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- On the Low-Field Microwave
Absorption in High-Tc
Superconducting Copper—Oxides

Zhao Min-guang*

(Centre of Theoretical Physics, Chinese Centre of Advanced Science and Techno!ogy,
Beijing, Institute of Solid State Phyics, Sichuan Normal University, Chengdu 610066,
P. R. China)

G.G, Siu

(Department of Apllied Science, City Polytechnic of Hong Kong, Hong Kong)

Abstract

The observed low-field microwave absorption below Tc in high-Tc supercon-
ducting cuprates is discussed. It is found that the theory based on the granular
structure of the ceramic oxides, which interprets the signal as a nonresonant
micrewave absorption, has difficulty to give a reasonable explanation to the
experimental facts. On the other hand, the conjecture of Cu?*—Cu?* pairing faces
the question why these usual non-frozen copper pairs does not exhibit themselves
above Tc. Further study along the direction of Cu?* —Cu?* pair model should be
carried out.

In ESR measurements, all high-Tc superconducting (SC) cuprates exhibit a
large peak at very low field, which develops abruptly at temperature Tc¢ On the
contrary, the spin resonance signal of Cu®* does not have any anomalous beha-
vior in the same temperature region. The position of the peak is temperature-
independent but its height has a precipitous fall as the temperature approaches
Tc from below. This is the low-field or zero-field microwave absorption reported
recently (Durny et al. (1), Bhat et al. (2], Stankowski et al. (3], Blazey et al. {43,
Khachaturyan et al. (5), Sastry et al. (6], Zhao et al. (7—9)). It is noted that it
is essential to distinguish between the low-field absorption from the zerofield
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absorption minimum (Pakulis and Osada €102, Karim et al. (11)) and only the
former will be dealt with in this letter. Although most research groups take it
as the characteristic of the superconducting phase, there are two types of inter-
pretations for the phenomenon. The first treats it as a nonresonant microwave
absorption which is associated with bulk propertris of the porous granular SC
copper oxides. The second regards it as a usual spin-resonance microwave absorp-
tion which is related to the 'copper d-clectron triplet states. The purpose of this
letter is to show that the observed phenomenon in granular SC copper oxides
cannot readily be explained by the first interpretation and further study along
the direction of the second should be carried out. '

Some researchers correlate the absorption peak with the oscillation reriod
of Josephson junctions, and the absorption peak and its fluctuating slope are thus
related to a size distribution of Josephson circuits in the SC cuprates, cavities
or clusters (Stankowsky et al, (3], Blazey et al. (47). Based on the fundamental
equation for the Josephson periodicity in the macroscopic quantum interference:
D /P, =n, where ¢ and @, are the total magnetic flux through the circuit-and the
fluxoid respectively, n is integer, it is possible to estimate the circuit area from
the magnetic field, However, the estimates based on this theory is not convincing,
The cavity area for Y-Ba-Cu-O specimen has been measured by using an image
analyser and a distribution of cavity area given (Chen et al. [12)). Stankowski
et al’s Y-Ba-Cu-O specimen (Tc=91K) is similar to Chen et al’s specimen A (Tc
=90K), which has shallow and nearly homogeneous cavity with the meost probable
area of 38 um* which is two orders of magnitude larger than the average circuit
area corresponding to the absorption position B=50G (~0.414um?). So the Jose-
phson circuit area cannot be interpreted as cavity area. If the circuit area is
taken as cluster area, it is found that the average cluster size is smaller than
that measured by transmission electron microscope. It has thus been concluded
that the large SC particles are composites of SC clusters (Blazey et al. (4)). This
Josephson weak-link model is based on the conjccture‘ that Josephson juncticns
exist within the grains of bulk YBCO, probably at the twinning boundaries
(Deutscher and Muller [13)). Recent experimental results favor that the weak-links
reside at the grain boundaries rather than at the twinning boundaries (Peterson
and Ekin [14)) and hence, make the conjécturc doubtful. Futhermore, a serious
problem for this granular-property based theory will inevitably arise when a
single SC crystal also exhibits the low-field microwave absorption (Karim et
al. [(11], Mehran et al. (15)) and the Bi-Sr--Ca—Cu-O single crystal is twinfree,

