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Abstract
Dynamics of Free-electron lasers(FEL) is investigated on the basis of the pendulum equations in the one-dimensional
formulation. The phase-space evolution and the bunching coefficients of the electrons, which enable one to find the
evolution of the radiation field, are briefly reviewed. Describing the computational procedures for solving the FEL
pendulum equations numerically, we discuss the electron dynamics and the evolutions of the radiation field in the
various gain regimes and the saturation regimes. Also we carried out numerical studies on the inhomogeneous
broadening effects due to the energy spread and emittance of an electron beam.
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Figure 1. Amplitude of the FEL radiation fields Ia(r)l Figure 2. The FEL Gains v, versus j, fora perfect
versus 7 and v, for a perfect electron beam at electron beam.
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Figure 4. The evolution of the amplitudes of the
Firgure 3. The electron dynamics in the phase space radiation fields are plotted in the solid curve(thﬁ
i . - . fundamental mode) and the dotted curve (the 3"
for the case of the saturation with a high gain FEL. harmonic mode).
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Figare 5. U@&Mp&ﬁavs&@&mmtbﬁw W

spane_#t the end of the FEL wndulator The mitial

distribution is plothed inthe dotted curve, Figare 6. The bunching ooefficients at the end of the
FEL wmdalator vs, hannome cxders,
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Figare 7. The electron zam perunit length vs detunmz o]

paaneter g . Conputations are camied out in the . . ) )
regime of the wapidly gowing radiation field ocrurring Figure 8. Comparison of ymmenical and analvtic vahes

avound the middle of the undalaor. of the FEL gam for a perfect elechionbeam & jg =50

Figure 9. The FEL gains versus 1 for various erergy Figwre 10. The FEL gains versus vy for vas

spread parameters g &t g =30. emittance spread pavareters i, &t g =30.
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