 | 271 ¢ 250 | 220 | 192 | 157 | LI5S | 0.65
0.06 325 | 3.09 | 290 | 270 | 247 | 220 | 190 | 155 | Li4 | 064
0.05 323 | 207 | 289 | 268 | 245 | 219 | 1.89 | 154 | L13 | 064
0.04 321 | 305 | 287 | 266 | 243 | 217 | 187 | 152 | 112 | 0.63.
0.03 320 | 3.03 | 285 | 265 | 241 | 215 | 185 | 151 | 110 | 062
0.02 319 | 302 | 284 | 263 | 239 | 2143 | 183 | 149 | L09 | 06l
0.01 321 | 3.05 | 285 | 263 | 239 213 | 182 | 147 | 107 | 059
(b) aZ
2 f
\B;l I\ 1.0 % o9 | 08! o7 ! s 05 ‘I 04 | 03 j 02 | 01
0.1 9.3 9.2 8.9 8.7 8.4 8.1 16 70 | 62 47
0.09 9.7 9.5 9.3 9.0 8.7 8.4 7.9 7.3 6.4 49
0.08 10.0 9.9 9.7 9.4 9.1 8.7 8.3 1.6 6.7 5.2
0.07 105 | 103 | 101 9.9 9.6 9.2 8.7 8.0 71§ 55
0.06 il | 109 | 106 | 104 | 100 9.7 9.2 8.5 7.5 5.9
0.05 1.7 | 16 | 113 | 110 | 107 | 103 9.8 9.1 8.1 6.4
0.04 126 | 124 | 121 | 119 | 1ts | i1 | 103 9.8 8.7 6.9
0.03 137 | 135 | 133 | 13.0 | 126 | 121 | 116 | 108 9.7 78
0.02 154 | 152 | 149 | 146 | 142 | 138 | 131 | 123 | 1Ll 9.0
0,01 181 | 180 | 177 | 174 | 171 | 166 | 6.0 151 | 138 | 114
(¢} aG
S~ T ! i ‘
;55""'-\| Lo 09 0.8 0.7 06 | 05 | 04 0.3 0.2 0.1
= i - R
01 540 55 5.7 5.8 6.0 6.3 6.6 7.1 7.7 8.7
0.09 | 534 5.5 5.6 5.8 6.0 6.2 6.6 7.0 7.6 8.6
0.08 | 529 5.4 55 5.1 5.9 6.2 6.5 6.9 7.5 8.5
0.07 | 524 54 5.5 5.7 59 | 61 64 | 68 7.3 8.3
0.06 1 5.18 5.3 5.4 5.6 5.8 60 | 63 6.7 72 8.1
0.05 | 152 5.2 5.4 5.6 57 i 59 0 62 6.6 71 8.0
0.04 i 5.05 5.2 5.3 5.5 5.6 ‘ 59 6.1 6.5 7.0 7.8
0.03 | 5.0 5.1 5.2 5.4 55 | 58 6.0 6.4 6.8 7.6
002 | 491 50 5.1 5.3 55 58 5.9 6.2 6.6 7.3
0.0 | 483 | 49 51 5.2 s4 0 5Ty 58 6.1 6.5 7.0
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ERER 3TN

&3 BRI BLAEE 3 885 208 2 2 4E

f
|
|

850 mb 700 mb 500 mb 300 mb 200 mb

N _ S s R
(AGD) romes 4.80 56 9.7 143 19.1
(AG:) 1oms 5.90 5.6 ‘ 9.8 153 | 19,5
(AG) rmes 76 7.9 | 138 20.9 [ 27.3

&4 BRAAAMEEFA2ME LB L0225

(& a*=1.0, 52=o.02,‘ 72=0.2)

(AW e (AV) 1y

i

w1 (AC) s |

1 |
(AZ) TeMi+3 i(-f-\G)lr-m-s .(AGz)r-m.s (AG)r.m.;

850 mb 1.08
700 mb 0.96
500 mb 1.36
300 mb 1.78
200 mb 2.16

0.98
0.96
1.33
1.85
2.36

1.47
1.36
1.90
2.57
3.20

1

9.75
9.93
14.76
18.42
22.15

2.82
3.13
4.00
6.41
7.62

3.18
2.93
4.36
6.26
7.78

4.25
4,29
5.92
1.96
10.91
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yi=0.5 AR DI R AR AT B G
- ER
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6 500 mb EEERZEEM
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(AC)r. m.s
5 L
r?=1.0
r?=0
r?2=10.3
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-1.09 .08 .07 .06 .05 .04 .03 .02 .01
(k)
(b)
CAG) e ms
104

—
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™ N 13- ™
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H - -
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o
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> 3

.1 .09 .08 .07 .06 .05 .04 .03 .02 .01

(c)

—235—



Annual Report of the Institute of Physics, Academia Sinica, Vol. 10, 1980

90 W00 M0 120 130 140 90 100 119 120 _ 130 140]1 —

564 564 570
[ 5

90 bt ALY 120130 ‘II.O.I

pem

F

40

.....

20

FLE LT

)
7. 500 mb HESESHE 0 (B : x10m)
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8. 500 mb x- - EREE  (BAL:m/s)
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(b)

9. 500 mb y-SBBES (B :m/s)
(a) BEETH
(b) B Cressman EKESH
(c) BRERAZTHREE
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B, 500 mb WEH (B x1075571)
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AT RLBATFHENERRER
2 x %

¥ o4 % R o EAEAN
B & & ¥ & & Ha oA R

B ROF

BriEMxEENTHALE

] ®

AL AR GEERRS SRS NREE ARG R —F 6 - BAREENH
RS S ER IR E MR ARSI - RRHE— BT EETRARENTRER
SIS » BATISE MBS BENHRERA—A - DIGHNARTH/EATHE &
AR RS - BB ERE SEEEREHR .

AYEBHEREREGS 0 ERRTE  2BHRRAAZRERTT » BERSEERD
BHAE  DEBERBHTERRESHRE  BRRNEEENBNEIREE » RETKRER
PR » BERESTHERKFERTRSTHRCEN CEFEER » BNRGTHE
(LENEER LT « LPAHHRELER - HERZYHEBRARHERMLFR - FHEL
SEFRESTHECERARREEEESET » R ANRRATEERTRBES M » FE
RET—WEARRERNTTER  BREARME -

el R NEEEHERER » ARDAEERTRNEMGE IEBITEELD
A (CRESE AR A o RAKR ~ T ~ TR ~ (b EMF RN RESEY R > AT
HREBERESDEEBAENG o AT » FEEABTHNER » THREANKE
» TEH SRR TSR AHE S » EFR AR -RLA B ZRPBREL
B - MBRATTEREZH  MEFELNER (BERBRER FERR
o B[R » B EFIEARPHRE » BROTRYESSRENHBRENR &8
EWHERYITERNTREEEEERE  MRTRIEENFRMEAERTER
BUEEHIGI T o
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ST L TS R T S R S A R ~ R TR S K TN S
» TN TRREE K% » 25845 (75 R IR0 75 RS T & FIE BB G > — i
BHAR T R B L BT 2 R ST TS 4R o HEAt » BO8RAYT5 S mT B K ~ Rk
(i TREREE) SREHERE - R BEMEY L ERRETEREREK
TREROTS IR (REIRECRE R IR R B Ry 5 8D » LUESHH SR
BRI o RE LR SRS BT S B —EREE
R % BB I B AL S S RO PR » R (R AR K o e
B A BB GTTE 5 LR TS S T B » 36 A8 R T IR S S S P B
RS ki o AR LR MEMEHEREEM  TRENEREL—H o B
BN ENR RS RIS SME T ENE ALK c LS
FERR > BRHEFR » RERIOTER > HAERENEETSREE o Bm
wEBE (RREER) o & HSEERN S IRBNRETESS o B
Goldstein 2 A 35 % st " EALH LB A MBI R BEORRZ » 251 th—Eiss PT IS
WBRRET~ETRELRENBERER o Bryan®igh » HEHM— BRI HY
SI4E 0.65F HABRBER—EH o TREREERAT » HEFE T EmHOK
HEABEREMLR ER » HEREERI GRS HREE A EH RS
HEROB IR - B4 BEAHTRTEERUE - EHE BBER) K(F
ERBENTERAER  ME—EH RN RERKESILNGHBRE (BREn
) o (BRBHERH RE AT R ISR SR A » e R H ERS
Wk FERASER - KEEW ~ BV SR BnELr - B R E
EHEEWES  SEEH S RERET B RE AR - SR » FIURTER
WP YREE 53 el R0 TN S B SR AR R B (TR BRI » A S AR Y
M o FIL TS A A RS R EE R AT S (nformation) LUEEEE &
FURER » BRE-HESEEWES o

