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String Models and the Geometry of Mapping Space

Gao Yihong
(Center of Fundamental Physics)
Abstract

The mapping space for string models is considered from the geometrical
angle. Functional tensor calculations are developed on this mapping space.
Using the geometrical argument, we provide a simple convariant approach to the
quantization problem of Bosonic strings in curved spacetime. It is shown that
the Schwinger-De Witt technique is a useful tool in our formalism. As an appli-
cation, we compute the convariant effective action and the trace anomaly for
Bosonic strings in curved spacetime., All results are in agreement with the

carlier works about generalized nonlinear sigma models in 2+e dimensions.

Key words, particle physics, grand unification theories, string theories.
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The Extension of Madey Theorem to Var1ous

Types of Free Electron Lasers
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Abstract T ,',»‘\:’.’;,, N

The two parts of Madey theorem were denved or1glona11y from magneto-
_ . static _vnggler free electron lasers (FELs) In thxs paper, th1s theorem is®
“""'studxed ii‘the  case of several other types of FELs. The reSults show that,
_ except transition radxatmn FELs, the first part “of Madey theorem 1s “tenable
i z'for the other types of FELs As the extension’ of ‘the second part has alrcady

- ;"Been achleved the Madey theorem is thus extended completely
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3 GgEnitid
3.1 BEHNERAAERER .
WRREAS RRK—AREBS, 3.1~3.4 R PMRBEERNEHEE,
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RASRAS KO, HUFZHRERBRENN, BAREE, RREERKEEES,
FRFABRH AR R, SHE=E RN, EEHFEOE, LM
RERPPOFKIERE. BWKCT 8% 10% (RRESE, FTHY, %KX PTFEARS
%%%/.MA,WA,%A,ﬁTMﬁAlm.ﬁé%ﬁ%mﬂﬁ&,mTﬁm

BRRS 1 2 8 . 4 B T

PTFE&#% 3 4 45 50’ ° 6 -
. ALO, &Y% w, 50 . 45 4o 30

"KCI &8 % [ U (N IS L SR

’ﬁﬁwﬁEKaf%wmuMD@&mmAEﬁ,%%mﬁly']. o
% 1 RRRBFREENKCL, NaNO, il AB i’ (V)

| Emas | KCLgg (N . _NaNO;mmw (N)
ST 000 01 1 2 000 01 1. 2
1 94 62 28 14 105 6.0 -1,2 30
2 15,2 11§ 3.2 1.8 20 8.4 =01 -24
3 10,0 107 8.4 1,8 20 6.6 -1,6-38
4 11,0 10,5 3.1 1,8 20 - 6,8 -1,5 3,1
5 205 16,2 47 23 185 9 03 -1,8

_ F 1 EROEXBHNR (3] AR, 8 AE F@AFIRE. iEi&% 0 1N1¥JNaN0,
WAE~SRBEH W RER, WE 2R, SRER, 1 45%PTFE 41 B,
PTFE &iginet, m¥xik, PTFE §RE/NN, AE £EAEEMN PTFEf Al,O,

WELBIL% 118, AE RARME, Eﬁﬁ%’ﬁtﬁ&ﬁiﬁﬁﬁvﬁlﬁ. #1 ﬂa—% THEEELE
. o mV) ,

10

0.]"" »l— ; -

TR 2A C(N)
B2 AE~2§B?,%@% o 43 KCl ﬂgﬁd\ﬂf]%ﬁl‘]
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w#ﬁ&m@mm&, z%mgs‘amﬁ@m %1 MR R, AE HBEYREE C B
IR Wﬂ?&ﬁﬁ&ﬁﬁ@ﬁ% 3 *Hifk7E KCl z"*?&qﬂﬁﬂﬁlﬂﬂ AE~C Iﬂ!i&ﬁﬂ@ 31
ﬁn‘,

8,8 ﬁﬁﬂﬁ*d\ﬁﬁmﬁﬁm%m

T HIEORE, $18 AERC A, Eﬂfﬁiﬁ OmV E#:To %%ﬂﬁﬁ B AE 32 iR
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HAE EETHMAR I W AE #,

3.4 WMEME®KE S

3 MERAR, FE B R D MO &J:ﬁ%ﬁ%,n, W& AE 4 RER,
fER—aikg, AEGHREE B g mmmA#m, EE A 1,05mmiginEl2, 26mmp, 0,1V
KC1 i AE fgim o, 8mV, 2N HTILSFZ@Z %uﬁﬁﬁﬁﬁmﬁﬁl%xﬁ%@ﬂ i

3.5 KCl B&km

ﬁﬁ* KCl “ﬁa@%ﬂl‘l, HARFHE2. '

® 2 KCl SBRTENBEN AEH (mV)

. KCl @ik (V) NaNO, ¥ (N)

) 0,00 - 01 1 2 0wt 01 1 2

| 5.3% 11,7 11,8 40 1.6 22,7 9,0 -1,1 -29 .
10.09% 11,5 10,1 3.4 1.4 . .191 81 -08 ~2.6 -

Tias% 97 88 81 L2 162 T -05.-22 .
19.09% 10.8 8,1 2.6 1,0 16,2 7.3..-0,5 =22
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Study on Solid State Reference Electrode

