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Abstract: The wrong theory of impedance matching theory has dominated microwave absorption
research for a long time because it was believed that the theory was supported by experimental
reports over the years and transmission line theory which is fundamental in electromagnetism. Thus,
when the correct wave mechanics theory for microwave absorption opposing impedance theory was
recently developed, pointed out that the wrong theory involved a misunderstanding of transmission
line theory, and in fact the published experimental data disproved the theory rather than supporting
it, the wrong theory still dominates the field and material scientists are reluctant to acknowledge the
new theory. Further evidence is demonstrated here that in contrast to impedance matching theory,
the new wave mechanics theory rediscovers the real microwave absorption mechanism that had
already been revealed by transmission line theory and now has been developed further with many
new concepts. This work also reveals that theoretical research is important to correct the wrong
conclusions obtained from experimental observations.
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1. Introduction

In the field of microwave absorption material, the film and the material have been confused [1-
7], characterized by not distinguishing the input impedance Zi» of film from the characteristic
impedance of material Zu [8,9] and represented by confusing the interface in its isolated state from
that in film [10] and the two parallel interfaces in a film from the interfaces between material particles
[11]. Wrong theories such as impedance matching theory [10,12-14] and the quarter wavelength
theory [15-18] were used to develop the wrong absorption mechanisms for film and material [19-21]
which have been established over the years since the inadequacies were not recognized and corrected.
Over the years, many experiments have been carried out which are described as supporting the
wrong theories instead of correcting them even though the inconsistences should have been easy to
spot. Material scientists believe that their theories are based on transmission line theory and thus do
not accept they are wrong.

Recently a new theory of wave mechanics has been developed for microwave absorption for film
[18,20,22] which identifies the problems in current theories. Indeed, it is found that the experimental
data reported previously were in fact inconsistent with the wrong theories which were based on
misunderstanding transmission line theory. However, the scientific community continues using the
wrong theories within a large number of publications with only a few exceptions [23-25]
mentioning the opposite new theory [26-32]. Discrediting commonly accepted ideas is often difficult
to achieve in a scientific community [33], particularly when the theory has been accepted for many
years.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To address this important issue, this work focuses on showing that the wave mechanics theory
conforms with transmission line theory while the wrong theories originate from a misunderstanding
this fundamental electromagnetic theory. Many people believe that theory must be wrong if theory
and experimental conclusions are in confliction. However, this work demonstrates another
perspective of scientific research that conclusion from numerous repeated experimental data might
be wrong and not easily identified when the correct theory has not been established, which shows
the importance of theoretical research in science.

2. Discussions Based on Transmission Line Theory

2.1. The Transmission Line Theory-Based Wave Mechanics Theory of Microwave Absorption

As shown by Figure 1, the incident microwaves represented by i enter the metal-backed film and
the entered beam is reflected back-and-forth between the top and the bottom interfaces. r1 the is the
reflected beam from the top interface and 12 is the total beam reflected from the bottom interface.
Beam r is obtained from the superposition of beams r1 and r2.
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Figure 1. A metal backed film with thickness d. i indicates the incident beam and r1 is the reflected beam from

the top interface. Part of the incident microwaves enters the film and reflected back-and-forth between the top
and bottom interfaces. f1, 2, f3. etc. are the forward beams and b1, b2, etc. are backward beams in the film. r2 is

the total reflected beam from the bottom interface. Beam r is the superposition of beams r1 and r2.

In transmission line theory, reflection coefficient RL is obtained from the superposition of
individual beams [15,16,34] shown in Figure 1 as

RL:\AZ Zin_ZO

(1)
vV, Z,+Z,

2nvd./e
Zin = M tanh(J u
gogr

)
(2)

 2nvd,Je 1,

=Z,, tanh(] )

Zin is the input impedance of the film. Zv and Zo are the characteristic impedances of material and
free space, respectively. The permittivity & and the permeability o are of free space, and & and the
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4 are the relative permittivity and permeability of material. v is the frequency, c is the velocity of
light in a vacuum. V& is the voltage of beam k.

