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Abstract: The spiral motion of charged particles in magnetic field was analyzed by the transformations of
the electromagnetic field. Besed on Compton scattering theory and Doppler formula, Compton scattering
of virtual photon and charged particles was analyzed, and the wavelength formula of spontaneous
radiation of the charged particles with spiral motion in magnetic field was derived. The results show that
when charged particles performs spiral motion in magnetic field, the electric and magnetic field can be
taken as periodic electric and magnetic field, and equivalent to virtual photon in the particle system. By
Compton scattering of virtual photon and charged particles, the virtual photon can transformed into real
photon to radiate out.
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(b) The particle system
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Fig. 1 Relative motion of magnetic field and charged

particles

[F] 2 2% 221 W 3 F1HE HaORL - (8 A0 X dz 3l 1 00 b 1
LCa) g IS 58 38 2 vh il 46 R 37 07 1) WL 5% 21 1) 1 37 e
F KL T A A R 32 B I 0= 0 B 21 L R T AL T RE 3
B L7 50="T/4 W2, 4l kL T4 TRE W A J7 5 0=
2T/4 WF 20 Ay kL T AL TRESH IR J5 56 =3T/4 21,
MR T Ab TR B 22 T3 5 0= T W20, 47 Bk 3 1A
HNwEm L. ISR = R B kA 3h il
FLAE 8 E 2 0. ] 1(b) Sy POBL T & 1k R i 2 < oy
T R 5% 1] 1) 1 7 A HRURE 1 14 4 X i B A 1 </ =0 I
2 Wb For kLT R W — 2 s =T /4 Bt
Z0 Wb T R A O — il b = 2T /4
0 A T R B 2l b =3T /4w
b T RL T AT il b = TR 2 i X
[l 7 R 7 B — 2 il B R R R R R R
i 1R AN Bl 1 5 s 1) SR iE Y- 2l

R AH XS 18 HL B 37 78 e A RL T i 1k B TP BE A AR
27 B/:B// +9B,  NAEEHRYG E/:}’(VXB)L , Hor
B, = Bcos 0, J B 35 47 T4 o B0 T ¥ B v 194 Bt
B, = Bsin 0, J i3 B T HURL 5 3B v B o> 5 B
/RS ONAN |

B, =Bcos 0.B, =7yBsin 0 2
HL 37 1 RN R
E' = yuBsing (3

oI T B B i R 04 B ] Az Bl 0 AR e L D A
R 1k Z o EVR BT T o) SR AR AL T2 ik T
R 1k R R ) BRI B g5 1) =0 B2 E
) 7 ) U Bl L ] B A C— ) P T X
Wl =T /4 B2 E" {9 J5 i i v %l 1E 5 1] B' 1 7 1]
T8l ) S XN =27 /4 W20 EM 4 5 Tl il 2
6377 1 BT 7 1 76 (' 2D S T XA 5 = 3T /4
i 20 B 07 el /% 605 1) B 7 ) 48 (— 27, 2D
ST DI L R T AR IS RN L 3 G R KL T AU ()
SRV B i K AL S 2R/ T LA S B2 i HURE
S 1) ke F- 50 4 [ g J 38

(a) ¢ =0

(b)Y =T /4

,727tR/}/‘ -
"~ usind =T/ “
x’
Z,
B, B
y,
B, B,
E’
(c)t =2T' /4 (d) ¢ =3T" /4

M2 WFHIEZFWG E Ry B NFH
Fig. 2 The direction of the electric and magnetic fields in the particle system
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Fig. 3 The angle definition in Compton scattering
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in the synchrotron radiation and cyclotron radiation
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Table 1 Main parameters of spontaneous radiation

Parameter Value
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of spontaneous radiation in the cyclotron maser
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