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The theory which is presented in the following
pages conceivably constitutes the farthest-reaching
generalization of a theory which, today, is generally called
the “theory of relativity” ; I will call the latter one — in
order to distinguish it from the first named — the “special
theory of relativity,” which I assume to be known.
The generalization of the theory of relativity has been
facilitated considerably by Minkowski, a mathematician
who was the first one to recognize the formal equivalence
of space coordinates and the time coordinate, and utilized
this in the construction of the theory. The mathematical
tools that are necessary for general relativity were readily
available in the “absolute differential calculus,” which
is based upon the research on non-Euclidean manifolds
by Gauss, Riemann, and Christoffel, and which has been
systematized by Ricci and Levi-Civita and has already
been applied to problems of theoretical physics. In section
B of the present paper I developed all the necessary
mathematical tools — which cannot be assumed to be
known to every physicist — and I tried to do it in as
simple and transparent a manner as possible, so that a
special study of the mathematical literature is not required
for the understanding of the present paper. Finally, I want
to acknowledge gratefully my friend, the mathematician
Grossmann, whose help not only saved me the effort of
studying the pertinent mathematical literature, but who
also helped me in my search for the field equations of

gravitation.
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Rebl “ W EEE R TAPS T A1) RAR R ?
W7 #% /& £ 17 (Thomas Stieltjes, 1856-1894), # 244 %R JEKERSEE A ORI IR B T —47, it
BRERJC el (R W0 B 2 AT A8 K35 070 KA DA R 0 2K
AR RS HMILITER A GEASRIE AR, W FWCEA LRI M s BRI, X2 78
BT G A RIEA R, HHNEHTRE BT ET A S RS IEE P EE R T “R
AR — AN AR NI B AMAY, TEHT BN, FREVERE” XA R fEIX R AT
REREMMETIE T RE0eH, MEHFARIEAN  FEMS U LBeE A BN ILFZ W, KRR
R DSRITEBHER N Qi — M2 A, MR W R e T2 205 AL 75 W VR (5 AN Gt o
1FENER . 78 AR B R R WL T- [, TR TG JE R AT 2, K Wi da 0%
TR 45 2 I v T 02 B — A G N JE K
(Charles Hermite, 1822-1901) K% T —#H5, EH T
X ABTCIRAE TR OE A 2R A5 1 Hp 5 2R o il
WES I, il 5 O MIERE 4%, TR,
HAE AR, —PEH R F IR — k7
SLICEE, JRARME S B AT R, R
LS AN, A 2 N 2R 5 R Al
WA A (R A AR 1,
R HGRMIE R N . PSR & W FE AR A
TR T 2B AEA, ARG L RARUE, A8 M AN
BAT . EART RN Z DA TG IAIEBE T AT G
SR RN, IR H AH S IR 35 2 i ) T AH A
W RRT
HRARE FARME, B MR R AT .
R G AR 8 R o R R HAR IR B, JEr
51 o 0 SR IR 1 Je B 0T A R o R AE e K
o JEOKHEA 1882 Mm% R 5 W R FR A A5
KER, HE T RS B LRk, X
IR P NSEAT Y T 432 SHEF. UK U AR R
BRI KT L —, A5 378 K5 01 10 06 2R B AR B 2 J& K 4% (Charles Hermite, 1822-1901), *E &% R
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AT SEHAE R . — IR AT LT, JERR T
7 R W AR IO AN, AR m) T ¢ P52 BA
A7 TR, REERE B 1890 4% K
B E B “HE D T8 e AN Z A e
KFFB R, XN KR 22 T B8 3% B Atk (¥ A M
IR WA ML B, BRI DR T RS 5 L gt A2 ik )
FHEH, XWRSFHHFEHRL. T EHE LI
FIRZE T, Kol ik SR = 03

R JE KRt A e R, R Al 22 A e ik
T (Jacques Hadamard, 1865-1963) #2357 —hii 3L,
GUE T RE—— KRB AT RSN . WA 18
SO BN A E R A E BT T R B B s S0
AR AN o 1X—i8 30 HRAR B 2 508 B HIE Y
WH B, MOenRERE., JLEZ)E, Bk
TR, AT T 2E0E . JEKRERUH
FE IR X AR A 2 BV Al R BT A R O M e B 2 8
M, BT IR KR BUE R, BRI R T
JE CHREE B E A 2 I S HU R A R AR R UE W B
LHE AR .

2735 /K Wi We 2 T g ax A 4 i )
fes A — MES LA MR, FEHAR, I
ORI AT B EOR W 2 U7 A IS ) B
ko A AETE 23 B0y T AR 08 A3 T 2 o o A
A7 MRS, LM AL i 44 I R TR B R
PR . AR O3 i AR AR A OB 2 A AR
AN £8 5T B e A AR A K AR

AL B R A R E R T
MN)=O(N") [FAIFE B 2 4R 1), Ak, 2%
B M(NY=O(N'?) A2 5 45 AT AR L4 32 31 T ok i 2
I PRBE. XA 0 e M(N)=O(N"?) R 5t BB 4 M
Ji& 0 (Mertens) 78 A2 i iy il « M(N)<N'2 2T 1985 F
#% Andrew Odlyzko 55 Herman te Riele I Fif. 2 1ti%
Wi, HTECE A T A M(V)=O(N'"?) . IFAN B
3L, AN B TR I B N BEEAE ] (AR ) 3X N

NE S D HE ZHEE

FAOE M A S ks L5 A SN TR R
CPEILSE =1) DK, ¥ 2 B SO0 O ik g, 36
Hh A T S (1) 4 SR M B X DT B % (Pafnuty

Chebyshev, 1821-1894) i), 75 1850 4, DItk
TRBAE T X KT x, FH 0 n(x) 5 3E 4L
SE FREE H IR 43 A Lix) 22 18] IR AR 88 22 A I 11%.
LLIX B — 2, YL JEIBUE I T : WIER limyee {m(x)/
[/In()]} f74E, EUEET 1. UILE KK T
BG TAE 5 R NATIRT 22 250 PR VLR AR AT 510 o

{HFEZR 2 1859 W T AELAHT, £os F AN 24
SE PR WA T 3 22 )R BRAE S it b o XA L R,
RO R &5 AR, B8t 37 7E 52 A8 eR B A
TGRS, R BT R — AN E
KM o X5 E G S 28 450 B e 25 IE B
T E M