The ordinary ESR measurements show that the low-field signal is not very
different from the usual ones and might be taken as spin-resonance microwave
absorption. This low-field spin-resonance absorption is not a unique feature‘ of
the SC cuprates. In a single crystal of Cu?*: LiNbO,, the low-field peak appears
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when the doping is relatively heavy (3wt%). The same phenomena occur for Cr®*:
LiNbO,, where the low-field peak disappears when doping is light (0,05wt%) and
appear in heavy doping, Based on the similarity of the low-field signal of the
SC cuprates to that of Cu?*: LiNbO, and Cr®*: LiNbO,, it is proposed that the
Cu?*—-Cu?* pairing mediated by an 0%~ ion could be the origin of the low-field
absorption of SC cuprates (Zhao et al. {7—9)). This conjecture emphasizes the
crucial role of the copper ions, which is consistent with the experimental results
that the copper free SC materials such as SC Nb powder and polycrystalline Vy
Si do not exhibt any low-field absorption (Durny et al. (1], Blazey et al. {4]).
The Cu?*-Cu?* pair resonance absorbtion conjécture was supported by the
ESR measurement by Sastry et al. (3. In fact, the pair resonance condition is

v=D+gBH ¢)]
hence

v,=D+gB8H, ¢))

UV, =D"8BH2 (3)

Substituting the experimental values (g=~2.2, H;~20G, H,~40G) into Egs. (2)
and (3), then we obtain

v, —~v,~(¢.4GHz
which is in good agrement with the experimental (0,4GHz)[6].

The Cu ion pair conjecture is essentially similar to one that the copper
dimers of Cu?*-Cu** are responsible for the low-field signal, which is based on
the similarity of the SC low-field signal to that of the copper acetate (Sastry et
‘al. [67). Nentron diffraction has revealed no dimer structure and hence, there is
no frozen copper pairs. The conjecture of Cu?"—cu®?” pairing faces the question
why these usual non -frozen copper pairs does not exhibit themselves above T.

The Cu®" spin 1/2 resonane signal might be irrelvevant due to the fact that
the signals appeared in all Y-Ba-Cu-O samples are atiributed to impurity phase
(Bowden et al. [17], Durny et al. [1]) and it is unable to observe strong ESR
signal from the spin 1/2 Cu?* ions in Bi,Sr,CaCu,0, (Mehran et al. [15]). In
contrast with these, ESR measarements by H. Murriets et al. {187 and De [19]
show that ESR signals were due to Cu®* ions in the superconducting phase. The
low-field resonance signal, if originated from some kind of Cu ion pairs, cannot
be associated with the RVB pairs due to its low developing temperature. The
formation of pairs might be related to charge disproportionation, manifested by
Cu?*/Cu3* ratio. The correlated valence fluctuation model (Liang [167) provides
a possibility of formation of Cu. ion pair by Coulombic interaction mediated
by Cu?*. However, this is the pair of charges in neighbouring Cu-O planes and
the model is thus needed to be modified to explain SC Bi-Sr-Ca-Cu-O or TI-Ba-
Ca-Cu-O where there is no Cu, plane sandwitched between Cu, planes. In
summary, the .discussion shows that the Josephson junction model is
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inconsistent with experimental facts and the copper-ion pair conjecture has to be
considered further to be compared with experimental results.

Reference

{13 Durny R,, Havtala J,, Ducharme S,, Lee B,, Symko O. G,, Taylor P.C., Zheng D. J.
and Xu, J. A,, Phys. Rev. B, 36 2361-3 (1987).

{23 Bhat S.V,, Ganguly P,, Ramakrishnan T. V. and Rao C. N., R. J. Phys. C, 20 L559-63
(1987).