Heimbach B Sasaki®® @ seig# ek 7k (Calculus of Variation) 2|F3Zesi
TSYEFEME | - 451t (Optimize) PEHORER LU B ZE A — M B ZRH: o
#ATH » Heimbach §1 Sasaki ()75 3EfER MM E SR B YRMWIKE » BEBRE
W THREDES KA E - FAEE » IRk AR SRR » FTEH
75 R AL HE RO 5 5 BUE B » ST A 4 B R BROH 25—y 15 %
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E RS RZRAFAELERAAN

FHE(HESENE  BFEFAFINE(CREESAMED » RERFERETS
Ho

PO FI B AR S R AR R TS Yu i Ay B (L B 3 (Optimization Theory
) o FRISBEBECERABBRECER - WEERELEZ 2R REEES &
2R ER B R B AR o e ERARTTE AR AR RS IR B
» A0 75 LR AL B RO R4 TR » R3LEE 4 Heimbach B Sasaki fE{UI7IREY
FEBHES o REFEOMBRECSHEMAEZECERNSEBE_SAREE
b —E R EREN » BRERTERES ) RIEEEFHOECER -

At BREBIAT ~ B ~ B BRAERAYIR B > fERBATMG DA RSN
W~ BERE R B BN ER SEE RSEE - BERERGRISKE » BXHA
HEBMABEAN AT RBE LB 2 EHRIEHER - Hit » FERE
—ERLEERREN TS RESHATETEHOEAT » BRI HEE
S BEBIHEEEEREENTRBES G > BN RAEHEMRENTREE
B BREFLRZ - _

Gustafson(” SERIEA T H FLLE ( Aggregated-averaged Approximation
Method) BoiE4 > LIHAEZIH—BH o PIEEREGTHELEE « ¥ REMHEMEE
BERER—E  UBENERFEERB AL FERIREEDSITEE » vl
*EB%E (LREHERERSFRT ) REETIF  5TER R (Computer
Time) THEHEEHRGEE o A1 » Gustafson 56855 HEHKIE (Aggregated Source
) RARSGEEHUGENESRERNE » BERCEEEN=8TEXFRMN
B B SN B EPEHREE (B8 Even-determined System)™#y{5)4H HEREM

(Exact Solution) #f s REEEERMK® (Under-determined System) K i€
%4 (Over-determined System) #54 KIE LIE AR © MH WK A PRE
SHBERENRERTRE B > AFEESES  KPEM— R
RERSE  HEFBIXRKESTRERBERFE® (Ill-posed System) o £ Hvh
BOH ST A PR B SR B R ARG B Heimbach 58 Sasaki S84t
EHRGEES ; EE LASE A AR HERIREE (oARMR T ZHH
WA BXRETREERN) » AEBRERR  TEHHREOEACERFS
BEME  FEFARMINGECREERSEE - ARSARFERERE®RS

— 243 —



Annual Report of the Institute of Physics, Academia Sinica, Val. 10, 1980

AUREREEENEL > IREFRSENH SIS EREE NRFIREE o Bit
Gustafson B —BRRAFEET BHERANEY » BERRZF o

A LERER T BB ERE Gustafion 2 HA TR IEBRARS S RE R
SRR  FEESBET S WS ; BITME RS A KB SR > W
SERHEA RAERY o i RATEHELERPSEE » FIESRERE
ERETSEENETER  E—RENT » BYEHVERTA » HRERE S i
4 E ARG 25 R S B (Pattern) o BRI » ARSCHE A S ME O I (L RR TS 12
TR FTATHE R AT TR o ST S (b BRI A B RS RO £ SR A SRR
o UENAENBERITE TS S EREARB-FRENSS o

KA ELY L ERESFERS RS RESEHRERER7 B
EokE R ERAES LR EREE L » F o AR ER o Z8ALEHT
B E R RS Y B ITIEE  WRABRRRABREEE RS E R R
75 Yepy e o

Ko~ B S BAFHEMmEARAT N ELE

-~ FMEE |

HWEERETHLREHTEAERNGHE » AREEAFEENERMER
, EFAEENERES UENBRBRERE  “EHAHAEMERSERL K
PR EATHRIRE 7 B o

AYERRCOFEBNRSEMER  eIRIEEWE (2] KmE (1) X
2 HENEBE R/ ML P BRRE (Optimized Source Strength) o

E(cl_.cl)z Z(aj— qj)z
i 1)
.z ‘2
§f' Jz_qu
N . N
Ci'__k;::l viqe (G =k=21 Vi 'qe)» C23

s N HEBOEEH
n : BIEEECE
qQ; ¢ BeAbBERERE - QR RCRREE
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EAFREZRASFHEILTHRAAR

q; : HEBCEREE BIE - ¢t ZIEH ERIE
¢ ¢ ERALHE BB BRI 2 Sk T
¢ ¢ FEE A »

Vi : HRENSREGE | 28 (Dispersion Function) »
CC1) Rebiy p* TREEEELERSSEHEMS . (1) REBE :

o .. B~ o~ N o~ =
Ste? x I=§(Ci"ci)2+ﬁ 12_1(‘11‘—‘1J')2’

i=1

I
A p=5—p*,
Za
(1) ReELEREHE®
q= (v DT (g +ve) o £33

EHEERTF LY BEESERME (Conservation of Mass) » ENER: g =R g
PRSI & B B E 8D

n

316~ 315 C4)

R Bk BE (13 RMAWRE (40 REATTAA—RGBH 2 (
Lagrange's Muitiplier) {##8 TRXSH/N
ISR E T CETNEY: Jﬁ;(é‘;j—apu,z(zi—a).
LRIBRHITWHE (2] RAAE
Zn}?:iz xdl . o .
= 2 =2] 5Qk[(12=l(ci =coVi' +8(qu—qu) +22 §1VikT] .

k=l

[ é(a_Ei)vikT+ﬁ(ak—ak)+22l2:1vik'r=0
$HE—k o ERBEHKE 3
En(iniVijTElj “_Vkigi) 'HG((’i}x _ak) +22V, =0 45—k, C 5 5

i=l j=1
n . 1
=v-< B Vk=121 VikT=121vki .
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& v-[vk] vi={[v,T]» q= [qJ],
q=1lq;]»c=[eul»e="Lcul>
=(Vy]» Bl 050 REES:
wig—ve+(q—q) +24V=0>
£ . -fiw(whrﬁl)-'1 (ve+Bq—2aV) » £ 67
sk T BMLAT AR o i (60 RARA (42 XFE -

_ vt gD (vet Bl el (77
AVT(wv T+ DT V||

ek || || BAKPERSTERMN K (7] 3RRA L6 KRR/
EiE, i (1) REFEEESERK B
q=(vwT+pD~" [vc+8q-

IR+ D (vE+ B[ .
N G <82

i RA (20 A8
~G=vigs 93
R A o
RAFHEME
BRBSELKEEE (INRRRKER wmﬁﬁg>ﬁmrn%$@%%
(Quasi-equilibrium State) FRRIFFIFRS » BERWALEHLE A
B P &TSREFTERE TR B S E TR S M (Superposition)
 RIRRER |
cp=§1qjvjp , 107
kep N o: BERCRIE -
o HEORRE
o0 HERCEREAREE T B p DT ERLAOTS R o BB

(Dispersion Function)

AY
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TAFRIRSFARMNEIE R

BB RE—FTARRALE p 2 REEIHAE N A Sk SR 4 » iNNAgE K& » BllEt
HRRUE o BEBEMINY S B—# DRERTHEARSS » JIBR
nERGHEIR (r=1, 2, » 8, n<N) (] (—) RFRSEHTEEH) MW
LT AZERS

