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An Account of a Plagiarism Affair

ST -

Noboru NAKANISHI 2

1.1 [FC®HIC

LSEOHD, BFO/NMEGEF SO 7 N—TR, E@OMIBIZE ko & LT-lilik%E 5 %% Z & THReM
i (TSTAP fifim) &ad) 28HKD LV H5mL%E NATURE 8 EICREL, K FTm»HRERBFLEED
FERTELN. L LZENLIROM, Z OfmCITmsd T bbwkw5%ﬁ%%:%#%iﬁéi5ﬂﬁo
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FITESZLPFABL TR E A, WX DOFELIL Mebarki et al. T, LEOEAIIFOFZH LS Tk
<, ENHAEFE L DH7-EEN. Nakanishi and 1. Ojima, Covariant Operator Formalism of Gauge Theories and
Quantum Gravity (World Scientific, 1990) @ Chapter 5 225 Toho72. ZORIT/NERIK & DILETH D7,
Chapter 5 1ZHE T A v af A VEANCEHTLET, TTHARE LIS TH L. fn L non-symmetric
gravity IZBAT 2 b D L) Z Lo T AR, WMEROFHEZ D Lo 727210 T, OO IEMERHEIR )
ORIMZI AR 2GR T 2 2 L ix e 87, BRI LEORKOEDLIELTHD. & <ITHRED 27N
Ehodo. L LEGRXOSIHIET R THIN TV, 2L ABITEE O E T X TROE S O L [FH
UT, BIHGRD SRR EEN WL IICT A7 TH LS. 200 ZIUTRUEMIZ R STz, Lo,
AERLELEONFITESEBL TV RNEDEHRZ, BlobtF v/ LTAHALLT IThNDITT DK
KXDOIZATV UMY, ZOFEAEREINTWZ, ZHUTEHARE 2R SN ERFFTAEH T2 H DT,
IATY Y MBI DR D b DL b

1.3 MebarkiHFXNDEH

B SN DD TORR2DT, &MU RE VMBI EFER L. AR E ORI, £FEHETH
D/NBRIZRS TWeE ZE BBV Lz, ZhiE, FUXZ O CIIRREEM 2 IRE LT L, £h
WA W EFENEERZST D ERENRZ UL LN L LML THLH D, 207D 0%, 1
WITWESAREREZBNT T 8o TLEST.

E1Zn<, Mebarki 5OFMXDEREZTHZ LI, LT VTV 2 b« == 2D L 9 725w L # 4,
TREfF L7z (hep-th/9912039, 6 Dec 1999).

Notes on Unfair Papers by Mebarki et al. on “Quantum Nonsymmetric Gravity”

It is pointed out that the essential parts of some recent papers by Mebarki et al. (hep-th/9911045, hep-th/9911046,
hep-th/9911048, hep-th/9911049, dated 6 Nov.1999) are taken from a book written by Nakanishi and Ojima, published
in 1990.

The following four papers, which have appeared as E-prints very recently, have come to our attention.

[MMZ] N. Mebarki, A. Maireche and S. Zaim, N = 1,D = 4 Quantum Nonsymmetric supergravity
(hep-th/9911045),

[MMBB] N. Mebarki, A. Maireche, A.Boudine and A.Benslama, Symmetries of Quantum Nonsymmetric
Gravity (hep-th/9911046),

[MM] N. Mebarki and A. Maireche, Quantum Nonsymmetric Gravity Geometric Commutation Relations
(hep-th/9911048),

[MMH] N. Mebarki, A. Maireche and M. Houchine, QNGT Sixteen Dimensional GL(4,R)-like Superalgebra
(hep-th/9911049).

Taking advantage of the situation that nobody has discussed the quantum theory of nonsymmetric gravity,
these authors pretended as if all of these papers were their original work. However, apart from some
considerations at the Lagrangian level, the essential parts are taken from Chapter 5 of the following book
published in 1990 with absolutely no mention to it:

[NO] N. Nakanishi and 1. Ojima, Covariant Operator Formalism of Gauge Theories and Quantum Gravity
(World Scientific, Singapore, 1990).

YET A va B A LN RS R & BRI A 5 B TE A IERRERT VL0 T, bHAAERRKMETH o 1.
SEFAEMIE L AT TV & ARFZISMEMRITFHE T E v, IEIFRT > Y L ORISR BRI FR OB G L 12 R U T2
FTREME, IR THIERRNDITTE.



Moreover, Mebarki et al. delete all the references to the original papers on quantum Einstein gravity by
Nakanishi (partly with some collaborators), published in 1978-1985.

What they reproduce from the book [NO] are not merely contents but also bulk of sentences, though, of
course, with straightforward modifications necessary for pretending as if those were their own sentences. As
a result, it becomes very easy to identify which parts are taken by them. As for [MMZ] and [MMBB], see
Appendix.

Aside from Introduction and Conclusion, the whole papers of [MM] and [MMH] are taken almost faithfully
(with some portions skipped and with some mistakes committed) from Section 5.6 (pp.319-333) of [NO] and
from Section 5.5 (pp.312-318) of [NO], respectively. Mebarki et al. have copied even simple misprints of a
mathematical expression in [NO], which could easily have been corrected if they had checked mathematical
formulae.

The geometric commutation relation and the sixteen dimensional superalgebra or choral symmetry (named
by Nakanishi) are very remarkable results characteristic to quantum Finstein gravity. To derive them,
one must make full use of the equal-time commutation relations (between field operators and their time
derivatives), whose calculations are extremely elaborate. Mebarki et al. write merely canoninal commutation
relations but one can find no evidence that they have actually calculated the equal-time commutation
relations (between field operators and their derivatives) of quantum nonsymmetric gravity. The expressions
must be different from those of quantum Einstein gravity. Therefore there is no reason to believe that
the geometric commutation relation and the sixteen dimensional superalgebra remain valid in quantum
nonsymmetric gravity.

We hope that Mebarki, Maireche and their collaborators refrain from the unfair conduct shameful as
scientists.

Appendix:  #C [MMZ] & [MMBB] (2351 % = E~{HET (3t 7 F7) O BAKAHEHE (4]

12A7H, 7v7 U b —"—0 www administrator 75 DIRENRH 72, %1%, 426 DRI T ac-
knowledge S 4172 5 AOWBESEEE (Strominger, Vilenkin @ X 5 724 N2 &) ICHWEbERLEZ A, T
NTEHLFELILZEUESTLZLEABRVEVIBRELESTZL N ZETHD. TERA T XmLTH
HZENFEH-ZTY LI=DT, Mebarki & O IIAKAIZIF T RN LI Lz WnWs 2 EThoTz.

%@ 3 Hi%, www administrator 725, X VFEELWEBNEWZ. BELAMC S, ARTOEH, PrEOFER
(FLEEF M Harvard 1272 > TW5) B350, FEHFICHOWEDETHRERRNOT, 15O CTE D 1 LA
NMZTHEDZ L ThoTlz. 4RI%YA S 7z Farhi, Vilenkin, Abbott 285D A — /LD a B —H iRz 65T
7. WIFRbLEERITKD X ) 2EFEIZENTWA. X 51T Mebarki 13, FIBEOFRICLIAMZE, LRI 3RO
WDPRDLNT LTV U RERIHL TV LD THhD. o omTE, BifE, KRICb > THXTiEik
INHZ Lotz

12 4 11 Bbhvbiid, H—5Em30 & 2roMEEcEi s e, FEEMENEE LRRNOT,
EEDOHIITTH D World Scientific & —EBAAKE & H4& L 7=,

1.4 FHOZFOEROER

INTEIGHEETHEE LR TS, LATHLRD ST, TO®RLEL ’btof,wéhﬁ:&
MERZDDOTHD. FARREDFEIZXH LT, AxBE I W KISERTH, NG RN ARG
5.

ETI12H 7 BRAZE T2 A—E, Mebarki ERICL 7 AT THED Dou & W95 ANTE-7-. #LIFEIE



AP LIEAEEZESI L, #EE L. RISKEDOE, BEERO TV Ry 7L b9 & A% Lubos Motl®
T, i3 Mebarki IZIEH#Z A =& LT, TO& I RRIEROEZ LS 20 NIEWHEE RN EREF-> T
5. Fm, BEFZLSEE E LTHD Sternheimer X “Well done!” & D& A F LTE 2.

ZIZETIHE, IRTEFRRKGE T2, L2AN12 A 11 BIZZ2-> T, ERAL TWIETOERAN, B
Professor ® N. Mebarki 725, EHEEA—/BNKiz., £7, TAV2 VT THEHA U F—Fy EBR I ELORBH
T, IEBBNZZEEEDY, DVTROLHICENTE

Concerning the papers hep-th/9911045, hep-th/9911046, hep-th/9911048, hep-th/9911049, I think

1) these are pre-preprints (not a published works) which can be criticized commented or discussed.