Zhao Shuxi Hu Ning
(University of Science and Technologonf China)
Zhao Jianxi ' Wang Jingnong

Unstitute of Agriculture,Fujian) (Jianghan Logging Institute)

—

Abstract

A pressed pellet liquid junction membrane has been studied to develop a
solid state reference elecirode which has no solution flow, providing a tool
for induced polarization logging Some electrochemical characters of these

$817¢



- electrodes are diseussed in this paper; Experimental results show that the
‘degree of fine powder of raw material and homogeneous mixture is the key

to the improve ment of electrode qualities,

Key wordst solid state réference of electrode, solid membrane, homogeneous

. mixture,

«318 «



wmisgmam s - k. B B B AR K £ $ B/ - Volls Nos8

198849 fj. . 1OURNAL OF CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY . :Gegt., No.3

Improvement of Blood Compatibility of -Poly-
urethane Elastomer by Radiation Graft
Copolymerlzatlon of 2- Hydroxyethyl
Metha.crylate in Polymer Matrix o

L1 lelng Chen Wenmlng Yuan Zh1]1an L1 Song Lu Me1

Ch (Department of Appl:ed Chemzstry)

Abstract

The Y-radiation mduced graftmg of Z-hydroxyethyl methacrylate o
(HEMA) onto polyurethane-elastomers. (PUE) tube by preswelling tech-
nique to prepare biomedical .materials. with- .blood compatibility is

.- studiéd, The graft yield can be controlled by regilating the preswelling - -
" time and temperature, or by change the irradiation dose and dose rate.
L. After ‘antithrombogenic test in vitro it has been confirmed -that the
+: blood compatibility; of original polyurethane tube has ‘been. consxderably o
: 1mproved by: grafting.

: Key 'v_v'ﬁi"ds: gr‘aftz radi}a.tion,' blood .‘qdmpati\bi_lri_t'y; pféswellin’gé S
Introduction :

Both blood compatlblhty and approprlate mechamcal property are 1nd1s
pensable to materials for art:flclal organs One of the methods to yield good
btocompatlblhty of- materxal is mdxatxon mduced graft of hydroph111c monomer
onto sultable trunk polymers wnth good mechamcal property. “‘“’J T

Radlatxon graft of PUE w1th HEMA m swollen ‘state “ was reported by

B: Jansen et al,t4] However. o attentlon “had’ been pald to the blood compattblllty
of thosa modlhed PUE In tlns papér, preswellmg techmque was applled

' R'ecei.ve'.d OCtn;SQ 1987
- ¢ 319 «



for radiation induced graft copolymerization, Graft yields on the surface
layer of PUE could be regulated easily by varying preswelling conditions,
The blood compatibility of the modified PUE evaluated by antithroml;ogenic
test in vitro was rexﬂarkably improved,

The Experiment

Commercially available tubular polyurethane elastomer (T-885, Takada
Chemical Industries, LTD) was used as trunk polymer. It was swollen with
2-hydroxyethyl methacrylate monomer (extra pure reagent, stabilized w1th hydro-
quinone monomethyl ether, Nakarai Chemicals. LTD) in bulk to obtain pres-
wollen PUE with different monomer penetration depths by controlling swelling
temperature and swelling time. -

Samples were then slightly pressed w1th filter paper to remove the
monomer on the surface before irradiation and were then put into glass tubes.
The system was deoxygenated by nitrogen. Irradiation was performed at room
temperéture using a °°Co Y _ sodrce. After irradiation the ‘samples were
treated with ethanol in order to extract residual monomer and homopolymer
from the PUE. The graft yield and swelling degree were defined by the
following equations: ' '

Y=LW.-W/W,1x100%
D,=LW,-W)/W,1x100%
where W,, W,, W, are the weight of modified, swollen and original PUE
respectively. ' 4 ‘ .

Antithrombogenic tests in vitro were performed by counting the adhered
platelets from the blood of the same rabbit. Three pieces were taken from
the original and modified polyurethane elastomers respectively. The pieces
were fized on a cover glass by adhesive with their surfaces up, The cover
glass was placed in a petridish and kébt at 37°C for 15 min, The blood of the
rabbit was drawn with a glass syringe and poured into the dish quickly. All
the samples were immersed in the blood for 3 min at 37°C. After addition of
saline solution to stop the reaction, the cover glass was taken out and im-
mersed in the 2,5% glutaraldehyde for 10 min at room temperature, then dehy-
drated with 309, 509, 709, 1009 ethanol. The samples were furthef dehy-
drated with absolute ether and dried by freeze-thawing method. The samples
thus obtained were coated with gold and observed with SEM. The photographs
of different surface area of the same sample were taken and six graphs of
the three samples were used to count the platelets adhered. The average
values of the number of the adhered platelets were obtained from the six
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graphs, The antithrombogenicity of silicone and glass was also evaluated in
the same way, and compared with the modified PUE.

Results and Discussions

The tubular  polyurethane was swollen by HEMA monomer. The swelling
- degree of PUE in HEMA (Ds) increased with swelling time(#) and reached
an equilibrium value (Fig. 1). From logDs-logi plot their relationship can be
expressed by the equation Ds=k#°®, The k values in the equation were
obtained from the swelling curves under different temperatures, From these
data the activation enthalpy was calculated as 30 kJ.mol-' for HEMA dif-
fusion in PUE matrix (Fig. 2) .