Cp=§crp Ellj
Jr
ﬁqﬂ Crp= E qJVjP
I=lp i
Jr
=q, 20 Vo {12)
i=Jpei+1
" - jr
3502'1:‘ qr=. Z qj/(.]r—.]r-l) .
J= e 1
Jr
Jr-1 -+t
Cp=qe Vip, C133
=Qr Vrp/.]r_'.]r—-l-i El4j
e
5&;1:;:[ Qr='_ E qj °
=]+l
LA -‘—rrp=vr‘p/Jr_Jr—1 'ﬁl i14j 5&%
Crsz.r {rrp °© EIS]
# C133 BO(150 RAFMA (11D KRBT
WP} Vip (16>
-31Q. %,. Q)

RE G T AR T -
it T MR HE MRS SIS — BB p TR
Q. : r PR - '
Vit T AR BEBORIREE T — B R B B p AT IR IR o
S c=[e]=l[cu] s ¥=[¥,]>
V= [%,] Q=[Q.1=[Q.]» 4=[4,]
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=[q.1s v=[ve] s V=LVl
o (167 R C17) XA RmEa (180 R (19] sNAUAIELK :
CRViq s C18]
-91Q. (19
= ReFHELE
P& T LT BEH R ER TS 2 A & R ME & o REBREAR L
, EfE AR ERE  THBUT AEREERF BERAE RS H
R A EFEERFFURRBLZ
1.u%féﬂ‘:ﬁﬁFBﬂlﬁgﬁlﬁfﬂ%&”ﬁj%%ﬂ&%bﬂ#ﬂ‘%f@ﬁﬁ%‘[ﬁﬁ@%fﬁﬁﬁ :
EEAE (18) RAGSH (190 K- BER (8 R q (FERFRERR
EREE) & (19) RE9Q (EEAPHBURBRERD o IR AT R
) e EBAEERS » HERGHERZRTEES o Ht - SB{LFH G
s A% EEEFENE (R (60) RREHEEFERRK X (32)
— % WERAHLENEREEF o 28 | BAEEFLTHRR [QEF
| o RAEBREERFLT S BASEQES  SOBQER ~ J0EQERF
I58QEFE S BQER » LTH#EF S B BFHERE
2 L4 R R AR (S (ERUR B RE BT ENFGESR |
LFEES rQL BF) (L (Bt 2 @F (Lambda)) RPEHEHETE
B o
P& AR RFERE T HERELRR B LR E BE BRI EER

DITHEE [q B

4. L& RORERE TS E R LR (L ERERTENTGEER
LT fE# Mgl 87

s YRR RR S (REEEEFERR g b EE AN TR A
RFEHER :
4 AR R R Bl Bl b e B {0 (B K/ NEFEEES ) (Sorting)
BABSTEIOE  DTHBE [SERF] °

6 MR B R 4% (BB RTFER G AL i kN R T 4 LY
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TRGAZRLS PGB ERAR

TR -
TS [SL & o
Btz A BEENARATEEMEMREECEFN&ES BB DT
H# o, hERGEBEUTHBRE (NE/F] -

A RBOEAHEAT Y H

BENRESTHEEZFHERE - RAEZRE » A3ATREERES ~ K
SER R HEER SRR RECT AR o SMEERR IR R R RE

S A E R
c,-t6 5 51 55

2m m=1 Iv=l Th=1 IT=1

P, (K, IV, IL, IT) Q.ms (X O; Uy, IL) . (207
X

SET N A REAHESEA A B o HROREE R ER R [EEpEA
EH BT PR/ (TREEAS) S ERNER o SR
BRI A 20 ERSER » ALBMARES (1.1, 164) B (26
) 162) B AN » ENHA22 BN o L L BB ERA R R RN w0
HBH » HRR© o

AT BB KRBT :

— B EH R » WIS TECER A B
B SRR 7B P AR R R E & B R BT A B R B TR 9802 »

m

TR ROER B ERT 5o (0 G BEAE O SRR HRE

BRARKHEORBEE  RECHRERE) > LBRIER « ALLEEHRF
T P TE 4 B R o |
=~ BRI B A A T R A B

B T T R S R AL » K B B R AR A

SREHE AR — AR o B0 AT 36 A HE RS R T SR iy R I

—REH > BN RE R EE S  BERIUL T o RGN
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stE SR B (Computer Time) AR BER M} R B W —2 B0 » #HHt
S EEEA A E ST o dbERNEs (Real Time) FHEAYEE TG RO
WA H L TRSRILOL B TRV AR o AR IS (200 K Mgt idR R E
HiyE s E . (Gaussian Dispersion Function) o

RgEE® » REEEEEARRES  JTEE R BRSNS
ERBERERERS » AT ETHEREE A G— » RREREE (75
- R EABEERE  BHEE o
=% 7T o WA

S BN R FEBR R IRALTE T HE R ~ & PR RIRE R R R R A IR B R T
MBS o FRABHENTFEATEEE » DMHE R ERBRREE - AXSHLE
5 MEIETRS » B ~ SOAL - 304~ ISHER S - ROEB M RECRED -
W A RN

ETE_EMRN-LEREEF o 2LBENESE 8 E - HEERESM
EAEPESEIEMERN § B » LB (Iteration) R1§ o
F~E#FE% (Standard Deviation)

BHEEEAHBFEROBEERS  URSHRE (BERTEBEREST
ERER) IBNRERKEERREF EAMGERr BB EERCNEERE (5
REZSFESN QL~ql X SL EF LT oA EREET R FHRERIEE
» THEBEEFEN Q- q & S BEFUTATEECTIER BREFENEESE
M) TRIE

SD= ’/ }E(CSPE__?Y) ’
CS,, : Aot BEATEFREETE) NWBEKREE »x B
BERR >y FRMEREER o |
G : £FMEEFTIEARBRERE
N : @R -
=~ F¥EE (Average Gradient)

BULBREAGEBFHAFRREESGAIZE (Pattern) BCIER » G HEME
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a5 £ B E B AR O & BB T B A S
3 S R - SR 2 R
| ! ‘ ! R BB ; :
32050 30 & O15 @ S5 & K B0 M 30 #1558 5 M
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1 ’ 1 1 5 1 439 26 0 12 3
2 2 2 ¢ 1, 42 3% - 26 12 5
3 ‘ 3 3 2 43 40 16 2 ! s
3 3 3 1 44 4 26 12 | 5
4 4 4 3 5 4 27 13 5
5 5 4 3 46 42 27 1133
6 6 4 3 47 43 27 13 | 5
7 7 5 3 48 43 27 13 15
8 8 5 3 49 44 28 13 1 3
9 9 5 3 50 - 44 28 13 5
| ‘
10 10 5 1 3 51 44 18 13 5
11 11 6 1 3 52 45 28 13 5
12 . 12 6 | 3 53 1 45 . 18 13 5
13 13 7 4 54 45 | 28 13 5
14 . 14 7 1 4 55 45 28 13 5
{5 ¢ 15 8 4 56 45 28 13 | 5
16 | 16 8 4 57 46 29 14 | 3
17 . 17 9 4 58 46 29 14 | 5
18 18 9 4 59 47 29 14 5
19 19 9 4 60 47 29 45
20 20 10 4 61 48 29 14 | 5
21 21 10 4 62 48 29 14 5
.22 22 1t 4 63 48 | 129 14 5
23 22 11 4 64 48 1 29 14 5
24 22 11 4 65 | 48 | 29 14 5
25 23 11 4 66 48 29 14 5
26 23 11 4 67 | 48 29 14 5
27 23 11 4 68 | 48 29 14 5
28 23 11 4 69 48 29 4 5
29 24 11 4 70 48 29 14 5
30 24 11 4 71 48 | 29 14 5
L 31 24 11 4 72 48 | 29 14 5
31 24 1t 4 73 49 29 15 5
32 25 11 4 74 49 30 15 5
33 25 1t 4 75 49 30 15 5
34 25 12 5 76 50 30 15 5
35 25 12 5 77 50 30 15 5
36 25 12 5 78 50 30 | 15 5
37 26 12 5 79 50 3 ;15 5
. 38 26 12 5 o
| t
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AN E TR RRINTREEBRGFRAE—F » HREREGTE - XK
HITBEAFE (RE—RBEENVEERELEHRLE  tREXER 123K
4 ERAFEER (REO) » BESAR (7.353.9),(74,3.8), (7.2, 4.0)
# (7.2, 4.0)) o FEERBESRIOREEREORE  LEEHRBE SR
REREEERES  RUAPBEETENRRERERARL 5 elfEfiEMEG
BEREEMREREER—EN, > RREGZHR

e ERFREFEEERASHERTAG (AT HNER) REIAHERER
REMTFRBES MR - WRRSERTHRESN » S ERIFFRERFEIES
BEAHERBEHREE
= FHEQRFANSEQRERF (HEFEHIFE)