2) the content of these papers is quantum Non Symmetric gravity and not quantum Einstein’s general
relativity. Of course the first one is the generalized version of the second and most of mathematical relations
can be recovered. The aim of these preliminary preprints is to show that the covariant operator formalism
can be extended to NGT. Sorry for forgetting of references related to your book and the use may be the
same notations and expressions. It is maybe a confusion regarding the form of the obtained expressions and
relations. To avoid this misunderstanding and maybe confrontations of the pre-preprints we have decided
to withdraw them from the hep-archives and have more contact with you concerning the physical content
of the QNGT and if you need the details of our calculations we can send them to you as attached file in
the near future. Dear sir we are very sorry that this problem have taken this dimension for just preliminary
preprints which are by definition (and as far as we know) subject to criticism and discussion. It’s question

of conviction. Please understand our sincere intentions and we are pretty sure for your comprehension.

52, Bl boOimiy, IHT o VIS EHEGRIZNOT A v ad A VEDEITED. b
RIZHFORDBIRAZZNIZOFHR Lz (I 2207 SABHALT IBEhvohd) biFlswnwkia. £
NEVEGRIXOBIHEHEET 520% 1H7Z0 &L b BENRNSTZATEND).  flRFADERERED & DT,
M H D K 572D TEY TiF7z (5 %21 | www administrator |2 X > THIFRE N 72 FID). bbb H
REEHOHEFICHKEZ > TIELWVWE WD KO RTWVWSAFRIBFRA L. bHAHA, DILbIVUTERT
LT &Ll £Lizb, 12 A 16 HE 72 Mebarki 726, RO K 5 2R iL7c A — L3 kiz.

We are very sorry about what was happened concerning the pre-preprints of non symmetric gravitation
theory and the big confusion about them so we have withdrawn all the indicated pre-preprints from the hep
directory. I pay your attention, sir, that they were not (and they will not) be sent for publication. Finish
with them (and forget them).

We have noticed also that you have sent notes (hep-th/9912039) to the hep archives, please withdraw your

article and let us collaborate for more interesting physics problems.

DFEV, BAOELOMIIIRY FF7eolEnrn, ThaftflLizdbe- o b By FIFTELy, L
T, bolboid LEHEE2TEEOICERAELTUILVE WS Z 7. b LbhvbhnZoa Ay b
BY T n, EEF00bNbNORRHIZIRY RN o7 L IR ENETEAS. £ LTI ARTEREID
A VFREREKEWFIER E LD, TR IEDOIOIOIIEIC D7 RN 0 Il 2 EZETEENEL
W72 DA S

12 A 18 H, AL [MMBB] @335 @ 1 A Benslama 7> H#fIRD A — /53872, Mebarki 23 & 7272 77
DORMPBEG L TWEERITERMG 20 o7, BB LIRBRVWEVWINETHD. L LE—AMD www

6% D A —)LDRBITIE, FEFE “Superstring/M-theory is the language in which God wrote the world” 23 =2 T\ 5. $4ER,
HBELIR G A U AV PR L 72K “Not Even Wrong” 3T, FAIXZDOEH Woit O 7 1 7% LIZLIZFIN TV DR, b rol THHBKA
WS T EOTLIERBBERLNDS &, #47 Lubos Mot 1TfEFNUIK A ONTL B L H 72,



administrator {236 C/z A — /LT L=a T UV ARE S TNTC, BoREEFICSN W2 EBRMG 2o
2LV SEIIFE-TND. B if%7v7j/hﬂ%§fét<&é@1 HHOTEDNSL IRV,
M CRF O CoBORERBEFICH 2 HLEFEFIZL TRXEH L TV D DIZE KRRtz d O
X, EHEB X THLARARE.

ST, FNHE-T200041 H 24 H, 54X Mebarki 23FTE T 5 7 /LY = U 7 @ Constantine KF:DO¥)H
FHEFMLEHEREND T 7y 7 AT, 77 AFEOHBILH M.

1 A28 H, 10A¥5D T Mebarki 226200720 BV A — 23Kz, WHEK TRKODS 70D, SIS
TELHEICR-T-. £, QGITHEDORAED A, Maireche (Harvard FiJRZ7EM L7 A®) o722 &
T, BOOEBEARITEREEEDN, E2HLRNoREEFEETSH. SEHIZR S TEARI EBRFIITboo
IEFIERNEAS. ZLT, boAddbRIEFOEFELZGIALT, MXEEIELEZNLORTUILNARLEL
HOWWZ E%2EF 5. 1A 29 H, www administrator 23, 56 DOV 24X L CTE7. 2k b &,
Mebarki IZ58421Z Maireche O EMILITE & S VRS> TV A X 972, Maireche BBETFICHID A =L« T H T

F - CTEGHXEBE LD NS DTHD. LML, EF 11 A 6 BHIZ Mebarki IZFH3C2 FELYD D A —
AT TND i#f,é@é@ofwaﬂ6@ﬂoti%b SVt nol, AV T TIEA v H—F v
NRENES, BRI EWMRVOIE LRSS, www administrator 1%, flio> 3 ADILFEFE Boudine,
Benslama, Haouchine (Z & 1##& % & > T, Mebarki DFFIIZOWTHEIWZEL720, BOTEBICERESZ L
RN THRTE—-SEV DL I THS.

FLIE Maireche D HAILITHA BT 2O EVWFENTHH D Z LIRS\, 2 S OS5 | H STk
721997 - Mebarki & Maireche DILEFR L 3 MDFIETHDH. ENHD X A ML

“Sixteen dimensional GL(4,R)like superalgebra” (UC PUB39),

“Possibility of resolving the divergence problem in quantum nonsymmetric gravity” (UC PUB41)

“Geometric commutation relations in quantum nonsymmetric gravity” (UC PUB42)
TH%. UCPUB &) D, Constantine REFEDFRED Z L7255, H1DHLDLHEIDHLDIL, ThZth
%43 sC [MMH] &5a3C [MM] L REEDO b D7EA S, 20X A MUY, in LFEBRE [NO] D 5.8.2Hid % A
MLERLFUTHSD. Mebarki 51T T T &b SERPLRIEGEMED KL TW e alREER &< ool
H L% 972 51E, Mebarki 28 3 4E[] & Maireche DEIEF A2 KON 72 o727 820 ) SV KIVIIARATRETS. %
I TZOFEIFE% Constantine KFOYFHEIZHMNAEDYE, b LN EETL20201E, a—4%koTN
DR K LTz,

2 H 21 H, Constantine KFWHAE TS0 OFEREN T 7v 7 A TELNTE 2. RV LD 3

WKL TZOORMHEE LY THolm DI Lotz T LTE LICHRRICHE S

”The quantization of Nonsymmetric Gravity”, by Mebarki, Benslama, Boudine and Maireche, Physica
Scripta, Vol. 55, 12-17, 1997)
CHEGRH oM THD. L) ZEiE, 3N D Mebarki DH72 5P 2 A B, b A5 72 01F 72

i 2o TSN TV /MBRIZZ N CRIGFMIT %A LIz L B, RO Z b 5D T, 20
FEINPDLFEBIK OBV ol EIADBRBFEIELELK DL o72. 3 4 10 H, 4 X Slatnia &5
Constantine KZDR|FE THEZBSDORBLELATRLI NG, FAEREDA —ANRELNTE L. FHIC
;5& Mebarki DLENZSWTIFHEZEE T TH LD, ANOFLHEZRAMHIC LIZ@mLEeENETNLHDT,

BRZFEWEWEDZ & T, KAPLDOFEVRDBDIFZ 6TV, I LA, Mebarki 13 13 5106 Z D
j(% WZWBED, TNETRAGEEEZEI L2220 ). Ko TR mWEOKFF BTSN T
LRV, LOLENIZIHELDMA-Z ETiEHAEN. ZHELREGEINT-2 OWEET. LPAZRK-
TRDHIFEIIZ2WEEA D, LI ZHLIEHET A Z LI Lz, iz i, Eit 3RO CITRFIC
FIFEELRN oI D ETh D, EAEVERDNTE b,

ZLT4H10H, FAELZESNFED Slatnia B8 2503 & 7. Mebarki (Zx3 200 B R E -7 Z L&k
_7=DH, Mebarki NWETHLEZZE WML R TUILWVWE WD, KFELELTHZORMBEITEFICEBELTEBY,
Mebarki fH ADKIZE EE BT, KEOLFIZHLDLNDDH I ETHD, Constantine KFEDFEEDLITIHBWT



BMIET B DT, HFRAK hep-th/9912039 ZH Y FIFCTUIEFLWEEF L TE/Z. 2 ANTEEVITHD. Ih
TiX Mebarki DEZIEY T, ZHOLOAEBBREPE LA WRGEICRoTLEY. bHAALZARERITIX
LB DITIERNTHAS.