In microwave absorption research, & and the zr of the material is first measured from si: and sz
of a film without metal-back, then they are used in Eqs. (1) and (2) to calculate the value of RL. [19]
For the material CA3.5-4 reported by Guangbin Ji et al [35], & =12.35 -j3.08 and x=1.14 —j0.12 at v
=4.00 GHz, and & = 9.51 —j3.85 and = 1.16 —j0.014 at v=11.00 GHz. The IRLI values calculated
using Egs. (1) and (2) from these experimental data of & and g are plotted in Figure 2.
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Figure 2. IRL| for the material CA3.5-4 reported by Guangbin Ji et al [35] measured at 4.00 and 11.00 GHz,

respectively.

The incident energy is reflected back to the free space represented by | RLI2 The rest is absorbed
by the film represented by A(Film) and thus

A(Film) =1— | RL ] (3)

The lowest peaks in |RL| in Figure 2 represent the strongest absorptions by the film where beam r is

at its weakest positions. It is claimed in the wave mechanics theory of microwave absorption that the

absorption peaks occur when beams r1 and r2 are out of phase by n and this condition ensures that

beam r is at its local weakest. This result can be verified by numerical calculations using Eqgs. (4) -

(6), which confirms that |RL| peaks do occur when the phase difference between the reflection

coefficient Rm of the top interface and that R: of the bottom interface in Figure 1 is indeed n. [16,19]
Va _ Zu =4
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The result shows that the new mechanics theory conforms to transmission line theory using the wave
superposition derivation of the formula of RL.

2.2. The Misunderstanding of Transmission Line Theory

In the current dominant theory, it is believed from Eq. (1) that when Zix - Zo =0, all the incident
microwaves enter the film. Therefore, in the theory it is required by the absorption mechanism that
most incident microwaves enter the film and that it is necessary to use material with significant
attenuation to absorb the microwave energy along the optical path in the film. However, this theory
is untrue [14,29] and it is based on a misinterpretation of transmission line theory. It is true that RL =
0 when Zin =Zo. [12] However, it has been proved that the absorption peak can occur when Zin # Zo
and can occur when |Zin — Zol reaches its maximum value if the peak is achieved at Zin # Zo. [16]
The reason is that being a complex number, the denominator (Zi» + Zo) in Eq. (1) cannot be neglected
if Zin # Zo. [16] It has further been proved that the absorption mechanism of film is not the same as
that of material. The absorption of film does not originate from the attenuation power of the material
along the zig-zag optical path. The absorption by the material along the optical path in the film should
be A(Material) defined by Eq. (7) other than Eq. (3). [22] The differences between the absorption of
film and the attenuation power of material along its optical path are shown in Figure 3. The
absorption of thick film approaches the attenuation power of material [14] as the angular effects of
the film are suppressed when d becomes large [19] since beam 12 is vanishing when d is large.

A(Material) = (1- | R, [/)(1—e ) (7)

ap =Re( ]

Adrvd. /e
ffﬂr 1) (8)

Re(x) is the real part of x.
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Figure 3. The difference between the absorption of metal-backed film A(Film) of material CA3.5-4 [35] and the
attenuation power of its material A(Material) along the optical path.

The power of wave mechanics theory can be demonstrated by the fact that it can simply explain
why the absorption peak does not occur exactly when the phase difference of beams rl and 12 is «
[18,20,29]. It can also be proved from the wave mechanics theory that film absorbs microwave and
interface does not [27].

2.3. The Flaws in Impedance Matching Theory Revealed from the Mechanics Theory

The problems of the current theories were not identified until the establishment of the wave
mechanics theory. In the current theory it is claimed that all the incident microwaves enter the film
when Zin = Zo and define this condition as impedance matching. However, this theory confuses Zi
and Zu. [8] When Zu = Zo, the top interface in Figure 1 disappears and all the incident microwaves
enter the film while it cannot ensure that all the incident waves enter the film since Zv and Zo can be
different even when Zin = Zo. [9] When Zum # Zo, the top interface still exists and not all the incident
waves enter the film. The impedance matching theory uses the attenuation power of material to
explain the absorption results represented by |RL| and thus it does not account for the fact that all
the incident microwaves have been absorbed when Zi» = Zo while not all of the waves enter the film
since Zm # Zo,.