T EQRFHFEBIEAECHEEREITER » B B/RHRES (RR
WAE) REHE » WAMOHREEE _ZFABEREET (2EEE ~ B o &1
fEEE (GA%) HEHU) » REFERE » DB ERER LRARR 5 sletERA
2BAERIEM o RETECEFOHBIRSEREHEE/NE - BRAEEHRE
M/ TFR%Re ) BREE R o BB i/ B BERIR AR [ Hef] 1bfe
REtESAAMEERT (UTaRERHWET) » SCERETEFEER
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S S T W i

24 X Y B \ e { g5 ‘ wE
I S © z g H t : xo L
L T A R
- SR SN WM. & ommo. & 8
{(Km) (Km) (m) = (m*) - (m®/min}) (°C) , (g/sec) (g/sec)
1 7.3 3.9 11 130 | 119 ! 33,862 150 |3,122.4 | 6,085.6
2 7.4 38 1 130 | 283 | 23270 150 |2.145.7 | 4.182.0
3 7.2 4.0 1| 89 | 125 ! 6580 130 | 6067 | 11825
4 72 40 | 1 89 | 115 | 6580 130 | 6067 | 11825
3 36 0110 2 0 70| 101 7,08 156 | 4669 910.0
B | H
6 3.6 11.0 z 45 111 5,190 160 343.3 669.0
7 36 1 110 0 2 70 | 104 1 3529 144 | 2334 455.0
.8 36 | 110 | 2 . 43 | 111 | 2,595 145 | 1716 3345
9 77 | 1222 5 85 36 | 2007 163 | 154.9 301.9
10 34 | 118 | 2 45 49 1,810 150 | 1397 2723
11 56 | 116 | 2. 48 0.4 1400 | 200 | 120.5 2349
12 34 | 118 | 2 25 ¢ 16 1,280 i 150 | 990 1930
13 34 | 117 2 40 0 13 1,270 i 150 98.0 191.0
4 55| 232 | 5 35 96 2270 1 236 72.3 1409
I5 | 56 | 222 5 45| 123 2660 | 366 | 686 133.6
16 74 (1 232 | 5 50 3.0 796 | 311 62.0 120.8
17 60 | 235 | 5 45 | 123 23727 | 243 | 611 1190
18 55 1 232 1 5 ¢ 38 2.8 2147 154 | 572 1114
19 0 55 232 | 5 35 9.7 209 | 214 | 561 109.4
20, 55 | 232 0 5 3 9.6 2023 | 214 | 542 105.6
2 80 | 244 | 5 1 57 4.7 581 200 | 450 87.7
20 27 1150 0 50 17 0.9 381 344 | 450 87.6
23 & & 243 5 59 3.6 365 | 200 36.0 70.2
24 55 1232 . 5 35 9.6 1,105 | 256 35.1 68.4
25 60 | 235 . 5 53 6.9 1195 | 371 32 L 608
26 . 58 | 238 0 5 | 45 0.5 99 | 538 301 | 587
27 . 58 237 5 45 0.5 99 ¢ 538 | 301 i 58.7
28 82 1 251 1 5 18 12 378 170 | 292 | 570
29 55 1 232 0 5 1 47 9.6 908 = 256 | 188 36.2
30 53 1 233 | 5 15 44 1,004 | 343 25.8 50.2
31 57 | 236 | 5 35 2.6 1811 | 300 | 254 49.6
32 75 | 221 | 5 30 1.9 314 | 201 74.3 474
33 53 1 230 | 5 49 41 700 | 288 24.2 47.3
34 56 | 233 | 5 46 2.6 853 | 300 | 220 42.8
35 78 148 | 5 | %2 3.0 270 . 200 i 21.0 40.8
{ 1
36 14 | 164 5 19 2.5 700 50 20.0 389
37 53 | 234 | 5 . 34 4.4 694 | 204 18.3 35.6
38 52 | 230 | 3 | 29 1.0 495 | 300 172 33.4
3% | 57 | 233 | 5 | 40 2.3 563 | 300 14.7 28.6
40 | 54 | 234 | 5 . 30 1.6 880 179 14.0 27.3
| !
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PIHEBCIRRR A R M /Y AL E SRR L E R R TR RT o ML SR 12
RoR/AN» IRETdcEE 8 B & 8 ERK  LERBEHEAE - 8 EEM
ARG EENER L c MPRBOLZHE B B HAR LOxI0™ s {bHEE
B > TE B /IR 40x 1077 K » ENFAERBEEMVERERME - &F
£ TRQEFIRE 8ER 1.228x 107° ki LEREER - KT » &
£ 8 ERNRLE TEHET) B CBEFOER » MEE(tEFNER o R
s il B EX R TR o

A0 OEELREEEF SRS B ME (SH SL B4 53R 5E Q
BAEET 7 QL S5 A 340 A5 0 » TALMELESR) o

7 E1Q B F QL E F ¢ B F|iL B K
R 1288 x10-% | 6429810~
50 1.0116 x 10-¢ 6.5040 % 10~7 1.1130 % 10~5 2.748¢ x 10-8
30 4 | 10525%10~ 7.8801 x 108 6.8989% 10~% |  2.8988x 10~
15 @ 3.7365 % 108 2.7818 x 108 6.2083 x 10-¢ 2.3123x 10~
5 W 5.5927 x 10-10 5.3805 x 10-10 7.6373 % 105 52445 x 10-¢
P

FHQBFATNGHQERFIISEHEELR - RRERPARE » AP BiHE
MR BERESHETRMEEAREL - 5 SHQEFAERETIHERBER S

ER% (B~ B~ Q) o R TARSEFT AL ENRAHEREER

A4 (n<N) » B—REHHIRBRENECHBRRBENRLER . gE—F
FHERREN R ARRERENTBREREE » THENRELEL - it
{CEFE TR FRAREONFRIEREZ —F 2N SR TN e
FRIMREERE (BUXPARREEANERBERERS) » HRE(E
FPEOFRB (RIS R B R A R R LS » BRI B EBEy
o BESEMEESR (7 SH) B—ARENRBCEERESHEX » ETHh
EALER B R AR R SRR B 5 G E R E REE LB - &
5 MQEFMEHRTEE SE » BARIREBLTLAARETK (£E) »
HEANEEE DY BB SRS 4B  BERE K  BEFH
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@ &= Q | QL | &Es| Q | gL | 8 | SL
0N ; o o |
' Bor = | B | 3q = 2 2 oo
E F i o~ i
WA S F F | @ Eolo® B | &
' |
| ol0268 110272 10272 | 51338501342 51342 | 10268 | 10268
2 | 236510 23413 | 23404 | L1825 | L1825 | L1826 | 2,365.1 | 12,3652
| |
3| 356170 44717 | 44892 3957 | 4789 | 4963 . 35629 35664
4 1745 L6864 | L6892 | 784 763 777 17235 | 1,7284
5 50700 0.09 03| 15| 0001 0.002 ‘ 4293 5150
i : |
S T - :
TR LA 5 5 ‘
) | |

L ST 4 S —ERBEE R (LA RS RARFREREE
Y WHERERA R HRUSEE R BER - ERE(CRFR > RGRIFEIR TR
2 e R T T 2 R RIR TR IR e A R > BeMAk s DLES SEQEF
B PR R R ENER > BRLEEY o

=-Q BFH q BFAARE B ERLER

QEFBER-FHBEENNSR » 7HEQEFIRE S EREZFARESTMEH L (
EMRED)  PRAESEEFTS » SERSECERGR/D » ERBIBD
HRESEHETEROER - BRI EHRTRERERS » il [WIEF
T IEERRK - ERRESERD

q BFIRSA#EHETRERBKQERFBD » RS MWD - 8
RIS » ANBQ R FF (KR B ATAR ©
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R ZEE T FERR 0 e 50 R q BFER I ES KERERE R