TEER IR R IRAT Y 2483, BB HH M
PRI 2 i AV fie L R e BIRIE B, 2 DR A
NI EE S SRR LF S 2 AT IR A A5 K b
M2k THF #EHoe 3, AR ME 2 >
TLE S A E EE? X — BT 1895 4Epl A 2
X./K4F (Hans Carl Friedrich von Mangoldt, 1854-1925)
W20 SCIIRABT U ASAS I B K . 2 R
TAERMTER AT DR B, ERMmEAIEH T
BERT Jo) e (AR S SIRE TAERANE AR
IE W 82 6T Jo) A XN TEFREAF 2. FEAl 1o
ST T — AN LR ZL = 1 J(x) B T8 S A 2850 ) 3l B B 4L
Y(x), EMEA :

¥(3)=EA ()

FEr A(n) BeRR R 2 RRRE R AL, EX T n=pt (p WFER
B, kN ERE) BUEN In(p) ; X T HE n BUE N 0.
BHYE), 2RRFFIEHT DA ESRZXT
Jox) A XEM A -

q«@:x-ziﬂj-%m@-fq-m@ﬁ)

P

Ho AT % p (SRR S J0o) SRR R, L
St p 5 1p BLRE, PR Tm(p) AR (RIEIEAT

X FF— ) Wb E RFIERA T 4o Rlim,,, {m(x)/
n()]} Ak, BLiFFl. mhE XA T2
B0 TAE B sk AN F AR A IERERA B ko

HOESCA/ AN 51
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IREIE, 2 RURRFI P(x) RIAF AL 211 J(x) A
BT NEAT, Y EMTERMTITH ER 2
DA T2 Jx). 513 Yx) WH—4NEK
BFAb R RAEJUAETT,  ESCER BRI D) S Rk 2 &R
T FHCEH 2(0)~Likx) M T P~ Ch T4 &)
EES R ok, 2 SR R B RR A 2 DI
RO

BX— 5 2 RURFFH () RILABRAE L,
AN B FHOT BT ) A E 2 limssZ, (1 /p)=0,
{HRETLL VAT E, Re(p) UAUVNT 1. #Hh)ifiize
2 CRBE B L Re(s)=1 LMK EIEFILES. X
SR FRATT ORI B 2R s H T 0N A OGBS (IR
AP AR A MG CORd BT BT AL B m) 2 T 55
E, TR IUE B IR I B ATIRGR IR D . T
B8 CREM AT NE R p 5 1-p Bt 77 U
I, P —{F BB AN T 0<Re(p)<l.

BEF AT AT, 705 701 Th 3R AT ZAF W
B2 R ITA BT L SR T 0<Re(s)<1 X
WA KICh TIEH #EEoe 8, AT FAENA
KA NFE i/ A AR B ZE L IRATC A0 0 (2 2 i
BERATTAN ) i 2 —L (B> TR 2554
PRI . XK, LI TUIE R, S, Bk
L2 RURFF NN LS 2 5, BATE FHE
FRIE 2T HE S T i fa—/ P g amm %
RO AT R IRAS NN S S B, X IE 2 TRAT
AT RBINR S H Jo) Wbt 5%
FUA R I B BCHAT BTN 23 BRI 45 A 3K — /)
B AR S A, HIOEAMEER 20 35
TZTIUAESL, 250w B 50 B0E B 1) B R 55 45
T— MM B KA.

2 IR I S5 RO AR AR A (1896 ), 1
LB G Ik I 5 LG 2% 5K Charles de la Vallée-
Poussin #t JL°F [A] B B2 2y i THE B, AT SE A T
B DAk s S — AN E RO . B R 7
O T . BIEQIL, wIk e R R AR 45 R
ISR TR ML 538, 2 BT LR R A B2 C e
Re(s)=1 F¥A % SBHER, 2R Rl g e
S Re(s)>1/2 ERAE AMUEH MA KRR, I HIF—
EW AT e N AR 2

23 FECE PR, AN T2 2 SRR
NE RSN T W XHEDET 28, WL B2 Jw

B AT P FL R SR TSI B 0<Re(p)<1 IX
BN RS P8 A R IEA SRR A
critical strip.

FEGEHMIEW—CH R U - Fh 52118
DB VAR 5 1 J7 T S B UE ] —— 1R He S
ZWHERE R TR ESHE Lok, WHERF (1900 42
P—AEH, WEZM AN RAHERRFR SR T
EA, 38 UEEECAZOE LT e, BT —
YRR H 2 S A I o U i 3
W) {87, S UEE K44 AR R A RF (David Hilbert,
1862-1943), fbiahfk Amii SR BN ARK S —
FEAAHEN EFEM (Gottingen) K27, e RFEMR 2
AR KAk AR, S S RREFANEFE
T o A RAARF AU R AU T = = AR et 2R
IR 5 W TR R ), R 2 AR 51 b 5 )\ AN )
FRE) 853, I RCR A He S H s —

TR BOE RS R AN R R R A AR AR
PrIF, BGREARINR T — BORTI H AR

fj 2 SR

Bl 25 B 210 SO I A1 B iy R —— IR L4 B 2 Bl T
NIRRT LAEH NG E—Z 1331, BE
FHOE IO, MBS A KR E VR R E T )
B, BUERE TR BN TR ALY,
1) TS e AR ) - 0

AHEANGEGEFERD, BATRTX2AMER
2 CREL T IBAAN CRBAE LR L, Hin
LB RIOGIATAT— A HAR AR LT . KRR
BIRSIARG—4 NIEH MR BB TRE A
W VR 2 i R A1, AR BEAT 45 T K AR
PROEE VT SR, BRERRTHEZH R R
BB FLE R (L 88 B R B A = Ky
B, HIEA S HATAT— N R L RS !

M WP TR ER ST EN, fRT,
AL SRR B A AR ) S L Ay AR A N\ Sk —
FE, BE CREUH AR L AN 2 A
AT

EATS TR IR ?

