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Fig. 1. (a) Inductive and resonant models and energy distribution; (b) the transmission characteristics of resonant model; (c) fre-

quency splitting phenomenon with distance (circuit equation solution); (d) phase diagrams of PT-symmetric non-Hermitian system

(Hamiltonian solution).
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Fig. 2. (a) Schematic diagram of frequency tracking magnetic coupling resonant WPT composed of RF amplifiers®; (b) compari-

son of transmission efficiency between fixed frequency system and auto-tuned system with distancel?”; (c) comparison of experimen-

tal transmission efficiency in four cases.
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Fig. 3. (a) The Circuit model of PT symmetric WPTPZ; (b) frequency and steady-state gain as a function of coupling strength (dis-
tance)l?; (c) voltage ratio of PT symmetric WPTP; (d) comparison of theoretical (black line), circuit simulation (magenta dashed
line), and experimental results (blue dots)P?; (e) schematic of UAV WPT transmission®”; (f) UAV platform primary-side second-

ary-side transmission efficiency and overall efficiency®.
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Fig. 4. Third-order PT-symmetric WPT system[®: (a) Diagram of the third-order PT-symmetric model; (b) variation of the effi-

ciency of the third-order PT-symmetric system with frequency and coupling strength; (c) comparison of the phase diagrams of the

real and imaginary parts of the transmission of the second- and third-order PT-symmetric systems.
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Fig. 5. Realization of the third-order PT symmetric WPT system: (a) Circuit diagram of the separated third-order system; (b) cir-
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cuit of the synthesized third-order system; (c) demonstration diagram of the third-order WPT of the cart®?; (d) evolution traject-
ory of the real part of the third-order system with coupling and loss®®; (e) comparison of the efficiencies of the third-order and the
second-order systems in the ideal casel”); (f) experimental plots corresponding to the diagrams in (b)P¥; (g) variation of the re-
flectivity of the third-order system with frequency and coupling strengthP; (h) different intrinsic losses in the efficiency versus

transmission distance plots/3s.
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Fig. 6. (a) Third-order PT asymmetric structure; (b) phase diagram of the real part of the third-order PT asymmetric system as a

function of the variation; (c) phase diagram of the imaginary part of the third-order PT asymmetric system as a function of the

variation; (d) same as in figure (b) but with respect to the coupling three-dimensional real phase diagram evolution; (e) same as in

figure (c) but with respect to the coupling Three-dimensional imaginary phase diagram evolution; evolution of the real and imagin-

ary parts and the system efficiency of the characteristic frequencies of the third-order non-Hermitian WPT system for different gain-

loss ratios: (f) gain-loss ratio of 0.5; (g) gain-loss ratio of 247,
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Fig. 7. (a) Local and global parity decomposition based on the generalized parity of the dipole-monopole analogy!*l; (b) band the-
ory explanation of the WPT system in high-dimensional parameter space (g,7, k12, #23) *; (c) schematic diagram of a standard
PT-symmetric electronic dimerl*?; (d) third-order pseudo-Hermitian system composed of two gain (red) units and one loss (blue) unit!?);
(e) equivalent circuit corresponding to the gain and loss units!*?; (f) schematic diagram of the experimental setup for the model in
Figure (d)!2; (g) steady-state frequency fs (upper panel), voltage ratios Vi/Va (left red y-axis) and V3/V2 (right blue y-axis)
(middle panel), and transmission efficiency nmprg (lower panel), as functions of the coupling coefficient x . Theoretical, simulated,

and experimental results are represented by solid lines, dashed lines, and hollow circles, respectively. The shaded area represents
k> =0.0784
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Fig. 8. (a) Anti-PT symmetry model consisting of three coupled resonators®; (b) “energy level pinning” schematic*; (c) evolution
of the real part of the eigenfrequency in the anti-resonant system(®; (d) equivalent circuit diagram!®; (e) physical diagram!*s];
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WPT system!®; (i) transmission efficiency of the matched WPT system with RTC (ATC) at the tracking operating frequency!*.
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Fig. 9. (a) Demonstration of the higher-order PT symmetric system mechanism®); (b) variation of the neutral atom coupling
strength at different locations when the load coil is moved™; (c) variation of the system intrinsic frequency with displacement";
(d) schematic diagram of a heterogeneous junction-type mrcult[m (e) diagram of the experimental PCB components®™; (f) physical
diagram of a flexible loaded resonator”; (g) visualization of the efficient region of the higher-order systemP’; (h) the system’s gain
from distal displacements with a constant voltage gain®?; (i) reliable WPT demonstration of the loaded resonator by organization of
the diode under far-end and lateral displacements!®.
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Fig. 10. (a) Schematic diagram of the PT-symmetric multi-coil WPT systemP?; (b) eigenvalue spectra of the equivalent third-order
PT-symmetric (green) and equivalent second-order PT-symmetric (orange) topological dimer chains¥; (c) normalized intensity dis-
tributions of the three topological modes in the equivalent third-order PT-symmetric composite topological dimer chainf”; (d) re-
flection spectra of the topological dimer chain in the operating and standby states®™); (e) demonstration of experiment in working
condition in figure (d) ; (f) demonstration of experiment in standby condition in figure (d) b%; (g) transmission ratio between left
and right ends of one-dimensional Harper chainl®l; demonstration of directional WPT with LEDs forming Chinese characters
“Tong” and “Ji”; (h) left-oriented demonstration!®; (i) right-oriented demonstration(®l.
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Abstract

In recent years, wireless power transfer (WPT) leveraging parity-time (PT) symmetry has made significant

progress , in terms of enhancing efficiency, transfer distance, and robustness. This paper overviews magnetic

resonance WPT systems utilizing ideal, asymmetric, high-order, and anti-PT symmetry.

The first section discusses the second-order PT symmetry, evolving from inductive to resonant WPT.

Active tuning and nonlinear saturation gain techniques optimize frequency and spontaneously achieve efficient

WPT. These methods improve transmission efficiency, especially with the change of dynamic transfer distance.
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The second section focuses on the third-order PT and anti-PT symmetry. The third-order PT systems maintain
a fixed eigenfrequency, making stable energy transfer possible. Generalized PT symmetry harnesses bandgaps
for further efficiency. The BIC in asymmetric systems reveals a pure real mode for stable WPT. The anti-PT
symmetry’s ‘level pinning’ maintains stability in dynamic changes. The final section summarizes high-order PT
symmetry for long-range WPT. Heterojunction coupling and topologically non-trivial chains enhance efficiency
and stability. Examples include long-range WPT via relay coils and directional WPT using asymmetric
topological edge states.

In summary, this review emphasizes the pivotal role of various forms of PT symmetry in improving the
performance and reliability of magnetic resonance WPT systems. By improving transmission efficiency, range,
and stability, these symmetries pave the way for wider applications in fields such as smart homes, medical

devices, and electric vehicles. The synthesis of current research results provides valuable insights and references

for the future development of WPT technology.
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