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Fig. 2 The shape of the optical micropulse at the 1lst pass has an initial uniform distribution. The solid lines are from
the numerical simulations and the dotted lines from the analytic formulas (13) and (15)

(a) positive slippage. s = 03 (1) negative slippage, 8§ << 0

Hi (13)~ (16X, 46 E S A Fe 4R P A 1 23 M TP R S5 5 E S48 R 3 B (6) P BB 5
R ETRAENAE 7. AR FREEENEESH R LK.

FESHEFTER - HEREGEE
B IERHEBMIE . RINAFBIEE TN
NRNE, FRENRLIT .

4 WOERIRL

B 2 Bk, i F W, BT R kol
B JE R 4Y o FE SRk > 1 AEBUT , SRk 5
O BIE, Y6 R0 0 15 53 BT T 4 m | S e
HE,BEE, E A SR FRARS R Tz SLo e
ﬁﬁ?ﬁ%;%ﬁﬁﬁ%ﬁmﬁﬁﬂﬁ Bl BT e Fig. 3 The delay of the optical pulse centroid between
RMRLRL T, STIRAY T ERBEM AT IEER L 1 the 20d and the 1st passes. Normalized to slippage time s
Xk 5T - R FRknEE. FITER
S — g R AR K RAY B E AT SEE . B QDR TR IKkeh B O . T HAERH
A pass @GRk R ORI HER LB 3. By G RITR BT I /MR B E D A R A — .

5 HBELE

ST BUEE, 7T LAR B & FRAT A9 Rk v ot . B naE 259K Sh FEL ¢ R BRI R EWER
W E®), E. Jerby 45 \FESHERRAMETT T HUR 0T, 31T T AM 818 FEL 3248, # L
AR b, 7E RS 25 HESR PO AT LUSE 3 B A RR B BRI . 28 LR JERk e IE RN E 2(a), (B



892 e i ¥6 23 %

=1 O N &

REEARER LR EEE 2EP, H

] FHA Y MR IR o = 22— ) &
15} RIGIER D G35 HAE E—H5 8 TR, T
Lo V| BARTFRES L TE LS EREM,

B 6 o AT BT 20K BB £ 3K . 24 FEL T4E
o s | MRS BRE, KAN T T4 BRI
TE T b 810 KRR A B B I 4 R
Fig. 4 The shape of the optical micropulse at the 2nd ﬁi%ﬁi ﬁ %ﬁﬁﬁ% ! tﬂ ﬂjﬁﬁﬁj‘-} 2 %ﬁﬁﬂﬁﬁﬂﬂ(

pass driven by a long electron pulse ORI HFEBRT s, MBS QMIER 4%

TE2PHBRE.

=

2 F X &

F. Ciocci, R. Bartolini, A. Doria ef al. . Operation of a compact free-electron laser in the millimeter-wave region
with a bunched electron beam. Phys. Rev. Lett. , 1993, 70 1+ 928

Y. C. Huang, J. Schmerge, J. Harris ef al. . Compact far-IR FEL design. Nucl. Instr. Meth. , 1992, A318 1
765

X. J. Shu. Y. Kawamura., T. Tanabe ef al.. Competition between two resonance frequency branches in a
waveguide free-electron laser. J. Appl. Phys. , 1995, 77+ 426

FAE. T R KAEF F. ELSE B TR O RER AR E BEAEETA (FRR
Xiaojian Shu. Gain analysis of a waveguide free electron laser. Opt. Commun. , 1994, 105 + 188

G. T. Moore. The high-gain regime of the free electron laser. Nucl. Instr. Meth, . 1985, A239: 19

H. Al-Abawi., F. A. Hopt. G. T. Moore et al. . Coherent transients in the free-electron laser; laser lethargy and
coherence brightening. Opf. Commaun. , 1979, 30 + 235

Y. Kawamura, B. C. Lee, M. Kawai et al. . Observation of periodical short pulse trains in free-electron laser
oscillations. Appl. Phys. Letl, , 1989, 51 1 795

E. Jerby. G. Bekefi. AM mode-locking of a free-electron laser oscillator. IEEE. J. Quanf. Electr. , 1993, QE-29
1 2845

Gain in Non-steady State Waveguide Free Electron Lasers

by Taking into Account Energy Spread

Shu Xiaojian
(Iustitule of Applied Physics and Computational Mathematics, Deijing 100088)

Abstract The analytic expression of gain for both frequencies in non-steady state waveguide
free electron lasers is derived by taking into account axial energy spread of electron beams.
The approximate explicit expression is also given. They agree well with numerical
simulations. Based on the non-steady state gain, the necessary detuning of cavity length to
counteract the effect of lethargy is estimated, and the mechanism of self mode-locking is
explained clearly in time domain. '
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