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EAOLEER (BAEEE), WAEREFHNEMBEAR T, POR
FAE O M EF MR :
o FMPEEH OHAENARK.
o EAF O, P A F] FOE M B A AR FART R A /F AR
AT, B4 0 &R, F4 P AKX

B, S RAFEBARGHEEER, WRAEAS O, P RARFRIK
AMBBRFAZ PAT O KLHEN. ZMF, “FHRAENTER
FEANSEZFAR, Bl ERRAELAH.

0 MEFAMNZREHFREAERLE TR

BETEEA YL FRANEQTTNRRGEMER, IEERE »
AN E MR AERE, AERFR ww < & F u,0 B A
&R

Fﬁly\,uv<fzﬁ'<7ﬁ¥%1

u<le v<ec
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FREAFRNEEREART AR (u < ) BZFAM AR
B, M = F A A PT AR B RIKA

H5E (Lightcone):

FEAPSEHAOMARER, =0, U r=c, B PRAT—A
N0 RATUR KT L, AN ® AR N L4 J

' pabt-directed
timlellke vector

IAEM Lorentz T4 H & & EMAT R —F 4= 7] 49 B AR
FRIER T b, U (n,2) RFAEARE NS —FAF, (0, 0) BT
FAERENE—BH. ~ n>n.
FXTABALES —RIE T LA (4, ) B (b)) 27, 1
M Lorentz T 4 40:

/ / (t27t1)7”(x57x%)/fz

S = (/P

Eo A AMEARRRRAN N RAAERMERTRE,
BAT: > 4. T BT Aot

L—x{ <42/v

n—n

RuRkREZAFMNENEREEREE, u=(d—-x)/(n—1n),
N ERFAPTHE A uv < &

[7] A F AR R

ERAARENR B —FA4.

0 E_EMMMBES, M r>c EAMEAFRNEERE
RRBIR, 7R R 2 K —F A AT 8 R AT AR
A, CAIARARARKA, ARAENRFRFORAES
T AR

A Lorenz N H XA RE MR, REFER T L=FA4FH
RELATN (0,x1) W (1,3). BF—FHRAMRELT R LHA
MENBE —FMHETE—FMARE, W

, h < n.

ool < -
THBH—RHER Y £, B Lorenez AN T 4 :

/ / 7(t27t1)7(x17x1)v/52
hh= T (j)/c)z1




£ ANT L MRE 0 RBA, NRMNALE > n MR
BRER din — 1| < ¥l — 1| IAIERAL T RLER

U [ |
c

c c
BIZ BT % K] Lorentz 3,

(2 —n) = (g —x)y/c
1—(v/e)?

FAVEE], & L IOIARFASLLN A A

h—t=

H<4

AT AFMHIMNERT, H_BMARELT EKFENT) £ —
EMRAEN.

TRETN B BANSHERIKA. KA KT #9585 2R
B, MORAAXN HEX, BE2E A QEFM AR,

y

AELBELZER Y PAMN. BHER N
RE MNT I MaEELESN, NEY © |7
R, bR ZBM4ELAETRRNL 4 f0
1, ALK A TR 5.

z"//) x
z
R Lorentz 3 cr = (e + 8- 7):
Boi= (o =n) == 1)+ 2 (s = )| =aar

B -

A
Ar— 2T

1—(v/0)?

B, Ar> At BHMRERA YL AR LR E LKA R
—dARM T, FABEL T . XREAA RGBSR

B Lorentz £ 3 T 440 :
Lo=x"—x/"=19 (xi - vfz) -y (x} - w‘l) =7 [xi(f) - x}(f)] =L

MEHERMKEGEBEAKEMILFEET :

L= % = Loy/1 — (v/c)?

O FIMERMN 5 R EA AN A K.

0 —FHAZIA MMM EZ AR KRR B FERRB, HA
AL ) EARM.

AE 7 B TR 5 RBEARAE AR R B —NRIE, AT F AT
MATH & F .

3 B 4 A ER

AERFRXAARTNE HRBEEHFHN. £ NEFEH
PR -

D\ rrETREER S ANE R, AR A 6
S A 2 AT ATBE 2 2

REVBARRANFMELAETEMS. RER O ERAKRGES S
EFR, MRAMEXT O ARIFEH ERE:
0 EY ¥, AEMHRAKLER—HMA, B # =4,
Q KXY #AMENTHEAALLEMNZNANA £ 0 4, A8 N &R
RA AT =14 — 4.
Q0 KEAMBELERRA A, MME—YEIRMT, AT E
W— 8. BEAR AT AZYFRALAR M E AR

BT UL, T2 A A9 18] [ A -

2 =—2(AT)?

IV RS

ARISABRTI B 7 — R AE 3 F 0N B R R ARIER F 2R —
PARK RN E.

WEF, &— A E RATR T 2 ¥
Y URE o5 x BHIEMZH. £ Y
A EEREMAT AR (B—F
f) 5RABAN B A (BB
Bl A, A B/ AE o B b A
IR B A RHE R E X H T 2
BRERKE L =x1(s) — %l (2).

AT RTERBHESER. ERAEWIRAE " LA EMLE
MEXNZALER N E A%,

Ly MAERKEAKE.

Sk s MDD
AR, EXRESFR T P, ARUE

Eolk X BIERZS. FERPTHNE

A v
0 EREMA 1 A ELATH «

M1AR. x!
Q@ ERAMMA n + At HAFL A R. v B X

M ZIM, EREMFIE A RAFIAT, LB RBELIRN ) K
BR. TA,LAAMENFHERKEN:

L
L=2x(t + A0 —xl(t1 + AD) = vz,  ~ Ar==
v

D srmman

ERZBHRETRAAZEE UK. FN,
Ar AT TAN B AR 0 B AR, J




Y AR

NTERBSA Y #HANEMT, BZEL A LHRR A
KRR RARE o A RELEY. AR EANZEH KL
Wk
0 B—FMHERR AK / HAFEERFE .

0 FFMAERRAK 1| + Ar' HAZIKEREH.
BT,

At':@
v

R B H B HERBN, Ar' =yAr. H:

B L/v
ol
~ | L= Loy/1 = (v/c)?
dr’_ 7?
y—”+7+1(u'ﬂ)ﬁ—’>’ﬁf

dl
ézv(l—ﬁ-u/f)

¥ A LI AR R R A

_d
T de!

B, T EU LKA RRAE:

=l

it B)8 -8
(1= B ufc)

XRRAAR R B3R A O .