DA LAEID 4 A 8 H, www administrator 725, 4 & Constantine KFOEH & D A —/L DY &Y ZHx
KL TE . i acknowledgement DA FFX°, FEFOFBDOFEMRDO T XU L TWT, ZHICET L5
DORENRHEVICHEL, REDZLEFS o TWVDHEITELLRVE WS AT\ a. /NMBKIFZ I
X HIRFEZH AT, EELO Slatnia 2> 5D A —LIZOWT ZH SO &2 3B L7-. Slatnia 7> 5 I3EHE www
administrator ~® A —/ L & 37~ L 977, www administrator [Z3F SN A ERGH ST TXTHIR L2, &
IR hep-th/9912039 ZHIBRT 2B 2 1INV L &2 mx T& 7. L7V v b - —n—F, BEOFEELTT
IR L THBIRELDENLTHS.

ZITRo & Mebarki 3K Le. REZICEOBRIZAMIIROBEY THDH.

1. The papers of Mebarki et al. consist of the substantial part “plagiarism from our book” and the nominal
part “quantum nonsymmetric gravity”, between which no logical connection has been established. If the
former is deleted, there remains nothing significant as research.

2. We think that Mebarki is devoid of both minimum conscience as a scientist and minimum research
ability as a scientist. Hence we do not want to spend time to save Mebarki any more. He should recall Lobos
Motl’s advice to him dated 7 December 1999.

1.5 HhHYIC

RBVE->THDE, Mebarki 122 FE0E 9 & L THILTIUITHIEE, HOEREZH > Thozk 21cilb
nn. KEEROE, 71V 7Y Ly hoERRE LTz &) Maireche & W5 O FHEH TH DH. Maireche (11D
% Mebarki DFED L H T 22N TWRNE D, KADLOEKITHRE E THICH L THbaEL ol 1Tl
THITFEELTODDEALI ). A FXRENT L EDOEMHEH D, Mebarki 235#F 2 724222 D N 72 DT
IRV BbiLD. ZOERNOIEFIL, BEERHIIENVEIE L TWD. R BAATIGR TN TV
UL, TN omXEADOERBE LTHHETZE2H 0 Zo7EOIZE N2,

FLEWVD B, AKEBONEEZILLSTEELARANWI LE2EITITOLDE. MADLELZ Lz
THLLINLLBRWEAS LS. ZhE, XaES HHPRFRREREL AR LERET 209 Z &0
5, BOOHNCLZ, THERREOFEICRS>TLESTZHERETHD. TRICLTHRELTHDIE, X
FEENBEIZOWTHERZVWNDL THA D, NEZEML CAHSOEICTNE, FEMICHG L TH RNk
NEND Z LT EBbid. Mebarki OEIEGNIINTZDIE, HEVICHFEHAR 2 EXELoNDLTH
5. bobMTLEES L, WHICHHL LTS, Enhofanrbiienl, i ThE0naknn
TETMbAEIZR .



Ny FVRBEE
Vector Algebra Revisited

LN
Tadashi YAaNO 8

2.1 [FLHIC

ZOx v A% 2007 4 12 A DR REBFHE hiss OWBEEICBliE N2 b D0 TH D [1]. Dk, 2011
FE3AIZ—HEUET L TWEED, ZOUGETREREL TV, AFRITRFFICBEFT LWL O TRV, i
DOBBITRNITEEZ TS,

R N VENT % S DT Levi-Civita DR €5 & 202 TRY MURITOPIEE T D [2) L) ONFE
FOERDEETH 7208, X7 MAREED L~UL Tl Levi-Civita DFLF & H D720 TH 727 b A%k
DRREFIUEEFMENTTITEIT 5 Z 2ol [3]. FHUI~T MAETRINTERY M ZHITH]|D—
LFORYT VTR LUTHRILZI DONT MDA D T —FEETIFN7 MBEOAREFE XX LW, ZoZ iz
DT LR R THIZ.

2.2 220D MILDIE

R ML ERT R EDORITIZ 2 DOBRERESNTNWD., —2IIA LT —H (N THY, b H—iF
7 M GME) THD.
FPFRANDT—FEIZTFDELEDZEL AT =L,

A -B=ABcosf (2.2.1)

TEZESND. ZZTOEFRZ ML A I MU B ERTATHY, A, B IZFNEN_Y FL A B O
E& (K&&) THA.
AH T —REERY PV ERYT MLORIC - 2BVWTET. £H20AN T —HERY THEEIE

A-B= AlBl + AQBQ + AgB3 (222)

ERD. I RTIE1l=22=y,3=2 KL TS, LUFTIIZOEREME.
DENIARY MAFEIIRZ MLERY, ZORE XX

|A x B| = ABsinf (2.2.3)

TSR T
8yanotad@earth.ocn.ne.jp
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TEHIND. T, LFORKRIFIAD T —HOLGEERUTHD. £/oX7 MEOFIERZ L A B
DO BHFEHICEETHY, VERZ "L A BT ML B ~EERUEZRED EEZOR O HEIC
Loinbd. NI MURRIEART PrERT ML EDIZ x ZRBUWTET.

7 MR E RS TREER

AxB= i(AQB3 — Ang) +j(A3B1 — A1Bg) + k(A1B2 — AgBl) (224)

b, ZZT 4Lk IEENTN oy, 2 ST OBANRY MAVTHD.
R MVIZ (FEOETHD) ANDT—5NTHHE (AT —/F) biFFshdD, ZhUI~7 fre~7 |k
JVEDFETITZZW., ZHITHIZHL LRI MVORIEEZDIEZTTHS.

2.3 3D2DORY MILDFE

3OO FL ABCRHHELLEY. ZOLEEIZANT—HERT PO AGEDERNL DH 5 H
BZTHEDY. ETADT—HEERT MABEOFEETHD - & x %& 3507 MLOMIEANITBNT
HED.

(a) A(B-C)

b) A-(BxC)
) Ax(BxC)
d) ABxC)
e) A-(B-C)

(f) Ax(B-C)

IRBD 6505 BT (d),(e),(f) IEEKE RS 220,

INERTHES. £9(d) TA RN FLTHY, £ BXxC b7 M Thd. TNEWHRTENT
LEWAE LRIV, Thbb, 25V HAEITINY MRETIEHERINL TR, D& (e) TIEB-C X
ANT—=THDHN, ZNERT MV A DADT—FHTER SN TORWNE, BERE RS0, KEIZ () b
B-ClZANT—THDN, ZNEXT ML A ORY MABEIER SN T R2WNNE, BRE LRI, L
Mo T, HEADNEKZ oD (a)~(c) D 3 >DLEIZEOLND.

(@) 1FZR7 MV A DAD T —(EDHEETHY, (b) 1IL3 2D MDA AT—3EMEVbIRLS. £72 (c)
L3 OoDR_Y MDY ML EBEWDNLD. 4O EDORY FLDREITTXTINSD 3 SOBRBITIET
SNBIEFTTHD. FELWZ EET M OT 7 A 2R THEL I Z LI L THRIREOZ LT EZZD 3
DSOBPHITHONTIR~R LS.

£9(a) THEB-CHADT—TZDOKRKE &L BCcosh THHME, A(B-C) TESNDHZ MLViT A &
R CHmMONRT MLTREED ABCcos ORI ML THD.

SEIZ(b) TA-(BxC)IZAHTF—T, X7 b A B,C % 3 5DWIC L= FATAE RO R 2 LT
L. ZHEERSERAWCTOED L IR TETZ LN TE S,

(¢]

(
(
(
(

Ay Ay Aj
Ci Cy (s

ZIZT,[ABC]=A-(BxC) %L, 2% Grassmann D7l &V 9.

BHIZ (¢) THHVWE V=AXx(BxC) EB<E, V- A=0BLOV. (BxC)=02KY LoD T, X7
MLV IERTZ MLV A EXT MUVBXCIREETHD., LIEZB->T, X7 MV IIRZ MLV B & C 0oL
LFHENICH D Z ENbDD. Lo T,

V =B +yC (2.3.2)
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ERED. ZoORKERONT,

z=(A-C) (2.3.3)
y=—(A-B) (2.3.4)

L7250 [, [6]. Tabb, DX DAL RAR
Ax(BxC)=B(A-C)-C(A-B) (2.3.5)

BESND. T back-cab /L— L EWVOILDE D, I 72 EIRN R 2 TH 5.

2.4 A4FELUEDRY FILDIE

CTCIMREIORT ZEEZ LN T, ISHOZ WS ED 3 SOBATEITEE 2 L ).

(Y

(AxB)-(CxD)=(A-C)(B-D)-(A-D)B-C) (2.4.1)
(A x B) x (C x D) = C[ABD] — D[ABC] (2.4.2)
[AxB BxC CxA]=[ABC]? (2.4.3)

ZIZT,[ABC|=A-(BxC) &#&7.

TIXZD 3 ODHEEIZONTIHRITH LS.

