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Coupled-mode theory: Section 1.3.8
The contents of this sheet are based on Briggs, R. J., "Electron-stream interaction with plasmas”, MIT Press, (1964) pp.39-42.

The working equations with their implementations in Mathcad are:

(a)_ﬁvgl)(a)_ﬁng):kg Equation (1.28)

Equation (1.30)

wzé{(vgl +vgz),3i\/(vg1 —vgz)2 5’ +4k02} (real £3)

1
WI(B.vg1.vg2-Ko) = E'[(Vgl + Vgo) B+ \/(Vgl - ng)z' 8+ 4koJ

1
w2(B. Vg1 Vg2 k) = E'[(Vgl +vg) B~ \/(Vgl - ng)z' 8+ 4k0}

b= ! {(vg1+vg2)a)i\/(vgl—vg2)2 a)2+4vglvg2k02} (real w) Equation (1.31)

2vg1vg2

Bl(w,vgl,vgz,ko) = '|:(Vg1 + ng)-w + \/(Vgl - vg2)2~w2 + 4vg1-vg2-k0}

2Vg1Vg2

1
B2(w. vy vga-ko) = m'[(vgl Vg w - \/(Vgl - Vg2)2“2 + 4Vg1'vg2'k0}
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Case A: vy, >0; vy, >0; ko > 0

Vgl = 15

Omega

Rwl(B,kO) = Re(wl(B,VnggZ’kO))

1w1(B.kp) = Im(w1(B. Vg1, vgr.Kp))
RwZ(B,ko) = Re(wZ(B,VnggZ’kO))

1w2(B.kp) = Im(w2(B. V1. Vg2 ko))

Real beta

Vg

2 = 05

ko =0.3

RBl(w,kO) = Re(ﬁl(w,Vgl ,ng,ko))

Iﬁl(w,ko) = Im(Bl(w’Vgl’VgZ’kO))
RBZ(w,kO) = Re(ﬁz(w!vgl’ng’kO))

IBZ(w,kO) = Im( BZ(Q}, Vgl ’ ng,ko))

Real omega

Figure 1.8
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Case B: vy, > 0; vy, < 0 Ky > 0 ab % oo ‘?4 o= 1 Note: These values overwrite those defined above
Ril{(B.ko) = Re(wl(B.vg].vg2.Ko)) RBLLw ko) = Re(B1(w.vgy.vgr.Kp))
el 5o) = (g1 500 ol tg) = (811324
R3(B-ko) = Re(w2(B.vg1 - vg2-Ko)) R@2{w. ko) = Re(B2(w,vg) . vg2.k))
A3l B-ko) = m(w2(B.vg . vg2.ko)) 182(w. ko) = Im(B2(w, Vg1 . Vg2 ko))
Real beta Real omega Figure 1.9

Omega
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[Case C: vy, > 0; v, >0; Ky < 0] Nagh= 15 Nga= 05 ko= —03
Rwl! Bko) = Re(wl(ﬁ,vgl,vgz,ko)) RBl(w,kO) = Re(Bl(w,Vgl,ng,ko))
Mﬁko) = Im(wl(B,vgl,vgz,kO)) kao) = Im(Bl(w,vgl,vgz,kO))
Rw2! Bko) = Re(wZ(B,Vgl,ng,ko)) R{32 wko) = Re(BZ(w,Vgl,ng,ko))
W,(Bko) = Im(wZ(B,vgl,vgz,kO)) 132 wko) = Im(BZ(w,vgl,vgz,kO))
Real beta Real omega Figure 1.10

Omega
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Case D: vy, > 0; vy, < 0; ko < 0 NV@AA::% AX@ZA:_?L‘ o= 1
Rigl{B.ko) = Re(w(B.vg].vg2.Kp)) RRIw ko) = Re(B1(w.vg) . vg2.Kp))
BB Ko) = 1n(1(B. 1 352 Ko) 1Bl kg) = (131 Ko )
R B.ko) = Re(w2(B.vg].vg2.Kp)) RE2{w ko) = Re(B2(w.vg; . vg2.Kp))
Bl 4o) = In(2(Bvg1 v ko) 13 k) = (P21 %10 )
Real beta

Real omega Figure 1.11

Omega
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