H 2 1903 4F (RIE 2 90 SCR R G 12 44 A

Herscfe/ R 52
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3D, PHEHCE FE A B (Jorgen Gram, 1850-
1916) A H RAT T W E S CRBaT 15 M SR
gi, MTRE ¢ REAE LRSS TR
FYFESF NLZ t—— X N G s A SIERD, W
WAEH I B R R TR F . TR x
MDA RN R HES, BT R 1S AN F AT IRM
SRR EL /N 15 ANE AT

FEIX 5 ANE G, MEFURTRT 10 A2 A 2
TGS RSANAL, TR SAES—HRTHHHESE
FREE M n—— U B8 TN RS —fr . A Tk
BHEN G CRBINAETE LR SG AR E S,
TAAHEIX 15 ANF QFITET . St e, FATHE
H T3 15 ANF ST B (LR BN BT G 5
G5, LMERFK T A& Rl ok SRR B

FREFS | SHBNTERMIE IREIE
1 1/2 +14.134725 i 1/2+14.1347251 i
2 1/2 +21.022040 i 1/2 +21.0220396 1
3 1/2 +25.010856 i 1/2+25.0108575 i
4 1/2 +30.424878 1 1/2 +30.4248761 1
5 1/2 +32.935057 i 1/2 +32.9350615 i
6 1/2+37.586176 1 1/2+37.5861781 1
7 1/2 +40.918720 i 1/2 +40.9187190 i
8 1/2 +43.327073 i 1/2+43.3270732 1
9 1/2 +48.005150 1 1/2 +48.0051508 i
10 1/2+49.773832 i 1/2 +49.7738324 i
11 1/2+52.81 1/2 +52.9703214 i
12 1/2+56.41 1/2 + 56.4462476 i
13 1/2+59.41 1/2 + 59.3470440 1
14 1/2+61.01 1/2 +60.8317785 1
15 1/2+65.01 1/2 + 65.1125440 i

B

J=1

JLHAER, XRBCEZFAE —RIRIT %5 92557
A B2 CRBINARTE L AL, B BRI
ZH AT R RPRL ZAK o e AT AT e MUk A DY -1 DY
EHITEL 2 I B 47 Y critical line o B PIUHY
THREAT 2 )AL = HEARUR R R R b, - 22
5% 57 M (Buler-Maclaurin) 22 3o Wby - 22 52 95 MR A AN «

3= [ ()i 1 m)+ 1 ()]
+i(2—;f)![f““>(n)—f“’*')(m)]

H o By 4 1A %% F] (Bernoulli) 1 (B2=1/6, Bs=—1/30,
Bs=1/42, ++*)o WKL - Z 53R A ISR fik) B —
EIIEEK

ARG AR AR, X SR AL R A,
K& R FH T 1 JLAF IR I 8] A 58 ORI 15 A2 sl ot
o AHRMEAT e 22 (IR, A AROR IR, b
1EJG HAZE BT B B LA BTG

TER RIS J5, R.J. Backlund T 1914 4E4 %} %
R ST B T 79 N . R, ZEmAR
(Godfrey Hardy, 1877-1947). Z 4% /K i ## (John
Littlewood, 1885-1977) /% Hutchinson %5 A\ %% 1 (4
TR k), BT 1925 4E, AMIES
HITE T AT 138 NEAMAMLE, e TR 28
05 ¥ critical line b o {HUZ S T IX AN , 57 7E RKPE -
395 MK (BEuler-Maclaurin) A~ X2 LHEF B4R A%
BT LT M LB R

Cherrs

BEG B TN B SR AR H R s, X ANA
AR AR H 25 W EE T k. k2 U KA
e AN T (1% B f R THI i 2 52 T I I A, G
—HETF AR R X AR 2 1859 AFAR LI —Ee AN 2 o
PAE B R, BB MR SRR N B TR R R
Z gy TR, ORI A CREEETE L
FRMEE. RERSAEH A ZHFERmNEE, ]
B I LA BT 3 g A 1 SIS FRIESE T
b 1y R LA ARYE B W ) S R T 2 T,
T RGP YR IINEILT, X B2 M4
Tk e T e LT .

TRALAKINE S I8 3R “ AN ME A R
ML 2 JE, X5« P18 (Edmund Landau,
1877-1938) JFakor « “Z 2 M A Xim AR HE %
BEEMARYE, A ZEIE T — el 2 J5 Al fe
IEHTFZ Hed R TR, TRERNIEHRSERE
fE—B 8 0T R R RAE IR RN - AR
TA A e A XA A RS R R Y, DT aidfe
TRPELE” s TR EN B B S R AR b BT
P AR I U B 2 AT O s I I AR = A
T E, nothing more. “Nothing more” 17 JEME 2 4l
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I KE 2

JESEI, AT ATAN VA B SRR HE ) 5 U K
IR B 2R s rh 1) — D) Bt 2 AT IX — 18
B EFT O I —Y), A AR AR 1 SR B, T
JEEH

2B SR R R B Rie 2 FEH e
HIARHE 2 B8 IR SC AT AN R AR IX T7 THI ) 4 SR A
FWE? WEARER B [0 10 SUAS B S by 1% 26 ] 4 1t 2
R, HRARRA b TFRh L3 T .

BAVE LKD), ERZEANNNRTFZHERK AT
R AR VG FUR AT BT AR S R AR N —3 4
ST ) T 2 A5 AR A T R SR O B 5t 1 T
o XTI B ALANTE R R Wi s AN AT ST DAk R AR A 44
NH SRR B, T TE T H BRI 2EAR M .
UM EAT, AT AT LB AR Le4H K 26 34T
“Beautiful Mind”, 5 0] UZHE AT IR & A T
B, AR — R TG

ANERZE, BEFRMRK—H 52tz
JERE B E FAT LT —HE, R — /N A 2
F RN £ (Elise Koch) $5R0 T Hiok. R 2T ABLLE)
JERAENEEFR WAL TRBEMNWRA. K

2% 5% #§ i 4> (Richard Dedekind, 1831-1916). {HJ2 JL
T, BWLIGGT, FAMsa R F6
OSSR — RN R BEINE R, TR e B 4
R T —#aFR. £XWHFmt, GrE)LTE
R, REHPRSTROEMBAGER, W
wm—p 445, P EAE AN FRERS
1860 fEFR KA LRER (i . IBIE R RFRG KRR
FEAMMIRSCRIILAH o HLAH BRS04
KL, IR Z MR R 2 AR P IR U . P2 AT
D, A2 IS B ] ) LA 2 SR (9 R T g S 4 LA H R
WAL 2 C RS GG, DRk 8 A ol 52 T 22 R [ 1)
AR T REIC SR T SR SE I O — e A8k,
A TR AR EE SR AT AR W B R AR (K /N T AL 3 A
BAH ML, HRASR, BWERRE k. F
UL S A [ B e B S0 2 5% DL ZE IR - G AR (Errich
Bessel-Hagen, 1898-1946) 3f431d, {HJE JUZE/R - ie
PO R IR AL T b, Mg ) i 26 R
EIpUS

R S I B I KA OB B B 22 R[]
FFe, IS AR T SRR = B A5 E, T
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AR K RNE LKA W LA BB ) AT
# (Nachlass).