As shown by Figure 3, beam r2 vanishes and |RL| = |Rm| when d approaches infinity. Beam rl
vanishes and |RL| = IRzl when Zm = Zo. As shown by Figure 4, |RL| is a monotonic decay function
of d at 11 GHz when & = 1= 5.51 -j3.85 and & = u-=[(9.51 —j3.85)(1.16 —j0.014)]"2 to ensure Zm = Zo.
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IRL]

Figure 4. |RL| calculated by Eq. (1) or (5) with &= =9.51-j3.85 and & = = [(9.51 —j3.85)(1.16 —j0.014)]'? at
11 GHz. [9].

It can be proved generally that |RL| is a monotonic decay function when & = u- where Rm =0, as
shown by Eq. (9). [10,16] Although there may be an absorption peak with Zin= Zo for film, IRL| =0
with Zin= Zo for material can only be achieved when d is infinity.

_jAﬂVdM
IRL(s, = p) || =8
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where &” and " are the imaginary parts of & and u, respectively.

The impedance matching theory was established to explain absorption peaks when Zin # Zo.
However, as shown by Figure 2, the absorption of the film has a wave shape with absorption peaks
while as shown by Figure 4, the accumulated attenuation of material is a monotonic decay function
without absorption peak. When Zix # Zo, the absorption peak of the film usually cannot be achieved
at the minimum of |Zin - Zol| since the amplitude and the phase conditions for Zin = Zo cannot be
achieved simultaneously [13,28].

It is believed by the current theory that the absorption peaks shown in Figure 2 are the resonance
absorptions of the material [36,37]. This wrong concept leads to the investigation of the relationship
between material structure and the value of | RLI, which is not relevant and to the investigation of
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the relationship between the attenuation power of material ar and the value of |RLI, although in
practice these terms are independent. Correct research should be based on clarifying the relationship
between material structure and the values of & and &, and then what values of & and &, can ensure
the required value of |RLI [14]. There is no simple relationship between material structure and the
value of IRLI. There is no simple relationship relating ar to |RL!| as qualitatively discussed in the
literature except the complex relationship represented by Eq. (1). For example, at constant frequency,
ar is a constant while |RL| is a function of 4.

As can be seen from Figure 2 there is an absorption peak at d =2.10 mm and v=11.00 GHz with
IRLI = 0.018. If this peak originates from material resonance, then it will become stronger if d
increases to 5.10 mm. However, the value of | RL| increases to 0.56 at d =5.10 mm and v=11.00 GHz,
which indicates a decrease in absorption with increase of film thickness.

This phenomenon can be understood by the wave mechanics theory. There is an absorption peak
at 4 = 210 mm and v = 11.00 GHz because the phase difference of beams r1 and r2 is n. When d
increases with fixed v, this phase difference is no longer n. To keep the phase difference at =, the
frequency must decrease to v =4.00 GHz when d increases to 5.10 mm according to the inverse
relationship between d and v. [17] Thus, the origin peak at d = 2.10 mm and v=11.00 GHz shifts to
the position at v=4.00 GHz with |RL| = 0.043 when d increases from 2.10 to 5.10 mm. Similarly, the
absorption peak at 4 =6.10 mm and v=11.00 GHz with |RL| = 0.39 shifts to d = 14.90 mm and v=4.00
GHz with |RLI =0.39.

3. Conclusions

There is enough evidence that microwave absorption is rooted in transmission line theory while
the current dominant theories originate from a misinterpretation of this electromagnetism theory.
The wave mechanics theory is a much more powerful theory for microwave absorption whether the
film behaves as material or not. Unfortunately, the practice of using the wrong theories continues in
modern research without open debate on the opposing wave mechanics theory because the wrong
concepts have dominated the field for long.