Q. wrEs s mERREER S TALER EJ(E%?M\J

RAE L R PG RDOCRARET 0 R REE n, 45
u=cn. TN, BRI HREABOEN, 7 —RER T+
BRI BRNN u' = cn',

ISR S Y 5.,
PAHE n' R
"on! -t 1p? 7P cn)? — ‘n
n - ,YZ(I _/3'71)2 |:1 +7 ﬁ + (’)’+ 1)2(16 ) 27(/6 )
29? 2, TP
+ (B =2 (B )|

ERF By =y — LB EXA 0’ 2’ =1, Bl o' LE-E
frrE. BURMR T WAFECRNA .

AR R B3R B BUE

BERESABRER = fo X & et y
FLFTFAIA (67) 2 (¢!, 7"), W EA b
AF TG T MEENIA: =] g
_dr ,dr! v
u = a, u = @ C/

D usuppmzr |

[ /7 33E B Lorentz HEF T %
rl=r+ 7+21(r-ﬂ),5—75a
t'=q(t—B-7/c

RUIZAX t KEH, A ERINFEREL = o/c RERE, &

EEE:

2 ,72 -1
uH:’yz_l(u-ﬁ),@ w(uﬁ)lﬂ: ’)’2 u|, u=u +uL
A A NZE P B EAME A

| —Be o uL
R D)
HIET AT

__mt+pe W
I T (B o)
QO ME B A |u <c, HHE B =v/c §—KEF, BEAK
AT A

[ / P
uH Nu—v, U Jul.

XIEAZ S % A Galileo 3R EA KN

o FR—XFAT, Alice § Bob. WP HE
P 7~, Bob B AEHIZK I, 1B Alice RFH

i IBE| 4 645N A T (Alpha

E :t Centauri) M 7 — R EFRAT. AL

By 1 ilM B BE A : 8 Alice ERMIK 5 —F
T AT R EMERENL

i 7 By RN R B B BT AP IE RN, FF RS AF H 15 (Paradox):
o Bob AN Alice £3531. R L, Alice A94% & 1918, Alice 5.
o Alice A4 Bob ££3231. H L, Bob M4 E 918, Bob 4F 5.
RAR, “AZEN ERB PRI EATREAIES. XA
F A WEA T (Twin Paradox).  FRAMIFIS B KA B INR
FAlice EIRATERF EVBER 4 BIFEZF LA, F I Alice
PR A B FH CMARRIES TR,

O MR THW , AR AR o 4T 7R R AT IR L



AR AT B fin R o i %

G4WMA TR, AR TR R AR FA R X F R
RIRT IR 2. ATIA, IR X THRMER £ A0 X/ RSB Bl A -

_ du ,  du'
w—a, w —dt’.
BAWHREABENR o'
u,:”+7+1( u-B)B — B¢
V(1 =B u/c)

L APRBEE SR, FTE:

dﬁ”’_w"_wﬂ( ,3)/3_ u+7+1( ,B)ﬂf’yﬂc P
A~ (1= B-u/o) Y(1 = B-ufo)? }(5 /<)
_ 1 ")’2 0
T 21— B-u/c)? |:w_,y+1/@><(/6><w)+cﬂ><(u><w):|

HEET B & &
(MCRE):
0 MERT ARTHBNBESEER, WA 4 =0, &
w' #0.
MERTUERE w N TERELER L ES, B=u/c. WU,
ERERAFNEGRTIEE w GRTEEN B SR+ 8 nEE

w—’:a|:wl— (ﬂxwl):|
o Fw'| B,
w=5=[1= @] e

AT ARR T = RMUMEELE ).

7Momemarily Comoving Reference Frame, % A MCRE

XRRAAR R B R AR, R RERALPT

o A | ) Tox(w <)

0 MBIMT, B < 1, |u] < ¢, FRKIINR B AT R M
A HER:

w' ~w
EEAFWAF FHET.
o Aw' 1S3,
1 2
w:?-w Jr,3><(,3><w):|

_7-/ ? / 72/32 /

" 'y+1ﬂ(ﬁ'w)+7+1w

I I & S B

S _w Y1 T
IRED

w:[l—(u/c)z]w ~ w L u

FR u=un, LR BNKRE o RTEE w 09718, BAVA:
w= i+ un

wluBARE =0, LR FHANFINRIT HRE
ANRE BT [ B, AT AF 573 h 35 7.

YEE R RNE N =R E A R

KANCALF3]T Lorentz TH:
e = N NN =,
KA AR A% & Z A1 ] Lorentz 3 T 4
t'=q(t=pr/o)

) 7
r :r+7+1(r-ﬁ)ﬂf’yﬁft
HAERANE A TR A0 E —FBRIRT , BEFRELEH
“YEFNERATRAFRESET R EFEN TR

0 HEZRAMERBATBENEMARMYEELE Lorentz T
U RE S
@ Lorentz THFI N ML R A& 7] F KBS 3 -

X ~X'=AX, K=n'ATp
A R Lorentz THIEME A (45, A £ AT,

YT Lorentz THAEE £ M T BOKE 71 %563, KATE £XF =4
BB, 25 A P A2 S 4 — 5 B ST R0 — T 43R B4 R ML
BT T B0 SR BT HEAT B9 0 R

EECHTE LMD, RLIE Y

ST SET—Nbe, FaLtwy Y

B P AR IR AR R A AR A A P

(', )5 (x,9). A PRM
BRI MRS A

x' =xcosf + ysinf 0)
y' = —xcos@ + ycosd

0 BN, BN THAFEAERITF OP RENKELRE:
HOPH =4y = +0G')



P & =R R E 1] 5 3.

BPAZHERREME; PH—R, REEFRREALITA ST
RIAATA (1,2, %), PRAEXTRER 0(0,0,0) L EREN:

r=xe

o FREE; PRVA-—HRREALITA S/, /5 P RAELT
AL EAITH (6, x2,%P) B r=x"e/, WXEALIRZA
—RABRT AU THMIKA

xi Wx/i:tzij.xj+bi
o fAEMTHARIFH IFLATREAR —LAFRER (~ & =0)
ARFPRANTRERNUERENKEAL:
(xll)l 4 (x/2)2 + (xIS)Z _ (X1)2 + (XZ)Z + (X3)2
AR e 22 1 T 4l 3 3 (Rotation).