F9(24.1) OEHEB X THES. ZOHAITIE (2.3.5) OBBREHVS. TRICEET E=AxB tE
FiZ,

—C-[A(D-B) - B(D-A)]
—(A - C)(B-D) - (A-D)(B-C) (2.4.1)

L% 10,
IHT(24.1) AREATE . ZOMHOIYVIT E=AXxB EBWEEZATHD. TIHrTHUE, H &Lk
ICTHAATE D, 20X REHETHZ LIZEBOTIE, (2.4.2),(2.4.3) DHEAOEE HBICEEL < 137220,
OXIC(24.2) DEHEEZ LS. ZOHAL E=AxB LB,

(AxB)x (CxD)=Ex (CxD)
=C(E-D)-D(E-C)
=C[(AxB)-D]-D[(A xB)-C]
= C[ABD] — D[ABC] (2.4.2)

FOXOERERLTHD L ESTSEHLWE Z ATV, Fo, ZOXREFD & (2.3.5) EHEEMERH HDITR
MO LI o 7T, (24.2) OFLEOM S S (2.3.5) LRI TRAIUT R V.

ggp’y DROIFIZONWTIE 2.6 xS RE L.

OE.(CxD) A TELTREMAATHZEHTES. LL, ZOBRAIKITIE I WIBICEET 2 0OEBOXOE R D> T
WARTIE, HEBEOROBICE LD BT LIREBKLERL S 5. ZZOGAE EREOROFITAKICE NS, WEE=AXB®
[EHs L7 2 & T (2.35) &z 5 L HIcLiz.
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FTE=AXxBIZMzZTF=BxC &Bi)

R&IZ (2.4.3) DEHEEZ 5. =
E-[Fx(CxA)]
=E-[C(A-F)—A(F-C)|
=(E-C)(A-F)—(E-A)(F-C)
C-(AxB)A- BxC)—[A-(AxB)[C-(BxC)]

= [
= [ABC)?

[AxB BxC CxA|=

(2.4.3)

Bethh b 2BAORTA- (AxB)=0, C-(BxC)=0ThdI Lz
R PRI T 2ARUITIEN DN DB D2, 1T L A LT RTI 2R LEHECAETE 2133 Th
L. METERNHORH D &TIUE, ZIUIEBNINL B ASTEZDZNERHHTEA 5.

RNy FILRBOARZEDL D

2.5
FHEAR L7227 MAAREOBRIZ 2.3 HiD (2.3.1), (2.3.5) 12 LT, 24 HiTIEZ N Z AW T (2.4.1), (2.4.2)
T, RlREEZ D E (2.3.1), (2.35) BN ONDORT MAREDAXE DL

(243) DAXZFERA L. 22
LILEBRTEXDIENDND. Ziu ’f)b\f%if%not 7.
F9, (23.1) ZEEMICOTDOLIICEEMI THI 9.
E, E, Ej
E-(CxD)=|C, C, C3/=C-(DxE) (2.5.1)
Dy Dy Ds

ZZT,WEE=AXxB LBTIE, THIT 248 T L2 (24.1) LD ENRDNL. RAebITWDobR
> - 6

Ui, 12
HEDNERBAZRFENE XD, RHLEY L2 EThH-oT, AATH IR BiTENE
HLHhAA, ZOARITTTIZMSNTWTH

K72 L DERE L Dk
AT 52 L LAERROS, HATARESL B ENTES
LWARTHAD -
AT LD (2.3.5) #EHAICHOETDL S I EX ML THI 5.
C(E-D)-D(E-C) (2.5.2)

Ex (CxD)=
RERA LT (2.4.2) LD ZENDND. ZORKLTTIC

T, WEE=AXxB :BHIE 2L 24 8T
MOENTWDARXTIEIH LN, =B OEELLWZIE, BB TOL BN TERITTOAXNTH 72,

TP SARBOEERARDP DD E D e MUEITOT F A b LIpARE TR LN,

AUE EHE R AFUIMIT IR,

FWTHIT D & ZoDEEFX

AxBxC)+Bx(CxA)+Cx(AxB)=0 (2.5.3)
(2.5.4)

(AxB)- (CxD)+(BxC)-(AxD)+(CxA)-BxD)=0

<HWTHD. bHAA, T MRHTOR L D HEEZ RSO b H > TV D2, 2 bidd < £ THE
AThoTEOEREMITV 2. 020X (2.3.5),(2.4.1) Z AW CTHEIZGEHATE 5.

(2.3.2) DFEMY 2,y DEH

2.6
AT EHT LT85 T (2.3.2) DARMK 2,y BRDTHL 5.

[4] 1<



13

(2.3.2) 6 V=Ax (B xC) &

V = 2B +yC (2.3.2)
LRED.
WE
A-V=0 (2.6.1)
ThoHMH,
z(A-B)+y(A-C)=0 (2.6.2)
BELND. Zhnb
. (2.6.3)
A-C A-B e
Ll WEZOHOEE k LBV,
toTHE
z=k(A Q) (2.6.4)
y=—k(A-B) (2.6.5)

D kDMEERD D ZENTEE, o,y DIRED.
(2.3.2) IFESEXTH LD, X7 MV A B,C A2 TEXAHLETMHEARGAZRAT, EHE ZRDIVTL .

A=A+ Ajj+ Ak (2.6.6)
B = B,i (2.6.7)
C=0C,j (2.6.8)
Ll
V =A% (BxC)=A,B,Cyi — A, B,C,j (2.6.9)
"ELD. —F

k[(A-C)B — (A -B)C| = k(A,B,C,i — A, B,C,j) (2.6.10)

ThHMD, (2.6.9),(2.6.10) & LU
k=1 (2.6.11)

LRHBND. THT(23.2) O a,y i (2.3.3),(2.34) THDZ LRSI

2.7 V %8¢ E

7 R AAREA Levi-Civita OFEEEEA LW TYH, ZIUT EHEE 2 FMENTTICHETE 0 2 L
WD o=,

.0 .0 0

ZUEEIL2MEELN O0OEE b7 MAREOBEEZ AW CHEICEH T L PHTEX LN, £

SWZEDOWBY THD. ZDOZLIZHOWVWTE MO R4 T, TWElRHLOTEAEZSR L TUZLL.

[TICEBEBLTHHN, Vx (VxA)=(VAV - VA ZRAMITELS L X213 (2.35) &

(2.7.1)

Ax(BxC)=(A-C)B- (A B)C (2.7.2)

LEEMATOHOMEIMLENRD D,

Hzplvkiz AB,CO—2DEVHFTHHM, 5] THHA=1,B=j,C=itoT5%. FkDEERDLZLETRD, b
HANIDEYFTONR, LV HFRHEYRHRTED LMRE E DENRDLNRNZ ERHDLDT (2.6.6)-(2.6.8) DEOIRLVFEL
Ths.
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2.8 BbHYIZ

AR MBI T HRY 2 TRLEZLE IR ODORY MLDORT MFEZ DD L FETEEHZ T
DORY "D LI ZIE, AL EDNY ML OREITNY MDA T — 3 EEERY b3 ERBB LN
I MNVDADT—ETETZIENTES. N T Levi-Civita OFE S & AV D Z L IFSLETITR.

7272, Levi-Civita D525 & ZOMERIAREZR A TEBITIE, ZEAETRERMIZEZ 2D TEORRAEIERFEDL L
RS, ZDTeDITT Y MENT ORISR E FSNEN D D . AR 20 ANTIE D 2 TR E NI IFERESL
DTHAI.

2.9 {18 (2.3.2) DFRHK 2,y DFR--EH

UTEbxo L RZb, (2.3.2) DR o,y DIELWEHO X 5 TH LA, FIEHITR> TRV, AT
BAIZIE LW & ROBEVENW L TWEDT, BORERET Z L2250, BEWREENG Z ZIC
e APNGSEE

EZDERBERICEVONI—HBRRTHA O, HEZLTHELEB-V L C- VO VIR LZWAR
(2.3.5) ZHNTWE EZAR LR, LFTHWZ K. 0. SALZOT7A T 47 Tikb e b & (23.5) Tl
<, (24.0) ZRWTHNEZR, KRBT OFEPNC (2.3.5) Z VUL, A U720 51 5.

[6] 1k = 572 K.O. S ADFEHT L2 - T (2.3.2) OIS o,y 2 ROTH LS.

