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Abstract 

The clear dis,nc,on between film and material have been ignored in current microwave 
absorp,on theory. This confusion has led to the establishment of the wrong theory of 
impedance matching and as a consequence the development of the wrong absorp,on 
mechanism. These problems are detailed and corrected, and the current mechanism is 
highlighted in this review. 
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1 Introduc0on 
Microwave absorp,on is a subject intensively studied [1]. In current research, the results 

obtained by applying reflec,on loss RL to metal-backed film have been used to characterize the 

material of the film [2-5]. Based on such applica,ons, both impedance matching theory and the 

quarter-wavelength theory have been established as the microwave absorp,on mechanism [6-

23]. However, the theore,cal framework for these theories has been recently challenged [24-26] 

and a wave mechanics theory has been developed to replace them [27-42]. This is a review on 

recent developments in this subject. 

In recent years, our research group has focused on addressing fundamental errors in the current 

theories of microwave absorp,on, specifically the confusion between film and material. This 
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new manuscript builds upon those works by reviewing the wave mechanics theory and its 

development, exploring its impact on microwave absorp,on theory. Any overlap in content 

between these manuscripts is inten,onal, as we believe it is necessary to ensure the con,nuity 

and comprehensiveness of our research. 

Addi,onally, given the significant departure of our work from established theories, a high degree 

of self-cita,on is regreOably inevitable. Our group is the primary contributor to this new 

theore,cal framework, and referencing our previous publica,ons is essen,al to provide a 

complete and coherent narra,ve. We believe this approach is crucial to drawing the scien,fic 

community’s aOen,on to these important findings. 

We understand the concerns that perceived redundancy and self-cita,on may raise in the 

academic landscape. Therefore, we welcome construc,ve feedback from reviewers and the 

community. If there are specific concerns about these issues, we are open to sugges,ons on how 

best to present our work without compromising its integrity and clarity. 

2 The wave mechanics theory for microwave absorp0on film 
2.1 The film and the material are different 
In the field of microwave absorp,on, the permittivity er and permeability µr of the material 

are first obtained from the s11 and s21 parameters of a film without metal-back [34, 43]. 

Then the reflection coefficient RL for the metal backed film is calculated from Eq. (1) 

which is obtained from transmission line theory [37, 38]. 
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where Vk is the voltage for beam k in Fig. 1 and Z0 is the characteristic impedance for the 

open space. Zin is the input impedance for the film with metal-back and is given by Eq. 

(2) [24, 44]. 
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ZM is the characteris,c impedance of the material. d is film thickness, n frequency and c the 
speed of light in vacuum.  

 

Fig. 1 A metal-backed film of thickness d, composed by material with permittivity er and 
permeability µr. e0 and µ0 are the permittivity and permeability of open space, 
respectively. i is the incident beam, r1 the reflected beam from beam i from the interface 
at x1, and f1 the transmitted beam from beam i through the interface. Beam f1 is reflected 
back-and-forth in the film and b is the total backward beam while (f1 + f2) is the total 
forward beam in the film. r2 is the transmitted beam from beam b. r is the total beam 
from beams r1 and r2. 

 

Inserting Eq. (2) into Eq. (1) we obtain Eq. (4) [38]. 

tanh( 2 / )in M r rZ Z j d cpn e µ=

r
M

r

Z µ
e

=



  (4) 

  (5) 

RM is the reflection coefficient for the interface at x1. aP is power absorption coefficient, 
aj is the wave propagation coefficient. When the reflection coefficient RL is expressed in 
the units of dB as shown by Eq. (6), it is also called reflection loss since the value of 
RL/dB is related to the power reflected from the film shown by Fig. 1. 

  (6) 

Pk is the power of beam k. From energy conservation, the absorption A by the metal-
backed film is related to the reflection coefficient RL by Eq. (7) [35]. 

  (7) 

The curve of |RL| obtained using experimental data from the metal-backed film of 
Ag/NiFe1.92Ce0.08O4 [34] at constant frequency of 8.65 GHz has been shown in Fig. 2. 
The absorption curve possesses a wave form which signifies that the absorption from the 
film is very different from the attenuation power of the material. For uniform material, 
the attenuation power is a constant everywhere and the accumulative effect is a 
monotonic decay function represented by exp(-aPd) [30] as shown in Fig. 2. The 
microwaves are weakened as the waves travel further into the material [25]. 