H 22 1 T Re A7 B B E AR R AR DOk, Bl
SR — Lo R R AR KT . R R AR
—MBZ E R R I BB AR 30 i B teaR
Ry AR RS SR AT A L IO BRI
Wi A NE LA S I TR izt — 1%
LWHE S . VP2 NIIA IR, & X F7,
BEAR R 2 o

BB TR G — A m PN A, FRspys
TR KB F I TR B A

HRZFT 1932 4, &TH HEEFNFLER
TR TR P33 TE RPN X —RI—20
THSEE A R B S e SO BT G UESE s, 9
WL O R AR P R 7 3= A T i e B
Mg, ETEAE 138 AN AT (59 2 1) Euler-
Maclaurin J7VEAHTE L4t . X — B ILAR & I R
AT SHRIBRSBRET —#, AHAF.

I A7 AR R I B 0 iV B /R (Carl

Siegel, 1896-1981), &% & [ ——— {7 5
B xR

/&W_

[T 21 VAR | O 41 A ES /NP e oY VS 1Y
T s, 525 WIE RSOk i # B A R EIH A

"

N

T4 /7 (Carl Siegel, 1896-1981), f2H # %5

Ho A T RITEADMR S )RS0, BRI RS RE L
T B G ER . (R NIRRT
1FM, T AT RESG, MW T 35 IR 517 (Georg
Frobenius, 1849-1917) FI4 2%k, X —Wr RS T
i N A IE, M2l T — R 5K

Fakg /R T 1919 R B EFEM, 2R b B 18 0 50 4k
Wo B R T EAABEFE R E LR 4,
T B A A B SRR a5, IEIX PRI 5
R, PO IR T O B SR A —— A R\
] I — B —— TR ST . AN B 8 R AR — Lo AR
BENT A RAAREARNIITOR, R RAARF S FE T,
VERSIR T 1922 4F3R1F T 5 22 b AR K24 I #ER

R, VA% IR X B2 R AT 70 9 A I
FFRWPE e R I 2 R Y R, — kA
B S IR TEEIR - MR IS 75 3 T b &k
DUZEJR - WA G I IEAEWE R 2 TR, R R
WFRB SR A A B BT DUZEUR - iy
RE G S E THE L, W TR 2 M F Rk
VU B AR AR, T2 AR IE Al 2 K
KRR, EEMNETREA M. BHERINEE K
rhOG 2R SR ARBOGER (1) 24 HEAY AR R BT, HIX
PIAL R I, DUZEIR - WA A RBC AR AH
H, FRAE B T IEEF AR BN PR R,
TSR TR 2 TR

o VRS SRR VLR IR - PA R 038 AN R — AV
LWL H—J5, WERAITE EWET, e
B2 R HAH A BE & TR S 4T, X R R B
BT FHEMR, 22N A R ERER AR
FERR? XA VEAR R IR Rk . TR A
IREAE ) BFEAR B I ok TR 2 W F-Ha.

IR O S TR R B I 5 B B3
SR TR & BLZE VU R R IR B IR A, Al S iyt
MR T =R — /s . LI R R g e G
TR R . DA A B0 E R — R T
T4, AT AN EE b — IR g A 2 FAH S A8
P ORE S JUL H MR EUE AT o U el
Hifl E B FA—— AR SR 8 TR A R R
B AT ARECE KA T —Fa R IR A 0k E — IR
XL E T L B TR

TERZH TR, PO /R TR 210 ch R
REEHIZZ CRBIRT =N F SEE ! ek —
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SR A R RN, R AR 20k 20 4
Trie) REAR, KRR W EREAHITE
T B A — TS LU TRATTAE S )\ T 32 2 R
PIROTF SR T 44 4. XEWER T, BUONK hr
TR B AR i, BRI R 2 R 2.
(EZ VU RS RO B 2 TS (K 7 AT T A S
W9, ST R B 2 B IR T A PO e i T
LA T WA, - 22 5e 97 kA o, Bima el 1 s
AR IRATLAE X B - 22 597 bk SR il . —#)
16, RE NIRRT HE G miE L T e A O
AR 7 ide ) I U2 1932 45, R B 2R 2 R A I 2
HEA 73 ML, BRI Ef 66 Mk,
B8 S IR BN )8 12 M E B T AN B S A
T 1 HLAR 2 X SR W R 5 2% 101, A7
Hep X B A YO A Z PR R B 2 (1 T A o
BRI, WVFE RIS R, Hes R I IcE T
R IE .

VU RAE B P — A SR Zh GO BT A 57
SEE AV AL I, IFRATE B T, R

LRI T e 2T LI 4, @ ARA KT
R &6 % EH BREIRIZ, L
Euler-Maclaurin 2 X k13 £,

FERKFHF R

RSl a7 SR TN Y A DI R S SR S =8
FUH . I HE S AR TR AR AN s, AR
4y, Rk RR AR AR VRER S T R0, AT
i B S VR L o PN E R0 S ) IS AR VG A G AR
VA 7K i A P B T b 52 3 1 28 06 B s 2 T
ANTBE, T RIEX VIR R TR, BUEEZAHE
K—ARXEARE - KR AR, REFL R M,
124 SR WAL XA 5 2E [ i 4 il ix — AR5 A
CUHRRTE i, X Z)E, TR NS WEEfh
WX RNIEFEST .

RET 1932 FF A - Pokg R A XU BHE AR EF
MRS — R RHE . Bl AR E A8 H 25 REAT, &2
B2 XM R ER BB e ) T Y. 1933 4E, A
T8 R« R S5 4 (Aryan) 9848 )5
S0 PR ZF TR, S Tih— B
MR YR B . T B e I O, AR KT 1940 4E
BSIF T IR . B AR A P R A T S s R R L
AR 2 o EIX 37 6 R SR IV B A IR AN
B, At B AR 8 2 5 BHE UL S R BN
W, MWHERESCEYE, BREARAR A SR AR K R
fib A= R AR IEAR A AL GOR T EEUL T, 5
MR T b — A RIS 5%, 10 A 76 fth AR 36 v F
(10 B 400 2 Bk s b 23 P 3 — U0 £ W S VY 2
1943 45, 75 KA R BRAR BT T NI, BRI — A
AR S T &4,
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/ 28 - BN

R - TR R A N 2RI A 2%, AT REZEA
SCHRMBAN e AL ALK ff SRR — RS
MREEE T LR S EA TS, GRS - KR A
HIRIER, DMEEE AT AR T .