(2.3.2) 6 V=Ax (B xC) &

V = 2B +yC (2.3.2)
LRED.
OV EB EDAKTFEE LT,
(B-B)z+(B-C)y=B-V (2.9.1)
BPELN, V & C EDOANT—FE%E LT,
(B-C)z+(C-C)y=C-V (2.9.2)

BELND.
BCHEIIRLOT, £$T B-V L& C-V EAFRLTEBI ). (2.3.5) ZH\T
B- V=B [Ax(BxC)]
=B:[B(A:-C)—-C(A-B)]
=(B-B)(A-C)-—(A-B)(B-C) (2.9.3)

C-V=C: [Ax(BxC)]
= C-[B(A-C)-C(A B)]

=(B-C)(A-C)—(A-B)(C-C) (2.9.4)
Ls.
L7=3-7C, (2.9.1),(2.9.3) BX 1 (2.9.2),(2.94) 25
(B-B)z+ (B-C)y=(B-B)(A-C)—(A-B)B-C) (2.9.5)
(B-C)z+(C-C)y=(B-C)(A-C)-(A-B)(C-C) (2.9.6)

23 5 REDAHINAS TN, £ BELAZNTOIIANDAEZ»PPDED TS =2 ¥ M LTz



PRFHND. WE, FERAOHER DN T WE I

a=B-B
b=B-C
c=C-C
d=A-B
e=A-C

LB, (29.5), (2.9.6) 13

ax + by = ae — bd
bx + cy = be — cd

L%,
ZZTC,(29.7) x e BLU(2.9.8) x b BRI TN,

c(az + by) = c(ae — bd)
b(bx + cy) = b(be — cd)

ThoHNb, (2.9.9) 205 (2.9.10) 245X HT 5 L
(ac — b*)x = (ac — b*)e

LMo T ac—b2#A0 DL &
r=e=(A-C)

PO,
[FERIC (2.9.7) x b BL (2.9.8) x a ZEE T,

b(ax + by) = b(ae — bd)
a(bx + cy) = a(be — cd)

THDHND, (2.9.13) 05 (2.9.14) 2L 4B &HT 5 &
(b? — ac)y = —(b* — ac)d

Lizlo>TCac—b2#0 DL

PROND.

15

(2.9.9)
(2.9.10)

(2.9.11)

(2.9.12)

(2.9.13)
(2.9.14)

(2.9.15)

(2.9.16)

(2007. 9. 29)(2011. 3.29 %5T)(2014.3.30 =T)

ZE 3R
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LR DIE TS M B E AT

Analysis of Loading Transverse Impulse
to an Elastic Rod

= Eie P
Kenji SETO 14

3.1 [FL®HIZ

g &R, SRR OMES MIRE) 2 5T AR A iR L C &2 VDS bbb, gtk —
ST, LA PR O R S FIMICHEZE ST & MRS AT Dtk & L ColBi 2 [E Ao ERED
L LTR®D, FE Fourier #h#iZ72 5 DFfn% Lagurre ZHENZ AWTCRD 5 Z LIZkEh Lz,

AEOFRLTIX, — W& [EE S HPER O MG 8B A AT, Z OSEICHMEDO R X J7m & IXTEE 2 I
VIR 2 5 2 12358 OWMEBOMIET 2T+ 5. Z07-0 2 2Tk, WEBRoIFER, SMELEZRY A
AT IRMT 247 5. WPERR O #1F IR+ 233 & LTI, Timoshenko beam A< mHHSA TS Y. =
IS AETEZ B W E T Th 50, AR bEh b0 & LTE, Mindlin X52B@mARL MO T
W50, UL, ZOMXTHRELEZ LS RERERMEICISH L, BERAM:, MRtz +eeiis
ROTFNT NI H B bNS.

3.2 fiTi, Lagrange A AW TS _R& FRERALZEAL, 33 HiCHEAM, BEAREEE WO
fRiEA B L, BERSME, WIS T E AR OEREDE O TRD S, 34 HiTlE, BiEFE
WX DBRERD T T 7 %Ford 5. FHE A Tl (3.2.7) ROBHFEIZONWTIHRRS, (kB TIIEIWEAR 5
FRWHIFOBA %, 72, M8 C TR, FE2EERVMEIEOSAIC OV TR 5.

3.2 AREAXDEA
3.2.1 Lagrange XXICKHABKXDEA

RAR—=VH IR T RIS, —HRRMMEERO TA DAL XD 5EREEE L, RREL 772t 0%
MET 5. ZOMIHMEREOR ST IS LEE T W OMEE Z2 5 2 72 & & OFIEROMIRE) 2 B+ 5. 72
B, I COMTIHBEOMITER L UMEROW T 2 EBT 50, FEEIMERTLENTHONTTEE LR
W2l ETD.

MIDICRRET R E LT, 7, BMBORBHOIORIZMELEDH T L L L, Young R, HIMER, #
BE, WikidE, Wil 2 kE— A2 hE, ENEN, E, G, p, A, I &35 5. SERICERY M 7ZREE LTo

L8 Yoo R e

Mgeto@pony.ocn.ne.jp

BHEPED RN ERI— A TIE G = E/[21+v)] THB. Z I v % Poisson e TH 5. £z, WmEALE r OfO & &,
A=mr? I =7rt/4 TH 5.
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SEOTRE m, EXE le bF5. L, UTFTHIO ¢ HERNEE LTI, £, = OEICHIRE &
LCHEZBHEET vy &7 5.

B Foa A L LT, HIDICEAE LT L X 0BT > T o Bha L 5. o E#asE o, K4t ©
TR O(z,t) &L, £7o, WGSBS ¢(o,t) &5, 2 CENIAREZET 50T, —
BIC, 046 ThY, 0— ¢ NI L BETRATHD. £7o, M a, Bl ¢ CHAR RN LB X 4
Vie,t) &5, ZOBKRERLV L EMOBEMA 0 11X

V(x,t) = /OE sinf(x’, t)dz’ (3.2.1)

DBERTHEITN .

it < XN HFERUL Lagrange O HIEIZES> THATHHD E L, #IHIT
Z @ Lagrangian Z{E->Tk<. £7, REL TV D & & OFMEED HAL
ST RV N VI Sl BN

1 1 z 2 N .
T=-pV,%= fp(/ 8tsin9(;z:/,t)dx') , EE)T RV —
2 2"\,

U :% 2 T k¥ — (3.2.2)
1 - U,
%:ggﬂ y=0-29, YT o L X —

TEzZbND. 222, Vi, ¢ 72 EDRZIFIIZN S OB TOMWS % :
FT. E@Ho L X —L LTI Z oM, SEORT BN X 5 l;;

ngémm2wﬂ (3.2.3)
B 1 o n EEE R

DPAFET 5.
P, T 2T, WIEBOS IEB AT 5 Z N EAROT, B HOMEIEESsE TS, -

R L USEQRIET x VX —, o @GR OEKEIZ L L EE TR LF—IZO0TE, Thba/hEnbos LT
T2 Z 2127 5.
(3.2.2) MUTRTHT RN F—2 T, WL L Z 02 DORERD Lagragian L %,

L= /OZ(T — Uy — Up)Ada + Ty (3.2.4)
LEFETDH O, SIS IERRES T %
I:/Lﬁ (3.2.5)
L, 22T, 0, ¢ ZMNERE LTI OESZ LD, [ZUDITMHHRTD ¢ OE LD L
El¢y, +GAO —¢) =0 (3.2.6)

185, ZhUX, BoREREE)Z B U2 & ZIRNET D de MO FE—2A v b Elg, O LSk ES
T—ALPEDODHFVAEVERTRTHD. DXIC O OENEEZDN, 01XV 2EFRT DY OWFE B
OHFIZNEAE E LTEENTNWDIOTERE DL 5L LT E72 Y, Euler-Lagrange FEEUICHAE L2V, Z0
0 5 DEHFIECHOWTIIMEA THRY Z LIc L, BROAETT L

0
[/;MMAfJMﬂ+4MQMJﬂC%0+GAwf¢):O (3.2.7)

VORI IE - ORI limeyo [ 79 - LEHTRETHHN, WHSBMIEF A S BRO LS RLOEEERNEND THRODL L
DL eEE T 2T 5
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s, ORI x K0 RIZH 2y OB O ERE R K EEN LD FIZH D5 Eicks JFEJ5
Wi & o EVERT.
(3.2.1) & kv,
V, =sinf (3.2.8)

ThH2H, UUTFTIE, TEMOMEH 0 13/hS b0 s LTHIZIEE

sinf =0, cosf=1 (3.2.9)
BT 5. ZomElc, (3.2.7) R
/‘z pAVy (2 t)dx' + mVi (0, t) + GAO — ¢) =0 (3.2.10)
L, 72, (3.2.8) Rk
V=0 (3.2.11)

LhB. BFTH, V(e t), oz, t) 2AMERE LT HEREM 72510, =0 (3.2.11) REANT 0 &1
£EL, FRX (3.2.6) (3.2.10) &
El¢ys + GA(V, — ¢) =0 (3.2.12)
L
/pmwmomwmmw@+amn—@=o (3.2.13)

LEIHZTEL.