4

4

( )

( )

1

1

r r

r r

P j

P j

dj
c

M
dj

c
M

j d
M

j d
M

R eRL
R e

R e
R e

pn e µ

pn e µ

a a

a a

-

-

- +

- +

-
=

-

-
=

-

01

0

Mr
M

i M

Z ZVR
V Z Z

-
= =

+

10

2
10 10

/ 20log | |

10 log | | 10 log | |

r

i

r r

i i

VRL dB
V

V P
V P

=

= =

21A RL= -



 

Fig. 2 The difference between |RL| for metal-backed film of Ag/NiFe1.92Ce0.08O4 at 8.65 
GHz and the material attenuation power represented by exp(-aPd). 

 

When er = µr, then RM = 0 and the film behaves as a material since 

  (8) 

The curves of er = µr = 0.86 – 0.31j and µr = er = 2.75 – 0.047j have also been shown in 
Fig. 2, which shows that the film behaves as material when er = µr. This is because beam 
r1 vanishes when RM = 0 and only beam r2 exists.  

  (9) 

When er = µr, 

  (10) 

It should be noted that the reflection coefficients RL, R2 and RM of film and interface are 
equal to their values of s11 when there are no incident microwaves from the other side of 
the devices [26]. Beam b which is reflected from the rear interface is not the incident 
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microwaves. s11 is a constant for its device and thus RL, R2 and RM are independent on the 
intensity of the incident beam i [38]. 

Figure 2 shows that the absorption of film represented by RL is different from the 
attenuation power of material represented by exp(-aPd). The absorption of metal-backed 
film A can be calculated from |RL| using Eq. (7). The absorption of the material of this 
film along the zigzag optical path traveled in the film, A(M-MB), can be obtained from 
Eq. (11) [28] and the curves for A and A(M-MB) have been shown by Fig. 3. 

  (11) 

 

 

 

 

Fig. 3 The absorp,on of metal-backed film and of its the material with their difference. 

 

It is clear from Fig. 3 that the absorption of metal-backed film is not same as absorption 
by the innate property of its material. It is true that the absorption of the film approaches 
that of material as d increases. However, this is because thick film behaves as material 
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since the angular effect unique to film is suppressed [32]. The angular effect is a term 
introduced [34] to describe how the values of |RL| and |R2| are affected by their phases  
and is dominant for thin film. As d increases, this effect is suppressed by the attenuation 
power of material since aPd becomes large. The mechanism of absorption of the film is 
different from that of material and the fact that the absorption of film approaches the 
absorption of material at large d is not an indication that the absorption of film originates 
from the attenuation power of material. Just as an interface in film has different properties 
from those in its isolated state [31], the absorption of the film cannot be attributed to the 
absorption of material. 

Zin is a property of film while ZM is a property of material [26]. However, the two are 
often confused in the literature [45-47] which has caused the current confusion between 
the film and the material [48]. It should be noted that film, interface, and material are all 
different. The interface does not absorb microwaves even though the imaginary parts of er 
and µr are not zero [35]. 

2.2 The absorp6on mechanism of the film is different from that of the material 
The absorption of the film is different from that of its material. More microwaves are 
absorbed when they travel further into material [25] and no absorption peak is possible. 
The absorption of the film is a wave like function as shown by Fig. 3 and the absorption 
peak is formed by wave cancellation from beams r1 and r2 [34, 38].  

The absorption of the metal-backed film is represented by the wave mechanics theory 
involving the superposition of beams r1 and r2 to form the total beam r [34, 37, 38].  The 
amplitudes of these beams can be represented by RM, R2, and RL [27, 34] as shown by 
Fig. 4b. 

As shown in Figs. 4a and 4b, the first absorption peak is formed when point P reaches 
position B where the phase difference f between the two beams r1 and r2 is p. The 
maxima of |RL| are achieved when point P reaches points C and E where f = 0 and - 2p, 
respectively. The second and the third absorption peaks are achieved at points D and F 
when f = - p and - 3p. 
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Fig. 4 The absorp,on peak forma,on mechanism for metal-baked film. f is the phase difference 
between beams r1 and r2. (a) for Cartesian system and (b) for polar system. 

