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Appendix B. Special Relativity k& 1B¥1 R

B.1. Relativistic equations of motion

We define the Lorentz factor
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The relativistic momentum is  (FEtXANE 2 EM B FA1EE N RABENSE<TIE)
p=ymv
Relativistic equations of motion are
dx
ac '

dp _d(ymv)
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where the force can be
ﬁ=m§+q(§+ﬁx§)+---

Since both y and v are functions of time, we define a new variable .
Let

u=yv
Thus, the equations of motion can be rewritten as
dX u
dat "y
du R . U o
ma=mg+q(E+;xB>+---

It can be easily shown that the Lorentz factor can be rewritten as

or

Kinetic energy
T = 2 mu
=({y—-1mc =TI
Fory — 1, i = ¥, we obtain the non-relativistic expression of the kinetic energy
mv?
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B.2. The Lorentz transformations [1]

2P Z E—1& primed frame 18%f—1{E unprimed frame &R v 38 x-#h /5 @A
i - AlMEM R 2 ERIRFZEEEIR (Lorentz transformations) %

vXx
t=y(t- C—z) (1)
x' = y(x —vt) )
y' =y (3)
Z ~z 4)
where
1
‘}/ =
2
-5

is the Lorentz factor and c is the light speed.

— (AL TERY Lorentz B R &

ct’ = y(ct — fx) (5)
x' = y(x — Bct) (6)
y' =y (7)
A (8)

where B = v/c. BEH [ct, x,y,z] & Minkowski A2 :%A0PURE 2= RIAI AL B RRAE - [2]

B.3. Length contraction and time dilation [3]

Table 1 & REET » E% primed frame ZEHIE (BFHEREZE) » EEEE
FAERFE] BIE—{E unprimed frame (FLLZR) FRYYIEEMIRES X, and x, BAIE > AL
FEYHREAIE 885  nEBYHRMEINMEREZEHEEIRS (length

contraction) ©

Let L be the length measured in the proper frame  (#)BEFR7EEENEEAEZR) and L'

be the length measured in the moving frame, then we have

r=t 9)
y
Table 2 B4 REER » B—(IE x BiBRAEHT FILE - ¥5 primed frame REEI
= (BEHmEaE) BEUERIERBERIEINT v EHER - S ERREERS

(time dilation) °

Let T be the proper time and T’ be the time measured in the moving frame, then
we have
T =yT (10)
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Table 1. Length contraction

Event Proper frame Reasons Moving Frame
(1) x;=0att=0 Egs. (1) & (2) yield x'=0att'=0
(2) x,=Latt=0 Egs. (1) & (2) yield t'#0

xz_x]_:Latt=0

Forx, =L &t' =0, Eq. (5)
yields t = vx,/c? = vL/c?

(3) x,=Latt=vL/c> Egs.(1)& (2)yield x, =Ljyatt' =0

LU'=xy,—x;=LJ/yatt'=0

Table 2. Time dilation

Event Proper frame Reasons Moving Frame
(A) x=0att; =0 Egs. (1) & (2) yield t;=0&x'=0
(B) x=0att, =T Egs. (1) & (2) yield t; =yT & x' = —yvT
t,—t, =T T'=t,—t; =yT
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