3.2.2 ZEHOENRTIE

ESCBEALTIE, BEROES CEBME LT &5, F72, BRI L TIE, BEROBIEENMET
LZHMEIXERINRNOT, I 2 TIHMKITHBROBG AIEET 20, T72b b OERFEHE /E/p THED
& 25T oMM ERESR 7 £ LT

T=L/\/E/p (3.2.14)
CEZBLTEE, 207 ZEBMOBEAME LT &35, BERMICIT e, t, V ORERZHD T

xfl = x, t/T =t VI =V (3.2.15)

LELZLIZT A, &b, DT0ERTE
(& I m

*=T5 5:@’ Mzm (3.2.16)
FEHRTH V. ZoBEE#Hz cHERX (3.2.12) (3.2.13) X
Bézz + (Ve —¢) =0 (3.2.17)
1
/[@@%Mﬂ+u%ﬂjﬂw@@—@:0 (3.2.18)
EEBEND. vk, b 2XoEELED L
1
/ Vie(2!, t)da' + uVi(1,t) — Boge = 0 (3.2.19)
ERDM, TNEIHIZ x TN T D&
Vit + Bpwaa =0 (3.2.20)

EBb. ZORITV & ¢ ORREEXHAEELRRNERD.

T 13 TR L2 L D ICHAED 220 — R A T Poisson b v 2 VT a=1/[2(1+v)] L74d. £EEEAEE r OFO L X3
B=r2/(46%) THD. p IEEOEROFEROZNIIKITHHTHS.
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3.2.3 BEREHELNIAEHE
BERSAEL LT, WIHEOMITAR © = 0 1ZEE SN DA RIZR > TVWEHD T,

V(0,6)=0, ¢(0,t)=0 (3.2.21)
REHESND. £, ZOM =0 ZEESNTVEOTIEE Vi, bERTHEE, (3.2.20) b
$222(0,1) =0 (3.2.22)
Ehb. &bl (3219 XTa=1 B Lk
1Vie(1,t) = Baa(l,t) (3.2.23)

LD, ZIUIEEOEE UM S, OO NI EMAENEIC S 2 DK TH D, T, x =1
DITIE, $EZRT AT 7o OSBRI )IIAAET 528, $EO [RIRES) )Y EHLC & 5 FFH N Tl £ — 2
YhbErIZRDEBERTEL, &M

¢2(1,t) =0 (3.2.24)

T L. LLED, BREHTHD.
ISR LT, t=0 O& ZMIZES L TWT,

V(z,0) =0, ¢(z,0)=0 (3.2.25)

ZEGET 5. WNREEICRE U IR O IS 7285 3 720 28, ERGTLHRE vg 2RO b DL L,

0, r>1—¢
Vi(z,0) = (3.2.26)
0, r<1l—c¢

&35 18

3.3 AREXDHEE
3.3.1 REBAEAXDEA

V & ¢ TP 2R sy R (3.2.17) (3.2.18) iR IZH T > T, FIDIT V, ¢ LALENHDIMSL LTZTE
OFEREZRDTEBL. (3.2.18) X b ¢ 3R (3.2.17) KURAT S &

aﬂ%mr—m@x—a/dWMf—uaWALﬂ:0 (3.3.1)
EWRDN, ZORE x THMETDHE
BViaze + (@ = $0,2)Vir = 0 (3.3.2)
L%, R, (3.2.17) KbV, 3k, o T2 EEMS L (3.2.18) RUTRAT 2 &
Burze + (= B, b1 = 0 (3.3.3)

L, o DFRRTV BN THREFHoLKFELEOLDERD. ZNHOXRBZDOFAEOREENHREA L7 5.

IS OTALHEEE vo &1X, WILE RT3 vo & /E/p TH-ZH 0.
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3.3.2 ERELEHREK
ZIT, V, glTxtL, 2488 v, t ZEEGEEL, HIRE w OWIE
V(z,t) = E(z,w)sin(wt),  ¢(x,t) = &(z,w) sin(wt) (3.3.4)
EHUET D, ZHUTHIMSEMFD (3.2.25) RiTE Ind. Z0OFE (3.2.20) XUEH T2 &
WE(z,w) = BPrre(,w) (3.3.5)

21595, b, d(z,w) OFBRDENNE E(z,w) DHIZZOXNGRO LN Z LITRD.
ks, BERAME (3.2.21) (3.2.22) ORI L - IX

E(O,w)=0, &0,w)=0,  $u00(0,w)=0 (3.3.6)

LD, TNETOEEEZ L2 BT, ¢ BT 25K (3.3.3) 2N THD. ZohRRICER B0
(3.3.4) Z@H+ 5 &

O[ﬁémxwz + ﬁw2¢z$ - OlWQ@ = 0> or [QBD4 + 5w2D2 - OébdQ]@(LL', OJ) =0 (337)
#13%5. ZZIZ, D=d/dx RDWMHEATTH L. ZOHBRAOEE Y%
aBD* + Buw?D? — aw® = af[D? — A 2] [D? + A 2] (3.3.8)

LRESRT . Z2IT, NG &

L —Bw? £ /Bt + 402 Bw?
A=+ 208 (3.3.9)
EERLL w iTKF T D EERTHD.
ZOEFREMNTHEA (3.3.7) OffIE, =AML WMHEHR ORI G TRDOSh,
O -
D(r,w) = [sm()\/\g @) , sin )E/\3(+)x)} + b[ cos(A(—yx) — cosh(A(yz)] (3.3.10)
(=)

(+)
LROOND. TZIT, a,b IMEEER, o, ZOMRINDNE v =0 TOERSEME (3.3.6) &z d &
INNEST2bDTHD. 5D v =1 TOERSEM (3.2.23) (3.2.24) XA E IR TFIUT2 D0, Zib
DA EBSBE LT TEL L

o B(1,w) + f®,.(1,w) = 0 (3.3.11)
BLW

D,(1,w) =0 (3.3.12)

L. SRICREER T O5MRA (3.3.12) 2fE (3.3.10) RUZIRT &,

cos(A(—y)  cosh(Ay)
AT TR

()
LD, TSR a, b DEPREDD, T2 TEHHBIIHETROLZLIZLT, Ff#a, b %

cos(A(_ cosh(\
0= Ay s + Ay sinh(hyy), b= SR coshA) (3.3.14)
A Ad

} — b[)\(,) sin()\(,)) + )\(+) Sinh()\(Jr))] =0 (3.3.13)

Lk TEL. & BROLND L E OHFIE (3.3.5) b

Ba Bb . .
E(z,w) = 2 [ — cos(A(_yz) + cosh(A4yz)] + o2 [)\(?i) sin(Ayx) — )\(i) sinh(A(yz)] (3.3.15)



22

LRDBND.
BRI D BERSAE (3.3.11) U Z ofig (3.3.10) (3.3.15) XA&EwWHT 5 &,
sin()\(,)) blnh(/\(Jr))
a — + pcos(A(—y) — pcosh(A
A=) A+) ) )
+ b[)\(i) cos(A(—)) + /\(i) cosh(A(4)) — M)\(i) sin(A(—)) + /M(i) sinh(A))] =0 (3.3.16)

L7 BH, (3.3.14) KD a, b ZIRALT, T L,

)\2

+
%) cos(A(—y) cosh(A(y))
(=)

2
A5

Ao Ao .
2+ (g - (—)> sin(A(—y) sinh(Ay)) + (/\T +
(+)

A A

A8 P
(/\(3_) + A )) sin(A(_y) cosh(Ay)) + /J(/\E%_; + /\(+)> cos(A(—y)sinh(A(4)) =0 (3.3.17)
ERERCRUZR S, ZORITL->T Ay OFICEENDREL w OENREL. Thbb, ZoOXDE
HEFRRE 2D, LIEE-TH w 2R ET 5 Z0RE0 72 ) M BEGRATH 0 ITIciE< 2
EIXHLHAARAETH S, 20O w OEITHFHANRD 55T T, ED w OO/ H 5 E A E
wi, (1=1,2,3,---) EMSET LT 5. £, TNUHEAEE (3.3.10) (3.3.15) UAUA LT O(z,w;), E(z,w;)
DEARE 0D, 72720, ZhBITELEHIE LINTZ b O TIER.