2.3 The flaws in impedance matching theory 
Based on Eq. (1) it is argued in impedance matching theory that perfect impedance 
matching, where all incident microwaves penetrate into the film, is achieved when Zin = 
Z0 so that the maximum absorption is achieved where |RL| = 0 and it therefore follows 
that absorption peaks occur for similar reasons at conditions where Zin ≠ Z0. It is claimed 
that this theory is based on transmission line theory since Eq. (1) is derived rigorously 
using it, but in fact it is only generated by misinterpreting that theory. 

Indeed, it is true that Zin = Z0 when |RL| = 0 [30]. However, only the condition ZM = Z0 
and not the condition Zin = Z0 can ensure that all the incident microwaves enter the film. 
This error in impedance matching theory is due to confusion between the film and the 
material [26]. Furthermore, it is argued that the maximum absorption at Zin = Z0 takes 
place when both beams r1 and r2 have vanished [49-52]. However, for the film, beam r 
vanishes when Zin = Z0 but beams r1 and r2 still exist even though they cancel each other 
out. 

All the reported absorption peaks do not occur exactly at Zin = Z0. Impedance matching theory is 
intended to offer an explanation for absorption peaks not occurring at Zin = Z0 by involving the 
amount of microwaves penetrating the film. In fact, all the incident microwaves enter the 
film when er = µr or ZM = Z0. As seen from Fig. 2, the film behaves like material and 
there is no absorption peak as d increases, a fact which indicates that the logic of 
impedance matching theory is flawed. When ZM ≠ Z0, penetration of the microwaves 
should not be defined by the amplitudes of individual beams but by energy penetration. 
However, the behavior of interface in film is not the same as that in its isolated state and 
thus the energy penetration for film cannot be defined, which signifies that (ZM - Z0) 
cannot be used as a criterion for microwave penetration in film [31]. 

When Zin = Z0 and ZM ≠ Z0, beam r vanishes but beam r1 still exists. It cannot be 
explained using impedance matching theory why all the incident microwaves have been 
absorbed by the film while not all penetrate. It should be noted that impedance matching 
theory is a misinterpretation of transmission line theory since mathematics involving 
complex numbers is very different from that using real numbers. When Zin is a complex 
number, the denominator Zin + Z0 in Eq. (1) cannot be neglected. 

It is argued that RL/dB = - ¥ cannot be reached because Zin is a complex number and Z0 
is a real number [53]. But this is not true because Zin can also be a real number. It is also 
claimed that the reason why the condition RL/dB = - ¥ is not usually achieved is that 
there is no known material with that property (“An ideal EMW absorber would absorb all 
incident EMWs without any reflection waves … IM theory also specifies the condition 
for ideal penetration of EMW across the front interface of the absorber structure (i.e., 

zero occurrences of r, r1 and r2) [49]”) and the absorption peaks are attributed to the 
quarter-wavelength resonance of the material [53]. This claim indicates that the 



absorption mechanism has not been understood in current theory since the absorption 
peaks originate from wave cancellation instead of the innate properties of material [27, 
34]. 

2.4 The inverse rela6onship 
The quarter wavelength theory has been widely used in current microwave absorption 
research but the theory is wrong [37, 38] because the phase effects from interfaces have 
been neglected [30, 31]. The theory cannot be applied to the intermediate layer in a 
multilayered film since microwaves are incident from both sides of the layer [29]. The 
absorption peaks can also occur at d = nl/2 where n is an integer [38]. What is more, 
there is no absorption peak when er = µr where the quarter wavelength theory is irrelevant 
[38]. 

A transmission line with a length of a quarter wavelength has often been used as an 
impedance convertor [49, 54, 55] but it cannot be used to support the quarter wavelength 
theory in microwave absorption [40] which needs to be replaced by a mechanism 
involving wave cancellation from beams r1 and r2 where the shift of peak position of 
absorption is governed by the inverse relationship between n and d [36]. 

