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Abstract: - The mechanism of microwave absorption in films remains a subject of fundamental theoretical
disagreement. This study provides a rigorous theoretical evaluation comparing impedance matching theory and
wave mechanics theory using undergraduate-level transmission line principles. We demonstrate that impedance
matching theory contains a critical logical flaw: when its core premise is satisfied (complete microwave entry
into the material), no absorption peaks occur, contradicting experimental observations. Through phase and
amplitude analysis of reflection coefficients at both film interfaces, we prove that wave mechanics theory
correctly explains all observed phenomena through destructive wave interference. Calculations show that optimal
absorption occurs when incident microwaves do not all enter the film, yet the film absorbs all incident energy
through phase-cancellation effects. The theoretical foundation is supported by analysis of experimental data
demonstrating multiple absorption peaks, thickness-dependent oscillatory behavior, and conditions where
impedance matching coincides with minimum rather than maximum absorption. These results reveal that
impedance matching theory represents a fundamental misinterpretation of transmission line theory, while wave
mechanics theory which is a new development of microwave theory in the field of material and device that many
new concepts contrary to common sense have been established, provides the correct physical understanding of
microwave absorption mechanisms. This work addresses a critical gap in the scientific literature where
demonstrable theoretical errors persist despite clear mathematical evidence.
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1 Introduction achieving high-performance absorption
Microwave absorption technology has become charactqristics across brgad frequen(?y bands. [1 -9]
essential  for  applications  ranging  from Th@ mainstream theo.retlcal foundation fqr this ﬁel.d
electromagnetic interference (EMI) shielding in next- 18 impedance matchmg theory. Accordmg to this
generation wireless communications, to radar stealth widely _ adqpted “Viewpoint, op‘qmal microwave
systems in defense, and the protection of sensitive absorp‘Flon is realized when the impedance of the
electronic equipment in complex electromagnetic absorbing layer matches that of free space, thereby
environments. As the demand for electromagnetic minimizing surface reflection and maximizing the
compatibility increases with the widespread adoption entry of incident electromagnetic waves. This
of 5G/6G communications and advanced electronic principle is now established as the fundamental
platforms, materials research has focused on design guideline for state-of-the-art microwave

absorbing materials, as documented in numerous
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recent reviews and exemplar research articles across
leading journals. A 2024 review in Carbon articulates
that “impedance mismatch and undesired dielectric
relaxation are the main obstacles to realizing
simultaneous resonant absorption,” [10] while a
contemporary Materials Horizons review notes, [11]
“maximum absorption occurs when the impedance of
the absorber closely matches free space”. Advanced
materials studies, [6] including those highlighted in
ACS Applied Materials & Interfaces (2025) [12] and
Advanced Science (2025), [7] demonstrate that

“impedance  matching optimization” directly
translates to record microwave absorption
performance.

Review articles on carbon-based absorbers now
position impedance matching as a central
requirement for high-performing nanostructured
composites. [2, 6, 7, 10] Recent research also stresses
that achieving impedance matching values in the 0.8—
1.2 range is optimal for material design, and that this
paradigm underpins the latest technologies for
military stealth, flexible electronics, and EMI
protection in commercial wireless systems. In fact,
even reviews of novel multifunctional and MOF-
derived absorbers [13, 14] present impedance
matching as the key mechanism for improving
absorption.

Despite its almost universal acceptance, impedance
matching theory is not without critics. Alternative
theoretical frameworks, especially wave mechanics
theory, [15, 16] suggest that absorption results from
destructive interference of multiple reflected tracks
within multilayer or backed structures. [17-19] This
perspective explains complex phenomena such as
multiple absorption peaks and oscillatory thickness
dependencies—which impedance matching alone
does not consistently account for. However, this
approach remains marginalized in mainstream
research. [20]

These unresolved theoretical inconsistencies for
decades [21] in the impedance matching view are not
merely academic: experimental work routinely
observes multiple, sharp absorption peaks and
oscillatory dependence on absorber thickness, as well
as anomalous cases where absorption is maximized
at non-optimal impedance matching conditions.
Since theoretical understanding is synonymous with
advancing absorber design, clarifying this
fundamental mechanism is an urgent and
consequential issue for both applied and basic
research.

In this context, the present work provides a rigorous
comparative theoretical evaluation employing
transmission line analysis and undergraduate-level
electromagnetic principles to directly test both

ISSN: 2534-8833

16

Journal of Electromagnetics
http://www.iaras.org/iaras/journals/je

impedance matching and wave mechanics
frameworks. The goal is to resolve this persistent
controversy and  thereby inform  rational
electromagnetic absorber design across rapidly
growing technological sectors.