3.3.3 EREEHBOERMLERIKE

A& TR 2V 2 HOIRE w, W 25X, TNLITHIST 2L O(z,w), P(z,w') ETDH. 7272
L, LT TR D -0
b =d(r,w), P = P(x,w') (3.3.18)

YWY S 2 LICT B, & AT R (3.3.7) A0 L E%R

/
45 _ lQ@zzxdsl _ 2 ¢mzz@1 (OJUJ )
d[E ( w zz) (w w ) TTT ﬁ

DEGIGGEHEND. ZORZ 2 1220 T 0226 1 ETHST L L

2@/

rrx

d
(o0 — 00 (3.3.19)

1 1 (ww) 1
(w? —w'?) / BgePlyppdr = (WP Doy — WPy @) 0T 3 (0,9 — 9.,) . (3.3.20)
0
L%, ZIZT, @, P8 (3.3.6) (3.3.12) DEREKMEwWI-TEDOLTHE, TORLLO2HAITIHES
, ¥72, 1HAO 2 =0 TOEbLERrLRL5DT, ZoOXiE
! 1 2 2
Dy ® = P Dy — WDy d 3.21
/O T a:wwdx wsz ( TTT w TTrTr xa:) _ (33 )
LB, 22T, (3.35) REMWT, @upy, O, & E, B ICEHBT DL
! s
/ / /
/0 EFEdx = Tz (E'®yy — ED,,) . (3.3.22)

L%, EABEOEALMEAZEHT 5121, HEOBEREME (3.3.11) Kz@HT2LENH LD, ZOFET

ERREES Z T TERY. ZOHHBIE, T2 THEAATWARDHEREEGEE Nk L Ro2 b D7D T,
ZOXROWC pE(1,w)E(1,u') 2 MZ2BERHD. bHE, FLIETHLR, HEDOELMK
Olx —1+¢€)

pe(x)=14pu (3.3.23)
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FEAL, TOBOEBELMIXICETETS. 2202, 0 ITHEMNEERERTHDL Y. CoBRERLBEKEANS &
(3.3.22) ROFEHIL
1

lim [ pe(z)EE'dz =

e—0 0

(B (1 + 302) — E(uu ' +3q5gm)]‘ (3.3.24)

w2 — w'?

LD, THWCERSME (3.3.11) XEEHAL, w, o FEAME Lz & 30 2 HO/NEFRER &7
HDT, ZIONERRAEHFMO & XIAANEr L0, EHABEZOBERZMEN TS, FUEAHEOEEIX
GELEeLRoTLEIDOT, DI W ZEHAM w;, LEEX, OB, w—w, EWVWIBERELZ LS. EE

LT,
1

lim [ pe(z)E(x,w;)E(z,w;)dr = N,?5; ; (3.3.25)

e—0 0

72 5 EABOBRENERSNS. 2i0, BHILER N,2 1%

N2 = LE(LM)[@, (n*B(1,w) + Bqﬁm(l,w))]‘ (3.3.26)

2w; w=w;
LESR LT COMEND, B(r,w)/N: SERES AR 725, 7o, T ORARNOIEICE (3.3.14)
KD a, b AL (3.3.10) (3.3.15) ko> &, E 2D Z L0 5H, EEC M%mmm**f E5
&I D ERLMEERZ LT %, RETTIE, BRI LI fl 274

3.3.4 XERHNLGEOER

FARI) R IR AT B IS 2=+ L D IS LA uEa b e, 22T, MO RN V(z,t)
% [E A B CIEBA L,
V(z,t) =Y KiE(x,w;)sin(wt) (3.3.27)
i=1
B K TEBRECTHD. TN THHMED (3.2.25) R+ TIZHZLTWbHDT, & EITWEED
(3.2.26) K& T Lo T HEL . ZOREZHETHMIL t=0 L T5L,

Vi(z,0) = ZwiKiE(x,wi) (3.3.28)
i=1

LIRDN, ZOMILIT p(x)E(z,w;) ZHENT T 2 ITOWT 006 1 £THEDT . LIV T (3.2.26)
X, HIBIZOWTREABEBOE M (3.3.25) XEH WL LAEGITHS TE, R K, 28,

E(Lwi)

Ki = Vol wiNi2 (3329)
ERESND. ZHEITLD (3.3.27) RIZELTRD L
E(1 Wz .
V(z,t) =v '“Z E(z,w;) sin(w;t) (3.3.30)
EREF BN V(z,t) BROHND. HDHWE, N2 OEFE (3.3.26) XKAMRALT,
;) sin(w;t
Viz,t) = 21}0,uz (z,wi) sin(wit) (3.3.31)
uw2E(1 w) + BB (1, w))]‘ N
ERLTLELTES.
Wz ZThp, 61F (3.2.2) RUTHITL DHIEBOBBE p, FHHOMEH 0 LR EHICEBELTCVDEA, Zoficionbisixd T

ﬁ:b:h'cu\f;b\@T“iﬁ'élﬁl@%mifxb\Yb0> e R
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Viz,t) BROENTZOT, (3.2.18) Xinb ¢(z,t) RKDH LB TES. ZOXND

1 1
a%@:w@@+a/ m@nmﬁ+§wa@ (3.3.32)

LB, TR L (3.3.31) KD V(x,t), EHIZ (3.3.15) KD E(z,w;) #WAT D, 2 ITEKF LR
VI TS, ZHUE (3.3.16) ATHIRS WS, &Y OB, (3.3.9) ATERSNL NG, 2Nl 9L

afAly £ BwAd) —aw® =0 (3.3.33)

ZRATDE D EL (3.3.10) KD &(2,w;) ICEEHDZ ENTE, FERIX

d(x,t) = 2vpp i 7 Pz, wi) sinwit) (3.3.34)

W (uw2E(1, w) + ngmw(lv w))} ’

w=w;

L%, EELIOMRERD Y, ThidbSbSHETHICIRIER. 28R, (3.2.18) RV, ¢ IC
SWTHBORARD TENENOEARK B, & \ZF URME BT RIZ L5 2L TR0 V, ¢ MELNS LT
EnsThs.

3.4 HEHEIZLBTSIERTF

ZIZTE, INECTOMITICESE BRGIC - T EMER A 2R A D, LU, X ComidExeb L-%
DOLOETH., WMUEROESE (=1 L L, Wil r=0.08 ®M, Poisson tbiZ v =02 &L, EOHE
=02, FIHE v =011t75. ZOFRET

a=0.41667, B =0.0016 (3.4.1)
LD IhEBEAMGEL (3.3.17) ICRA LEAEERD S L 1D 0 10 f#iX

wi = 0.1037, ws =0.6914, w3 =1.8979,  ws=3.5146, ws=5.3935

(3.4.2)
we = TA4244, wr = 9.5372, ws = 11.6895, wo = 13.8568, wyo = 16.0255

Lk b, (3.3.14) (3.3.15) (3.3.26) Az W THMAL SN EA R E(x,w;)/N; ZEMEANIHES LLUT
DOE2DE D, EHOTFTOKFIXE— FESTHLN, EOEGEKLE— RES LR UEKOE R
ZFEO.

C >
>
<E>

6 s

2 H eI -BEEREE E(z,w;)/N;
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BAMW, EABEIITEXAETLRDIRETHD. 22T, MrEAREEoERELEL L TRD S
BT, EAME, BEAREKINOO I0METE LD &L, =770, #EBICE, EAEZ 4HE TR
X, BITENL LWL HER S THEMERNTIRIZ & A EZE 2.

EEIC Z OBPEEN E D X D IRE T 50 F R D 7201, (3.3.31) K> V(a,t) & o THO L, FhoOMEE
A 0(x,t) KD, Fivd (3.3.34) XN TRDIZWH DM E A ¢(z,t) b &I, HHEEROR S HFm%E 100 %55 L
72K ST 0, ¢ DIEEROBEFOFZ2HRT 2008 AZ/ER L2, 72720, ZORETIEZZFDT T
ERAEDZLIITERVOT, ERITHR ¢ = 10, 20, 30, 40, 50, 60 @ 6 KIZR>TLLF DX 3-1 75X 3-6
R, ZRSDOKOTT, EEIT A EMEROA R L OSSN TR E, FRaohiix, FhEh, FAT
OHIFES, BLOBIMERL ) - ¢ ORKEXZZTTHOTHD. MITEADOTERICEL IV LEERD D.
ThRbbI T, MITFEREVIBEELE S22, Tk, BMEBROKGFMEARCITWELH DI N EL - & —
WM EHLT I N EITE B0 THS. WHOEEXMA ¢ 2 o THY LI OIE—RITITE S 0wtk
DRITLEFONLTH D, Z I T, MIFICk>TELT W0 —FIMINIBIT DHESBER rd, & mHITER
DEFE V) Z iz LTRL.

0. 95

P i 26 0,25 0. 25 0.25 b, 25 . 25 0.25 ), 25
shear bending shear bending shear bending

B 3-1 REOHET ¢ = 10 B 3-2 REOKET ¢ = 20 ® 3-3 EEOFET t = 30

o bending e ".slwnr- N i bending = . ._.I-“ht‘é'f' - e bending L
3-4 REYOBT t =40 3-5 IRENOHA t =50 3-6 RENOHET t =60

S DI BB SRR TR Th L £ 60 T—JAMOERZ L TW\WoH Z Libnd. ZiUTH 1 E—
RO wy MHROTZJAH = 27 /w; = 60.5899 LIFIF—HT 2.

