




















𝑉𝑠ℎ𝑜𝑐𝑘/𝑐

𝜎 = 𝑀𝐴
−2











g

sin2
𝜔Δ𝑡

2
=
𝑐2Δ𝑥2

Δ𝑡2
sin2

𝑘𝑥Δ𝑥

2
+
𝑐2Δ𝑦2

Δ𝑡2
sin2

𝑘𝑦Δ𝑦

2

𝜔 = 𝑘𝑉 (𝑉 ∼ 𝑐)

















 𝑐∆𝑡/∆𝑥










=







 w

G





X (c/wpe)X (c/wpe)

Y
(c

/w
p

e
)





















g

 w

𝛾𝑚𝑎𝑥 ∝ 𝑡


𝛾𝑚𝑎𝑥 ∝ 𝑡
1

2













−
e2

4𝑚𝜔2 𝛻𝐸
2(𝑥)

























𝜎𝑒 = 3 × 10−3 𝜎𝑒 = 3 × 10−1















𝛿𝐵𝑦
 𝛿𝐵𝑧



𝛿𝐵𝑧

(𝛿𝐵𝑦 , 𝛿𝐵𝑧)

 𝐵~𝐵𝑦



(out-of-plane)







𝑎 =
𝑒𝐸

𝜔𝑚𝑐





𝜕𝐵

𝜕𝑡
= −𝑐𝛻 × 𝐸 = 𝛻 × (𝑣 × 𝐵)

𝑗 → 𝛻 × 𝐸+𝜹𝑩 𝑐/𝜔𝑝,𝑠











 𝜔𝑝𝑖
−1 𝑐/𝜔𝑝𝑖





𝐼 = 𝑗𝜋𝑅(𝑡)2 𝑗 = 𝑐𝑜𝑛𝑠𝑡.

𝑅 𝑡 ∝ t2 M/m −
1

2







𝐵 =
2𝐼𝑟

𝑐𝑅2
r < 𝑅

2𝐼

𝑐𝑟
r > 𝑅

 𝑟𝑔𝑒 ~ 𝑅 𝑡

𝐼𝐴 =
𝑚𝑐2𝛾𝑐

𝑞
 𝐼𝐴





 𝐼𝐴 = 𝜋𝑅2𝑞𝑛𝛽𝑐

𝒓𝑷~𝟐 𝜸
𝒄

𝝎𝒑,𝒔



𝜀𝐵 =
𝐵𝑚𝑎𝑥
2

8𝜋𝛾𝜌𝑐2
𝐵𝑚𝑎𝑥 =

2𝐼𝐴

𝑐𝑟𝑝

𝜺𝑩~
𝜷𝟐

𝟐
~

𝟏

𝟐







 𝑐/𝜔𝑝𝑖





𝜖𝐵 = 𝐵2/8𝜋𝜌0𝑐
2(𝛾 − 1)













𝜀𝐵


𝑇𝑒~10𝑚𝑐
2)





















•

•

•

•

•

•

•

•

•