160F swﬂllb&?.@zg ig

oot
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s Led

- 80 - #

2 BT

Saf A b2

” 7_,-

oz . | NP W
Q0 2 4 6 8 19 1z H4 A 3 %% 34 86
Swelling time/h ' t/rx10 (K

Fig.1 Swelling degree vs. swelling time Fig.2 log & vs. /T

Graft copolymerization curves for the grafting of HEMA to PUE were
typical. The graft yield in PUE matrix increases with the irradiation dose
and finally reaches saturation (Fig.3). It can be explained by the presence of
certain amount of HEMA monomer ‘contained in polymer matrix at fixed con-

dition, The graft yield also increases with the swelling degree. At constant
iSw elling degree!!

irradiation dose (550Gy) it ¢an be expres-
sed as a function of swelling degree ' ’«A90/+11

eved not only on the surface layer but also

[
Y =0,75 Ds (Fig.4). It is shown that by "f
selecting appropriate swelling conditions ¥ |
_the» graft copolymerization can be achi- E‘l

throughout the polymer matrix uniformly.

' |... > 12‘002 :

Graft reaction can be controlled easily

by this swelling technique. : Fig.3 Graft degree vs irradiation
Hydrophilicity of the grafted PUE , dose
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was evaluated by the determination of the swelling degree of PUE in water.

Remarkable improvement of the hydrophilicity of the grafted PUE was ob-
tained (Fig.5) .
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] 1 1 0 L L L
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Graft degree % Graft degree %
Fig.4 Graft degree vs swelling Fig.5 The swelling degree of
degree grafted PUE in water

The antithrombogenicity of the modified PUE was compared with the
original PUE, glass and silicone (Fig.6). It has been confirmed that blood
compatibility of the grafted PUE is superior to the original PUE, silicone
and glass. The autithrombogenicity of PUE has been proved to be excellent
by counting adhered platelets (Table 1), This may be resulted from better
hydrophilicity of the grafted PUE.

Table 1. Number of adhered platelets

Grafting Number of adhered platelets

degree i 2 3 4 5 6 average value
16,2 0 1 0 0 0 1 0

14,2 7 6 12 17 il 11 9

16,6 12 18 1! 3 13 5 9

16,9 8 4l 2 22 7 10 10

A detailed study on the structure and property of PUE surface layer and
the relationship between hydrophilicity and blood compatibility will be reported
in subsequent papers,

The authors would like to gratefully acknowledge the generous support
and kind help of Professor Y, Tabata and Dr,K,Otsuhata (Faculty of Eng-
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ineering, Tokyo University, Japan), and would also like to thank Professor T.
Kagiya (Faculty of Engineering, Kyoto University, Japan), Dr.Xu Li and Ms.
Yuan Ji (University of Science and Technology of China) for their kind help.

Fig. 6 Te M photographs of differt materials adhered with platelets
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(a) glass (b) silicone
(c) original PUE (d) grafed PUE
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Abstract

For standard mappmg, we calculate analyttcally the values of non-mtegrable

parameter K where the orbits of periods 1 to 4 variate . their stability v;a

tangent bifurcation, pertod doubling btfurcatlon and period equal bifurcation.

Hence, the analytical stable windows of periodic orbits are given -and a com-

plete picture can be seen for the behaviour of bifurcation of penodlc mot:on in

standard mappmg
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Further Study on the Drucker Postulate

and Plastic Constitutive Relations

Li Yongchi Tang Zhijing Hu Xiuzhang
.(Department of Modern Mechanics)

Abstraet

This paper presents a modified formulation of the Drucker postulate which
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éhn be apphcable to treatmg both stable and unstable matenais. Moreovér, o

we have obtained the plastxc constitutive relatxons with the mcremental stress
' being expressed by the incremental strain directly based on the yield functions
in the stress space. This is more, convenient for its apphcatxon to practxcal
"' problems, especially to the dynamic nitmerical methods.

Key worde: Drucker postulate, plastic constitutive relatxons, stable and  un: -

" . ‘Stable‘materials, yield functlons.. e D e T
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Random Response of an Oscillator with
Hysteresis Damping v o

R ; Lu Yunyun Chen Du R B

(Department of Mcdern Mechamcs)

- Abstract '

The random reSponse “of an osc1llator wnth hysteres;s dampmg under a sta-

tionary Gauss wlute excltatmn is stud:ed By means of computer simulaticn,
the mean square response. proba.bdnty densxty functxon and power spectral den-

sity function for the response ‘are given.
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- Electromagnetic Scattering from Homogehcous =

Dielectric Cylinders with General Cross Section

Jiang Jiaxiang
(Dept, of Radio end Elgctronics)

! Abstract -

.. A:set of surface integral equations for problems inyolving electromagne-
“tic scattering from. homogeneous lossy di:el;ectric‘bodies' is developed via the
equivalence principle, For two-dimensional dielectric bodies a nume:ical
method- for solving ‘the set of equations is developed. For circular and rectan-
gular cylinders, data are presented, verified and discussed for selected para-

meters,

Key words; electromagnetic scattering, ‘integral equation, numérical method,

moment method,
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Dlspersmn Characterlstlcs of Thlck Fln Lmes
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—F1n1te Element Analys1s R
Xu Shan11a
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Abstract v' R R