2.5 The devia6on of absorp6on peak posi6ons 
In theory, the positions of absorption peaks for film should occur exactly at d = (2n + 
1)l/4 or nl/2. However, in practice the reported peaks always deviate from these ideal 
positions. Efforts have been done to identify the reasons for this [53, 56] but the methods 
used are inappropriate and as a consequence the conclusions are incorrect [36, 57]. The 
method also has led to the conclusion that er is a function of film thickness but this is not 
the case [53, 58, 59]. The phase effects from the imaginary parts of er and µr will cause 
the peak positions to deviate from d = (2n + 1)l/4 or nl/2 but they should still occur 
exactly at phase difference f = (2n + 1)p between beams r1 and r2. However, as shown 
by Table 1, the peaks also deviate from f = (2n + 1)p. 

|R2| should increase by the angular effect when the phase difference between beams r1 
and r2 f approaches p from 2p and decrease when f approaches 0 from p [34]. However, 
the maximum value 0.65 of |R2| in Fig. 4 is achieved at f = 1.23p where point P has not 
yet reached f = p. This is because the attenuation power of material is constant and thus it 
reduces |R2| as d or f increases. |R2| achieves its maximum when the effects of the angular 
and the attenuation power are balanced where P has not arrived at f = p [27, 33]. As P 
passes the position where f = p and decreases f further, |R2| becomes a monotonic 
decaying function since the effect from the attenuation power of material overrides the 
angular effect which makes this parameter of |R2| behaving more like a property of 
material. However, as long as both beams r1 and r2 are present, |RL| is still influenced by 
the angular effect as f  is reduced from 2p to p, 0 to -p, and -2p to -3p, etc. and increased 
when f decreases from p to 0, -p to -2p, and -3p to -4p, etc [34]. Since the attenuation 
power of material reduces |RL| as d or f increases, |RL| reaches its minimum when point 
P passes the positions where f = p, and its maxima when point P has not reached 



positions where f = 0, -2p. The results have been demonstrated by Fig. 4 and summarized 
in Table 1 for these positions where the contributions of the angular effect and the 
attenuation power are balanced. At large values of d, the attenuation effect represented by 
aPd becomes dominant and the minima of |RL| occur at positions D and E where point P 
has not reached f = -p and -3p [27, 33]. When the angular effect is weakened, other 
effects such as the amplitude effect on phase should be considered [30, 33]. 

Table 1 The positions and values of the minima and maxima |RL| for metal-backed film of 
Ag/NiFe1.92Ce0.08O4 at 8.65 GHz (Data taken from Fig. 4) 

 B C D E F 
f 0.95 0.21 -0.99 -1.91 -2.96 

|RL| 0.35 0.60 0.10 0.38 0.22 
2.6 Newly established concepts 
When wave mechanics is used to explain microwave absorption, many new concepts are 
established. In contrast to the current theory, the film and the material have been 
differentiated. From impedance matching theory, more penetration and stronger 
attenuation power of material are required to increase absorption, however, it is revealed 
by wave mechanics that absorption of metal-backed film can be increased by less 
penetration and less attenuation power of material [32].  From current theory, a weaker 
beam r2 indicates a stronger microwave absorption, but this has been proved not to be the 
case for thin film where the strongest absorption occurs at the maximum of |R2| [32, 34]. 
By wave mechanics, it is easily shown that the interface never absorbs microwaves [35], 
that the energy penetration cannot be defined for film [31], that the absorption 
mechanism of the film is different from that of material [27, 28, 34, 38], and as a 
consequence the quarter wavelength theory should be replaced by a theory based on the 
inverse relationship between n and d [36]. It is also shown that the voltage of beams f1 
and r2 can be larger than that of the incident beam i [35]. |RL| is still a function of its 
phase angle and this is also true for |R2| [34, 36].  

When classical mechanics is combined with wave mechanics, quantum mechanics has 
established many useful concepts. Both the quantum mechanics and the wave mechanics 
theory for microwave absorption film demonstrate the power of wave mechanics in 
revealing the real nature behind experimental phenomena by establishing new concepts. 

3 Conclusions 
Wave mechanics theory has been established in recent years. The real mechanism of 
absorption was made clear by transmission line theory as shown by the derivation of the 
formulae related to reflection loss RL. However, the results from transmission line theory 
have been misinterpreted in current research for too long. The real mechanism was 
rediscovered by the application of wave mechanics and the theory was further developed 
with many new concepts established. This new development includes representing the 
microwave absorption mechanism by the superposition of beams r1 and r2. Many new 
features ignored previously have been identified. 



Conflict of Interest 

The authors declare that they have no conflict of interest. 