ARSI 4 2614 8 1%, BUGIAICHER] ¢ i, B LI o fih, EHRICSRENZ & ZRITHIITHE
W27 77 ThD. MITRTHEOA 7 — /I T X TERGUE SN b DO TH 5. K4 3G MZEL V, K5
TEBOME A 0, [ 6 1TWrHH O E /A ¢, K 7TIXTWELR 0 — ¢, M8 ITHITES ré, ZHNTZHDTHS.
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0 50 100

B4 = MOTRZER V

0 5 10 0 5 10

B7 =RouFER WEES 0 - ¢ B8 =wkiiFEr MiTEZL ro,

ZIZT, M4CEALTE, Wo< W LEIREIZ RS 7 OICHMO R 77—/ 0 235 100 £ TICRL, £h
UTOMTIZRWEEZ2 B 570D R 7 —L2 0 05 10 £ TICR>TWAZ LICHEETS.

R, 7 DI DS, AR C TRT R D ITHEE Ja =0.6455 TIRIEL T HORREATEND.
PERE D SEHHIC IR Y 1T BT8R R N 5 2 5D 2 & CREICEIRIEANREEL, ZOELDEVEET
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THIZEBHE L TCWERFNLTRESTL DI EE2HDIKL TV, SITRT LI, Z sl @& L7z &
AT RSN L, FRICEEEDO T CTHITERMIEEL TVWE, 2ok ihif2REsE5.
DX OEENT, B5 U FIORTIEWEIZE T, 4177w o-< ) LEBEWEENESNLTWD
LEZLND.

T8k A (3.2.7) XDEH
(3.2.5) ROIEAMES T % 0 TENE LD LT, (3.2.2) X Uy 1IZBEELARVWOT, Z0LED T
I= / [/e (1 V, 2(2, 1) — ~G(0 — ¢)2)Adx + Ly t)]dt (3.A.1)
, Pt Ty g 15 o
Een. ZOXTODOENELED L
4
0T = / [ / (th(:E, 1)0Vi(x,t) — G(O — (;5)50) Adz +mVi(£,£)5Vi (¢, t)} dt (3.A.2)
0
LY, ZRERBIZOW TR T 5 &
14
0T = — / [ / (tht(% )0V (x,t) + G(0 — ¢)59) Adz +mVi (0, £)8V (¢, t)] dt (3.A.3)
0
s, (321) &Y, §V % 69 TROTL
SV (w,t) = / cos B, £)00(, t)da’ (3.A.4)
0

LR BDT, ZNENRATS L,

0L = —/ [/OZ (pAVtt(x,t) /01’ cosO(z',t)66(z’, t)dx’)dx +GA /02(9 — $)60(z, t)dx
+mVi (£, 1) /e cos O(z,t)00(x, t)dx|dt (3.A.5)

kb, ZIZT, e BER Y O2ERHOE AL, BEOEFEANEZT,

5T = —/ [/01Z (/: pAViy(z, t)d:c) cosO(z’,1)00(z, t)da’ + GA /02(9 — $)80(x,t)dx
+mVi(4,1) /O Z cose(z,t)ae(z,t)dz} At (3.A.6)
LD, ZIZT, OB o BHBL, FEHETLE,
5T = — / /0 Z [( /I Z pAVi (', t)daz’) cos 0(z, ) + GA(0 — ¢) + mViu(€, t) cos (x, t)} 80(x,t)dzdt  (3.A.7)
L%, ZoEsetniE L,

4
{/ pAVy (2!, t)dx’' + mVy (¢, t)} cosf+ GA(O — ¢) =0 (3.A.8)

L (3.2.7) RBEHND.
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18 B BIMIEADQGEEIT OGS

BVEENIER ICHIR WA, T7hbb, TORIDKIICHEARFFICREWVGE, SEERTHTERCIL
NEHTEDLEEZOND. ZOLX D il F ORIED L XX E TOMNTE e Y OREfFT S L
MTED. ZOLHRIRETIT (3.2.16) KIZH T D 8 OEN o IZH_H3IT/hEL, Thbb, f<a b
RoTND. LMALIZT, f=0LBENTLEY LEHFBRXEOLDONHRILL R RLHDT, ZZTiH a
DIERRIZKE LD E VIR TEZTHD. ZHUTHERORIMESRE G ZERBIIRKEXL<THEEXTH LKL,
ZORER, BIMELNEZ SR 2o RIETH D,

F9, 3.217) XTa—o00 ELTYH ¢p DARMEZ & DT,

6 =Vo(=0) (3.B.1)
ThiFuFebiown. Fe, ZoMmBR B GREA (3.3.2) (3.3.3) 1%

Vit = —BVizaz, bt = —BPrsaa (3.B.2)
L7, OFIC, AR O (339) XTa oo £TDHE

lim A% = =k? (3.B.3)

el

a— 00 \/B

L0, ZOfEE k2 LEFKTD. LI, w ORDVICZOE EHAVWDZ EICT S, KT, + OFBITIKFELR

KRDHZENEETHD. ZOMREE LTO k&2 HWT (3.3.14) (3.3.10) (3.3.15) @ a, b, ®(x, k), E(x,k)
AEIETL

a = k[sin(k) + sinh(k)], b= % [ cos(k) + cosh(k)] (3.B.4)
@@Jﬁ:ﬁﬂgmmo+mmw@}+qmamg—mmwm] 555,
E(x,k) = % [ — cos(kxz) + cosh(kz)] + %[sin(kx) — sinh(kx)] o
Elen. EF-, BEAMGENX (3.3.17) 1%
1+ cos(k) cosh(k) — pk sin(k) cosh(k) + pk cos(k) sinh(k) =0 (3.B.6)
LD DI L) OREMFELIND. ZOXPOEAME ki, (1=1,2,---) DIRED.
WA AT D IR 72 iR V(x,t), ¢(x,t) 1F, (3.3.31) (3.3.34) 7D
o . ) qf 2
Vi t) = dvop kiE(z, k;) sin(y/Bk;%t) (3B.7)
VB S ek BQLR) + 2o (LR)] |
o0 . . . 2
blat) = dvgp k;®@(x, k;) sin(v/Bk;*t) (3B.8)

\/B i—1 [ak('uk4E(1,]€)+¢xm(17k))]’k:k

LRDHNG. TIT, 9, & 1/(2VBk)0, TEEMZIZ. (3.B.5) Xinb Ey(z, k) = B(a, k) ROT, Ok
En5 (3.B.1) T A BT Sh TN,

18 C HITEANGVMEIROEGS

BEVERR N2 DK ST~V ATE, BT LD bHEIEADOHFRRE BT B LEZLNS. hifE—
AU b Elp, 2P0 b5y, WEOMBEEMA ¢ 13— EHERD0, ¢(0)=0720T, ¢ OIFESEMICY D L
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72%. ZOL XL, Lagrangian (3.2.4) IZBWT Uy 1IAREL 2D, T L ¢=0 & L7z Uy 58D, Lo
T, TEM#ES (3.25) AT ¢ O & & HMET R IL>TLEIDT, K (3.2.6) BLO (3.2.12) (3.2.17)
DOHERIIHFE L 2D, (3.2.18) RFZDEFEY ¢ =0 T2 &

1
/ V(2 t)da' + pVi(1,8) + aV, =0 (3.C.1)
LB, vk o TSI D L,

285, CAUTEBINGEE Ja CEET 2EEOWBH R ThH 5 2.
(BCl)KTr=1LE L,
1WVie(1,t) = —aV,(1,1) (3.C.3)

L x=1TOERFENELND. bHBAA, =0 Tk
V(0,t) =0 (3.C.4)

Thd. T7bb, ZORTEEBEORIEEICK T 2HEREEEAREWICH CHEICRD. ZoEoMEIXT
TICHELTCEZLEBY T, ZZ2TIEIRUE, #ibnwz Lot 5.
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B oM EIIHIY, FHRPLEEROPEEIAEIC TERWZIEE, E<SADa Ay b an
TerEEE L. 2208, #ATE# W LET.

0MERITTHEIED o £V DIL, RITEFSTRETE D & (3.2.16) Kb ay/E/p=+/G/p £725.
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SR 1R &C

SEOEDRRITRE LWV IIENRWV. ZLT, SRLOLI BB TEREEZT L OEENMNIT D LT
HEL BB XD KIS TITHRNRN, FIXREODROIHIEF IEE I3EG0 X5 hFrt ey, fh
FRETHZDHTIT L HWVERE L LR ER LS TWD. FIIUE 2 mRHDH. KEOKL
X, HFE VS RWHITF I A@ENITERIT L V.

FEIZE DY ARIOE TR L EFIATHD E, TNENDOZE ORI 2R OB M 2 EN TR Y BLRZE.
Wb BISTES S (Z OFPHZAREICIRET 5 Z LIZTERWD) X EEHROLEMITH 200 L bh
X, ZEAEDANTRWEEZZDZTLEY. LML, ao—AN Gl IHd %15, BHIE, BFH
BEEZTSEAIIEEMRORMITIH S, T7hbb, dkA4 R ERLCARLEDIEHIED BRI SRR 5
REAOFIRMER G OIS, 2 b, fRRBRITERFHBICE o TREEETHD.
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