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The four-velocity and MCRF basis vectors of the world line at .A
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all particles (i)
A
ARG, MEFIEds? = d3 - dz, IF5 EAIN proper

time):
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dz dz
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dr dr , d@ M@F (d,0,0,0)
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WAL 2% ROMUIEEUnJas), MERTANsIRpzs, A

B-Us =B+ € (9)
Mg — (E,p',p%,p%), WALSRFSHHR FEERSER0 FIRERFRIAN:
o
_ﬁ’ fjobs - E (10)
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JEFAESOCHFRAIHERLL Bizgh, #dr =0, WIoEe HMWEE, thtizh
MCRF, {ESE7RISIERATAE, BN 7 RIEHSHRLTAT, wIE
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g(ad + BB,C) = a g(4,C) + Bg(B,C) (14)
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g(€a,€5) = €a - €5 = Nagp (15)

0
< 1) k& one-forms

<(1)> gk B WFRIE a covector, a covariant vector, or a one-form. N AZ{E T XA & 23 [H
(dual vector space)H,
TR X5, Ho&ENp,:

Pa = P(€q) (16)
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—

ﬁ(A) = ﬁ(AaEa) = Aaﬁ(ga) = Aapoc (17)
XUk ARIPE i), (EAEREIA & Flone-form[AIRI A #E(T, TCARASEIHAIKE (WFRHT
TEEMKRE) , WimEEEARNEIT,
TS5 RN

ps = P(€5) = P(AZ€a) = AZpa
B} B} (18)
€5 = A%e,

=

Wi, prI D BAHS AR -8, mSmEsEMAk (HEH) o XRIE 7 HH
A°p GBHERICK, MTKEEHIAZM,

HTF a2 s Bm s —3, R covariant vector”, ﬁ‘ﬁ%ﬁﬁ%jﬂgﬁﬁﬁﬁ
SXEm&EMR, IR “contravariant vector”, {HIXLEAF LIS T, IAE—/& 535

FRA“dual vector / one-form”Fll“vector”s

H T one-formsAYSE S 1 — AT E A R3], #A] POEEPY Mo K one-forms
MRz R R @}, BARES M8 RAER{E, } W1 (dual).

B(A) = ™ (A%65) = pa AP0 (é5) = paA® (19)
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R ETORSRAE, BlTa] AR —RSIHHE KR Rone-form  (PA=4ERK
RN o [RZFEXEEAEEM AR IFHISER, Mone-formAR B BRI HATH]
[FIEEZG H, TRIEERRDN, HeE R,

Ry

(a) The picture of one-form complementary to that of a vector as an arrow. (b) The value of a
one-form on a given vector is the number of surfaces the arrow pierces. (c) The value of a smaller

one-form on the same vector is a smaller number of surfaces. The larger the one-form, the more
‘intense’ the slicing of space in its picture.
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A world line parametrized by proper time z, and the values ¢(z) of the scalar field ¢(t, x, y, 2)

along it.
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