BRRFLEREKERTNER, KA TS = o ¥ AR
i R T HeAf

St =6, x"x 1 = 6,4 yd X ;4 d =6y
BT,
ild =68 o 7l,=8;d 6"

FREAMZ R =d ;¥ SHEFTRX =AX, X8,

1 &y 4y A
X' =| x? |, A=| 4 &, 25 |, X=| ¥
x" Ly LBy Ly P

FAVEE:

4=y, ~a =@y, (g’l)u = (gAg’l)l.l = (g’lATg)ll.

ERE:
(gX)T:(xl X xg)

EXTREF A TR TR T A
(xl x x3) ~ (xl’ X x] ) = (x1 X2 X3> A

H BB A

(BRI A A:
o Bfhx =0, ERALERT ¥, A= HEEAHHTHE
Pl R AR, BET 7!, HEX,

THA w v~ & =x@ 0 x!'=d AU L
AL

XEBERRENE,
0 MKZERE; PRAZRAMER (Fh) kEH:
o= roll? = (b~ b))+ (h—) "+ (- )’
"EZ,
7o = rall” = 85 (5 — ) (¥ — )

E R BT AE

g*lz(éij) wggilzgflg:] P I= (5;)
BH MBI
8,0 =645, =0

#EZ,
vo(),
BTN TRFAF 7,4, =0 RNEETRAA=1

0 FRXNMNEKMRIFEIE AM N ERSER, 8N T AR ER
THe BH,detd=+1.

Q0 A TELMEMEINME, detd=1.

Q [ BR B 4 1A L MLAE [ o B 4B B o b LAV 4B [ ) % 3 4B
M AR A AFTERA AT, ST RAIX S5 FEAT 5 4647
MARE, A =AT TR RE, L AEE.

O PIUAEITARAT M & R AT x; = 6 4, CATEFISEE gX f
BT, FAEHX ~ X' =AXTUEMMEFRERLEH

X ~ gX' = gAX=gAg ' gX

UINZIE , _
(gX') =(gx) g'alg=(ex)" 4

W B A 2 R R B MR R 3%

YEEFENRANE RENGNKES. IMH)RRREE
ARIEYFE =R K E

o x=d W, 7 d =6, det(aij>:det(2z'ij):1

THEHRERANEN @, =0,d ,6%:
o BEREMEE, FIW u, CRK 1 MR, ALK M
ERFAL,

MARE M ARE.

o BEXRMEE, FlI vV, EEA 3 MIANE (), P), BAAR
ABENTENE / SNERENIE ¥ BAME M THE
-

) p o
v~ v’:a’jv’

UWHRVHE PHRE. S NRE VHEENE.



o FIERE V,METCH 3 MINE (v, 00,03), FLRAK
31 B B T ARIE T A -

, i
Vi~ v :Ujﬂ]

NFR o HRE VRN E.
0 REVHMENESIENBE M RAA:

v=6;v, =46y

BRI v =d v HAERER 67 RENTHT MATRKE, KA
V-

v; o~ vi':5l](v'j:57¢ikz/k: (5,‘]-4",?51?[) l'/:le

i

i

Q¥ Ex MIRANELRE r METHEFMELNE. —FH
KRR =67 HE ;=55
WAiiaﬁbWE%L§AXﬁ:

a-b=dbj=ab =6;dV
AERBNANREAE  a-b=b-a, HERENE.

€t PR A Levi-Civita & R X #RAF 5,

1, (k) AL (123) KIBHRES];
e =19 —1, (ijk) WA (123) BFTHES;
0, HMFW.

FE T,
8 &2 & o} & ¢
eie =0} 07 53 -y 52 ak
5 & & |5 53 &

F)ﬂ)\ €ijk = €jki = €pij = —E€jiks ’fﬂ Eijk (5lj =0.
o BXEMBEE T, CAA 3 MRLANE TI2 FEAIAR

AR\ I ey o DN
R HOE N, & — A TIEARH G B AN E R A8
Fl B 2 4k ]

Tipip > T = dyodny T aly - at,

WAR T H By % 81— (m, n) BRI, m+ n B H SRR BT

S XE AN

O KEMXARMRA R Z [ KL, K S; AR A4

’ ~k ~/ ~| ~k !
Sij ~ S,.j:Sk/a a j:S//ea ;a l-:Sﬂ

0 KEXTHMiTE:

Tkk ~ T/»]ée :‘Zkz' Ti]_éz] — Tl] (gj/eaki) :&f Ti_: Ti_

© EM &, AR By 0 R EKE:
8y~ Oy =0ud* 7' =0y (6 a”, 6™) 7' ;= 6y "7’

BT,

~.

8= 81 87 = 5,

o ERRZEME; FREYEHEFREALIA, 3| NLATHF 2
R AR o A5

Vede (o) =8 © g=da=(g)a

AR B AN RARRZ A AT ERIBTHH T Es RAMAE
FERIAE PRI :

e ¢ =0y (e) (¢)' = 0uof 8 =6,
SR -
Veee=1"e,-e=0"0;,=v; oy =Vee
o MFTLLKE B3 # Z XAMNKE K REMAFH LS R REAR
APRARZMARER:
eiXL»j-Ee,]-kek waxb:eijkekaibi
K RGER o MARIKMPIBAEK:

e =06, ~ V=1'e, = v;e

W(0,2) BKE THHIE, CRAA 9 MLHNE Ty ELIRRIES
r Ty R EHOE &
Ty~ Tj=Tua*, ',

U
Ty T — B AN -

1
7;7:55+A,,-+§T’f,?5ij

e,
0 Sy = L(Ty+ Tp) - AT,4 6, ARHEEH—MEE, S, = S,
$,6 = 0,

@ Aj=HTy— Tp) RRAMZINKE, 4, = —4;;. RAMK
ERATE, 456" = 0.

O TH = T8 HAKE T; M, BALA— Mg,
0 0; RE; MEMKE, BATAKHTHRTRIFRL

SLPTAME N 2 MM EKE.