The dlsperswn characrenstlcs of varnous fm lxne structures are
calculated by the method of finite element, W1th a partlcalar attention
directed to the effect of the fin thickness on the -guided wavenumber.
A new schme of element division is developed The computer program

" based on the funte element method is generally applncable fo structu-
-res of any fin- lme conf:guratlons The results are compared thh.:
those prevmusly obtamed for the 1deahzed case of vamshmg tluckness

to develop a general rule of the effect of ‘the fin thtckness "Ex-

o perxmental resnlts are also glven to confxrm the. theory. A y

Key words, l’.thk fm lme. dispersion. “finite element method

f"lntroduetion' S

- ,.In recent years.the. fm line, structures have been more extenswely used in
mmrowaye and millimeter .wave integrated clrcmts Various methods for cal-
culating the. propagation characteristics of fi in- -lines have been published:

Some dispersion curves.or effective dielectric constants “for Tfin-lines are

available in the . llterature“ 21, A blemish in'an’ otherwise perfect thing is
that. zero fin- thtckness is assumed by most authors. Only little has: been puib-
- lished so far on the effect of fmxte metalhzatwn thickness on the dominant
';and higher order modes in fin-lines!*:*}, and the prevlously employed methods are
difficult or much complicated for the, development of .3, universal program that

i Received Oct., 22, 1987. TR R
.~ *The Project Supported by Natural Natzoﬂal ‘Science Foundation of China.
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is applicable to a large class of the fin-lines of practical interest. The pur-
poses of this paper are two-fold: one is to develop a unified computer pro-
gram which can be used in analyzing dispersion characteristics for varjous
kinds of fin-lines, slab loaded waveguides and ridged waveguides. The other
is to present numerical data to illustrate the effect of finite fin thickness on
the dispersion characteristics.

Evidently, fin-line structures can be viewed as ridged waveguides filled
with inhomogeneous dielectrics. The dispersion calculation of the former can
be ended in the solution of eigenvalue problem for the latter. Starting with
solving eigenvalue problem of waveguides filled with inhomogeneous dielectrics,
the dispersion characteristics are calculated by the unified finite ele-
ment analyzing program for various types of fin-lines with zero fin thickness.,
The calculated results are quite cosistent with those obtained by other methods,
and the experimental results of dispersion for the unilateral fin-line are in
good agreement with computed results which the fin thickness is considered,

the proposed program is thus proved to be reliable and useful.

2 Finite Element Analysis

In general, the eigenmodes in guided wave structures filled with inhomo-
geneous dielectrics are hybrid modes which possess both longitudinal electric and
magnetic ficld components. These longitudiral fields are coupled at the bounda-
ries between dielectrics so that the eigenvalue problem for such a class of wave-
guide structures generally requires {wo

scalar functions, here taken to be the

longitudinal component ¢,=H., and
‘/:,-:-ugrE,!,. Fig.1 shows the cross
sectional geometry of a unilateral

double slot fin-line. The dielectric

substrate divides the cross section

o S

into three subregions. In each of

Fig.1 Cross section view of these subregions p, scalar functions

unilateral double slot fin-line ¢, and ¢, satisfy Helmholtz equation

Vf""!*"K%p‘f’r“—' 0

1)

Vi¥,+K%,¥7,=0
K2, =k)y=B¥=2c,, )
Eenms, = D)iiesi=c0) ¢3)
e, =(B/R)’ (4)
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- - . (s)
where v? is the transverse Laplacian operator; k'is: wavenumber in free space;
‘B is propagation constant of h&bri‘d mode; ¥ i'S'itsf ;éiéeﬁvalue;'" e, is effec-
tive d1electnc constant and Ers is relatwe .dielectric constant in subregton -
p. Where ¢ .r i8S a computmg parameters. Obvxously, here b= 1 2, 3, €,
=€,,€0y €3=E,3€0y €3=6,3€qy €,,=6,5=1.0, €,,=¢€,, where €, is dielectric
_constant in free space.

In the matrix form, the two equations in (1) can be written as:
.. 3 r€eeVi P sy P,

(e G )+ [ ]( M=o <o

r=1 0 ,,s Vi -0 “
On the wavegmde wall Q, the tangentxal electnc held and normat magnetxc

field are zero. i. e, . ST e e .

: ag;p-l =0 o « - €T
AT Sl e L (8)

whereas at-the dxelectnc mterfaces the : tangentwl electnc and magnetxc
fields, which are proporhonal to GP' and ¢,, must be contmuous from one

region to another, . e,

we,

are contmuous at the dxelectnc mterfa;:es The symbols I and n are.\respectx-
vely, the tangent:al and normal directions along an interface and nxI=i,,
where i, is the unit vector along the z axis. All transverse .field components
are derivable from-the Iongxtudmal electnc and magnetlc f;elds as follows:

Eor"z_;‘;‘!‘wlfo[_lg'XVo“i’) €,V, p] . . (9)
H,,=-j ex'z"v[“e',i'x-v'q)" ‘|‘V.’¢r] ’ 7 i N 1o