{3 Stankowski J,, Kahol P. K,, Dalal N. S. and Moodera J. S,, Phys. Rev. B, 36 7126-8
(1987). ‘

{43 Blazey K. W,, Muller K. A,, Bendorz J. G,, Berlinger W,, Amoretti G,, Buluggiu E,,
Vera A. and Matacotta F. C,, Phys. Rev. B, 36 7241-3 (1987).

{53 Khachaturyan K,, Weber E. R,, Tejedor P,, Stacy A. M. and Portis A. M,, Phys. Rev. B,
36 8309-14(1987). .

L6 Sastry M. D,, Dalvi A, G. I, Babu Y., Kadam R. M,, Yakhmi J. V. and R. M., Nature
330 49-51 (1987).

€73 Zhao Min-Guang and Yan Qi-Li, Phys Rev B 39, 862-4 (1989).

(83 Zhao Min-Guang, Zhao Xiao-Ning, and Zeng Xiao-Lan, Z. Physik, B 72, 25€(1888),

(9] Zhao Min-Guang, Zhao Xiao-Ning, and Zeng Xiao-Lan, Z. Physik, B73, 1 (1988).

{103 Pakulis E. J. and QOsada T., Phys Rey B_:gz_§940—2 (1988)

(11) Karim R,, Oliver S A, Vittoria C., Widom A, Balestrino G., Barbenera S. and Paroli
P., Phys Rev B 39 797-800 (1989).

(123 Chen D. L., Pang 1—5 X., Yang Z. G,, Kong S,, Wang L. T,, Yang K. and Qiao G. W,, J.
Phys. C: Solid State Fhys. 21 L271-6 (1988).

(133 Deutscher G. and Muller K. A, Phys Rev Lett 59 1745 (1987).

£14) Peterson R. L. and Ekin J. W,, Phys Rev B 37 9849-51 (1988). ,

[15) Mehran F,, Barnes S. E,, Chandrashekhar G. V., McGuire T. R. and Shafer M., W Solid

State Commun. 67 1187-9 (1958). '

£16) Liang W. Y., J Phys C: Solid State Phys. 20 L571-6 (1987).

{17 Bowden G.J,, Elliston P. R.,, Wan K. T,, Dou S. X,, Easterling K. E,, Bourdillon A.,
Sorrell C. C,, Cornell B. A. and Separovic F. J Phys C: Solid State Physio 1545~2(1987),

{181 I. Murriets, G. Aguilars, J. Ramirez, T. ARachi, R. A. Barrio, R. Escudero and J. Rubio,
J. Phys. C, 21, 1999 (1988).

(19) D. K, De, J. Frys. C, 21, 4481 (1988).



On the Low-Ficld Microwave Absorption in High-Tc Superconducting Copper-Oxides 5

RFESRTcEFEA LY P OIRHRIRB I

I SV
CHEBSREEAT CRBWEN T O,
PR A B RO, )

I S
(FBRVBLLESAHER

" =

AXWRTEHEEPHEEAADEETToRE FHKRHMERE, 2%, BASEENE
FREA R BB A RS, BUNEREXAMAENHE. B—)iEH, Cut'-Cu'
SR A R RERA LR, HEE— BN, T LEE, I 2aXEPEMEGLSH
BT oA LE? Bk L ERECe -Cut BN e — SR BFIR.



WAL F R

6 PROGRESS IN PHYSICS CHEMISTRY & MECHANICS

ANERBERETL: (V) —4HoIL0
RASE- R BARNRRIETERE

xR AL
CR BB BEARK¥)

Eﬁﬁm3x¢*m&ﬁ%ﬁ+% g, RARXH R EER I RE -8 (T
k. dE = 0Qr—0Az= —06Az), AXHHZFEHT . .
HE— Atﬁ%dﬁ<mRo)¢$ﬁw&wwﬁwi
MEAERTARSBRSHE, HIH,
Bl THal—ahesoga, L
TR, aQDXHFRAHT-AHHE -8, B,
BAH. BUWEATEHRBESAT

S EMATARRKERE. o anx

BLEW T .