References 
[1] Y. Akinay, U. Gunes, B. Çolak, T. Ce,n, Recent progress of electromagne,c wave absorbers: A 
systema,c review and bibliometric approach, ChemPhysMater, 2 (2023) 197-206. 
[2] Z. Ma, K. Yang, D. Li, H. Liu, S. Hui, Y. Jiang, S. Li, Y. Li, W. Yang, H. Wu, Y. Hou, The Electron 
Migra,on Polariza,on Boos,ng Electromagne,c Wave Absorp,on Based on Ce Atoms 
Modulated yolk@shell FexN@NGC, Advanced Materials, 36 (2024) 2314233. 
[3] Z. Zhao, Y. Qing, L. Kong, H. Xu, X. Fan, J. Yun, L. Zhang, H. Wu, Advancements in Microwave 
Absorp,on Mo,vated by Interdisciplinary Research, Advanced Materials, 36 (2024) 2304182  
[4] Z. Gao, A. Iqbal, T. Hassan, S. Hui, H. Wu, C.M. Koo, Tailoring Built-In Electric Field in a Self-
Assembled Zeoli,c Imidazolate Framework/MXene Nanocomposites for Microwave Absorp,on, 
Advanced Materials, 36 (2024) 2311411. 
[5] A.A. Isari, A. Ghaffarkhah, S.A. Hashemi, S. WuOke, M. Arjmand, Structural Design for EMI 
Shielding: From Underlying Mechanisms to Common Pipalls, 36 (2024) 2310683. 
[6] J.-L. Zhang, Z.-Z. Wang, T.-Y. Yang, S. ChaOerjee, M.-S. Cao, H.-S. Peng, Facile synthesis of 
vaterite CaCO3 microspheres from carbon capture and solid waste u,liza,on towards microwave 
absorp,on and dye wastewater adsorp,on, Carbon, 226 (2024) 119199. 
[7] F. Zhang, L. Zhang, Y. Fan, B. Zhang, Fabrica,on of mul,ple core-shell structures 
MnO@HsGDY@NC@HsGDY hybrid nanofibers for enhanced microwave absorp,on, Carbon, 216 
(2024) 118588. 
[8] K. Yang, B. Fan, Y. Yang, S. Cai, M. Ying, X. Wang, G. Tong, W. Wu, D. Chen, Defect-steering the 
prominent thermal conduc,on, microwave absorp,on, and electrical insula,on of porous g-
C3N4 nanofibers, Carbon, 219 (2024) 118849. 
[9] H.L. Yang, C.Q. Li, R.W. Mo, J.N. Wang, Facile prepara,on and broadband microwave 
absorp,on of mul,layered materials based on thin films of reduced graphene oxide, Carbon, 224 
(2024) 119093. 
[10] K. Wang, X. Gong, X. Ye, J. Li, Y. Yang, H. Zhu, Y. Wang, L. Yan, Y. Zhou, Dielectric gene 
engineering on biochar for ultrawide-band microwave absorp,on with a ra,onal double-layer 
design, Carbon, 228 (2024) 119326. 
[11] Y. Tian, D. Estevez, G. Wang, M. Peng, F. Qin, Macro-ordered porous carbon nanocomposites 
for efficient microwave absorp,on, Carbon, 218 (2024) 118614. 
[12] J. Qiu, C. Peng, R. Wang, C. Yao, X. Liu, Q. Wang, W. Wang, One-step in-situ prepara,on of 
C/TiO2@rGO aerogel derived from Ti3C2Tx MXene for integra,ng microwave absorp,on, 
electromagne,c interference shielding and cataly,c degrada,on of an,bio,cs, Carbon, 217 
(2024) 118610. 
[13] Y. Ma, Y. Cheng, Z. Dang, Z. Cai, L. Han, H. Zhou, K. Zhou, Y. Lin, Y. Liu, W. Chai, H. Yang, The 
tune of shell numbers of mul,-shell hollow mesoporous carbon microspheres for enhanced 
microwave absorp,on, Carbon, 227 (2024) 119267. 
[14] S. Lv, H. Luo, Z. Wang, J. Yu, Y. Cheng, F. Chen, X. Li, Size regulated N-doped carbon 
encapsulated NiFe alloys/Ni phosphide composites derived from bimetallic Prussian blue 
analogues for effec,ve microwave absorp,on, Carbon, 218 (2024) 118668. 
[15] Y. Lu, X. Zhao, Q. Tian, Y. Lin, P. Li, Y. Tao, Z. Wang, J. Ma, H. Xu, Y. Liu, Hierarchical porous 
biomass-derived carbon with rich nitrogen doping for high-performance microwave absorp,on 
and tensile strain sensing, Carbon, 224 (2024) 119083. 



