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Abstract: The expected performance index is the foundation for all of control systems. The re-
search on the control of quantum systems mainly focus on a unique object such as the precision of
final state, the minimum of time or energy, which lacks a comprehensive consideration on the ac-
tual system. Based on the comprehensive analysis of the characteristic of the two-level closed
quantum system, a comprehensive performance index leading to an optimal unitary evolution and
energy is proposed in this paper. Then a group of differential equations of state and Lagrange
multipliers which satisfies the optimality condition to the performance index is obtained based on
the variation of performance index. Further, regarding the group of differential equations, a
strategy for the solution of optimal control is designed based on numerical iteration with finite
difference methods. Lastly, the influence of parameters to the control results is analyzed based on
numerical simulation, and the effectiveness of the optimal control method and the iteration algo-
rithm suggested in this paper is tested.
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Fig. 1 Flow chart of numerical iterative algorithm
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Tab.1 Numerical analysis of the fixed time case

I N P A P
10 1.645 0 —0.181 9~0.294 9 0.185 8
15 1.646 8 —0.177 6~0. 288 3 0.179 2
20 1.647 5 —0.173 0~0. 281 0 0.173 7
25 1.647 8 —0.169 2~0. 274 8 0.169 4
30 1.648 1 —0.165 8~0.264 9 0.165 7
35 1.648 2 —0.162 8~0.264 5 0.162 7
40 1.648 3 —0.160 0~0.259 9 0.159 6
45 1.648 4 —0. 157 3~0.255 6 0.156 9
50 1.648 4 —0.154 8~0. 251 4 0.154 4
70 1.648 6 —0.135 3~0.219 0 0.145 0
90 1.648 6 —0.135 3~0.219 0 0.136 3
110 1.648 6 —0.125 3~0.202 4 0.128 2
120 1.648 6 —0.120 2~0.193 9 0.124 4
130 1.648 6 —0.119 2~0.190 9 0.122 4

2 PEAZN REEE ST

Tab. 2 Numerical analysis system of weight change

Btk i 46 | go—gr |12
0.01 2.166 4 —1.596 3~1.043 2 2.8310
0.05 2.042 3 —0.826 3~1.288 4 1.783 8
0.1 1.893 3 —1.267 0~0.930 2 0.346 2
0.2 1.650 3 —0.308 4~0. 380 4 0.127 2
0.3 1.643 1 —0.3955~0.540 1 0.123 5
0.4 1.645 4 —0.237 6~0.3875 0.260 7
0.5 1.647 2 —0.363 1~0.593 3 0.524 0
0.6 1.647 9 —0.366 5~0.599 0 0.533 3
0.7 1.648 3 —0.328 3~0.535 5 0.574 7
0.8 1.648 5 —0.267 4~0.435 5 0.308 7
0.9 1.648 6 —0.199 5~0.324 1 0.204 2
1.0 1.648 6 —0.130 4~0. 210 7 0.132 2
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Fig. 2 Performance index varies with the weight change
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