B0t » Z R FEAEE (BOVR) » R ERENEE L TXE

Q167 81 (171 KPR HEMRER - it Q BF R q BFRBAERKNZE
Al o

T~ EEHEEERTEMFE (Q- QL q & qal ZFehLtE)

METESE BRI T SR BORB IR E— B ERT (20> G /B N B

WEAE s G BRERE - EMEEROTREEES AR IETT S8t
W RERCWRARFERRGR (40) o BARBEER » BBRIREE
fERAZBR/NFBIRBHEHRTRZENSE  2ERSBECRREMEZRRD o &
EFRERAT S SR FRHBTERNRATRAEEER (D) o 88/
B (30~ 158D RiPStERRERESEERRRS (BH-®) - 458
AX SR EBEEEINFTHRE  BERBERLRSL  ZEERETERTHK
mEA (BORE) - BEEXONEG » ERERTENRNATHEEERRE
REFRSE S ETRRSEERTEEENTHEEFEEIEEY (7
B o BB C6] M (32 R XRERTEMEN (6) RBREEREET
ERFRE (30 RET—H (~22V) - ABERNBE® » BESEKERM > 2 &
HOBRARED (B -2V BH#/]) - pRER  BESEMENRY 8 EFG
&> TERCKE TFR%E] (FA - B 1 8 [BERE] AR/ o Bt 1EH
M2 ] BtRBERNTIE LEBENDEES BT ET BB LS HNERE
AREE ER BHRRESREETEREHARE o

R SHEELEFEUETREMGOSEEF 2 4R 0lH SL 245
AT QL #55 FE0 58 ) RELELER)

cia £ | QL = o2 qL 2 52
O —1.7907 x 10-2

50 @ | —1.0748 x 103 —~1.5690 x 10~
30 l ‘ —7.3869 % 10~ —1.5244 x 103
15 il —6.2149 3 10~ —1.1799 x 10-3

5 | —1.1804 % 10-5 —7.8024 x 10-5
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(a) qypuer=Q gpun=-verre =q;, 2 (b) vy
= Vjgppm= e =V, »
ANSEFRERAL » B
Qo+t Vg1t Qppez Vygaa oo T4 Vi
=q1(vjo+l+v_]0+2+ ......... _|_qJ1) ,
=(qJ0+1+qJ0+2+ ......... _1_qu) 7, .

FHE—ATE () & (b) BHTRY » ABREY v REE (ERKX
) o HERETRE > ME—ERES

q'l (VJ0+1+VJ0+2+ ......... +VJ1)

~qy (Viget) »

FF— A BEREANE » ME— SRS ECR T A (B Qigsr Vigsr+ Qrgse
Vygeaoeereeees +qy, vy,) BINSEER 40 8 q). BREVDITE » F qpn BX
RIREIE » & Qoo B/NEITHE o S — B FTEEMR ~ TTEREE > R E£EBTR
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HEX o

K2 » ZHiFgE g S m B -h A NEON B —EHEY > IRas
BEERAEEANS » BERGHHEEEHRE o

DL BB R o T 1 T B S R S R B > IR R S
BHRPEE - ERZEEORESHEHEY » MR BERERBURRRRBIHE
EHZ o BB EEE AN EEEYS B —H » MBS REIRE R ARG 7
KRG » QGRS B FOBEMER o

MEQEGTEL » WEEBETS » 55030 SN ~ SE SL 2FF
i FE RGN SREREND (BEEQ) - B5 S AMDTHRENXKEER (
AHEE (65 16) ) BEBRAHRHTRERS o LTl LENRNELERZ
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TISHEE T R4 7% ~ 282481 2.7% » (B4r S SRR B A B SIZIH RIRREH SR »
RERT > 5 HIE3I0.8% » 26.99,826.77% o

Q~QL~q H# qL MESHERENMNFERE » M5 S & SL BFHE LS
s AR E FRSEREE  PENELFTHLAYE - BESEEEWERD
REFHEEWEN  ARREMARNPEZE NS | SLEFLESRS (BEXRORRE
&) o

& ﬁﬁ%é(T%ﬁﬁifLm%%ﬁﬁmx\mQﬁ@%%m@g

REZBRE S THBRIGE BRI RERIEE ST

A% ET o AR ETRMEGGAEFATLSE QL £4 mifaw
BHHEEEE  STER R 2 SRS PLE B B 4

VA% &) o
g N . Q 9L g . . s SL
7 12 2 | 0= 8
a . F | F & Fe = F =
s 41| |
50 & 4.4 4.1 4.4 11.1 9.2 1.1 1.6
30 3 4.2 12.6 13.7 17.8 134 1.9 19
15 @3 4.7 - 18,7 1 20.0 18.3 17.4 2.8 2.7
|
5 B 30.8 i 344 ‘ 37.1 334 36.9 269 26.7
| :

R EEEE RN A TR 4 T SR B » I B AIT o E s
A EZNEEEREGE AT o
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A TS R EE S4B A (Pattern) FRETE IR » MBRERIREER VM EMY
RE 5 75 QB IR0 2 A B R E T (S R 75 S 43 i RL BRI B o OV (
RS ERETHMEERES0 30 ~ RISHBFEKESCRE » 4 5 ARE -
W R RS 5 RS 5 R A THMERERBE RRE S B LR AREERS
WEMBES ©
A FEyE (B4 x107° ppm)

s | N Q | Q@& | 4 | 4 S SL

2 | 0k | B F = ﬁ

bt 900 = 89 95 | ;

50w 899 810 . 909 | 866 93 892 9.10
E | : ‘ l

@ | 8% . 887 | 941 855 | 949 9.11 8.93

15 @ | 895 919 | 99 | gs6 981 8.90 9.12

5@ | 1059 | 98T | 990 966 | 950 | 1047 | 1066

£t & B Z |

b LR R CAERT A RS GR (1D #—R) - HiEsE
(% C17 £7E) RissiE (R (1) WBLER (BER0) BH—LE
o %4 » EREFAESEABERTHEERTERE (QL B dL BF) BRFRE
HETERG (Q B 4 BF) ARKHTBIREER B R REHRE o 1LE
s R T IE IR TS R0 FR R AR BOE BRI RIRE £ ELRE »
S f EREERD  SARERR - BE » A—ER(BFEET KA
WD » RO RIS - TR R AR o ShEnER » A
R PR TRE (A A%OEE] Rk S RIRE B T B
5418 B R AT L — B (Order) REARBIN o ARTRRARE
JR RS » (B LR HE AR » TR A REMRAHBIRT S » 58
BARERT » A/ NERETHLE o BEEES AN E R » fiikRERED
W B BN P S A A MR R B AR S L B R TR W RIS U AR 18
I o BERATLL » IR b B s B B R BN B R R (BEER) o
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FRERAZRAFH LR BEAT

AL BHELBEAFGEREL

/,‘

2 @ @ 4 1 oa
A M 2 = 5 £ | &
o g B 53 Fe | R ‘
1 | 026083 0.25933 |
ZRE N | [ 0.86998x 10~% | 0.16990 x 10~ 1
Cm | 027113 0.26996
025804 | 025806 0.25192 024584
4 50 # | T | 0.11678x10~* | 0.18058x10~¢ | 0.12179x 10~ | 0.56599x 103
I | 027002 0.26998 0.26474 | 0.26056
R, e . |
1 | 022744 0.22141 0.24133 | 0.24706
4 30 M I | 021825x107% | 0.33386x10~% | 0.21839x 10 | 0.52076x 10-5
W 0.25080 0.24817 0.25551 | 026133
..—.\ | . e
1| 021061 0.20477 0.23294 ' 0.23219
S 015 0 T | 0.64816x10-% | 0.95326x 10— | 0.28058%10-5 | 0.77328% 10-5
|
LW | 0.23693 0.23365 0.24901 0.24870
!7 e e . _ _
| 1T | 0.17024 0.16996 0.17346 0.17037
& 5 | T | 0.85639x10-2 | 0.88198%10-% | 0.25228x 1073 | 0.36710x 10~
M | 0.18016 0.17978 0.18223 0.17914

o IRMHBERER (O G-V 3o RO

TROFRRRARE (2 (4;-0)" 47 (REZO

ERFAE (RC1D) GEER)
BIEE EHSR B AT (S E (Weighting) BEE » (RIS I ROBER
BREGEAFETERRHORER BREN —SRREN » T ERREESE
BERD > FHREE WA - (RS R E RN > (B R
BES 0K S ANETOENRE - AMEENE » RO T HLIE% D
W CRATHRE TEHRRLORE » B4R SRR A RER » R
Bitk Heimbach 1 Sasaki BEEBRAEN ; HE AR AHIRRARIE -
B3 L MO TR RS RN AT B 175 R S A B LR » 3R LU A 2 4 A
BERAOBR o
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RN Ze R T YR I A R I B 8 ) — R (L B R R T O P AT T 8
, A FIBFTH TEHRENT » BRIR i HIE LR L » HRERE
AAEMEEEEAEENTEER  BRERZS

Gustafson® 58 & #3318 1 (Aggregated-averaged Approximation Method
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1. Goldstein, I. P, and L. Landovitz, 1977: Analysis of air pollution patterns in
New York City. I. Can one station represent the large metropolitan area? II.
Can one aerometric station represent the area surrounding it? Atmeos. Envir,
11, 47-57.