[16] J. Lu, X. Di, M. Yuan, B. Sun, C. Zhou, Y. Luo, Y. Chen, H. Zou, In-situ construc,on of phase-
separated interconnected PVA@RGO frameworks using dual-crosslinking/reduc,on steps for 
broadband microwave absorp,on and enhanced structural performance of aramid honeycombs, 
Carbon, (2024) 119360. 
[17] S. Liu, J. Wang, B. Zhang, X. Su, X. Chen, Y. Chen, H. Yang, Q. Wu, S. Yang, Transforma,on of 
tradi,onal carbon fibers from microwaves reflec,on to efficient absorp,on via carbon fiber 
microstructure modula,on, Carbon, 219 (2024) 118802. 
[18] Y. Lin, B. Zhong, J. Chen, B. Zhang, Y. Yu, Reinforcement of microwave absorp,on and 
thermal conduc,vity of polydimethylsiloxane achieved by metal-organic framework-derived 
carbon nanotube/boron nitride flake heterogeneous structure, Carbon, 227 (2024) 119242. 
[19] J. Li, Y. Luo, C. Wang, Q. Wang, J. Li, H. Lu, D. Zhang, Confined pyrolysis-driven one-
dimensional carbon structure evolu,on from polyacrylonitrile fiber and its microwave 
absorp,on performance, Carbon, 218 (2024) 118751. 
[20] J. Li, S. Chen, R. Fan, X. Gong, H. Zhao, L. Yan, Y. Zhou, Structural engineering on carbon 
materials for microwave absorp,on: From micro to macro to meta, Carbon, 224 (2024) 119058. 
[21] H. Li, S. Bi, J. Cai, X. Chu, G. Hou, J. Zhang, T. Wu, Reduced graphene oxide/nonwoven fabric 
filled honeycomb composite structure for broadband microwave absorp,on, Carbon, 223 (2024) 
119005. 
[22] Z. He, R. Sun, H. Xu, W. Geng, P. Liu, Metal-organic-frameworks derived hollow carbon 
deriva,ves: Controllable configura,ons and op,mized microwave absorp,on, Carbon, 219 
(2024) 118853. 
[23] H.-Z. Guan, J.-Y. Zong, M.-Q. Wang, H.-Z. Zhai, J. Yuan, M.-S. Cao, Facile design and enhanced 
interface polariza,on of CoFe-PBA/MXene towards microwave absorp,on, EMI shielding and 
energy storage, Carbon, 226 (2024) 119239. 
[24] Y. Liu, H. Yu, M.G.B. Drew, Y. Liu, A systemized parameter set applicable to microwave 
absorp,on for ferrite based materials, Journal of Materials Science: Materials in Electronics, 29 
(2018) 1562-1575. 
[25] Y. Liu, K. Zhao, M.G.B. Drew, Y. Liu, A theore,cal and prac,cal clarifica,on on the calcula,on 
of reflec,on loss for microwave absorbing materials, AIP Advances, 8 (2018) e015223. 
[26] Y. Liu, M.G.B. Drew, H. Li, Y. Liu, An experimental and theore,cal inves,ga,on into methods 
concerned with “reflec,on loss” for microwave absorbing materials, Materials Chemistry and 
Physics, 243 (2020) 122624. 
[27] Y. Liu, Y. Liu, M.G.B. Drew, Wave mechanics of microwave absorp,on in films: A short review, 
Op,cs and Laser Technology, 178 (2024) 111211. 
[28] Y. Liu, Y. Liu, M.G.B. Drew, Wave mechanics of microwave absorp,on in films - Dis,nguishing 
film from material, Journal of Magne,sm and Magne,c Materials, 593 (2024) 171850. 
[29] Y. Liu, Y. Liu, M.G.B. Drew, The wave mechanics for microwave absorp,on film-Part 3: Film 
with mul,layers, 10.21203/rs.3.rs-3256342/v1, Research Square, (2023). 
[30] Y. Liu, M.G.B. Drew, Y. Liu, A physics inves,ga,on of impedance matching theory in 
microwave absorp,on film—Part 1: Theory, Journal of Applied Physics, 134 (2023) 045303. 
[31] Y. Liu, M.G.B. Drew, Y. Liu, A physics inves,ga,on of impedance matching theory in 
microwave absorp,on film— Part 2: Problem analyses, Journal of Applied Physics, 134 (2023) 
045304. 
[32] Y. Liu, Y. Ding, Y. Liu, M.G.B. Drew, Unexpected Results in Microwave Absorp,on -- Part 1: 
Different absorp,on mechanisms for metal-backed film and for material, Surfaces and Interfaces, 
40 (2023) 103022. 
[33] Y. Liu, Y. Ding, Y. Liu, M.G.B. Drew, Unexpected results in Microwave absorp,on -- Part 2：
Angular effects and the wave cancella,on theory, Surfaces and Interfaces, 40 (2023) 103024. 