References

1.  Nayani, P. S.; Moradi, M.; Salami, P.; Ra'di, Y. Passive highly dispersive matching network enabling
broadband electromagnetic absorption. Nat Commun 2025, 16 (1), 905. DOI: 10.1038/s41467-025-56167-4
From NLM PubMed-not-MEDLINE.

2. Qu, N, Sun, H; Sun, Y,; He, M,; Xing, R;; Gu, J.; Kong, J. 2D/2D coupled MOF/Fe composite metamaterials
enable robust ultra-broadband microwave absorption. Nat Commun 2024, 15 (1), 5642. DOI: 10.1038/s41467-
024-49762-4 From NLM PubMed-not-MEDLINE.

3. Jin, H.; Liu, M.; Wang, L.; You, W.; Pei, K,; Cheng, H. W.; Che, R. Design and fabrication of 1D nanomaterials
for electromagnetic wave absorption. Nat! Sci Rev 2025, 12 (2), nwae420. DOI: 10.1093/nsr/nwae420 From
NLM PubMed-not-MEDLINE.

4. Zuo, D, Jia, Y.; Xu, J.; Fu, J. High-Performance Microwave Absorption Materials: Theory, Fabrication, and
Functionalization. Industrial & Engineering Chemistry Research 2023, 62 (37), 14791-14817. DOIL:
10.1021/acs.iecr.3¢02150.

5. Wang, B,; Huang, J.; Liu, G.; Ge, C.; Wang, L.; Xu, K; Liu, T.; Wang, W.; Wang, L. Design and optimization
oriented composition and morphology engineering for MOF derived microwave absorbents. Nano Materials
Science 2025. DOI: 10.1016/j.nanoms.2024.10.011.

6.  Chen, Y.; Quan, B, Liu, J.; Lu, X; Lin, L.; Shao, G.; Wen, Y,; Jin, R.; Shen, X.; Huang, X. High-Performance
Flexible Microwave Absorption Films with Dynamic Adjustable Macrostructures and Alterable
Electromagnetic Field Polarizations. ACS Appl Mater Interfaces 2025, 17 (6), 9748-9759. DOIL:
10.1021/acsami.4c17865 From NLM PubMed-not-MEDLINE.


https://doi.org/10.20944/preprints202503.0314.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0314.v1

8 of 9

7. Xing, L.; Cheng, H.; Li, Y.; Chen, Q.; Liu, C,; Shen, C.; Liu, X. MoS(2) Decorated on 1D MoS(2)@Co/NC@CF
Hierarchical Fibrous Membranes for Enhanced Microwave Absorption. Small 2025, 21 (1), e2407337. DOL:
10.1002/sml1.202407337 From NLM PubMed-not-MEDLINE.

8. Liu, Y,; Liu, Y,; Drew, M. G. B. Recognizing Problems in Publications Concerned with Microwave
Absorption Film and Providing Corrections: A Focused Review. Industrial & Engineering Chemistry Research
2025, 64 (7), 3635-3650. DOL: 10.1021/acs.iecr.4c04544.

9. Liu, Y,;Drew, M. G.B,; Li, H,; Liu, Y. An experimental and theoretical investigation into methods concerned
with “reflection loss” for microwave absorbing materials. Materials Chemistry and Physics 2020, 243, 122624.
DOI: 10.1016/j.matchemphys.2020.122624.

10. Liu, Y,; Drew, M. G. B,; Liu, Y. A physics investigation of impedance matching theory in microwave
absorption film — Part 2: Problem analyses. Journal of Applied Physics 2023, 134 (4), 045304. DOIL:
10.1063/5.0153612.

11. Liu, Y,; Zhao, K.; Drew, M. G. B.; Liu, Y. A theoretical and practical clarification on the calculation of
reflection loss for microwave absorbing materials. AIP Advances 2018, 8 (1), e015223. DOI: 10.1063/1.4991448.

