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KETRERL, MFIBGLIRZRT, FESHAEATAHERATEANE,

’ Same origin —
3 i at t=t'=( ﬁlllﬂﬁﬁéléﬁiﬁﬁ
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AEER JL AT & 97

Nikolai Lobachevsky Carl Friedrich Gauss
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B—%E&%52ZF1T.
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- BH: REE

14/ 34



AEER JL AT & 97

Euclidean geometry Hyperbolic geometry

Elliptic geometry
zero curvature negative curvature

positive curvature

L
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saddle surface

Euclidean plane

sphere

https://commons.wikimedia.org/wiki/File:Comparison_of_geometries.svg#/media/File:Comparison_of_

geometries.svg
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» BIRTMRKRFR v — o FEHEXTZENTHRARDELER
dz'#* = A*  dx”

- BT ERRRYEL
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A¥ 09, 5 = Gap
- FEFESRIER I
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HEM TEERNTH A K — 8 (Lorentz B ), BERIEEERNZH (H=T
=) RYEIFRANEE:

ATgh =g
- BRERIT: WUR{E (ZR/NTH) B9 R
c BICEERIERTT: 3 1N (rotation) + 3 MHEF (boost )
> R A= B BT
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Lorentz £

+ ZIRTH: WL ZZBEX « AEENE V HRESER, Rafmesi
7 7 Origins coincide

whent=t'=0
b velocity v

v

(t) (t)

X X'
> : >
Frame S

Frame S

« FDNEER R = AN A R SR 5 T
* Lorentz A A5 EH =1 O] BIHEG ( Boost )

cdt’\ [ coshyp —sinhe) (cdt
dz’ ] \—sinhy coshop dx

c2¢2

coshp —sinh g
—sinh ¢ cosh ¢

U EEH R 0

cosh p = (e¥ +e7%)/2,

—a® = (ct, ) ((1) —01) (;t)

1 0 coshp —sinhy
0 —1/\—sinh¢y coshyp

“(05)

sinhp = (e¥ — e~ %) /2.
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X 5 1,0 5 _ coshyp —sinhy
SO(l,l) Ei c® dt* —dx A(SO) (_ sinh © cosh © )

* MAITRE ¢ SSERENEE V ZEHXR?
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(57) = (@) = ()=o)

AN SZZNZERNATXR. BILSERNEITHA dr, SiRZBEL
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SO(1,1) &##A SO(2)B+HIXSEL

c2dr? = 2 dt? — dz?
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M2 44%R ( Four-position )

z, = (ct,—z,—y,—2)

* B 4 REMFETRRAFFDEZERAIATR (KE” )

r, 7" = (ct,—x,—y,—2) - (ct, z,y, 2)

2t2 2

g2 g2 2

=C

* R
dz# = (c¢dt,dx,dy,dz), dz, = (cdt,—dz,—dy,—dz)

0

- EHER:
ds? = c? dt? —dz? —dy? —dz? = dz,, dz#
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FTSHT 4 RERIFR

- EREBT]T, 4 RERETHW,

dz# — dz'#, dz, — dz),

» WETAHE, FE 4 REFNT 4+ RENAREBCERTIRTAE.

dw“ dzt = dmzb dz’* < ds = ds’

* EMEEEN: v=F FELERTHRESFISHEST, ELEENTHRX
BILREZR.

BE: MREFEEXKSEHLA d” BREEATE, BAERENTHRIAE
M= 25—, HEFRETHR, FHTHN.
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"Time is absolute"

- Isaac Newton

"Time is relative."
- Albert Einstein

"Time was invented by
clock companies to sell
more clocks."

- Karl Marx




M%5% & ( Four-velocity )

- KR RIEZF T NBREATZE: ds, KEEH

& B B/ JE BT (proper time):

o dr Bi&{EZZFR=E (Lorentz scalar)

- MR dr RFRLESEZZARMEZL. ATA?

258 & (four-velocity):

dz* dz*

_:C_

dr ds
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M2 Fh= (four-momentum)

M#EZh& ( four-momentum ):

y dz* dx*
= Mm— = MmcCc—
b e e
p,p" NBREIZE:
dz, dz*
b =m2c?—L— =m?2c2.
Pub ds ds
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(Lorentz covariance)



H{EZ2% = (Lorentz scalar)

NUgEFHER, BATATMESIMAHIEFICEITENTIE.

+-REAE—RPNERE MeRETEEZRIRHIKRE.

- i - HAR 4-KRE, BATELETH (RESERATHR) T,

dx? . dx’#
dt dt’ FARIBILZETHE,

EFETREMPTRENAREFRLEER THAZE—FELEFE.

* W:p,pt Mz, p" BEFIRLEIRE.
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E—afEs: AEMRHE

BT = SRTHIEN = B EERNXE =
EamEERMNETE

ds? = da:u dz*

= (cdt,—dz, —dy, —dz)

= (cdt,dz,dy,dz)

ds? = dz# g, dz”
~———

d:JcM

= dx* dxu

BB A E T

REHIEH:

dz, =g, dz”
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- IRIEMEERE BT HREE E FBXHEHERE p
p" = (E/c,p)

p,p" = m?c? < E? = p?c? + m2c?

- HRFLESERF, p =0, ELtHRATERE GRS

E = mc?
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- BEMIE dt M dr (ZFRLESERA ' &) ZEHERKFR

2
ds’? = ds? <= 2d7r2 = 2 dt? — da? = 2 dt? (1 — 172)
C
< v(v)dr =dt with ~(v) !
T = wi v) =
! ! V1 —v2/c?

MEHNEFH =N EN=LEIEZEPRFR: p=rmv=EHE? M XHEW
3
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b b, 2 2 2 t,
/ ds = / c? — (d_x) — (%) — (%) dt = V2 —v?2dt
. 2 dt dt dt 2

- FIf§BAHEZE S = [ Ldt:
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p = — = ymv.
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