Eq.(6) together with above mentxoned boundary conditions conshtutes the
eigenvalue problem of wavegulde filled with mhomogeneous dieletrics. It has
been proved that this eigenvalue problem is equivalent to the variational
problem of the following ‘functionall®):

1B =BTy #1586, P01 AD
. P . el ‘ . o L

where . . - . . N

o el o

L. J (¢n =%[ n“"?lvc4’rl ds+e,s,
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Jz(q"uqfn)=eere‘js i,'(V,Q‘FPXV,q’)p)dS (13)
Jx(‘}br;qfr):"'l‘[j‘ I(!{’plszs+5-ezpj‘ |q;p|.2d5] (14)
2'L)sy 57

In finite element analysis, the primary dependent variables are replaced

N s M: M 3 -
K;(ln.’) bi
o2 -
N‘ i
Kog(or by
N, ==, —1_.
_‘-‘. KsC I, T bs
g =i
S Ras(uri oy b;
N _7..
K A d )i K (e ) 3

. b : :

~

Ki-1 K K - LZIJ?
Mz M 7"
Mo M oz
KrM-1

Kr- M3 Asr=rMis==1 Ki—-Ms
2< <M, 2 I<M
Ni+t1<JI<Ns . J=N+1

Fig.2 Geometrical divisions for a antipodal double slot fin-line

by a system of discretized variables over the domain of consideration. There-
fore, a discretization of the original domain into many subregions is an essen-
tial procedure. For the present analysis, a more advantageous division tech-.
nique for making universal program is given. For example, as shown in Fig. 2,
the cross section of the antipodal double slot fin-line is divided into 8 rectan-

gular regions. Each of these regions is discretized into a number of smaller
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tnangular subregtons 1nterconnected at a fxmte number of pornts called nodes.
‘The size of every triangle called element depends on selecting different
d].VlSlOn number M, ,M,, M,, M,N,, N:, Ny, N, and N, so that it can
flembly be controled to increase the number of nodes in the key or regions of
interest and reduce the nodes in the others, in order to represent the phy51
,cal behavior properly. : . o '

The relations, between the node labels K (for 7th rectnagular area) and
I and J, the dxscrete variables of X, Y drrectxons, are fou 1d:

K,=M,*(N;+N;=Ny— N —-3+J)+M.*(N, -N, +N N.+2)+I‘i
a<I<Mi; N+ 1<I<N; 5 ¥ RTINS I TR N
K,=M,*(N,+N, N,—2)+M "'(N, -N,-N, +1+J)+I R SN ¢ 1))
I<I<M,3 J=N, ) : oL . .
My =M -M,+ M, +1 R B

7

and the relations between element labels and node and vertex lables of the

triangle are determined by: - o S

My, =2¢(M,-1)*(N +N,~N,~ N)+2*(M”-,-2)* o
(Ny+N,-N,-N,-2+) +1-1

M, , =My, +M,,-2

K,-M,,-1 "~ (JeeN +1)
L(1,M,,)=L(1,M,,>={ -
K,-M,-1  (=N,+D)
K,-M;, %N, +1)
L@,M,p =]
K,-M, J=N,+1

LG,M,)=L@e,M,)=K,
LG,M,)=K,-1
 a<I<M,; N,+1<J<N, :
where L(a,Mo,) (i=1,2,3) denotes the i-th vertex lable of the element labled
as M o1e Similar formulae can be obtained for other rectangular regrons The
total number of nodes K and elements K, are
K.,=M,#(N,+N,~N, =N, +N, =2 +Mx (N, + N =N, - -N,+2
K.=26((M,-1)%(N, =N, + N, =N,) + (M, ~2)
- #(N4-N, +N, N,+N,-1))
After finishing the division of the domain, let eigenfunction ¢, and &,
be mterpolated lmearly over each tnanglar element 'I‘lus can be expreSSed
as:

3

$5=2N NiG»éi o an
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: 3 B B s . . A S T : . H— !
U= Ni@n¥: - - (18)

where ¢4 and !F""a're tho nodal values of eigenfunciions' in e-th element. The
N (x,y) is interpolate base function in triangle e. For lineas xnterpolate,
one can obtain : ' S '

N'(x,y) = (a; +b‘x+c.y>/<2Ae> (i=1,2, »y T aey -
where Ae is ‘area of triangle e, and ' the constant coeffxcxents a‘, b. and ¢,
can be detrmined by the Cartesian coordinates. D '

Substituting Eq. (19) -into Eq. (11) and integrating over the. element’s
area.: one can show that variational problem is discretized by.finite element
- method as fllows!®l:: -

L™

E([AJ](‘P‘) +[A4;:3(T) —X’EBH(‘#’)) =0 NP

% u I . @0
3. ([Au:](q”) +[Az¢](¢”) "X:EB\LJ (q;e)) =

e=1
where (¢°) s_tnd (P°) are eigenfunctions in e-fh element. The element coeffi-
cient matrices [4,}], [4,}], [4.5], [4,4], [B:] and [Bi] are given by

(A18) = (bb, +cicp)e, ,[40e
A19) 15 = (bib; +cic5)e,,6,6,,/4Ac
(A:0) 5= (ciby—c;bi)e, e, /4Ae
(A428) 1= (bic; —cib))e, 6, /4Ae
B2 iy=1+8,,)Ae/12 - | D
(B =0 +8¢;)6,6,,Ae/12