12. Liu, Y,; Drew, M. G. B,; Liu, Y. A physics investigation of impedance matching theory in microwave
absorption film—Part 1: Theory. Journal of Applied Physics 2023, 134 (4), 045303. DOI: 10.1063/5.0153608.

13. Liu, Y,; Drew, M. G. B; Liu, Y. A theoretical exploration of impedance matching coefficients for interfaces
and films. Applied Physics A 2024, 130, 212. DOI: 10.1007/s00339-024-07364-3.

14. Liu, Y; Ding, Y,; Liu, Y.; Drew, M. G. B. Unexpected Results in Microwave Absorption -- Part 1: Different
absorption mechanisms for metal-backed film and for material. Surfaces and Interfaces 2023, 40, 103022. DOIL:
10.1016/j.surfin.2023.103022.

15. Liu, Y,; Liu, Y.; Drew, M. G. B. A theoretical investigation on the quarter-wavelength model — Part 1:
Analysis. Physica Scripta 2021, 96 (12), 125003. DOI: 10.1088/1402-4896/ac1eb0.

16. Liu, Y; Liu, Y.; Drew, M. G. B. A theoretical investigation of the quarter-wavelength model-part 2:
verification and extension. Physica Scripta 2022, 97 (1), 015806. DOI: 10.1088/1402-4896/aclebl.

17. Liu, Y,; Liu, Y.; Drew, M. G. B. A re-evaluation of the mechanism of microwave absorption in film — Part
3:  Inverse relationship.  Materials ~ Chemistry — and  Physics 2022, 290, 126521. DOI
10.1016/j.matchemphys.2022.126521.

18. Liu, Y,; Liu, Y.; Drew, M. G. B. Wave Mechanics of Microwave Absorption in Films: Multilayered Films.
Journal of Electronic Materials 2024, 53, 8154-8170. DOI: 10.1007/s11664-024-11370-9.

19. Liu, Y, Liu, Y,; Drew, M. G. B. A Re-evaluation of the mechanism of microwave absorption in film - Part
2: The real mechanism. Materials Chemistry and Physics 2022, 291, 126601. DOI:
10.1016/j.matchemphys.2022.126601.

20. Liu, Y,; Liu, Y,; Drew, M. G. B. Wave mechanics of microwave absorption in films: A short review. Optics
and Laser Technology 2024, 178, 111211. DOI: 10.1016/j.optlastec.2024.111211.

21. Liu, Y,; Liu, Y,; Drew, M. G. B. Review of Wave Mechanics Theory for Microwave Absorption by Film.
Journal of Molecular Science 2024, 40 (4), 300-305. DOI: 10.13563/j.cnki.jmolsci.2023.06.018.

22. Liu, Y; Liu, Y.; Drew, M. G. B. Wave mechanics of microwave absorption in films - Distinguishing film
from material. Journal of Magnetism and Magnetic Materials 2024, 593, 171850. DOI:
10.1016/j.jmmm.2024.171850.

23. Ray, S.; Panwar, R. Advances in Polymer-Based Microwave Absorbers —From Design Principles to
Technological Breakthroughs: A Review. IEEE Journal on Flexible Electronics 2024, 3 (9), 401-417. DOI:
10.1109/jflex.2024.3432103.

24. Zhou, Y,; He, P.; Ma, W.; Zuo, P,; Xu, J.; Tang, C.; Zhuang, Q. The Developed Wave Cancellation Theory
Contributing to Understand Wave Absorption Mechanism of ZIF Derivatives with Controllable
Electromagnetic Parameters. Small 2023, 2305277. DOI: 10.1002/sm11.202305277.

25. AbuSanad, A. A.; Mahmud, M. N.; Ain, M. F.; Ahmad, M. A. B.; Yahaya, N. Z. B.; Mohamad Ariff, Z. Theory,
Modeling, Measurement, and Testing of Electromagnetic Absorbers: A Review. physica status solidi (a) 2024,
221 (4), 2300828. DOI: 10.1002/pssa.202300828.