H WL, R A PRI 5l — A
Al B R 2

§(s):F(s/2+1)(s—1)7r'3/2§(s)

EINESSEE CRBAEEAR S ES. Fi,
FATTAT LIS T &) F i TSR A E B 2 (IR
PN F A KRTTERE CREE AR R,
BT &) WL —MEFERIN A AT« E(o)=d(1-s), TBHER
PR H 1 S 5L (reflection principle) 1R 2% 55 1iF B
GEHEAY A SRR, 7E Re(s)=1/2 I H L (ARG
B AR critical line) F &(s) BN SE4. TRETE
critical line L8 3 HIF 5T &(s) IAT 5 5042 5t AT BAA 58 %
RBETE . XAERIH &) T S — MR PE
B SR ERATTH R % FE critical line LTS, AIt4
s=1/2+it. R &s) 1€ T DUIE GE S8 BAT 5880+

"

—*-1/4
/2 +it) = Reln['(s/2) _1/4 t
E(1/2+ir) {e ==

[tz (2 )]

W, EaQp AN S mmRIE h 4k
B, RIAE B &(s) POTF 5 03— DA Aff 2 22 55
AT CL 200 . [RIL BEARf B 2R 2 B F e, R
g B AR S NIRRT L T . 3AT]
H Z(0) kbricx—FREA, W

Z(t)=e"" P g (12 1)

2k, WFRERZ CHREE critical line b5 St
AL B Z(r) W R, T Ja & XOa] LUA 5 8 B
Z(t) 5.

B - PR R A AL T Z(0) ik e T oA
BATLARIRA -

zZ(t)=2 > " cos[ﬂ(t)—tlogn]+R(t) ,

n’<(127)

t t ot oz 1 7
O(t)=—log—-———+—+ — e
2 27 2 8 48 5760t

R(r)~(-1)"" [ﬁ)_w {CO e (é)m

Y -3/2 -4/2
) () a2
2 2 2
R 1 RG) B P oA (reminder),

KN (120" (B4, Rt & IR R B
Vil

¢, =% (p)= cos[Z;r(p2 —p—1/16)J

cos(27zp)

AL T IEARGG AL R 69
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1

11
iyt )

Tt )

1
Y ()5 (p)

o

19
+213-3-7z:4

Horhp g 20)" B 5K 5y, P 0) N P() 1 n B
S¥.

XA VRS IR R 2 TR vh 4 R T R
CRRECE A AR U, myhibe iR e
CRBEER A3, EARR e R A7 B E D6 200
LU HBRWHEL, L TEE R R3S (R
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Next month, I am scheduled to give a short speech (three to
five minutes in length) at the annual induction ceremony of the
American Academy of Arts and Sciences in Boston. This is
a bit different from the usual scientific talks that I am used to
giving; there are no projectors, blackboards, or other visual aids
available, and the audience of Academy members is split evenly
between the humanities and the sciences (as well as people
in industry and politics), so this will be an interesting new
experience for me. (The last time I gave a speech was in 1985.)

My chosen topic is on the future impact of internet-based
technologies on academia (somewhat similar in theme to my
recent talk on this topic). I have a draft text below the fold,
though it is currently too long and my actual speech is likely to
be a significantly abridged version of the one below [Update,
Oct 12: The abridged speech is now at the bottom of the post.]
In the spirit of the theme of the talk, I would of course welcome
any comments and suggestions.
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For comparison, the talks from last year’s ceremony, by Jim
Simons, Peter Kim, Susan Athey, Earl Lewis, and Indra Nooyi,
can be found here. Jim’s chosen topic, incidentally, was what
mathematics is, and why mathematicians do it.

[Update, Nov 3: Video of the various talks by myself and the
other speakers (Emmylou Harris, James Earl Jones, Elizabeth
Nabel, Ronald Marc George, and Edward Villela) is now
available on the Academy web site here.]

If I had to name the most significant technological development
in recent decades, I would have to say it would be the internet.
By this, I mean not just the physical architecture of the
internet per se, which was already available to academics and
government agencies since the 1960s, but also all the innovative
technologies that flourished once the internet matured, from
tools as humble as the email mailing list to such unreasonably
effective services as modern search engines or Wikipedia.

As the internet has become more integrated into the mainstream
of modern life, it has disrupted and revolutionised one sphere
of human activity after another. We read in the news about how
online media is thriving as “old” media stumbles; how online
medical information is transforming patient-doctor relationships;
how blogs, tweets, and online videos are tipping the balance in
closely fought elections; and so forth.

But to most of us in academia, there is a temptation to view these
changes with a certain detachment: sure, established for-profit
companies may well face competition (as they ought to) from
lower-cost internet-based rivals, and it is only reasonable in a
democracy that politics should be influenced by popular debate,
both offline and online, but we, by contrast, should be secure in
our ivory towers from any internet revolution, with our tenure,
our unique expertise, and our time-tested academic traditions.

Even when new technologies do hit close to home — by
threatening the profit model of the academic journal system, say,
or by greatly facilitating the ability for students to cheat on their
homework (and also for professors to detect such cheating!) —
we can still rationalise away these developments as requiring
only superficial changes to adapt to — switching from physical
journals to online journals, perhaps, or placing more safeguards
on our homework formats. We still perform our “core” academic
activities — teaching, advising, research — much as we have for
over a century: classroom by classroom, student by student, and
paper by paper. We may do more of these things online now
rather than offline, but it is still the academic who is at the center
of things, not the internet. After all, it is not as if our classes can
be replaced by a Wikipedia entry, or our research by a search
engine query, right? Right?
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Well, yes and no. It’s true
that even the most advanced
online resources available
today are not nearly “smart” or
sophisticated enough to render
our academic services obsolete;
not yet, at least. Unlike many
other industries, academia does
not currently face any real threat
from a cheap internet-based
competitor.

But I believe a “hybrid”
form of academic activity is
beginning to emerge — one in
which internet-savvy academics
and their institutions harness
the full power of online tools
to initiate and organise large
research collaborations, and
to disseminate and share
their results at far more rapid
and effective rates than were
previously possible. In my
discipline — mathematics — this
type of net-centric activity is
still in its infancy, but it shows
signs of potentially being
substantially more efficient (and
perhaps more importantly, open, cumulative and responsive)
than traditional collaboration and dissemination, and is likely to
become increasingly mainstream in the years ahead. It may not
totally revolutionise the way we work, the ambition of what we
hope to achieve, and the academic culture we work in, but it is
likely to transform them significantly.

Consider teaching, for instance. Year after year, day after day,
and in universities across the world, we stand in lecture halls and
present the foundations of our subject to classrooms consisting
of hundreds, or even just dozens, of students at a time. This
keeps us engaged with our students, hones our skills, and makes
us feel useful, but is it the most efficient way to do things?