1=

where i,i=1,z,3~,a,,={1
Tl e )
Accordmg to the initial input information, including division, geometric
and physical parameters, i. e. M,, M,, M,, M,, N,, N,, N, N,, Ny
t, d, a, @iy by, bay by, b,, b5 €,,, €,, and &,5, computer will utomati-
cally number the lables of nodes, elements and virtices of the triangles. After.
determining the coordinates of all the nodes, the computer will analyze every
element. on the basis of Eq. (21) and sum the contnbutxons of all the elements
over the regions of the fin-line cross section through Eq.(20), which gives
the followxng generalized algebralc e1genva1ue problem
[AJ(w) =X*[B](s)
where [A4] and [B] are 2K, %x2K, square symmetrical band matrices. 2K,
equations arise because both ¢ and & must be used at each point. It is
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&efiine&“here:tﬁat vector (u) .;,ami: () vanci (gﬁ',-) i;a_ve: fﬁ‘e reiationi .

-

q’t(s

So far, the matrices [4] and [B] can not be used as the coeff;clcnt
matrices of the deterministic problem, because Eq.(8) is a. constraint bounda-
ry condxtlon Hence the matrnces [4] and [B] must be modified, There are
sevéral techmque to treat matnces [A] and [B] for constramt boﬁndary
condition. In order to avoid renumbermg the lables of the nOdes. here the .

[A] and [B] could be modxfxed by computer in the following way: ™

TS S z*; but i or 1—h,,; , .
Ay =Bi=y K=1,2,--my :,,-1 2, 2K,
UL isg, i=hy

where -m denotes the numbers of nodes which are on “the metal boundary
Q. The.serxal number-of these nodes are, respectively, h,, i LY B
Having modified the matrices [4]1 .and [B], the computer will solve the
generalized algebraic eigenvalue problem and ooutput the elgenvalues Xz,
Substituting X* into Eq. (5), one can obtain the numerical solution of ‘disper-
"sion for e,. It can be seen from Eq. (21), matrices [4] and .[B] are_func-
tions of e,. Thus Eq.(22) must be solved several times to obtain a dispersion
curve,

' 3 Numencal Examp les

The fmxte element formulae and program whzch ‘has been developed in
the previous section werc applied to computing the dtspersxon charactnr:stms
of dominant and higher order modes in some fin-lines and other guided wave
structures. The numerical results and the companson with tl'ose obtamed by
_other methods are given here. ; B

Fig.3 and Fig.4 show, respectively, the dtspersxon of dominant and higher
order modes in the unilateral fin-lime with zero and finite fin thick. It
indicates that the effective dielectric constant decreases because of the effect
of the fin thickness. The reason for this is that tbe thickness of the fin

*375



reduces the ratio of the field energy in.the dielectric to that in the air. Also,

[
S(mm)
(1"‘(5) ’ 1
1.2 1.5 ¥ ~f-
1.9 . b e s .,
Hofmann . i
o'% —.this paper l —dE- }
0.6 : f pom) .
: ‘ g : Z-?.nz
. =3.556
0.4 .5 d =0.254
t=0,0
0.2} €r=?.22
0.0 '/(G*_I;'.)._

15.0 20.0 36.0 T 40,0

‘Fi‘g‘,‘?‘; Dlspersxon curves of the dommant and flrst hlgher order mode m the
umlateral fm lxne w1th zero f1n th1ckness

‘1

€eh- - . :
= $(mm)
5 . 0.5
1.2 1.0
1.0 1.5 .
o.8f 4 ‘
RN} iy a=7.112mm
- S(mm) b=3.556mm
0.4} 0.5 d=0,254mm
1.0 - ., . t=0.,05mm
e e £:=2.22
0.2f ) R ,
0. ob— - . - f(GH )

15.0 20.0 ~ .30.0 40.0 -50.0 . . D

Fig.4 Dispérsion curves of the dominat and first higher order mode in the
unilateral fin-line with fin thickness t=0,05mm . -

A _ even mode g -y T
o Z b
1.2 N L:,
y .L
..1’0 l , -J~.-Ya. I
0.8 —-a
0.6} “4=0,0mm b= bi=1.0mm
-t /. 3 a=7.112mm b:= b= 0. lmm
0.4t SRR o ce Sc__hmidt =3, 556mm bs—l 356mm
% A C .- g!?xs paper d= o.1zsmm. ‘€= 2.2

-

0.0 15,0 20.0 25.0 0.0 35.0 40,0 45.0 50.0 f(GH,):

Flg.5 Dispersion curves of the even and odd modes in the symmetncal umla-
teral double slot fin-line

this reduction of the ratio rises while the slot is narrowed, hence the smaller
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1s the slot, the greater is the decrease of the effectwe d1e1ectr1c constant
Fig.3 also shows the comparison between the finite element results and Hof-
mann’s. The agreement is good. ;

Fig. shows the dispersion characteristics. of symmetrical unllateral
fin-line w1th two slots. In this kind of fin-line, the even or odd hybrid mode
can be.excited -depending on dlfferent exciting conditions. When the structure’
i's symmetncal. the plane y= b/z is magnetic wall for even exciting and is
electric wall for odd exciting. Taking advantage of this property, one can
“simplify thé.computing frocedure. It can be seen in Fig.5 that “the - “effective
dielectric constant for even mode is larger than that for odd mode, This is
because the field of even mode concentrates more densely in the ‘substrate
‘than the field of odd mode does. On the other hand, Fig.5 shows the' ‘dispersion
of odd mode is stronger than that of even mode, fot the former js nearer to
the waveguide type mode, whereas the latter is much like the microstrip type

mode. ‘ Co .