KX H(E=00p/dSY T B4 iR
—AEEAEARSER, Hhaxt

BART: T=C= ‘;%?20;60,; »TdS

(113x

REFTISRBE 028 E4,
AXWENREF RSN L ERA LRBXITHERE, AXHFLAETHZLERST
F]E'I‘Jiﬁz

BRI ‘
\ N : )
£ & [ K BPAUTHESRE (& X

%"‘i %%i“%%ﬂﬁ”ﬂﬁ, ﬁﬁ

(HMBRCEEDI, AT FE TS LA (WY, P2 AQZ N B HF Tt
RAryn L BATES G, D ZAA- M- BB T RIrcO, BHRA—M*
BAE(dr, dr)—F 2R, DHESTIrgF ALREV 24,

(R%£H), dy=dy, dO=do

FXF1989F AN K H,



HAEERORBZE . AV—-IHRUNRAFEE - EE, BEANLRIRAEA4 7
dV dV; ---dS=dS, ......

CRHREGEED, (8Qz~08Q) = (8Az —dA)
(0Qz, 0Ag, dS); (0Q, 0A, dS)3dr, drélg(:!;h oy WED.

(it ) lﬁe%*:iﬂ}m'%‘%wﬁﬂ&/i#(ds> __),
(R RImEEHALR BHETER
(R R HRCEED),
(6Q% - 8Q) = (34, - 04) 0,
Bo%. ABRRBET DR EHEREH,
(RS % EDIRGFERA

( g0 |
ds> "T; 00:>06Q; 6AR>0A;

QOr .
ASy > Qrr>Qr; Apr>Ars N>Ry

Qs

L0>T; 0>.('?s; ARS>13$- )

(RAPRTENRBENIRATELHETERD

(EARFEH, | (S8

4Q " (Ety g0

(45> =) ELEs .10 o )>

w0 T e lgmerer ) OQ T

CERMARAEF R AR AELE N AR, AR R R RET SRR 2R =

ERALA G CREBIATERPHTE;

CHCESRF—E I EEERG KD, (O BAEHTATERF A HLBFERE

REERAXEREABN: RALATER, BARAXHANERES EFTEFERE

BFGE—RONANEREL wBARNTHHEARTRERTEFERE, HAEL

RpEE, E—DERHAEAFREE, ERAERNFIHL EARL, FHERENR
BAELR, HEBEARRGRESY—ARE, IMEERRRCENELRR,

(2) (E—BBERSTH #EMEFERUL

é
(%—m; ds = 2%, )M&(d» 90w ),

Ne=>Nrr
(BB AxXHATAAMERERNERR R B TARFAATALE,
(FORE ) Goan) (EREE 4o ) (5
ds= %;'—ﬁ%%‘:‘ ‘L@>%ﬂ\$ ds 1> |
I -
g & & ) (7] lat 2 & )L J

i, BeA AN THERATEARGRABEAHRM, %ﬂf’fﬁ;ﬁ%ﬁf‘ﬂi
ZE%. BARFER—AHURIEH 24, THEHARTER HREHBHEBTEN



8 ¥ B ¥ h o ¥ R 19905%*

— BN R A,

BAEAWERNHE THAMT B4, W, 4% CEHhI—FE) EdEhw, WL
ERE TN TERERGBBEAFERSRAX X AL TOTIENB A FRIGHROLD
—C(113, Iliﬁ(iﬁiﬁftﬁ{dra drifi A B RTEZHEA,

1’?%‘%‘*%%7]#&*‘&”&EﬁAﬁ%@ﬁﬁﬁ‘iﬁikiﬁﬁ%lﬂﬁmﬂﬁ&& HR A

FalEE5HSEX

AP R ARG 2 BRSO B AT RE T REEXBH G2, LS, bR
J1o - SkY; AR GATERAGRI(1I--011), B CEEgERRBNE", &
XHPBEANBNEREGHERSEHFS ENXMK:

) RNSLERETE (W V.Y, W) XENFHRESER EBFEFE T
#HAEE, B -AUREEHATRERGEBUE, PHREBRHGY, p, T)="PHHKB,
B, #WED;

() ANSFFREER W ¥y sALEERS, REMAREEI K, B OE—
MREAERRR.