There is a mathematical topic — Mobius transformations — which
is taught routinely in complex analysis classes in a thousand
mathematics departments across the world, to classes of perhaps
thirty or fifty students in size; I have done so myself several
times. On Youtube, there is a beautiful video explaining the
geometric interpretation of these transformations which has been
viewed one million, six hundred thousand times so far
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— more people than can be reached than by even ten thousand
mathematics lecturers. It can be accessed by just about anyone
on the internet through a simple web search on the topic (it is in
the top three hits currently on all major search engines).

Now, clearly, one cannot hope to replicate the entire classroom
experience as a sequence of Youtube videos — the quality
of interactivity, depth of material, and availability of expert
attention, in particular, is much poorer. Even more professional
organised efforts, such as the online videotaped lectures offered
by institutions such as MIT, are an imperfect substitute for
physically being present at these lectures. But the sheer numbers
of people one can reach by the internet shows the potential of
tapping this medium to teach in the future.

Already, hundreds of academics (including myself) use a blog to
post their course notes and encourage online discussion (in all
directions) between the teacher and students in the classroom,
as well as visitors from around the world; I have had classes
with perhaps thirty local students but up to a hundred other
participants from a variety of backgrounds following (and
commenting!) using the blog. There is a much higher quantity
and level of questions asked, and the material in my notes is
much improved, because of this; and I have learned more about
the subject than if I had taught it in a traditional way, both from
preparing the blog material, and from obtaining feedback from
students and participating colleagues.

Even after the physical class ends, the online class goes on; I
have often had people wanting to learn a subject stumble onto
one of my online lecture notes on my blog from a year ago
through a search engine, and continue the discussion afresh.
Within a few years, there may well be valuable online content
like this for virtually every commonly taught academic topic,
just one search query away from anyone with internet access.

The technological level of online interactivity is certain to
increase in the future; one can well imagine it becoming routine
in classes to (for instance) field questions by text message from
students overseas who are watching the lecture in real time
through video, with the discussion continuing online long after
the class has ended. Not all experiments in online teaching will
achieve their intended objectives, but it only takes one clear
success to provide a model that can then be rapidly emulated by
institutions and lecturers worldwide.

In my view, the traditional classroom lecture will still play an
indispensable role in the future, but in a rather different format
than it is today, with its effects being vastly amplified and
prolonged through its integration with the internet.

Another major area where profound changes are happening is
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that of collaboration in research.

It was only four decades ago that the primary mode of
communication among academics in distant institutions was by
physical mail. This was inconveniently slow, and it discouraged
collaboration with anyone who was not in the same physical
location. With modern communication tools such as email, the
situation today is vastly different; it is completely routine now
in mathematics to collaborate over long distances, with months
of online communication punctuated by only a few (but crucial!)
days of physical contact each year. Perhaps as a consequence,
there has been a huge increase in the proportion of papers
in mathematics that are jointly authored, rather than singly
authored. As a related phenomenon, an increasing fraction of
papers are also interdisciplinary rather than specialised to a
single subfield.

Very recently, software tools have become available to allow
easier collaboration by large numbers of authors from across
the world. Unlike the sciences, pure mathematics in academia
has never really had the large laboratories in which armies of
graduate students, postdocs, and senior researchers work on a
single goal; but the technology is just becoming available for
such large-scale projects to be possible.

This year, for instance, by ad hoc usage of existing tools such
as blogs and wikis, the first “polymath” projects were launched
— massively collaborative mathematical research projects,
completely open for any interested mathematician to drop in,
make some observations on the problem at hand, and discuss
them with the other participants.

The very first such project solved a significant problem in
combinatorics after almost six weeks of effort, with almost a
thousand small but non-trivial contributions from dozens of
participants. It was a novel way to do mathematics, but also a
novel way to locate the collaborators with the right expertise
and interest to solve the problem, perhaps serving as a model
to begin collaborations through online networking rather than
physical networking.

And there were other unexpected benefits too; the projects have
retained a fully available online record of all the discussion,
including false starts, dead ends, and incremental progress,
that took place while the problem was not yet solved, giving a
much richer, more dynamic, and more accurate picture of how
mathematical research really takes place than the cut-and-dried
presentations one sees in finished products such as papers and
textbooks.

By taking research online, it comes to life; one participant
compared his anticipation to seeing the latest developments on a
polymath project to the suspense one might feel while watching
a TV or movie drama. Veteran researchers are familiar with
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these tensions, frustrations, and joys, but it used to be quite
difficult to convey these experiences to the graduate students
entering the field; perhaps these open internet projects, with their
“show, don’t tell” nature, may succeed in doing so in the future.

As we adopt new technology, our culture of doing things subtly
changes. In mathematics, for instance, research used to be a
secretive activity; one would often not discuss what one was
working on before it was ready for submission to a journal, and
would only give out preprints to a select few colleagues before
the publication process was complete (which takes months or
even years). With the rise of preprint servers and search engines,
it is nowadays quite customary to put a preprint online as soon as
it is submission-ready (or sometimes even sooner!); experience
has shown that doing so greatly increases the visibility, impact,
and influence of one’s work, and (perhaps counterintuitively)
discourages excessively competitive behaviour and even
plagiarism, as the timestamps given by preprint servers can help
defuse arguments over precedence.

Indeed, in many parts of mathematics there is now a social
expectation that one’s work should be readily available online,
and journals have largely abandoned attempts to enforce a
(counterproductive) monopoly on the dissemination of their
authors’ work. As a result, research developments propagate at a
significantly faster speed than in previous decades.

In the future, I can imagine further cultural shifts of this type.
Currently, the actual problem-solving process in mathematical
research is usually obscured from view until the problem has
been solved and a polished, publication-quality draft is available;
with the rise of open collaborative projects such as polymath,
this culture may begin to change in the future. (For instance, I
circulated a draft of this talk on my blog weeks in advance, both
to obtain valuable feedback and to encourage me to continue
working on the text. A few years ago, I might only have shown
a draft to one or two trusted friends, with perhaps a single round
of revisions.)

Similarly, the advent of mathematical blogs and other semi-
formal outlets for discussion is reinforcing an existing trend
in mathematics in which the intuition and motivation behind a
mathematical topic is emphasised as much as the definitions,
theorems, and proofs; some of the more technical and specialised
subfields of mathematics may well encounter increasing societal
pressure in the future from their peers to make their work more
accessible and transparent to wider audiences.