If a magnetic wall is placed at ¥=a/2 in the unilateral fin-line, then tke
bilateral fin-line is formed. Also, if an electric wall is placed at y= b/2 in the
antxpodal double slot fin-line, the ant1podal fin-line with single slot is formed.
F1g6 and Fig. T show respectively, the dispersion curves of dominat and
higher order modes in bilateral fin-line and antipodal fin-line. The results have
been compared with Schmidt’s and Hofmann’s, and excellent agreement has been
found. The dlspersmn curves for bigher order modes are not available in some
literature. These curves can be used to determine ‘the single mode range of
frequency. For practical apphcanons, the knowledge of higher order modes
is important, because a smgle mode operatxon is:often reqmred

& #y ¥, t 2
o P N -
e B L .dpminant modc o L b," lbs .
‘ : S IS
0.8 ¥ Ti |}
~Har
O'Al -/ *Schmidt . - T a=7.112mm d 0. 125mm
e ——this paper  first higher order mode p=3,556mm ¢=0.0mm
0.0 bz—o smm 8;—2.2

20.0 o 0.0 5.0 bimds=1.528mm .

Fig.6 Dispersion curves of the dominant and first higher order mode in the
bilateral fin-line

As the fin-line structure may be viewed as a ridged waveguide with dielec-
tric or a slab loaded rectangular waveguide with fins, the unified program
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proposed here carn easily be used in dispersion calculation for ridged wave-

£
d
dominant mode z
1.2 7
el
To |0
0.8 gl
first higher order mode [-! :
0.4 ®* Hofmann - a
== this paper a=T7.112mm 4d=¢,125mm
b=3.556mm ‘g= 0.0mm
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Fig,7 Dispersion curves of the dominant and first higher order mode in
the antipodal fin-line

guide, when e,, =15 and for slab loaded rectangular wavegﬁide, when slot width
s=b, The results together with the comparison with those obtained by others

are shown in Fig.8 and Fig.9. Again no noticable differences can be seen,

€, i
+  Marcuvitz
—— this’ paper —-“.‘

1.0 dominant mode I_L T—

i

0.6 I y : ,{
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0. 04

20.0 80.0 40.0- 50.0 f(GHz)

Fig.8 Dispersion curves of the dominant and first higher order
mode in the ridged waveguide.
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Fig.9 Dispersion curves of the dominant and first higher order mode

in the slab loaded rectangular waveglide.
Table 1 presents a comprison of the unilateral fin-line dispersion between

measured and computed results .which the fin thickness is considered. A good

l378l



. : : ! ¢ v : : : : '
ﬁgreéi:’nent has been - found, and the proposed program is thus proved to be
reliable. g o

All the numencal examples given here are certainly not sxmple o repfo-
duce the results which may be. obtained using various approxrmatmn methods,
but to. provide a clear explanatxon, how ilexrble and useful the fxmte element
.analysis program .praposed here. o R O

Table 1 A comparison of €, for unilateral fin-line between measured and
computed results which the fin thickness is considered.

f(GH2) 32,0  33.0 84,0 350 360 37.0 38,0
experimest 0,03 0,95 0,97 1,00 1,00 1,08 1,04
computation 0,94 -0,96 0,98 - 0,99 1,00 1,01 1,02

discrepancy _ _ _ 1
%) 1,06 1,04 1.0? 1,01 1,00 1,94 .96

4 Conclusion

We have demonstrated in this paper the versatility of the finite element
method in the treatment of dispersion problem dealing with various fin-line
and other guided wave structures. .

Usmg the frmte elemen® ‘method to analyze the transmission charactenstxcs
of vanous fin- lines is a more through way. Be51des the generality of  the
program, the advantage of this method is that it canm mot only consider the
effect of finite fin thickness but also, when needed, obtain the distributions
of the hybrid modes and determine other parameters of interest, for example,
impedance, In this way, it can give practical data for designing the millimeter
wave integrated circuits and provide a basis for various improved designs. Of
course, a computer with larger storage capacity and longer computing time is
desired if this is to be achieved.

The ‘author would like to thank Mr. Guan Shuzhu for the experimental
data provided.
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Effects of Density Reversal in the Process of -
Lithosphere Subduction
Xu Tianming - Liu Wenzhong
(University of Science and Fechnology of China)

Chen Jing

(nstitute of Geophysics, Aoademia S iniea, China)

Abstract

The experimental modél and method are désigred accordivg: to the primci-
ple of similitude, so the eiperimental results are comparable with the results
from observations in field, The main suggestions are as follows: part of the
tra"ct‘ion force resulting frem subducting slab may draw the slab ard cause it
to sink and another part may transfer to a horizontal traction force to make
lithosphere spread; the relationships between the velocity .of plate motion, the
sinking velocity of Lithosphere and the velocity of trench deift are showa; an
interpretation for different angles and sink depths with Bennioff zomes is
given, These results are probably useful to these who are interested in the
plate motion and its driving mechanjsm.

