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Abstract: This paper derived time domain multimode formula and combined it with the frequency single
mode theory to investigate mode oscillation and mode interaction of a 394 GHz gyrotron. The gyrotron
reaches a steady state where both TE,, , and TE},, _ modes oscillate at 393. 87 GHz in time domain the-
ory while TES,, = cannot oscillate in frequency domain theory when the beam voltage is 15 kV, the
magnetic field is 7. 185 T, and beam current is 0.25 A. TE.,, , mode dominates the final oscillation,
which output power and efficiency are 136.8 W and 3.6% , respectively. The output characteristics of
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the operating mode obtained by two theories are identical.
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Table 1 Optimized parameters

Working mode TE%M .
Beam voltage (U) 15 kV
Beam current (/) 0.25 A
Cavity magnetic field (B) 7.185 T
Beam radius (R,) 0.63 mm
Velocity ratio of electron beam 1.7
Diffractive quality factor ( Q) 22804
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Fig.1 Geometry of a three-section cavity resonator, nor-
malized Gaussian profile and hot/cold cavity profile
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Fig.2 The coupling coefficients of different modes
vary with the electron guidance center radius and the e-
lectron cyclotron radius
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Fig.3 The distribution of starting current with magnetic
field and electron injection voltage of (a) working mode
TES,, , and relevant competing modes (b) working mode
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Fig.4 Start current of relevant modes versus magnetic
field (beam voltage is 15 kV)
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Fig.5 Start current of relevant modes versus beam volt-
age( magnetic field is 7. 185 T)
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Fig.6 The evolution of the frequency shift versus the
time (B, is 7.185T, ABis 0.05 T)
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Fig.7 The evolution of the output power of relevant
modes versus time (B, is 7. 185 T,AB is 0.05T)
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Fig. 9  The output power and efficiency of relevant
modes versus beam current based on time domain multi-
mode theory and steady state self-consistent theory
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modes versus beam voltage based on time domain mul-
timode theory and steady state self-consistent theory
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