In teaching mathematics, the current model is that of a nearly
one-way street; the lecturer does almost all of the talking. Apart
from a few questions from the more bold students, one only
receives feedback days or weeks after the class has ended, from
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the assignments, evaluations and exams the students turn in.

With improvements in technology, there may be a greater
expectation in the future for such classes to be significantly
more interactive, both during the “actual” class, as well as the
online discussions before and afterwards, and with near-instant
feedback becoming the norm.

Such changes will certainly encounter resistance; consider for
instance the ongoing debate on whether to allow laptops in
classrooms. Many such initiatives will not be fully successful;
we still have a very partial understanding of what makes one
online experiment flourish and another one fail. Nevertheless,
I doubt that we will keep the status quo indefinitely in the
presence of such technological and social changes.

One can draw an analogy between pre-internet academia and
pre-industrial manufacturing. Before the industrial revolution,
manufacturing was the province of individual craftsmen or
of secretive guilds, working painstakingly on each individual
piece of work, with each master passing down their carefully
hoarded insights and tricks to just a handful of disciples. It
is not hard to find parallels to each of these phenomena in
academia.

But after the industrial revolution, specialisation and mass
production became the paradigm in manufacturing; less
intimate, surely, but also vastly more efficient and reliable. One
might bemoan the loss of creativity and individuality that each
craftsman exhibited, but eventually, as the industrial revolution
matured into the modern era, the outlets for creativity became
dispersed to a wider group of people. Thanks to division of
labour, design, invention, entrepreneurship, manufacturing,
marketing, training, or management could now be performed
by whoever was best qualified to do each, rather than by the
same individual; and the best practices in each of these areas
could be adopted widely, rather than being confined to their
originator and a select number of followers.

Academia has not experienced change on the scale of the
industrial revolution since the invention of the printing press.
With the advent of the internet — the modern day analogue
of the printing press, among other things — could it be
revolutionised once again?

It’s a great honour, both to be inducted to the Academy and to
address you all today. I must confess that while I have given
over a hundred scientific talks, this is only my second speech;
and the first one was when I was nine. So I please bear with me;
I’1l try not to sound like a nine-year-old.
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I would like to talk about the impact of the internet, and all the
unreasonably effective services it has spawned, from modern
search engines to Wikipedia.

We know that the internet has revolutionised area after area:
entertainment, journalism, politics will never be the same
again. But those of us in academia like to feel protected in our
ivory towers from the internet revolution, with our tenure, our
expertise, and our academic traditions. After all, our classes
can’t be replaced by a Wikipedia entry, and our research can’t be
replaced by a search engine — not yet, anyway.

Nevertheless, I believe major change is already underway.

Consider teaching, for instance. There is a mathematical topic
— Mobius transformations — which is taught in a thousand
mathematics departments across the world, to perhaps thirty or
fifty students at a time. I’ve done so myself many times.

But if you do a web search for Mobius transformations, you’ll find
a beautiful video on Youtube explaining this concept clearly, which
has been viewed one million, six hundred thousand times — more
people than can be reached by ten thousand mathematics classes.

On a smaller scale, hundreds of academics (including myself)
have actively pushed their classes onto the internet, using such
tools as blogs. I have had classes with perhaps thirty local
students but up to a hundred online participants. Even after the
physical class ends, the online class goes on, with new visitors
stumbling onto the class via a search engine and continuing the

conversation.

These tools can have unexpected uses; for instance, I posted a
draft of this talk online a few weeks ago, and got a tremendous
amount of valuable feedback in return.

Or consider research. This year, for instance, by ad hoc usage
of existing tools such as blogs and wikis, the first “polymath”
projects were launched — massively collaborative mathematical
research projects, completely open for any interested
mathematician to drop in.

The very first such project solved a significant problem in
combinatorics after almost six weeks of effort, with almost
a thousand small but non-trivial contributions from dozens
of participants. It was a novel, transparent, and lively way
to initiate and then do mathematics. One participant even
compared his anticipation to seeing the latest developments on a
polymath project to the suspense one might feel while watching
a TV or movie drama. (You had to be there, I guess.)

Academia has not experienced massive change — on the scale
of the industrial revolution — since the invention of the printing
press. With the advent of the internet — the modern day
analogue of the printing press, among other things — could it be
revolutionised once again?
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4. FYI L, XA BT R AEE AR A IE BB I AR R R AE
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Wy ‘@7, MENFHETEE, RAEETEE, THH
Fral#. g FILIER K X~ X —84aE, GEE
KM EARBL AT G AT REI N X R %&ﬁ%
KW AR EX R, HFERE SRR HAE
H KRR TRERE N E KD

o, AMT#M: “BF 2805 B ERERE,” MR
BB BN EARNELE BAXT
MNENRETHECEHEENNXER, K77 WEHE
Mt B AR BB REBEARE  RIE
%z@%%%,i%ﬂﬁ%%m%%mﬁ%ﬁ%ﬁ,w%
KREW. EhrtE, ERMNBEAEEF, FRARFEIKE
B BE I L R

4. BaAEBSRAMMME. FAEART RN, 2
R B B R AR S TR, T Z R R 2 AR
T g R E R Bk AR A

s(x)= 27[]?2 yafl+ (%)zdx :

TEWETEW MO FTE  G=-AN®) ;
Lo

BRI Z LR

~f(r):j;'k(t—t')go(z')ch'

S%, EANTHEEZ @B 2R T 2R
LR, AFMH BT “EF AT wKEE K
RAKEELE, BR BB BRI B E BRI R
ﬁ%,%ﬁaﬁw R ORI —R F, A SR
B R , —HEBEEA, I AERERE R, KE
~mﬁi7&ﬂé%%ﬁﬁﬁﬁ —R IR ARE E, ik
ABHRET . BREFNTR, AHbTEIEE, TEM
TEAF A, LKERNTE, EXEE—ENBE,
KRG M E—RBE, ZERIMESRAZ 8 xE
BRI RBE T MARBRI . X E R AW & BB
JRMEAR — T, B ERAE HAZIR W K R Wt ROE 7 i
W —ANSE I 1A R AT — PP X R B — AN REE R, I
XA 7] B AR 45 R T ROE B R (R R DA SR A ]
Mo WABHK A EAT N,
e A — AR, FEAB R B R R, N O
RATEME] “RA7 M L, ExtEAI K EHE—
& R HTZREW (FEES) WHIA, FEG0MALE
fatl, XRLRFRABMAEEEX LB RAE
EHE, WHEETAMNSSHERFNS H. IERAT,
AR A AR B AT 3] B BN RS W B RS 5 BiR.