{(ylyz"'yf)y mv, pds
2. BERRSBRN, VAR,

) BROSFEHREZA" QS HALFRAFRFTESHEEQHFI REZH, AF
AT, RRAMEr#sSHRA—ANFEHS:

REz@. o/= (ylyz Y)ZE | =SP(Y 1Y Yp)s

m. =SP(V, P);

. XBK&%MM&&B@& s MIT-HEE
r=(yY,yl= (PR ol

W, r=CV, pl= CEHEBICSEV, p),

@ RNZASEFOW Y. U)=P) BERSTR VYD REEE T
HRBOH ISR
@ =B(Y 1Y, YD =D(I);

. ®=E (Paﬁﬁ) sH (8); SCHD; -

ERYEBHYEBFTH HERROERARBE, B, BEETES, RERASHE. ¥

Mﬁﬂ%‘l’l(yly‘) e, M—PP, WY,y FE; SMBTIENSREHFEEY
®wE (V, p) FH.

(5) BRRASHAB® REG@) ik dr, - fr--') HouidR, sRachEd
BEREMBFEARERE X
(MEEXD) SHEHE, HARE,

.b
hEFELKBEABRTHE: ( a ' )’
(HEBEX2) ErEKE () KRAEE.

(6) EAFTHEE XELTHVEKFHEATEHE ¢, D Z LT, (i)

Gy D BAETFEHRSEEQZH, WFHETHLIR () Nk l2h, WAREY



PO EEEMPRES R AV —AFA MR 2R TR, BARNIRIBASAA 9
o, RMEHABRAR 00 O, BE (04 A); REBHL B BLE Wy, Ay dO,
AD) R LB TTLUR 0/ vt SBRR (drs AT) RHS, W,

e Lim 289 fAA] G at
-d- -']L—», [l_ ~< -7 ] (. ),)¢ql
drigigR ERPREEETPELSBE Q2 BN G, D WEZAKM—R M FELRR
B QIZHN, —REEW. -
BRFTHRRAr KHRIHO, A, AC = CRERHE W,

(D TR —ERBHA ZmMEFEENTE, XPRASHETES, STEESRA
THEADAMER, AL, MHTETRER Q/ZHMMEmALZBIr (HBEX2 RE.

dr:Lim] 00,04, | a1,

Rhrdr®EE, BAEE mERN,
FBETiﬁJiE[VCJ"*:‘Z%m%ﬂi?’l‘dri&&ﬁ%&m%% (Vector Chair) Br &5t
ﬁ: ’

[vc]:' = VCItdr: (RSB aFZZ}c: af,

cdrhafaf, S IVCIEhTra,
(Qry Ap)=(HRAHEREHBSHD,
(8) ;ﬁﬁﬁﬁﬁ{f’rs dr} ‘{rﬁm(i, DRWREBEQIZHNEE IR —TE RN HHLE,

BB - 5de 3k, ) FRASHIrE L, KRR~ {6, ARt
Yook 2 — X RA SR B R B s ER,
(9 BAPER XREEMAAHETHSSHTFESTASYANAR,

§1 & it

—) BLmeKS
RS L HAEE AU T 19704810 « T 2R 3 #8010+ L930200011), (93 H R
RAEE T ARAEMERRRIERT.
R —AFETTH il B B SFIE
ﬁ@&#ﬁ,%%%wbiﬁﬁgi

6Qr= OB dS= 0, | : (A)
N , J

R B R A T, Bt s .
W L A — A Bl 24 s A B B

AT DA IR B IR B4,
TEES— —.Wi%fﬁﬂ’lﬁﬁﬁti\“mﬁksﬂﬁéﬂﬁﬂiﬁ.ﬂlb‘c'%'%ﬂhﬁﬁ']iﬂ-*’i‘%ﬁ%— SEHR S
ARAH,