[34] Y. Liu, Y. Liu, M.G.B. Drew, A Re-evalua,on of the mechanism of microwave absorp,on in 
film – Part 2: The real mechanism, Materials Chemistry and Physics, 291 (2022) 126601. 
[35] Y. Liu, Y. Liu, M.G.B. Drew, A Re-evalua,on of the mechanism of microwave absorp,on in 
film – Part 1: Energy conserva,on, Materials Chemistry and Physics, 290 (2022) 126576. 
[36] Y. Liu, Y. Liu, M.G.B. Drew, A re-evalua,on of the mechanism of microwave absorp,on in film 
– Part 3: Inverse rela,onship, Materials Chemistry and Physics, 290 (2022) 126521. 
[37] Y. Liu, Y. Liu, M.G.B. Drew, A theore,cal inves,ga,on on the quarter-wavelength model — 
Part 1：Analysis, Physica Scripta, 96 (2021) 125003. 
[38] Y. Liu, Y. Liu, M.G.B. Drew, A theore,cal inves,ga,on of the quarter-wavelength model-part 
2: verifica,on and extension, Physica Scripta, 97 (2022) 015806. 
[39] Y. Liu, M.G.B. Drew, Y. Liu, Chapter 4: Fundamental Theory of Microwave Absorp,on for 
Films of Porous Nanocomposites: Role of Interfaces in Composite-Fillers, in: S. Thomas, C. 
Paoloni, A.R. Pai (Eds.) Porous Nanocomposites for Electromagne,c Interference Shielding, 
Elsevier, 2024, pp. 59 - 90. 
[40] Y. Liu, M.G.B. Drew, Y. Liu, A theore,cal explora,on of impedance matching coefficients for 
interfaces and films, Applied Physics A, 130 (2024) 212. 
[41] Y. Liu, X. Yin, M.G.B. Drew, Y. Liu, Microwave absorp,on of film explained accurately by wave 
cancella,on theory, Physica B: Condensed MaOer, 666 (2023) 415108. 
[42] Y. Liu, Y. Liu, Microwave absorp,on mechanism for film, Journal of Molecular Science, 39 
(2023) 521 - 527. 
[43] Y. Liu, M.G.B. Drew, H. Li, Y. Liu, A theore,cal analysis of the rela,onships shown from the 
general experimental results of scaOering parameters s11 and s21 -- Exemplified by the film of 
BaFe12-iCeiO19/polypyrene with i = 0.2, 0.4, 0.6, Journal of Microwave Power and 
Electromagne,c Energy, 55 (2021) 197–218. 
[44] Y. Liu, R. Tai, M.G.B. Drew, Y. Liu, Several Theore,cal Perspec,ves of Ferrite-Based 
Materials—Part 1: Transmission Line Theory and Microwave Absorp,on, Journal of 
Superconduc,vity and Novel Magne,sm, 30 (2017) 2489-2504. 
[45] S. Saikia, H. Saikia, N.S. BhaOacharyya, Rever,ble wideband hydrogel-based meta-structure 
absorber, Applied Physics A, 130 (2024) 189. 
[46] P.P. Singh, A.K. Dash, G. Nath, Dielectric characteriza,on analysis of natural fiber based 
hybrid composite for microwave absorp,on in X-band frequency, Applied Physics A, 130 (2024) 
171. 
[47] Y. Prima Hardianto, R. Nur Iman, A. Hidayat, N. Muxi, N. Hidayat, S. Sunaryono, T. Amrillah, 
W. Ari Adi, A. Taufiq, A Facile Route Prepara,on of Fe3O4/MWCNT/ZnO/PANI Nanocomposite 
and its Characteriza,on for Enhanced Microwave Absorp,on Proper,es, ChemistrySelect, 9 
(2024) e202304748. 
[48] Y. Liu, Y. Liu, M.G.B. Drew, Correc,ons of Common Errors in Current Theories of Microwave 
Absorp,on Caused by Confusing Film and Material, hOps://doi.org/10.32388/QQ1MFF, Qeios, 
(2024). 
[49] A.A. Abu Sanad, M.N. Mahmud, M.F. Ain, M.A.B. Ahmad, N.Z.B. Yahaya, Z. Mohamad Ariff, 
Theory, Modeling, Measurement, and Tes,ng of Electromagne,c Absorbers: A Review, physica 
status solidi (a), 221 (2024) 2300828. 
[50] M. Cao, C. Han, X. Wang, M. Zhang, Y. Zhang, J. Shu, H. Yang, X. Fang, J. Yuan, Graphene 
nanohybrids: excellent electromagne,c proper,es for the absorbing and shielding of 
electromagne,c waves, Journal of Materials Chemistry C, 6 (2018) 4586-4602. 
[51] W. Andriyan,, M.A. Choir Hidaya, Nur, D.L. Puspitarum, T. Sujitno, H. Supriha,n, S. 
Purwanto, E. Suharyadi, Microstructures, magne,c proper,es and microwave absorp,on of ion-
implanted bismuth ferrite thin films, Physica B: Condensed MaOer, 676 (2024) 415690. 



