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Abstract The solution of characteristic equation of multimode step-index fiber core conduction mode is involved in many
cases, such as the mode dispersion solution of multimode fiber, the theory analysis of optical fiber coupled-mode, and the
mode evolution of tapered fiber. The large computation capability of this solution affects the whole computational efficiency
directly. The Newton-Raphson iteration method is analyzed and it has obvious advantage in convergence speed. In the
solving process of scalar mode characteristic equation under the weak-guidance approximation, we use the zero point of the
type I Bessel function to determine the interval of roots, then solve the characteristic equation quickly in the interval by
combining the Newton-Raphson iteration method. The solving process is introduced in the solving of vector mode
characteristic equation, and its first root and last root are determined quickly by combining the way of upper and lower
boundary chord intercept. Finally, we compare the calculation results of our method with the results of OptiFiber software,
draw the mode dispersion curve of fiber, and verify the accuracy of our method.
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Table 1 Solving speeds and numbers of iteration of the three different numerical iteration methods in Matlab

Iterative algorithm Total elapsed time /s Number of iteration
Newton-Raphson method 31.970 12
Chord iteration method 39.890 14
Dichotomy method 60.856 44
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Table 2 Results comparison of LP mode calculated by unilateral derivative approximation method and OptiFiber software

Unilateral derivative Unilateral derivative

LP mode OptiFiber LP mode OptiFiber

approximation method approximation method
LPCO, 1) 1.500615482062037 1.5006155 LP(3, 2) 1.500057467810980 1.5000575
LPC0, 2) 1.500460056193436 1.5004601 LP(3, 3) 1.499617952475429 1.4996180
LPC0, 3) 1.500183665832580 1.5001837 LP4, 1) 1.500289830159226 1.5002898
LPC0O, 4) 1.499796085825699 1.4997961 LP4, 2) 1.499891460752375 1.4998915
LP(1, D 1.500559320605556 1.5005593 LP(5., D 1.500168868508237 1.5001689
LP(1, 2) 1.500342777066055 1.5003428 LP(5, 2) 1.499711538241277 1.4997115
LP(1. 3) 1.500008434390372 1.5000084 LP(6., 1) 1.500033175579126 1.5000332
LP(1, 1.499577264661680 1.4995773 LP(6, 2) 1.499519749673883 1.4995197
LP(2, D 1.500485673827049 1.5004857 LP(7, D 1.499883168177555 1.4998832
LP(2, 2) 1.500208257314998 1.5002083 LP(8, 1 1.499719267485602 1.4997193
LP(2, 3) 1.499818740605877 1.4998187 LP@9, 1) 1.499541943952064 1.4995419
LP(3, D 1.500395609772320 1.5003956
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Table 3 Results comparison of fiber core vector mode calculated by unilateral derivative

approximation method and OptiFiber software

Unilateral derivative Unilateral derivative
Mode OptiFiber Mode OptiFiber

approximation method approximation method
TEC, 1D 1.500552042431102 1.5005520 HE(,D 1.500612638612590 1.5006126
T™MC0, 1) 1.500551995649867 1.5005520 EH(,D 1.500472386216595 1.5004724
TE(0,2) 1.500316998935787 1.5003170 HE(,2) 1.500444506284832 1.5004445
TM(0,2) 1.500316846339907 1.5003168 EH(1,2) 1.500169792559741 1.5001698
TE0,3) 1.499948158573944 1.4999482 HE(1,3) 1.500142379786224 1.5001424
TM(0,3) 1.499947852134277 1.4999479 EH(1,3) 1.499734082353421 1.4997341
TE0,4) 1.499446474217767 1.4994465 HE(1,4) 1.499706889004909 1.4997069
TM(0,4) 1.499445984186595 1.4994460 EH(1,4) 1.499166255027712 1.4991663
TE0,5) 1.498813598101174 1.4988136 EH(18,1) 1.496630860768283 1.4966309
TM(0,5) 1.498812923543230 1.4988129 HE(18,2) 1.495887807217875 1.4958878
TE(0,6) 1.498052631684155 1.4980526 HE(19.1) 1.496978078898116 1.4969781
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