D wEsHE pRTHTEREAATA. B
K EMKE 5,7 ZHN, H—ANALKE A =M Levi-Civita A R AR

gﬁ% eij/e-

PERL e EEMBEH T ALY, BRAZ e £Es FHI=
MNEKE, NEHTT ZEMFEHNER L~ x =4 ;7 5, e
TA:

€k~ € = emnli’”ii”j?z'lk: K €k
ERAJRE—FETAREGMT. AT HENARE &, ERF
AEEEMEHEFEMTIALE +1,

B

/ ~m ~n =l /
K=KE€3 =€ =€ud 1 d"7d 3=1 ~ €t = Eijk



RPF:

ERE; PRIMAERERA 655 e, A5 CAEXH 67, 8

5 P MHAEE AN THALKE. FIWEZRAZHALLT,
§ ~ (0N);=dy8fdl=dat =0, 6=

AR ARBE T Levi-Civita 3K E 7% 2 X H

o T R { I
et =57 6" M€, = 6 5" 6% |62, 52 67| =|0] & )
&, 6 o) |ot of o
AR B (Optional ):
by 8y 0
eljk €mnl = 6]m 551 5]1
sk ok of
M,
€7 €,,4 = 0., 8, — 6.8, ~ gt Emje = 20,,, et €ijk =6

Es BAARTTAE S R /REARA XA :
dPx=d' AdP AdY
A A FRTRERMA df Z B RIIMRY, B -
| d¥ Add = —dé Add |~ delAdy' = dPAdY = dPAdR = 0
BT,

dx A A def = e dx! A di? A dd = eF AP
BEEAFNERT &~ <" =d &, ZMNEEF]:
A~ A =ddY

FPx o~ Pyl =de" AP AP =4 22 A A dd A A

PRI RA AR ER. %0

dx’Ad»J:%(dxi®dacj—d»<j®dxi).

o MERA VALAARERR. EHF/REALITAT,

;8
V =¢ 87
ENBEREERLNTHZHENAE:
8 8 8¢ @

¢ Bxfi Bxi 0¥
EEFEHT,
VR R RN
BB AT A0 :
o 8 8

= . Ead

axi 1 ax’i  ox "

M2 WRTRERFV HMENE.

fE A E; 3K E K438 B 254

o FRE: UE m, BAT Q, MY o, AN KIRE B p(r)
F.FFARLERRR o LK R Q B ATIRE K :

p(r) = QD (r—n)

2R,
/p(r) B = Q/5(3)(rf 70) Px=Q
v v

D\ A AR BAEEI 5O — ) RATE? |

, MRE 7= ro;
Wo-m= {2 BT [0 mee

TRED
Px'=d', 8,2 " d' Ad? Ay = det A dx = Px
RTZ, PR Cx EERFHERT RELL, CLE; T 047

B.

ETIUARBRBR BRI ZENK,
/5(3)(7— n) &Px=1
v
A 6O (r — 1) A E; PHIIRE, KERN:
[5(3)(77 ro)] =13
o RE: WANTHER «, RN F, RHBEE, BRNBEE
B4, FFAIM, R QURE 4 BHH CH AL EKRE:
(r) = p(r)u= Qué®)(r — r)

0 MEEF N REAZ R TR T TR PR N KK
ZERE; ¥ EREMG N KRS

0 A1 T MR AR AR MIA R R, AT B AR
ERREAARBZEATHEREREFRATHR.

o= N [ NN, = ‘
FTUAERT B A M4 K K2 7 (Minkowski) F 89 JE# 3 :
X'nx=X"nXx', X'=AX, AN =NA=1
XA,
K=n AT, (A7) " =), =A%, ~ (K)" =mpne,n
A:

det A =detA = +1
DB EFANALNEREENRIN 4K ESIENANTE.



B R R My PRELRT B FREA LR, BE LA
AT o BB ERN ¢ (=0, 1, 2, 3) A

D sumsrtmmsan iR ¢ |

ey ey = Muv

o MA— M EREERRBLETHRTRIFALMNEE A

A ~ A'=4
o AANMNARMYER V, REALE FRLIRA P REN:
V= Vke,

fiE Ve ERACEZTHT S ELAT o+ AMAR 8 ZHEN,

\ VE e V= NV

MHEVERT —N4-KE. VERN 4K VHETHE.

o AH 4 NERRNEMMAE T, MBEERCREZHTE
HnE

T H1K2

BT p (1 < i < m) HEFZNELHR x* HARF
BEHE N FE— AT v, (1 <)< n) G HEAELAT
x, AABE AT AN

Hisp Ty — A W p1-pm NO1 Ao
TR, > T =N o A o Th e, Ny - N7,

o BAEAMHE 7, 5 V4 ORI, ROLTUEX 458 V
AR

Vi =nu V" ~ VE =9V,
EBRRBEHRT,
V# ~ V;: = 7]’;‘/ V’U = 77;“/ /\VPVP = nyy/\l/pnpa' Va’

VINZIE

v

Lo V=V, N,

4R EZA

o FATHIA IR
ds* = da*dx,

AEBREZHE N, BHAE— 44T E.
o MAEARFLMEAR dr = ids/c.

o REEKMMAET ¢. MAMREFHIAM, AEMEERK
BT MR AETA.

o NTHAE m
o K2 A My MARFRTE dix = dxd A da! A do? A daP.
o T HRLURLTAYRLAT Q RILAE My  #Y BT :

WA TH (m, n) B 4-KE, m+n HIKER TN

Q BHIL (m, 0) WM 4-KEMRAFLLM m I 4-KE, 4L (0, »)
BH 4-REARANER » I 4-KE.

Q@ m 5 n EWMAETAEN K (m, n) B! 4-KEMRARAKE.

Q 4KREMIT MENETTURS FAER n,, BE LI g
AR A

p(x) = Q6 (x — x) = Q 8(t— 1) 69 (r — ny)
Tw ~s THY = phPpr Tpv c

o A X=(x*) FIATKT —NEAKRE:
dX = (dv) = (dx, dr)
EMZHN 4B K E.
o K 4fH dX 5 EAR dr Ak, PTUAMEH -1 4-KE U,

4-REEH|:
o KT MK EMITARIHMT —MNREXE,
X= ()= (xo, 7)

EHRZH AMNERE, AL = HFTHEN:
o X x4 MBI AR T — A 4- R BT, zwz%f
-
0 106
%:ggz(g;V) BARURKT 0 4R, B, 85 o BAAARA
B 5] B AE 724D 2% 2 NAE:
BARZ AR, AT o = N o AT RF A oA RAR:
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=N EEIKT GYIREER u = dr/ds, TIEHFEILEERN
B A DETHT, T
, 8 o 4, B N 1 e B
a,ll. ~ aﬂ = axll-’- = 3x/# @Z /\ ual, df*'YudT: 714 - W Uﬁ (UL) 771{(5‘1 74)

o, WMT 4 ERENNENE. TRANTH 4-BE USEMERE o < IRKA.