[52] D. Zuo, Y. Jia, J. Xu, J. Fu, High-Performance Microwave Absorp,on Materials: Theory, 
Fabrica,on, and Func,onaliza,on, Industrial & Engineering Chemistry Research, 62 (2023) 
14791-14817. 
[53] Z.-L. Hou, X. Gao, J. Zhang, G. Wang, A perspec,ve on impedance matching and resonance 
absorp,on mechanism for electromagne,c wave absorbing, Carbon, 222 (2024) 118935. 
[54] S.S. PaOanayak, S.H. Laskar, S. Sahoo, Progress on agricultural residue-based microwave 
absorber: a review and prospects, Journal of Materials Science, 56 (2021) 4097-4119. 
[55] T. Wang, G. Chen, J. Zhu, H. Gong, L. Zhang, H. Wu, Deep understanding of impedance 
matching and quarter wavelength theory in electromagne,c wave absorp,on, J Colloid Interface 
Sci, 595 (2021) 1-5. 
[56] S. Zhang, T. Wang, M. Gao, P. Wang, H. Pang, L. Qiao, F. Li, Strict proof and applicable range 
of the quarter-wavelength model for microwave absorbers, Journal of Physics D: Applied Physics, 
53 (2020) 265004. 
[57] Y. Liu, Y. Liu, M.G.B. Drew, [Commentary] Comments on: “A perspec,ve on impedance 
matching and resonance absorp,on mechanism for electromagne,c wave absorbing” by Hou et 
al. [Carbon 222 (2024) 118935], hOps://doi.org/10.32388/9P8Q56, Qeios, (2024). 
[58] X. Wang, Z. Du, M. Hou, Z. Ding, C. Jiang, X. Huang, J. Yue, Approximate solu,on of 
impedance matching for nonmagne,c homogeneous absorbing materials, The European Physical 
Journal Special Topics, 231 (2022) 4213-4220. 
[59] Z.-L. Hou, M. Zhang, L.-B. Kong, H.-M. Fang, Z.-J. Li, H.-F. Zhou, H.-B. Jin, M.-S. Cao, 
Microwave permizvity and permeability experiments in high-loss dielectrics: Cau,on with 
implicit Fabry-Pérot resonance for nega,ve imaginary permeability, Applied Physics LeOers, 103 
(2013) 162905. 

 

 

 

 