26. Liu, Y.; Liu, Y. Microwave absorption mechanism for film. Journal of Molecular Science 2023, 39 (6), 521 - 527.
DOI: 10.13563/j.cnki.jmolsci.2023.06.062.



https://doi.org/10.20944/preprints202503.0314.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2025 d0i:10.20944/preprints202503.0314.v1

9 of 9

27. Liu, Y,; Liu, Y.; Drew, M. G. B. A Re-evaluation of the mechanism of microwave absorption in film — Part
1: Energy conservation. Materials  Chemistry and  Physics 2022, 290, 126576. DOL
10.1016/j.matchemphys.2022.126576.

28. Liu, Y,; Drew, M. G. B.; Liu, Y. Chapter 4: Fundamental Theory of Microwave Absorption for Films of
Porous Nanocomposites: Role of Interfaces in Composite-Fillers. In Porous Nanocomposites for
Electromagnetic Interference Shielding, Thomas, S., Paoloni, C., Pai, A. R. Eds.; Elsevier, 2024; pp 59 - 90.

29. Liu, Y,; Ding, Y,; Liu, Y.; Drew, M. G. B. Unexpected results in Microwave absorption -- Part 2. Angular
effects and the wave cancellation theory. Surfaces and Interfaces 2023, 40, 103024. DOL
10.1016/j.surfin.2023.103024.

30. Liu, Y,; Ding, Y.; Chen, Q.; Liu, Y. Preparation of NiFe2-xMxO4(M=Ce,Sm,Gd) and microwave absorption
properties of its films. Journal of Shenyang Normal University (Natural Science Edition) 2023, 41 (2), 98 -103.
DOI: 10.3969/j.issn.1673-5862.2023.02.001.

31. Liu, Y,; Yin, X;; Drew, M. G. B,; Liu, Y. Microwave absorption of film explained accurately by wave
cancellation theory. Physica B: Condensed Matter 2023, 666, 415108. DOI: 10.1016/j.physb.2023.415108.

32. Liu, Y,; Yin, X,; Drew, M. G. B.; Liu, Y. Reflection Loss is a Parameter for Film, not Material. Non-Metallic
Material Science 2023, 5 (1), 38 - 48. DOI: 10.30564/nmms.v5i1.5602.

33. Planck, M. Scientific Autobiography and Other Paper, William & Norgate, London, pp. 33 - 34, “A new scientific
truth does not triumph by convincing its opponents and making them see the light, but rather because its opponents
eventually die, and a new generation grows up that is familiar with it.”; 1950.

34. Liu, Y.; Drew, M. G. B.; Li, H.; Liu, Y. A theoretical analysis of the relationships shown from the general
experimental results of scattering parameters s11 and s21 -- Exemplified by the film of BaFel2-
iCeiO19/polypyrene with i = 0.2, 0.4, 0.6. Journal of Microwave Power and Electromagnetic Energy 2021, 55 (3),
197-218. DOI: 10.1080/08327823.2021.1952835.

35. Chen, X,; Zhou, M,; Zhao, Y.; Gu, W.; Wu, Y,; Tang, S.; Ji, G. Morphology control of eco-friendly chitosan-
derived carbon aerogels for efficient microwave absorption at thin thickness and thermal stealth. Green
Chemistry 2022, 24 (13), 5280-5290. DOI: 10.1039/d2gc01604d.

36. Hou, Z.-L.; Gao, X.; Zhang, ].; Wang, G. A perspective on impedance matching and resonance absorption
mechanism  for electromagnetic =~ wave absorbing.  Carbon 2024, 222, 118935. DOIL
10.1016/j.carbon.2024.118935.

37. Cheng, J.; Zhang, H.; Ning, M.; Raza, H.; Zhang, D.; Zheng, G.; Zheng, Q.; Che, R. Emerging Materials and
Designs for Low- and Multi-Band Electromagnetic Wave Absorbers: The Search for Dielectric and Magnetic
Synergy? Advanced Functional Materials 2022, 32 (23), 2200123. DOI: 10.1002/adfm.202200123.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202503.0314.v1