KT H 4R U
o BT 4K U+ 55 BHREHN, TUMEH — AT E:

XA U= () ZREZHHER.
o FTLAAR IR SR A IR Mg B IR b 77 Je) ) AL IS R R A

U
Q= ~ e e = —1="moo

o A A 4-38 & 7T DA UCHAE S AR X6 A9 LA UK .
B 1Z 7R 2 9 3 4E [ 9 4E % T
i ipi i 72 i
No=7, N;=—=vBi No=—7F N =8+ P

AP y=1/V/1-pL M B=v/c RABRUMEZRE. WHER
A PAT 4 REMITANE A
U= 'Yu(vt ”i)1 U™ = ’Yu’([: ”Ii) ~ UM = /\#VUV

BFZARNEE -, E:

. 2 . .
(BB — P

u’ =

Y(1—u-Bc)
REFAM,
(e B)B =B
Y(1—u-B/c)
IEARAR X W 133 B OE .
o BHNRMT 4-BE U BIFR 7 5 8FH, PTUAMEH —
M NAERE o
AU B : AU
o == (") = (o o), - A=

T A = () ART R 4R

KT 4 MEE o MERPKRE a:= (&) GEYEMEE w
BEE Yt

La=ilw+ By x (B x w)] |

FHFEW:(By-a) = vi(By w). P a5 w bty FRATTEAM

w:%[ﬂ—ﬂu(ﬁu'ﬂ)]

o 15 B, || w, BV THMEELXESN, a = viw.

o % By Lw, MHTMIEMKESN, a=2w

o MABEMTHEFHEERIT/NTRE, B, < 1, FHITLER
RELE B, B—KFE, RNEE am w

o ENTHINEEA Y # (8, =0, yu=1),

a =w

BRAERE A LRELERRER P H . REART
Y BEBEN B & A (MCRF) F M43 MR E o

FAVA
Yeu = U"=N I =N U +/\ijU: Ai07uc+Aij7uu7

= 7B +

6+ mﬂ ﬂ;} YVutt
2

_ i v . i _ Bl
7u[u+7+1(u BB — B }

Yoe=U" =N, U =N U+ NU = yy.e — 1Byt
— 2ye(1 - B/

AP X, BAEE:

u’i—”Z[ui+’y(u-ﬂ)ﬁi—'yﬂic:|, %:’y(l—u-ﬁ/c).

AEFANT 4 MEE o GEYNBEMEE wZ BHKA. ER
kI

. . 1
= 7u(fa ”Z) = 'Yuc(l: :6;)1 By = u/fa Yu = , de=,dT
Y=

FNVE o = /By, =73 (B - w/c). i,
_dU°® _ drd(ae)

o0 = — Y e
ar —ar ar uBew
. dU' e d(y, B S
,!Z{l — I ul _ i i
o 4 4 Yl Vu ' + Yuc B,,)

=7 [(1 = B2 + B wh]
= 737‘/ + 72 [IBu X (/Bu X w)]Z
TREN

o = (S, ) =74 (Buw, W + (B x (Bux w)])

PRI IMEE o ZFHARA?

MERMNEARET —RAUERA S FRT O MYEMEER w5
HEBR BFA Y PYEMBEE o )88 HKA

_l|y -
" Yut 1

D\ BT iEE o SRR s SRENESR T J

w

IBM X (ﬂu X w’):|

R 4, =1/y/1- B2, T B = ufe . O AT ¥ RUOERNE
FEE, EAFTUEFRERA:

1[,7 Vu

w=— |\w
i R

Bl )

=R AR .



AN EZK, BANA:
a = 72 [w+6u X (Bu X w)]
7£w+ 72ﬁu(ﬁu - w)

/ ’Y” / /
w — mﬁu(ﬁu w ) + 'yuﬁu(ﬁu : w)

,.YZ
/ u /
w+7u+lﬂu(ﬁu w)

A FAMH,

Vs
Yut 1

a= 721“” + Bu X (Bu X w/)

PRA—BBERT a# o/, REB, Lo/ MERT O HMEELL

w

V1-Bi

/
a="yw =

o A—MN4ATEFEHEILN:
A, =d
RN F o, KT IR B A EEE XN

a= «/%l‘%y

0 VIilia# |a| = V'
Q £T o+ MEEW, ohed, >0. Tk a>0.
Q MHEUER :

a =1/ = (/Plw-w+ (u-w)?/2

O o B4R, EHEEAMBTRER QRS TUIL 2 Al
TFTHEBSAR L PRMAER o KEH:

‘d: wew = |

PR, a sEABR B A T P RTYEMERGEE #RT

2, BN AR PR TR M R |of | £ 4ATE.

6 5 5 R R B T A, NA
2
b=kt (b B)8 - 9Bufe
w' =v(w—cB-k)
o MK S EHHN. FRARE FAFNFE LR R
RERPHYERK b SEERE B ZMHKRAA 6,
,B-k:/eﬂcosez%ﬂcose P k:%
FAA
w'=9w — B k) =yw(l — Bcosh)

FYRAARBRIESER, W = wy. XEA wy FHITRFIEX
REBAANE. TE BNRNSZEHRIE TAHS:

) ing'/1_ B2
V=P e | tang = SNOVIZ A
1 — Bcosb cos@' + B

RIKTFART 0 4-RE o, FEEP TR/ 447E:

AP, AP,

o I UFU, = -2, RMNBEMRTH 4-FE UMK 4-K
B REAXNTEARN 7 69$8, HANA:

dU*
dr '’

PR, AT 6 4R 8 o RERE 4-KE. RPTAKE —A
RMR, EHELF &% =0. BAA

A" = 73 Bu-w
IR ER RN T AN SR 2

0=20, ~ PU, =0

o WK MMMET & —4-41E,
p=Fk-r—wt

PR A FAN PR — B 2 QA — MR EAF, T
¢ RANHMA, FEEEE A ME.

FINBA kF = (w/e, k) A xt = (cr, 1), TUAL 4ATE ¢ E
MEN:

O =nuktx? =ktx,

AR (xy) = X AN 4-KE, IR TR RER My 70
ERE. A,
k= (w/c, k)
BRAARE—N 4-KRE, FHRIH 4BKR. B BBRE LR
BN A
kR s B =NERY

o BEETIHREHNT AANBA R, ZRNF L EHRIE

%W}%w = Wo.

o SARNFLEWAR, KRIAAETE FAEMRR K ZE K

N @ =mr/2):
w=wy/1—B%<wp

A L E BN A Ives-Stilwell 323> (1938) PFIESE.