10 3 W o® ok % 1 % o B 199042 £

*****************

i BAYRTEEK?
Jﬁ%‘%*?ﬁﬁ"‘ﬂﬁlﬁﬁ]‘* azn
P * '

K ok K ¥ ¥ X K K X K K ¥ R X ¥ ¥ X X

Bl g — a8, QUXPHREHTESES Ry EME R
(Z) XTHRSEBMNTITETRSORA:

AT B MR A AR R B BEAT B TR R, fRREERIA A
A5 B HAE R Y R WP B RS, WREETIIHD.

5 o (25— )
dS‘w“§=$(w>-9>ﬂw$¢d&ﬁg°Q%chw>°@ﬂ
[ A3 l | . Hag
Mmeam ) Loe<tiz ) ‘
ETFR—AREE S ERREREMN RN TRIOAE, RFSHN “ATBLE" 5
BABMATHN, KBTI, PR,
B, BMS. ETESEE
rmmR = .
S T 50 5 B — T 288 5P S 0 2% A 3 B
1 2 e RS TR 2 R B
RH B RN AR ARERS, ARIALNER, §RATESZEATYE
R AR, AR |
S EFRRRE ARG
- FXK: (6Q=0Qr)r; [

w)ﬁﬁﬁﬁ%%*ﬁﬁEZﬂﬁﬁﬁi
L RH: (00=00m), )
PUFSH (122) REHE, X BRE,
B Eﬁﬁ%ﬁ%&T%ﬁZﬁﬁs
HEAESHEE } / E

AR ),k\ds> )T%i&‘
B A ,
GEH) BEXFEHRIE w=V; p) BRARRER, M,

* % Kk ok k¥

azaz

Cdz2)

50
00 40, _ _
[ds> s ="PE=ds] = ds>d),=

E{mf-m&zm, mﬁTﬁﬁﬁ}mﬁ%ﬁ%@%
BAS BT W R AR ZI e
FEABRE—ASEE, WTrESZHEEPEIRZESELR (gs=ds),ﬁfﬁ & -¥
(I2Z2)* XBAL.
(2) RERHBERER .
EQUXHHEBRAE (IZ2D) XTa#dE, 85,

' ' 0Qz=CdS; >0} (&)
AR AT A GRS R BUR, BEASHEHIR—ASEE., XHFHAMER,



*‘U‘J FRHAMRES S AN MHOUNBNE A28, BenLRIRASRa 11

"ﬁE}%l] RPN B R E 102011,
GIE 2D, %ﬁkﬁﬁﬁﬁﬁﬁ%ﬁﬁ,ﬁuTm%ﬁ%ﬁﬁﬁ&ﬁﬁuuLﬁi&)ﬁ*
%""%@9
dE = £dS - pdV D>y
VER TR, S D) KA HHRE,
(D) XK —& W ITE,
SE, & pHE (S, V) MISABMES TSR, BMWEN S8 KD R+
BAR) BRI, A,
C=08(S, V)I=L(Y1yy) «=-e ) LY A o
=C(U1Yy-Yp) - - R B BIFIE,
B, CRIEATEBERANE-ASEH, HHYRE 4 HEFHA, EH2H
BXTEK, AT,

c-‘l‘:’f = (HXHEAR) = T=>0,

Wi, 00z=TdS ,,
5 T AT R o 2 ST o R BENBERTAZD K. hiH:
(BAIL AR ds = %r, ;

U 2. At BT iddS = 2 ) )
KA AR R,
dSFE—A AT W idrid SH L
dS = dS = 60x/T, o o Iz
s Ar AT SABL AT A,

azs3)

(E)

B ULE e

BRI RERE W {dr; dr)d Bt

dQ
s ‘59@ ds=ds> = !