VeI 43

RIE K, REHZRES R
HF AR A, 1987 F 4%
B HE b AR

2000 4 J4F 4 IR A,
2006 4 3 13 Bk @ 4 4 5
20 R
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PR G

FRX B AR R & 9T M. LA
J& 2 A IEAE VS 1) & T R 22 e I 2 AN TU T 26—
R Y, St A bl DB I A i A% A B AT kb ke
BOA JRIZR ROXSE 2R 2 AE R B e 1 % A AR 2 2R S5 R ]
TN E KRS XRFEGETO o AL ¥ H 4R
i, IR SRR AR A S, R RE
R AT BSOS SRR I 4 T B AR
e e €A NS/ & o L E NP ]
WP o FRIRURIEGE T rp AT NG Re Rt 27 Rk T34
AR TR A, TR R A, wiblt
PR B D BT TR Y IR S E H 1R
TR R/NPL TERE RS WA S5 DU ARSI A 20 0] 5
Y PR AR ZOR TR T I BT . TR
g ise, JUIHGEE ik, UHRBUA R EE
K CRAN T REBL AT )L 2

R, MERATFAR A B OGS mAr TRy 7
R ST B 2 SRR, R A LTk k. X
PUsk BRI BENT, BRT N4, ARESE HE. DI
SR g, T SCULEE R “BEER BN SRS RAFEE
PHET (1958)7, HXMZECEIEEA “Chairman Mao
Zedong shook Hua Luogeng Kindly by hand”. X f, Bz
TICER AL, LR B RBRIRE, MR SCR
BEH A5 “Chairman” T %13 “Professor”, &= 3L
B “SA R RRYE 7. HRR A4 R] “(1958)” ik
AR BSOSy . J3Ah, JESCHLAE “kindly”
/NG “k” WA SN T RK'E “K”,

01 3R 5 [ [ 5K B 9 BT ok o 7 1) I 3
XKy Ry P EECE R, BB
AN RE A, Wb A A R A R A, AR
HOMER LG ERED P (L4 1A 12 HigR
100 F4E) AHES NG IbE, 4 A (ER AN P SO
Al R MBS 2 TR IR T IR k. B BB
RS e 2 R A I S ) A LI, Al /S A AN AR
SRR SCRUE - BPRAR A R ] Tk B
C D R RS (VSEEEA I OE V&2 O ATt &
KRB AIREE, HRE A G AR RE B Lo 22
AR, IR G TR A I SO AT AE L g e ?

HRE-HAETHEXEERT, FE “ KK

W, ANOSRIE” A, G RHR TIERE - HEE
WL 2L AR TR b T IR 9 S T 1) R 5
“Chairman Mao Zedong shook hands with Professor Hua
Luogeng kindly”, Jf- 44 “kindly ” UK, “ warmly ” 2 B 4F
BTHNRREE, W E R 2 - “T've never
heard of that expression before. It's probably Chinglish.”
“Chinglish” /& “Chinese English” (455, &5 “ [
KIEE”, 2T “by hand” WA, MUY B HLUE
“‘by hand’ has a mathematical connection, though. Doing
a problem by hand means to work out the details using
paper and pencil rather than technology.” "I ik, i
“CEBME” B E IR B AR 2 —, BRI
A BTN EF R AR L, fER% 5
SCRHVE TS AL I e 2R, £ NS0 B 5 s O
IR IR R AR R

RO — I B, FaRANZ “ kg7,
HAZ, oM, A 5K ERETRLER, —iZziR
MAEM T KT EARG SR L, PR EhE—RE4
PRI R 2 A 8] P 2% TP T — S TH SRR N % SR & S 4
R B — SN A A TS Y, Al “in December
2010” H T “on December 2010”7, @A 51 H (K K4
HZEL WA NFEARFHEHE 2 NP R 2
3, ARARAEARAS AAT] AR AR AT AT 41 o A i X AN
BB NS Bid o BRI AT R A TH
WXL Rk, A RB SO E N X X kil
N ERRERE . KL, AMEZEE R R P E A 5
] 2% AR 2 UL 601 ) 90 SR S v R PR ¥ 27 2 RE AN
ITHERM . WA pah, MERRRZE KB T30
L HERECNIEF BT, W HAERT A E KEEE R
.

JUAERT, AT RMNAE AL G, 3 m s
BN RAR I “HABEZUER " Pl JUAR SO .
g, 1M A IR 2 AR K2 A FE AR GRE fig
oy, IR A AT AR WG DO <)
M5 2” W, At AT Z K P ik ANE NG 24
W 5 B AR IR I SRR 2 AL 2 A E T 1,
BN WL S M AN DOE A E A 4
P fe I i 5 AN AR ST MER TR, X
TR T B AR IBEAER
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FRATH) [ S AT BATTI RS SR A Ui oA
BE, X 7 WA AN SCRIE RSP ORI A “ 165
TR oy EMER. EENP. EENEE), H
SRR EAGR T RER IR FRATEE AR
SO SOE R EAT ARG V)RR MR SRS I
AR RATH RS WA GNE — 5 N 44 R
SR TTE, MARMNAGHEL T “HAEL". B2,
FATAR ZHC IR AR Z ) — 2N 78 7 ALK,
i DI Z DL — 2L

T
2011F1 H1H

RN G

WA kA 27 R TSR SR IR . XS
R, FAREMHEEE . BRARIT A4 6
710U BB 19AT, “BET N ¢ LE,

ETREILARMER, KTk CLH
R E PR AL P A SR Z . LR BEMILT
MAMAILTT, REMTIN ZEH —SIFE A, &
TSR AMATBCR T, T EERMOAIER.

FAA 5
2011 4£2 H 18 H

R G

RaF ! FIRB T D2 A RHLABURIA S
e B RLAG UK ZF . 1979 19 J, TL¥E
MWLM —IRK S . WHBIRAELROEN BT &, W
RERHH b BEARBHETLPEIA, RICRSERIZBUIK
Bep REMG R JaRAMNT AT X BEE S, M
LR = A R A A o XA — IR ] £

BEE A Y LT PARE 2 1P E -ty NS X (NP STV
AT AE DTN 1125 B P8 R IR B AR .
JEUERAE Y R IR 45

BN, S SORR 45 AL BLF- S AR i P i ] A
23, 53U, RS SOEI AT (T
FERANTAS ) #8TEK. BAR A AR A R D) LR WL,
JURIE SOEA KK, W REH R,

DM A7 RIS Ja R AR B R R AT RN
2%,

LA
201142 H 20 H
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