Key words; model experiment, density reversal, effects of gravitational
bedy force, pattern of Benioff zones.
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- High Tc Superconductivity in Ba-Nd-Cu-0*

Xia Jiansheng Fang Minghu He Zhenhui
Wang Shunxi Zhao Yong Zhang Qirui

(Department of Physics)

Liu Fei Qian Yitai Zhao Huiqing
Pan Guogiang Chen Zuyao

(Department of Applied Chemis-!ry)

" Since the discovery of high Tc superconductivity in La-Ba-Cu-O system!!?,
great progress of research on high T'c superconductivity in oxides have been
made. Up to now, almost all rare earth elements have been substituted
:'s.ys'tems‘except Ba-(Ce, Pr, Tb)-Cu-O are found to be superconductors which
anually. have much higher T'c than in La-Ba-Cu-O. Many experimental results
showed!*~*! the superconducting transition temperature in system which contain
heavy elements of lanthanide, such as Ho, Dy, Er, Tm, Yb, Lu are usually
higher than that in systems which contain light elements of lanthanide, such
as La, Nd, Sm. But according to the theoretical calculation'®), the high Tc
superconductivity are mainly related to the proximity of competing charge
density wave instabilities and the large electron-phonon matrix elements of
the Fermi level electrons, that is, the proper struture is important for the
high T'c superconductivity. we all known that, the K,NiF,—type compounds
Ba-La-Cu-O are of Tec near 30K, but compound La,_ Ba,,,Cu,0,,,, are
with Tc~90K!"), That gives us an idea that the light elements of lanthanide

can also be with T'c near 90K if the proper structure is formed in it. In
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China. i :
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‘this papér, we report the Tc above 90K in Nd-Ba-Cu-O system; -which is the
‘hxghe§t Tc that has been reported so far in this system. -
) Samples with nominal composition of Ba,;,Nd, ;CuO,_y" were prepared by
combining_ stoichimetric proportion of BaCO,, Nd,0,, and -CuO,. and by
" heating the mixture at 900°C for 10 hours in air. Then, the mixture waa reg-
round and pressed into a bar and sintered at 960°C —1030°C in air for 7T-10
hours. The X-ray powder diffraction shows that the samples ‘are with several
. phases, such as A,BC O, -er Ky NxF or/and others, but the main ""phase is
-NdBa, .Cu,0,_,. ‘ : :
Electrical resistivity measurements were performed by a standard- D.-C.
fourprobe technique. The resolution of the voltage measuremesnts is 1x 10~%V,
‘The A. C. magnetic susceptxbﬂxty was measured by using mutual * indiictance
bridge. During the measurement, both the samples and the theérmometer  kept
good thermo:contact with the copper lump. The temperafure was monitored by
a calibrated copper-constantan thermocouple ard a cahbrated Ge resxstance
‘thermometer, : IR LA
R/Ro . C T : o S e

AM L) v { A 1] - ¥ hJ

; Q o
M ) ’ o} | .,.-o "F“°f° o.,J.
o 4

o
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. ° o 5
S ewiircme|
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i R Shwesne]
®1015Cobhr | L e °'°°o. : ¢
. : T ® 0000°
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Flg, 1 Temperature dependence of . Fxg. 2 A. C. magnetic susceptxbxhty
resistance in Ba-Nd-Cu-O of Ba-Nd-Cu-O

The temperature dependence of the resistivity of Ba, «Nd,,, CuO,_, is
sliown in Fig.1. A typxcal superconductmg transxtxon was observed. It is
obviously seen that the electronic transport’ properties in the normal state, as
well as in the superconducting state are very ' sensitive Lo the 'synthes:zmg
condition. As it has been found in other system‘” there is a optimal annea-
ling condition for the superconductivity of the’ samples with given composition.
The highest Tc for ‘the samples measured, was cbserved in the sample which -

" was preheated at 900°C for 10 hours and sintered at 1050°C. The T, (mid.) =

‘e 407 o



89.5K, T, (p=0) = 840K, ATC 6K. . ‘

The A.C. magnetic suscept1b111ty of the samples is shown in Fxgz
typical superconducting transition appears in the temperature correspondlng to
the midpoint of transition in R(T) curves. In comparison with- the ‘single

-rhase sample of Ba,YCu,O,_,, the diamagnetic susceptibility signal is. sma--
ller and the transition width is larger, '
. From the above results, it can be seen that the ‘Nd-Ba-Cu-O mdeed has

high temperature superconductivity’ with T near 90K. And the results also.
show that, for the same structure of Ba-Re-Cy- O, the differences of super-

conducting transition temperature between them are ‘mot obvious, where Re is -
rare earth elements except Ce, Pr and Tb. That suggest that. the proper
structure should be very important for the high 7. _superconductivity, For the
lighter elements of lanthanide, such as Ce, Pr,if a proper structure can -be
“found, the Ba-Ce(Pr)-Cu-O system might have bigh T,. On the . other hand,
Nd'is' cheap in price: and possesses a potential ‘value for application. The
detailed study on physical progérties in normal state, as well as in
superconducting state are being carried out and it will provide some information
for understandmg the high T, superconductivity in these oxides.
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