ﬁﬁﬁfﬁ ‘ I25
T shts A 3 5 I R 4 A W A A .
B—4. %@i%%ﬂﬂﬂrﬁ%ﬂﬂ( §1D,
B RERATTE RS PRSI

(W BRAMEINELAEPRBOSHRM

SR BRERNRY, —RRHRADRIFG, REEEDERAWE. ZFB'C
BRXHE, BAREBHABBAA, FRTHESSE, RNE:

(1) #YkS5E BN RS WA R

(2) EZRANBRUIZHRRPE, IME— R REEEHA BB, REsn



2 woR ok % N ¥ ok B 19904 2
3T H T RSE R,
3> PIWXOQUPH RS RS EM, BTERERASN: BAEN. NPRY

b2 b g ade ot P S ug RERBREEREM SR, WHKLARER

& Bibh |
REEIE, BEERD LI 126
Wi WD R R AR CEUERD
SII sy FaodhiRidiz
(=) ZAYBERS (EBD),
AR A TR 2 —
drid i G, ) FHVEEZEE N
(21

m»x:M%E%&%§§Mﬂmﬂuﬁ}'
BE— A —F R AT R,
807 F B L 5 3L
ARABERD TR TERLROWERAPHET, DZEBH—
AW T BT R |
GRS R Er S EEEAR R TH S DR TR, | (12D
Bk AHH— AT R {dr, dr), I (I KR, J

y(i) (i)
(e ot
Lo | 860 8aw san o(;)J i }E(dn i

i

:‘\ 4Q; A /i (G

\\__.-’

Wizl LR E{drs dr}

(=) £#E%E
W d( Y= (QIHNELEEWN;
d( )= G, TH Y45 EEmED,

", V(D = ¥ +dyEy(iy + dy; )
&)= 4>(z)+dd>——*<1>(z)+d<15;
AR R BERIC D EIC OBAMEY B RBRR KRN LB RERE —
M SRR
(D drid BEELEMSEAIC DBRATRE BB AERE, M. dE=00z~0As
|(2) drd BaE QTN R ESEBINE SRAIC DM RART S B RHEXR,
I m  dE=00-04A, '
(3 EENdr; dr}qﬂﬂ’)ﬁiﬂﬁ.ﬂ LRI R TR ML RSB HNER

L
%,

aiz3)



BASERWRES S AV —AFAORAE BTt BN RRLERSR4 13
dy=dy do=do 1

W, dp=dp; MdE=dE l
¢ (A1z4)
dv=av, ds=ds

l
AT = dT,

(=) #BFEER?
i A RB AT SEo &4
(607 ~6A;) = dE = dE = (6Q - 6A),

£, HEE B GERD),
S (00— 00) = (8Ag~6A) (ar>5)
XA EEEHA MR SR,

CFFRR. AT (0Ar=0A=10), 00:=00,

e el

3o |
3 | FTROA= A0, 00:=00, 126
(REH R (OArx0A); (002~0Q) = (dAz~0A) =0,
PITF ot bR Pa =S80 R,
@) gy, uwEsHEaR (RSD
(OQR:dE:q.Ez?.Q)V’ EBlHSﬁ: ]
D) %IJJLU‘.EKHEM(§3>PQ/T)$%§£;
(2) “ytEm. /[ . 50, fQ | awzn
m*&%m} =T=%s=as T )
HE
(B) gy, nEEYEIRA§D
fa, V =dv/de, t=nHE, WEMREEED TR B,
, b
drpzliig}[(P;=c)————>(Pj=c)]; dAR=ch} (A)
dr,:lim [(P “C)%?hﬁii ----- >(P, _cﬂ 0A = cdv} . (B)
dV =dV, {0Ap=cdV =cdV =0A} A1z 8)

KEFEHARERLE, TREEPARBEEN, U LASIERBRIL. WA, Wik e
MR REMMESNGOAE (Py>Py; V>0 MARWEPH =cHYE, EfBLIRE®,
B ERBARESYE.
HRERNESIBR T E RBRR, VRSREZEANHLTREREER, ZEHFR
200, BH:
0Qrp =dH,; H=(E+PV) =4y dHp=dHp,