2. Stern, A. C, 1968: Air pollution, Academic Press, New York, 425-463.

3. Heimbach, J. A. and Y. Sasaki, 1975 A wvariational technique for mesoscale
objective analysis of air pollution. J. Appl. Meteor., 14, 194-203.
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(a, ap) quasifree proton knockout reaction
on ’H, 6Li, and 9F*

A. NADASEN, T. A. CAREY, P. G, ROOS, N. 5. CHANT,
C. W. WANG* (= # &), and H. L. CHEN

Department of Physics and Astronomy,
University of Maryland. Colfege Pork, Maryland 20742

Abstiract

The (&, ap) reaction on 2H, °Li, and “F has been studied with 140 MeV «
particles. Energy spectra for the ground state transition are presented at one angle
pair for ?H and *F, and three .angle pairs for ®Li. Distorted-wave impulse-approxi-
mation calculations provide good fits to the *H data, the “F data, and data at one
angle pair for 8Li. The other two angle pairs for ®Li show significant deviations
from the distorted-wave impulse-approximation suggesting contributions from

processes more complicated than those included in the distorted-wave impulse-
approximation.

* Inst. of Phys,, Academia Sinica, Taipei, Taiwan, ROC,
+ Published in Phys. Rev. G Vol. 19, No. 6, 2099 (1979).

Quasi-free (q, 2¢) reaction induced by 140 MeV alpha’

particles on Be, 12C, 160, and 2'Ne Targets

C. W. WANG* (= # %), N. 8. CHANT, P. G. ROOS
A. NADASEN, and T. A. CAREY

Department of Physics and Asirenomy,
University of Maryland, College Fark, Maryland 20742

Abstract

140 MeV were made at 20 angle pairs. The quasi-free knockout mechanism appears
to dominate the reaction. The experimental data were analyzed with distorted-
wave impulse approximation calculations. The factorization employed in the cal-
culations was tested explicitly and found to be valid. The shapes of the calculated
energy sharing spectra are in satisfactory agreement with the data. The predicted
absolute cross sections were found to be very sensitive to the cluster-core bound state
radius parameter, and a bound state radius R = 2.5ZA¢"® fm is necessary to obtain
absolute spectroscopic factors consistent with existing theoretical values. Several
possible explanations for this excessive value are suggested. Comparisons are made
with other alpha knockout and transfer reactions.

Measurements of the (&, 2&) reaction on ’Be, 12C, %0, and *Ne targets at Eq ==

. Ir;st. of Phys., Academia Sinica , Taipei, Taiwan, ROC.
+ Published in Phys. Rev. C. Vol. 21, No. 5. 1705 (1980).
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Variation of photovoltaic effect in vertical

n/p-juction solar cells*
YU-TUNG YANG (% #i &)

Physics Department, National Tsing-Hua University,
Hstn-Chu, Taiwan, Republic of China

Abstract

Experiments reveal that the power output of an ordinary vertical silicon single-
crystal solar cell changes with the local illumination. The dark current is found
independent of the location of the local illumination if the illuminated part is only
a small portion of the surface area of the vertical solar cell. If the vertical solar
cell is fully illuminated, then the dark current may either increase or decrease with
the nonhomogeneity or homogeneity of impurity concentration in the single crystal,
respectively, and the short-circuit current is always increased. The energy conversion
efficiency is different from place to place in a vertical solar cell and the exp(-x/L)
law is only approximately followed because the impurity concentration is usually not
uniform. The present experiments reveal the minute local variations.

* Published in J. Appl. Phys. 50, 5047 {1979).

Diffusion and p-type conduction of magnesium
impurities in germanium*
L. T. HO (7 18 R)

Institute of Physics, Academia Sinica,
Taipet, Taiwan, Republic of China

Abstract

Magnesium has been introduced into germanium by the diffusion technique.
After heat treatment, the room-temperature carrier concentration of the sample is of
the order of 10" cm™®. Conversion of the sample conductivity from n type to p type
indicates that magnesium behaves like a substitutional double acceptor in germanium.
A diffusion profile for magnesium impurities in germanium is presented.

* Published in Appl. Phys. Lett. 35, 333 (1979).
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Anisotropy of Magnetoresistivity in
Ni-Rich Ni-Cu and Ni-Si Alloys*
YEONG DER YAO (#k # %)

Institute of Physics Academia Sinica

Nankang, Taipei, Taiwan, R.O.C.

Abstract

Measurements are reported on the anisotropy of the magnetoresistivity in Ni-
Rich Ni-Cu and Ni-Si alloys as a function of applied magnetic fields (up to 12 KG)
at liquid nitrogen temperature. Our results imply that Smit spin mixing type of
mechanism is the dominant one in our Ni-Cu and Ni-Si alloy systems.

* Published in Chin. J. Phys. 18, 39 (1980).

Electrical Resistivity and Crystallization of

Metallic Glasses FegBis and FegB;3Siz*
YEONG DER YAO (& # i)

Institute of Physics Academia Sinica
Taipei, Tatwan, 115 R. O. C.
and
SHUI TIEN LIN
Department of Physics
National Cheng Kung University, Tainan, Taiwan, 700 R. O. C.

Abstract

Electrical resistivity (p) of metallic glasses FegB,; and FeyBisSi; have been
measured as a function of temperature (T) between 78 K and 1010 K. The Q2 VSs.
T curves, obtained with specified warming and cooling rates, show that such curves
are sensitive probes of the crystallization process. Within the experimental error, no
anomalies in the behavior can be seen at the Curie temperature of each metallic
glass.

* Published in Chin. J. Phys. 18, 43 (1980).
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An Artificial Upwelling Experiment—Laboratory

and Field Investigation®

NALKUANG, LIANG, SHIANG-MAW TZENG, FUNG-1 CHEN
YEONG-CHEN LIN and NAI-TSUNG LIANG (i 7 #)

Abstract

A horizontal contraction & expansion tube and a long pipe was expected to pump
the subsurface nutrient-rich seawater (Liang et al, 1978). The present paper is an
advanced study in the same problem. Instead of contraction & expansion (C & E)
tube, a tube-pair, which consists of two C & E tubes —one inner tube and one outer,
is designed. The pumping ability has been tested both in laboratory and field. The
pumping ability in field is greater than that of the laboratory, about 4-5 times. The
reason may be due to scale effect and the big oscillations of the ocean current.
Further field experiments pumping 150 m depth seawater to 30 m depth should be
done for a long period in order to know the pumping ability and the bio-fouling
problem.

" Published in Acta Oceanographica Taiwanica, Science Reports of the National Taiwan University,
No. 10, pp. 67-80 (1979).

Percolation Theory and Experiments

on Ultra Thin Metallic Films*
SHOU-YIH WANG and T. T. CHEN

Department of Physics, National Tsing Hua Umiversity
Hisinchu, Taiwan, Republic of China

and

N. T. LIANG (£ 7 %)

Institute of Physies, Academia Sinica,
Nankang, Taipei, Tafwan, Republic of China

Abstract

A short review of the conduction mechanisms and related features in discontinuous,
(uasi-continuous, and continuous films has been made. The T/ law of dc conductiv-
ity rederived by Ambegaokar et al is employed to illustrate the basic statistical
spirit of percolation treatment. The 2D continuum percolation model is somewhat
fully given and our work on ultra thin film using the 21> model are carefully reviewed.
Mott transition and Anderson localization are restated. Controversy over percolation
or non-percolation has been briefly described.