25k |
AR — TR FTUNERR T L ERN 4-8E U/cfFA
TR A B[ 5 7 ) AR
o RE NERELFR, AREAT O URE » EEFAFS
RELEN. MELEY PELE RREALKR, TUEL
ARA B A RIRN -
e =(1,0,0,0); e =(0,1,0,0); e =(0,0,1,0);
€3 = (01010: 1)



o MT OMANT L AM4REN: o MEIT X' - ¥ MBAMEHMS T A, (u), RATHES KA
4-RE o EXRESERL FHERRNEN:

; U 174 N _ _
U= Ulew = oot pusles > - =me( L () = R, (1) (eg) ™ = ¥, () 88 = W¥o(w)
B,
s KT ARTOMBALEA MELEY A PRIAFAR ) o |
ERHLARR, I O LA EHIAN LARA HERA: (@)’ =A%) = vy (e)) =N o(w) = 1uBly Bu=ufc
eOI = (17(): 0: 0)’ e]l = (Ol 1x0x 0)' 6’2’ = (O)Ox 1x0); %Eﬂ :
= (0,0,01) =1, 8) =Y
BT, ,
el =8, ~ (ef) =0l o FIBMAZ 4KE o/ (j=1,2,3) EERESFR T PHHE
KRR N
BRI, of EA—A 4R RERTBHF T/ & 0EFR TANER
NEN:

(¢) " = %

) 72 )
I i u i .
¢ = <7uﬂuj: 5]' + Yot 1ﬂuﬂu]>

NT //Ji’ \H £ \m: |/ E_
PR 7] M 7 A 3K R o hB7 B I Levi-Civica A BRI KR, 2305 XA
= Ava LK & . M vpo
M ® AR =LA RSKE: 1, 65 0 767, 1, (uvpo) £ (0123) HBEHR
o Ny 5 00 A My FALKE. ARE ny, 168 EAEAE T e#rr = —1, F (pvpo) & (0123) MFE R
.

W= N, TRHRZMHRE, RAA: 0, femR
NMuv (71');“, :ﬂpaT\puT\U,, /\/\ﬁﬁ’
= o Tua N PP N7, —1, & (uvpo) A (0123) B EH
Y €uvpor = 3 1, # (uvpo) & (0123) MFrEH
_ 5@ 0, HALEIR
= NMualy
= M FH LR X FERE FATREM B RER, A
S~ (5 :/\uaég}(ﬁy 5& ot 8y & &, 6, 4o, o
— A\H /"\'a ehvPo 601/ 61{ 62V 53,/ € — 68 611 65 63
~Na 6 of & &L T 80 6l 52 8
=0y 6g 89 69 &9 &0 8L 82 8
A My T EARKE g ALEATRE.
€uvpo TR B ERBHANRA:
" H W © .
kb O 8 C 1 v b7 ERE. |
Ep.x/pa'ea — _ a B ol A
S TERERMTIE. BRE P ABMBET o w2k = M,

0 o5 oy & THEMKE, NA:
M PT BB A AT T 2A H 49 Levi-Civita 54T 71 kK I SE
(Optional Exercise). H P40 €uvpo BEANNEFEER:

vpo NBVPT _ Ap v P o _afyX pvpo
e#P? s (e) =NGN g NN € x €

° oo o R~ RILR AT ABEAT, FR
e == | G 5 5 ‘ (e =y
€ =)Xe
8 &5 &
° BAMEH:
_ _ 0123 _afyop0 1 2 3 _ _
ok o4 A=AeMB = (NP = @1\ A SN2, = det(A) = 1
P eupos = =2 | o b | =—2(6465 — 8450
p &y oy CURLA

HEZ, P EBRRETHRT RIFAL:

(5] (E /)NVPU _ e,ul/pa
vpo Voo —
€*P% €qppe = —60K, €"P €00 = —24.




RXMBARAMRAFRESZT R, WIFREER, KT L, 5
KT HomRE S e, R SRS R AR T RIS S8 B & £
(CAVPARRIER) BUL BHSFR (MRR) &

ﬁmi/ﬁjt EZENERMBELXEHNESER. T —REM
REFERRABEF T, EE%E M. Pauri FA ML

BATE RAERER ¥ PHR—/AMIS IR E LB AT A5
B OHARIT:

ru, = -2, Ura* =0, AP, = i
B SImREF), A 47 &
a= |t >0

B) MCRE % A FAIB AR B AN (a = w'|) FERTFE LA
BIRE.

1M, Pauri and M. Vallisneri, Mirzke-Wheeler coordinates for accelerated observers
in special relativity, Foundations of Physics Letters, 13(2000)401.

o MELEBAIBFAM!:

U = cey, y4 = ae;

T—0 T—0

UWRANME B 10 =0. RTHANTERELEA L 87 4-RKS
4-FPR A A -

U = ccosh(ar/c)ey + csinh(aT/c)e

o/ = asinh(at /c)ey + acosh(at/c)e;
KT 4 REMABEXFTEFN:

% = ;UO = cosh(aT/c), i—i

PrUKTFARATT £ R R A

A
Vr) = % = ctanh(at/c) ~» V(1) = ctanh(at/c) e

= U' = csinh(ar /)

NI KA YR A BABR 7 = 0 MZAR TR TERRER T RIFH
it

ct (units of c*2/g)

2.5

201 t=0.75c/g
1.5F

T=05c/g
1.0r

t=0.25c/g

0.5-

s of on
0.0 05 10 15 2.0 25 3.4 (units of ¢"2(g)

B A m AN MEEREARTESRER T & HHRK
(mﬂ)’ z@féa =& x(l) = xl ‘m—)O = [.Z/g

WRFHENTEREZR Y B« 3HUMEE N 2 5 MERELKE
. ik,

= (" 0), ar=(o ") = %

LTEEEAFTRRENR:
(P + (U ==¢, -V "+ U =0
—(@°Y + (@) =4

ERTH 4R U = U*(r) FARPB. BEHEREHRZR
&R, M — N ARRARARM:

U’ = ccosh[A(T — m)], U' = esinh[A(T — 7))
#iln,
@° = Acsinh[A(T — 19)], o' = Accosh[A(T — 79)]

Wik, EAFTREFHR. AE=IHTRORLER:4=2q/c

BET=0HAKRTEEZRER L B ELIFA (o, ), Wk
MNTFEL R TSP 2T A0 TEBA RAHR :

t T d T
t :t0+/ dt:to+/ —th:tOJr/ cosh(ar/c) dr
1 o dr 0

=+ sinh(at/¢)
a
1

X d T
! =x(l)+/ dx! :x(1J+/ idT—xO+c/ sinh(at/c) dT
X o dr 0

1
0

=x) + é [cosh(aT/c) — 1]

NI

‘2
=ty + “sinh(ar/c), x' =xb+ < [cosh(ar/c) — 1]
a a

NFHBEAR 7 AL ERTSHHNA L.
25} 25 B KT 8935 S 4L (trajectory) TEFR MR F At R (worldline).

o MBELEBEAIEFA:

U = Yuceo + Yuer, A
T7—0 T—0

A v, = 1//1T=(u/c)?, WRIEH A GIES T EFY
AR, Bl A=a/c, 1B 7 B’?EME&/EJF

u
= ;’)'uﬂeo + Yuae

tanh(amy/c) = —%{ ~ cosh(aty/c) =, sinh(aty/c) = —i;'yu
MFMRATERELER L M 4-BES 4-MBEEANA A :
U:7ﬂ%%Mmjd+%QMWWﬁﬂm

+ Yuc {sinh(aT/c) + %cosh(m’/c)} el

BXANFHEFAF YR AN BB 7 = 0 AR TR TERER T & 3-#

F;\jq u — uej.