1 MoE ok % B oy % B 19904 2
(dAR:f?A)Pﬁ (6QR"6Q=6AR—GA)P=0’
WAH: (6Cr=dH= dH=060)p,

B . (1) Zohit 8RR M (g{s>3§)$%zﬁ;
¢ %mﬁﬁmwl
MBARIRS)

(R) T3y (Esh s T8,

l
{
(. C=T=—d§—=?§=f)l))}

P

A
%ﬂﬂ*{

B
EEL

Bllze AEHLBRNESER
(-B<0<a)s (e+B)==xn

m (ENZ2) Fiw. & V, 0 FERER—ANEL BikbE0RED kDL RE
DB R R 100 = Ol f M ARO b SLAT— M HE SR TF R
Fr, (—-B<b<a); (a+f)=m 3
EFR: 0=a-MahHBiA |
THR: 0=—8- Y FRi—B; t A1210)
) L FE 27 R R B B — M IR 2 DA |
(EE; SE)IRSHLe, J
ELWEDHEED, SHIETREAFEDHERTRZ, M. RYEESH IR
R B R, WO ROR AT R EE S, WA R RS T

MER: | memmEe GRED. RS

ARMESA AN, arz11)
(8Qx—80Q) = (8Ar—8A) >0

£V, pFEA (EITZ2), HEAEE.
(1) (~B<O<OF: BAWHTES @S<O) WEHEE, KERATELER G

AR R
(2) 6=08: ﬂﬁﬁ%ﬁﬁaﬁﬂ%ﬂiﬁﬁﬁﬁﬁ,ﬁ%ﬁ#%iﬁ%ﬂiﬁﬁﬁ%ﬁ%%%%?

MAE BT B
(3) (0<O<a)Py. CHTHIEHIS> BT, LA AT WL BRE I KA B

i



RAFZMOGRBG R . AV—AFUN BRI FE T EHE, BEANERIRRERE 15
() IS R B AN 3 2 R AR A R SR A O 1 2
FEREIBBL, TR T AT 0 22 55 5 Aok 35 DAL I A i) RE i % R I A K 5 ,0Qr = TdS
DR MENARGERE BT AR,
TEAICH, BB A1) 8 R W) RS A R AR

ST hRESBESTFEDLREDIS ?WT#
RAS5FRETEX

(=) FEHHFEDIEOAELR
B BT AEREY RS ERBNAARE, MUT (RID,
FUL REDEREDSROBIELR

(IZ ), dS=dS «ooemveriniiniiiiiiinienniiiancnnae (1)

aIzi1n. (dQR—QQ)=(dAR-—dz_jl)#0----~--------~-(2)
30 ' :

(1Z3), (ds= TR Yreererensines et (3)

WHRERYE IR &R AR SRR E.

(O HRERNEFRTHAIIERER S HimTR
BEE B § IRE T (1) (2) (3) (4) A6,

(A) H#us R _
BARSB LB RYBEEN, SREAIERAEM, XZMBE (1D 2!
WBAR. A Gt RERMm.

(1) 8Q<0, dS<0; } C(IIIZA)
2 oQ<o, dS 0.

DIT# (BILZ2) 4B XA 5.
(1) (-B<O<0) WAL SR
BH: 60x=TdS<0: 6Qr<<0; dS<0; S
dIZA) (1) deo; dS<0 l
RAEREMSE @000 = (RRE)?T )

m>w=mmm&mx%mﬁﬁ
B, 6Qr=TdS=0,; 6Qz=0, dS=0 R
(IIZA) (2. q_Q<o, dS =0
KA AT ARk M |
M, TR, TGO =00 WUEH: S8} P

REHERER, H,
0=0Bf, (0Ag—0A)=(3Q~0Q)
=(0-90)>0, %Joo<oJ

(IIIZ8)