* [nvited paper at the Solid State Physics Conference, Sponsored by the Chinese National Science
Council during June 6 and 7, 1980 at National Tsing Hua Univ., Hsinchu, Taiwan, ROC.
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A Proposed Dynamic Mechanism of
Nerve Action Potential*
CHUN CHIANG (G 15 18)

Institute of Physics Academia Sinica
Nankang, Taipei, Taiwan, Republic of China

Abstract

The molecular processes involved in the nerve action potential are explained in
sequence by the proposed model. Unlike the Hodgkin-Huxley equation, this model
utilizes Newton’s law of motion and the transient dipole barrier as the physical
foundation for ion transport and never action potential; this provides a firm mole-
cular basis for explanation of the action potential. In this model. it is the interplay
of various autonomous forces acting on the sodium and potassium ions that gives
rise to the potential. The oscillating after-potential can also be explained within the
model without further assumptions. :

* Published in Physiological Chemistry & Physies. Vol. 12, 1547 (1980).

Membrane Potential and Active Transport—An

Information Theory Approach*
YUH YING L. WANG and WEI-KUNG WANG (£ " 1)

Department of Physics, National Taiwan Normal University,
Biophysics Laboratory, Institute of Physics, Academia Simica
Department of Zoology, National Tarwan University
Taipei, Tatwan, Republic of China

Absiract

A membrane potential stabilizing mechanism is proposed. Permeability is portrayed
as controlled by a potential sensor. The active transport system is suggested to be a
Maxwell demon able to recognize different ions, and modulate their passage into and
out of the cell, without apparent reliance on energy. The idea that information is
equivalent to entropy is used to resolve that paradox and contruct a model of the
active transport system. The non-steady ionic state of muscle cell is deduced; that
jonic concentration may determine the condition of muscle is also suggested.

* Published in Physiol. Chem. & Physics, 11, 77 (1979).
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Inhibition of dopamine formation by dopa, dopamine and

apormorphine in presvnaptic nerve terminal*
WEI-KUNG WANG (% =& 1), TSUNG-YUNG HAI and YI-CHIANG

Biophysics Laboratory, Institute of Physics
Academia Sinica, Taipei, Tatwan, Rep. of China

Abstract

Sprauge-Dawley Rats were illed by decapitation, Corpora Striata were dissected
on ice and homogenized. After 1,000 g spin for 15 minutes, several 50 n¢ portions
of supernatant were incubated with 150 x4 of physiological medium which mimics
the cerebrospinal fluid. A respirometer was used to supply the oxygen and give the
continuous measurement of the “CO, output from the tissue.

Inhibitory effects of dopa, dopamine and apomorphine on dopamine synthesis
were studied. Drugs were added into crude synaptsomal preparation with L(1 - #C)-
Tyrosine, and liberated #CO, were measured for every 10 minutes. Special attention
was paid to the time course of #CO, liberation. The inhibitory effect of dopa on
“CO, liberation occured quickly. The different inhibition patterns indicate that
dopamine and apomorphine inhibit the dopamine biosynthesis through a different
mechanism from that of dopa.

We deduced that the dopamine presynaptic auto-receptor would regulate the
synthetic rate of dopamine.

* Presented at 12th CINP. Congress, Géteborg Sweden, 22-26 June 1980.
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Study of Catecholamine Biosynthesis in Hypothalamus

by a Continuous Measuring Method*
W. K. WANG (% & 1), T. Y. HAl and Y. CHIANG

Biophysics Laboratory, Institute of Physics. Academia Sinica
Taipei, Tatwan, Rep. of China

Abstract

Hypothalamus of rat was dissected and homogenated on ice. After 1,000xg spin
for 15 minutes, several 50 x¢ portions of the supernatant were incubated with 150
u¢ of physiologival medium. A respirometer was used to supply the oxygen and
give the continuous measurement of the 1#CO, output from the tissue. The 1CO,
liberated from (1 - #C) tyrosine was measured to indicate the formation of dopamine.

Crude synaptosomal preparations will release “CO; from (1 -1C) tyrosine at
rate of 0.05 p mole/min/mg, which is about one fourth of the rate from corpus
striatum. When the preparation was incubated with 3-iodo-L-tyrosine at 5x107M,
about 5025 of “CO, release will be inhibited. In corpus striatum preparation, more
than 90% of “CO, release will be inhibited.

If we compare the amount of non-inhibited “CO, release, both preparations
from hypothanus and corpus striatum are about 0.02 p mole/min/mg. It suggested
that these definite amounts of “CO, release are from some unknown non-dopamine
synthesis pathway, it is therefore necessary to study the inhibitory result by 3-icdo-
L-tyrosine to identify the drug effect on catecholamine synthesis especially in the
preparation of hypothalamus.

In hypothalamus, the effect of 3-iodo-L-tyrosine on catecholamine biosynthesis
was about the same as that of DDC (Diethyl-dithiocarbamic acid), that is both
DDC (1=10-*M) and 3-iodo-tyrosine (5x107*M) will inhibited the “CO, release
about 50%. At the same time, both drugs inhibited the “CQ, release about the
same in corpus striatum. These facts suggested that the inhibition of DDC is not

limited to dopamine B-hydroxylase.

* Presented at X1 International Congress of the International Society of Psychoneurceudocriuclogy,
Florence, Italy, June 16-20 (1980).
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A Representation of an Instaneous Unit
Hydrograph from Geomorphology*

V. K. GUPTA, E. WAYMIRE and C. T. WANG (iz 2t &)

Abstract

The channel network and the overland flow regions in a river basin satisfy
Horton’s empirical geomorphologic laws when ordered according to the Strahler
ordering scheme. This setting is presently employed in a kinetic theoretic frame-
work for obtaining an explicit mathematical representation for the instantaneous
unit hydrograph (i.u.h.) at the basin outlet. Two example are developed which lead
to explicit formulae for the iuh. These examples are formally analogous to the
solutions that would result if a basin is represented in terms of linear reservoirs
and channels respectively, in series and in parallel. However, this analogy is only
formal and it does not carry through physically. All but one of the parameters
appearing in the iuh. formulae are obtained in terms of Horton’s bifurcation ratio,
stream length ratio, and streamarea ratio. The one unknown parameter is obtained
through specifying the basin mean lag time independently. Three basins from illinois
arc sclected to check the theoretical results with the ohserved direct surface run-off
hydrographs. The theory provided excellent agreement for two basins with areas.of
the order of 1100 sq. mi. but underestimates the peak flow for the smaller basin
with 300 sq. mi. area. This relative lack of agreement for the smaller basin may
be used to question the validity of the linearity assumption in the rainfall run-off
transform ation which is embedded in the above development.

* To appear in Water Resources Research (1980).

A Geomorphologic Approach to Study
' Basin Hydrologic Response*

C. T. WANG (= # #) and V. K. GUPTA

Abstract

Following the water flow paths, a river basin is divided into streams and
catchments of different orders. Incorporating river basin geomorphology, the
hydrologic responses of the river basin can be represented as a function of the basin
geomorphologic parameters and holding time function.

When the basin holding time is intensity dependent, the geomorphologic
hydrologic model introduced becomes quasi-linear. For some Illinois river basin
studied, the model determines discharge due to compound storm events nicely.

* Appeared in Proc. Inter. Conf. on Water Resources Development, 397, May, 1980,
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On the Wedge Effect on Planing Hulls*

CHUN-TSUNG WANG (it ## #)

Abstract

Assuming that the added lift of a trim flap can be approximated by imaging
the trim flap to act like another planing surface with a mean wetted length equal
to the flap length at a trim angle o, planing equations developed by Savitsky can be
modified to study the effects of trim flaps or wedges on planing bulls.

Analytical results obtained by solving eq. (4) (6) and (7) introduced compare
nicely with experimental results.

* To appear in J. Hydronautics (1980).