A =y, [sinh(a'r/c) + gcosh(m'/c)

€0

+ Y, [cosh(ar/c) + zSinh(ﬂT/f)} el

MT 4-RER P EFTNE R :
j—; = %UO =9, [cosh(a‘r/c) + gsinh(m-/c)} ,
dy!

s U = y,c {sinh(m-/c) + %cosh(ar/c)
PRAKRTHRAT L RONERE V(1) = V(1)ey FEEE:

_dx!  [sinh(aT/c) 4 % cosh(ar /c)
) = o Losh(m‘/c) + “sinh(a7/c)

=u
T—0

} ~ )

AmESER: |

AEAFMELSMBEXEHNEY THMELERT. B
T OB TRUER 5« BBIMREN o KL MREXRE,
T WEBAR. MELL T =0 W B FAN:

Xo =0, Up

T—0
R Xp = () RFRT O LT AW AMERE, o, BT
R R REATE B BB 4RE, WO ARER T+t
REBPT LB RES:

to = %2 sinh(ar/c) + 7,,3 [cosh(ar /) — 1],

u
= Yuceo+Yuue, 'Q{O = —Yuaeot+Yuae
c

T—0 T—0

b = %é [cosh(aT/c) — 1] + wg sinh(ar/c)

KEEMME O 4MNERE Xo #H5 -

Xo = ctoey + xbel

BN EFANELETR. —NERER Z, F—ANERLT O
MBEEER T,
o FMHPRAFMLANEZA LK —ANUAA, INZE L. AR
WA Y B, WER PREFTUAE R RAET
X = (ct, &)
WME, 0 TURA 4N ERE
X=x"e, = ctey + xlel +x%er +xe3
WE. XMIEHERRL: 2R PAENTALRRRR
B 3N EREN r=xe; ARSI F LR B SHA ¢
K 5] B (simultaneity surface) F 4
o MAEREMELZER ¥, PAUILE—MER PAFLAHEFAR
AT A (conjecture) :
K= (et x”)
B, W P R N ORARAT A7

MR RARIE AT A A A RS AR R, TR B R AR ARHLTOR W, SOR
— AN RE A %6 E LS A AT 1] 4 A JR R

BT =0 HARTEEXRER ¥ M ELARA (o, ), Wik
KT S £ % W@ 0 T A3 RAHR -

t T
d
t :to+/dl:to+/ < ar
" o dr

=1+ /0" ” [cosh(a‘r/f) + %sinh(m’/f)} dr

=1 +'7,,fl sinh(at/c) +'yug [cosh(aT/c) — 1]

X! T Ayt
1 d.X'IZl id
x xo—l—/x] xo—i-/o ar T

0

=xp+ 'y,,c/ {sinh(m’/a) +2 cosh(m’/c)] dr
0 c
L C "
=x+tm [cosh(aT/c) — 1] + e sinh(a7 /)

RTHBEAR 7 MALIENLLH AL,

3P
T F 7
C 0 6)2
A
X
X,
X

B2 8 P RS RMER M E AT I AR A &0 = T 8 F B &
(simultaneity surface), w5 NTFH A& L Py AR IERE IR T
O AR AARA ¢ KR A E.

o T O SFMER T, MRA, A4 EPTUATHEAN 0
R T, R P NEEA 10 MR T S, LAMARE
RE AR, MEFERNER PE T, ARA 4-£47:

K= (e, ¥

HEYBERNRRAEBE / = 70, BRARNZER PERT O 4
ER—ARHT S, £

o R PR RETRARUR o RAER Y, EMRR T,
PAL e AP R ARBERENEFRAR? XL e, .
hE<, ETHNT O EMRA T, PR 4NLERETH

2 oy
Xo = ct'e

F8X=Xo +X, A #

X =¥~ ()?)/# = (0, x”)

i

ARNT S, ERNEA PHANTRT O M 4NELE.



D 1T 0 MERE X HTREER,
Xo = ctoey + xé)el

AR
Xo = c'é)

EBE L aAD

o BES AP, ABLHEMEEER Ty, P RAMEF
RAFTH G 7B AR o, (4= 0,1,2,3)

o RMEALEAT OF ' i mMELES. HaiEik,
(14 3)-EREFHEHFTUEAN (1 +1)-ERZFHE
B, MFFE 2 F0 3 ARFFRFLE. FTUUAFRHR IR :

A R
e = e, €3 = €3.

€

e
PO

Xo M ERREX G AT RRERLNE. Eit,
0 BANT O EZH BT BANTMRA T, KRR, EHX
BT ARIE Ty, F B A % :
Xo # cf'é)

R, X, ~ ld.
@ ¥ =0, B Ty REMAMER, BT O AL RIVE T
F 1R E SR AL

Xo = ef)
a—0

0 RITEX=Xo+X,50, RFERT O KR AT E S, LAY

ERPHAMERERN X=X, KEXNERZLP
R4 BAT = (of, ¥7), TR

X' = (g sinh(a? /c), &' + é [1 - cosh(al/c)], ¥, x’3>

BT a0 —RIEVT, X # «kd,.

o NFT OM4RE Up 5§ 4-WBEE o o EAMER:
UpUpp = =, Upou =0, Hbdo,=d

Ft, TN T B 5 A o), ATANLIRGTT B AR AR
EFA:

,_Uo ,_47,/@
=" €= —
c a

T E R AATA R, AR -

€y = 7u [cosh(af /c) + Businh(af /c)] e
+ 74 [sinh(af [c) + B, cosh(at [c)] e,
¢ =7, [sinh(af /) + B, cosh(af /c)] e
+ 7u [cosh(af /) + Businh(at [c)] er
Kby, =1//1-B2 B B, =u/c ¢ =0KZKT O
TRER T HREMRE. FHEL:] o4 —nu |

o KL HMEREHA, KAVA:

ey = Y, [cosh(af [c) + By sinh(af [c)] €]
— v, [sinh(af /c) + B, cosh(at /c)] €}
e1 = —v, [sinh(af /c) + B, cosh(al [c)] €]
+ 1, [cosh(af /c) + Businh(af /c)] €}

TR, KT O#4MEREARER T 8ERLER
Xo = ctoey + x})el
- ;7"{ [sinh(af /c) 4+ B.cosh(at [c)] e
+ [cosh(a /<) + B,sinh(af /0)] 1} — gfyu(ﬁueo +e1)

TUAEMEA Ty, b EH T H -

Xo = < sinh(af /c) ey + < [1 - cosh(azf’/c)]e’1
a a

SGaLtmEMT, RMNEINER PH 4MEREFTUURLR:
X= cteo—i-xlel —I—xzez +x'g’e3
LT LARIE A -

X =Xo+X
1i 1

= ctoey + xér)q +x'e;
=, { (x” + L2> sinh(af /) + x'' B, cosh (af /)
a
¢ ,
+ Bu— [cosh(af /c) — 1] } &
a
a

+ Y {x’l cosh(af [c) + ¢ [cosh(af /) — 1]

2
+ <x’1 + a) B Sinh(at’/f) } e + ey + e;



PO, A= R PAERIER & AR Ty, <7 M LATTHA :

=Y, { <x’1 + i) sinh(a/ /¢) + +' B, cosh (af /)
+ ﬂ,,é [cosh(at /) — 1]} ,

x =, {x” cosh(af /c) + < [cosh (af [c) — 1]

+ (x” + C:) ﬂusinh(at//c)},

2 12

@ =i
R 2 2 R WA B, R SRR 2 A
A AR H— AT T AR ET A, T UAZ A X Moller
T,
1 AR R ARSI B R R ML IR

o EMBEBEZ ¥, F, MERIFMA 4-LAF I+ = (f, ¥) AT
REMH P, WRKRER My ENRKERNEE , =, - 6,

R HA g, ().

BEREAMRR A2 MRIT 25 2 #9885, BAA:
A5 = N detdy” = g, (¢)dx*dx”

W AR

, , OxP Ox°
g;w(x) = npﬂaw e

HEENEPT:

2
gfm:_(lJrﬂx”/fz) v A= =g =1

®EZ,
a2 = = (14 /@) (cdry + (dd") + (d2) + (ds)?

WA B B BT M

2D ixzntuzs ! |

AT JR 3R 5 AR R IR A A RS AN AR T
AT 0t 2 2R T L Rk AR R R

i — N3RS AR B — TR B T AR ) £ R Y 43K &, fil
Fu+ A, =0
X¥ 7, 5 4, HE4KE. ZF,
Ty + Uy + Wy = 0

R Ty Uy R Wy BRI 4R, WEARETRT, 7
A6 — TR ] 89 77 AT, BOE 7 R ATV 5 IS % 2
BRI, TGRS I R IR A A A T4
e

o MHE a— 0, U = BUANRUESE R AR X Moller T
LB ! AR T
ot =y,(cf + ﬂux”),
K= 7u(xll + ,Buftl)i
xz _ xlz’
=

o & B, — 0, BMRIX /=0 HZKNT O 5HRMKER X RIFH
EE AR, T X Moller T4 AL & 4 B Moller T H -

ot = (x’l + l‘z/ﬂ) sinh(af /c),
+ é [cosh(at [c) — 1],

x' = ! cosh(af /c)

2_.n
X = Ll

THmHKT , Moller THAIFL M T H.

BB R AN R B R AR R LA R
o UWIMRA ¥\, WBl.E, AARTOMEBEFSEA,0 SHE
FR. lﬂﬂt OE@IEVEBT%JLEZ’ LA SO

TO = £~ dT@ =d/

o WBAMRA T, PHNT O RFFMXF LA A —ANF,
5 O BAAMF K ALE /BT R LIRE (V) FE BE
RS, B O T, R P RALAER R, AL
AN B AR I R A

d? = — (14 ad'/2)" 2(a¢)

KA df R R PILR A —F A8 fLARRTRL. 5 A
drg RN —FMAZ MK EA, d? = —2(drg)*, RATA:

df = (1 +;zx”/c2> dro

drg = (1 + ax”/cz)

YA
T+ Ay =0

Al BERXAERER T P 8RR BT AT B — /N
EX W RARN, AF 8 .2, 5 A, CHEBEAT AN 4-K
BN, FERER LT AT AR TR

o x = AR

AR ¥ BBAA

TRAD:

F+H, =0
W REFMNRMER PRI T AR MBERA, EIARBEAE
N — AR AR XT3 BT AN B9 138 5 HLAE.



Q . WA
Ay By +Cy =0

A FARAE R — FARX AR AN YA ?

ERASA:

‘ ARH3E (unkown) ‘

0 RAE BABAMAIA 8L RHIE o, B, 5 €, ENMEA
b RBE W AFE I BARHRABEERT
T R, TR A~ 5 A ERARE

o FRKELEIMERUAR, LARL T HIMYHEE EH#
AR R K 4-5KE. 4RI,

V? . 88 ——13—2+V2
BT 262
#Hmn:
oo, = —p/eo

o T RUAEL ¢ 5 p BB AMNE 4-KE. REELHERE

BIRCAA N 447 E, il ERTTAR B ARAT A4 RDE RH
BR, RWBMEFRBORTCANMET 4-REHRTANE

A =(¢, 4), J*=(pj)
T AR A FARZ LT
aﬂapAuzfju/Eo ~ 6’“6#1‘1:7]'/60

MWT ¢ fAAR, AELHT AR R TAR. SRET
WA BE AR, BATLZP R R ?

2D sugzrmsesisnang? |

0 —MPTREM AT RANIEA A S M RE SR M N L, Wk
B P YRR TN NG 4-KE. B AU, RA
VRN W BEAT /A SR 30 3 5K S RAR A I JR B R M1 LA

filte, (REF) fFRIAK K KRAEE:

V-E:eﬂ, VxE=0

0
B B B TR AR AN B AR R B S B
%, E=-V¢. FilA,
V= —p/e

o FERRMLYL, M ROBMAA RNRERT AN p M1 BEFSF A
AL