Laboratory Study on the Two-Dimensional Flow of
A Siratified Fluid Over an Obstacle*
ROBERT R. HWANG (# # &) and SHAIN-WAY JANG

Institute of Physics Academia Sintca, R.O.C.

Abstract

This paper describes an experimental study of a stratified fluid of finite depth
flowing over obstacles in which flow seperation and turbulence are induced on the
lee side and of which the inviscid model is no longer useful. Varionus properties
of the flow field, and in particular the criterion for the onset of gravitational ins-
tability in the lee waves are observed and analyzed. Results show that lee waves
produced by obstacles in a stratified flow depend on the internal Froude number,
Reynolds number of the flow field and two aspect ratio indicating the height and
the half-width of obstacles 8, and e. It is also found that the existences of upstream
influence and the flow seperation induced by the obstacle have great effects in some
extent on the development of the lee-wave field.

* Presented at International Conference on Water Resources Development Taipei, Taiwan, Republic

of China May 12-14, 1980,
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Generalization of Kuo’s Parameterization

of Cumulus Convection*
WEN-JEY LIANG (& % #)

Institute of Physics, Academia Stnica and
Dept. of Mech. Eng., National Taiwan Univesity ]
{Manuscript received [8 September 1979, in final form 9 February 1980)

Abstract

The main purposes of this paper are to generalize Kuo’s concept of parame-
terization of cumulus convection based on the moisture conservation equation and to
reveal that several different schemes may be obtained by different assumptions for
moisture local change term. Kuo’s schemes and an extended scheme are then derived
from the generalized formula. The cloud mass production rate in Kuo’s formula is
assumed to be constant throughout the whole convective layer, while that in the ex-
tended formula is allowed to be a function of height (or pressure). The diagnostic
investigation of this extension is performed by utilizing the combination formula
and the large-scale heat and moisture budgets. Compared with the observations, the
results of the diagnosis show that the extended scheme gives better estimates on the
latent heat released and the pressure of the cloud top. The diagnostic study also
reveals that the adiabatic subsidence of the environmental atmosphere and the vertical
transport of moisture inside the clouds are both significant in the parameterization
of cumulus convection.

* Published in Meteorological Research, Vol. 2, No. 2, 101-115, (1979).

A Theory for Parameterization of Cumulus Convection*
WEN-JEY LIANG (# % #)

Institute of Physics, Academia Sinica and
Dept. of Mech. Eng., National Taiwan Untversity

Abstract

In this study, a closed theory of the generalization of Kuo's parameterization of
cumulus convection is developed by combining a one-dimensional cloud ense . Lle
model. The theory is the extension of Kuo’s (1965 and 1974) and Liang's (17 7)
parameterization schemes. It includes the transport of the dry static energy whi.l
is closely correlated to the baroclinity of the weather systems, and is able to app!v
to the middle latitudes as well as in the tropics. The theory is diagnosticated using
the Marshall Islands data set, which is used in the budgets study by Yanai et al
(1973). The results show that the estimations on the latent heat released, the cloud
depth, the net entrainment rate and the cloud bulk properties are satisfactorily ex-
plained by the observations, and the physical phenommena revealed are consistent to
the real situations.

* Published in Proceedings of the National Science Council, Vol. 4, No. 2, (1980).
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The Variational Optimization of Wind Field for the

Estimation of Vertical Velocity*
WEN-JEY LIANG (& % 4b)

Abstract

A variational optimization scheme of wind field is developed for the correction
of vertical velocity field using kinematic method. The errors which appear in the
vertical velocity field are classified as systematic errors and random errors. The
systematic errors are suppressed by the use of two strong constraints, i.e., the in-
tegrated continuity equation and the global boundary condition. The random errors
are filtered by including a low-pass filter simultaneously in the variational formation
that the filtered field still satisfies above constraints. The upper boundary condition
of the vertical velocity field is considered in terms of the spatial distribution of up-
ward and downward motion. NASA AVE II data are utilized to verify the scheme.
Results show that the magnitudes and general patterns of vertical velocity field are
.in good agreement with the synoptic weather system and radar reports.

* Published in Proceedings of the National Science Council, Vol. 4, No. 3, (1980).

The Optimization Theories for Air Pollution Estimation

and Their Applications*
WEN-JEY LIANG (% % 4)

Institute of Physics, Academia Sinica
and 7
Department of Mechanical Engineering
National Taiwan, University
Taipei, Taiwan, R. O, C.

Abstract

The optimization theories for air pollution are developed using variational
approaches. The theories consist of the strong optimization theory and the weak
optimization theory. The former requires the optimized values satisfying the utilized
diffusion model, and the latter simply requires those values to approximate the
model. Because the strength of the optimized sources should be non-negatitive, the
constraints consist of the equalities and the inequalities. A control mechanism,
which is adjusted by a weight parameter, is introduced to connect the inequatities
to the optimization processes. An CO urban dispersion model with real data ob-
tained from Taipei is utilized to investigate the plausibility of the theories. The
results show that the schemes are very stable and the optimized concentration dis-
tribution are highly acceptable.

* Proc. of Fifth International Clean Air Congress, Buenos Aires, Argentina, Oct. 20-25, 1980,
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Flow Past an Impulsively Started Circular Cylinder*
LAI-CHEN CHIEN (& & &)

Institute of Physics Academia Sinica
Nankang, Taipei, Taiwan Republic of China

Abstract

Although there has been a large amount of literature on the unsteady viscous
flow over an impulsively started circular cylinder, the existing solutions agree neither
quantitatively nor qualitatively with one another. The potential flow-started initial
conditions used by most scholars, do not take into account the initiai boundary-layer
structure of the flow. These investigations are inaccurate initially, and the effect of
the inaccuracy on the solution at later times is unknown.

Because of the impulsive start, there is a singularity at the time t=0* This
paper gives the accurate solution in neighborhood of the singularity by the analytic
solution obtained by inner-outer expansion method to the third order. The viscous
layer stream function and vorticity obtained by the method of asymptotic expansion
at the small time are employed as initial conditions for numerical method, hopscotch
method, is described for integrating the Navier-Stokes equations. The time develop-
ment of the flow properties are obtained and plotted. No second bubble was found
for Reynold number, based on radius, less than 250.

* Published in Proc. Natl. Sci. Counc. ROC, 4, 123 {1980).
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Time Dependent of the Flow over an Impulsively
Started Circular Cylinder*
LAI-CHEN CHIEN (# 4 &)

Institute of Physics, Academia Sinica
Taipei, Tatwan, Republic of China

Extended Summary

Solutions of unsteady, incompressible, viscous flow over an impulsively started
circular cylinder are presented for various Reynolds number. Most investigators
used potential flow as their initial conditions for numerical integration. They com-
puted the vorticity on the cylinder surface for t=0* using the stream function
obtained from the potential flow theory and do not take into account the initial
boundary layer structure of the flow. These investigations are inaccurate initially,
and the effect of this inaccuracy on the solution at later times is unknown (Collins
and Dennis, 1973b).

Accurate solution in the neighborhood of the singularity t==0, can be obtained
either by developing an analytic solution, or a series solution for small time (Crank,
1975, p. 152). The calculation can then be continued with the aid of a suitable
numerical method (Schlichting, 1979, p. 169). In this paper, the analytic solution
is obtained by inner-outer expansion method to the third order for small time.
Then the solution is continued by numerical integration.

Bar-lev and Yang (1975) got a perturbation solution by the method of matched
asymptotic expansion to the third term. Initial flow properties were presented in
detail. Unfortunately, there are some errors found in their third order inner
solution. In this study, the complicated mathematical operations of the analytic
solution is repeated with great care and checked in detail. The initial separation
time and drag coefficient show closed agreement to Collins and Dennis (19732, b).

The finite element Galerkin method is adopted for integrating the Navier-Stokes
equations numerically for the larger time solutions using the viscous layer considered
stream function and vorticity as initial conditions, The time development of the
flow properties such as stream function, velocity components, vorticity distribution
over the cylinder surface and drag coefficient are obtained and satisfactory in cam-
prison with those of existing solutions. No second bubble was found for Reynolds
number, based on diameter, less than 500. "

* Presented at XVth International Congress of Theoretical and Applied Mechanics, August 17-23,
1980, Torento, Canada.
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