2 Theoretical Framework

2.1 Transmission Line Theory Foundation
The theoretical analysis is based on standard
transmission line theory, where the reflection loss
(RL) of a metal-backed film is given by:

RL =20 log; o |[totall (D
where [ oral represents the total reflection coefficient
accounting for multiple reflections within the film
structure. For a metal-backed film, the input
impedance is:

Zin = Z1 tanh(yd) 2)
where Z; is the characteristic impedance of the film
material, y is the propagation constant, and d is the
film thickness. The reflection coefficient at the air-
film interface is:

I, =T (d=0)=(Zin-Zy) Y(Zin+2Zp )
=(Z1-2Zp W21+ 2Zp) 3)
with Zin = 21 Z1 when d = o0, [22-25]

2.2 Critical Test: The "All-Entry™ Condition
Impedance matching theory claims maximum
absorption occurs when Zin = Z,, which
theoretically allows all incident microwaves to enter
the film (/' ; =0). To test this premise, we examine
what occurs when the material characteristic
impedance Z; equals the free space characteristic
impedance Z, .
When Z; = Z,
becomes:
Zin=12, tanh(yd) 4)
For this condition, /5 ; =0 only when tanh(yd) =1,
which occurs only at infinite thickness. For finite
thickness lossy materials, Zin = Z, when Z; =27, ,
meaning complete microwave absorption cannot be
achieved at the condition of complete microwave
entry when d # oo,

2.3 Wave Mechanics Analysis

= 377 Q, the input impedance

Wave mechanics theory considers the phase
relationships between:

1. Waves reflected from the front interface
(o 1)

2. Waves transmitted into the film, reflected
from the metal backing, and re-emerging (R2= [total -
o 1) [18]

The total reflection coefficient is:

Tiota = Fo 7+ R2 (5)

Maximum absorption (minimum |/ tal|) occurs when
these two wave components are equal in magnitude
but opposite in phase, resulting in destructive
interference. [16-18] The absorption peaks occur not
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when the reflection coefficient R, is minimal (as
conventional wisdom holds) but when R; is maximal
[18] - precisely the opposite of the impedance -
matching prediction. These findings have been

confirmed by experimental data but require
rethinking textbook assumptions.

3 Results and Analysis

3.1 Demonstration of Impedance
Matching Theory Failure

Mathematical analysis reveals that when all
microwaves enter the material (I, ; = 0), the

reflection loss varies monotonically with thickness
according to:

|Ft0tal | = g2 (6)
where a is the attenuation constant. [17, 22, 26-28]
This produces no distinct absorption peaks,
contradicting experimental observations of sharp,
well-defined absorption maxima. When the material
is lossless (a = 0), no absorption occurs whatever the
conditions are. [29]

3.2 Wave Mechanics Theory
Validation

Wave mechanics theory successfully predicts:

1. Multiple Absorption Peaks: Different

thickness-frequency combinations create various
destructive interference conditions, explaining the
observed multiple peak structure.

2. Thickness-Dependent Oscillatory Behavior:
Absorption varies sinusoidally with thickness at fixed
frequency, contrary to impedance matching theory's
prediction of monotonic increase.

3. Peak Positions: The theory accurately
predicts peak locations based on phase relationships
rather than impedance matching conditions. [16, 19,
29]

4. Counter-intuitive  Results: The theory
explains cases where impedance matching conditions
coincide with minimum rather than maximum
absorption, as observed experimentally. [17]

3.3 Phase Analysis Results

Detailed phase calculations demonstrate that optimal

absorption occurs when:

® The front interface reflection coefficient I ;
# 0 (not all waves enter)

® The phase difference between direct and indirect
reflections approximately equals  [16, 19, 29]

® The magnitudes of the interfering waves are
approximately equal

This mechanism allows the film to absorb all incident

energy while some microwaves are reflected at the

front interface—a result that impedance matching

theory cannot explain.

4 Discussion
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4.1 Fundamental Flaw in
Matching Theory

The critical flaw in impedance matching theory lies
in its assumption that maximizing microwave entry
necessarily maximizes absorption. Our analysis
proves this premise false through direct calculation.
[26, 28, 30] When the theory's ideal condition
(complete microwave entry) is artificially imposed,
no absorption peaks appear in the theoretical
predictions.

Furthermore, experimental data consistently show
that the strongest absorption peaks occur when

Impedance

significant interface reflection exists, directly
contradicting the theory's core assumption.

4.2 Wave Mechanics as the Correct
Framework

Wave mechanics theory provides a comprehensive,
internally consistent explanation for all observed
phenomena in microwave absorption. Unlike
impedance matching theory, it successfully predicts:
® The existence and positions of multiple
absorption peaks
® The oscillatory nature of absorption versus
thickness relationships
® (Cases where impedance matching correlates
with minimum absorption
® The phase-dependent nature of the absorption
mechanism
Wave mechanics theory enables the study of how
both material structure and film structure affect
microwave absorption by analyzing the influence of
complex permittivity and permeability on reflection
loss, as well as the dependence of reflection loss on
film thickness. Specifically, changes in a material’s
complex permittivity (&) and permeability (ur)
determine how material composition impacts
absorption, whereas systematic variation of the film
thickness allows direct investigation of film
structural effects. [16, 30] In contrast, impedance
matching theory incorrectly attributes the influence
of film structure—particularly variations in
thickness—on microwave absorption exclusively to
material  structural effects, conflating two
fundamentally distinct contributions. [31] According
to wave mechanics theory, absorption peaks in thin
films result from destructive interference of reflected
waves between interfaces, [17, 18] while the
impedance matching approach wrongly interprets
these absorption maxima as arising from intrinsic
material resonance. [10, 31] This distinction clarifies
that the origin of absorption peaks is structural and
wave-interference-driven, not solely tied to the
material’s inherent resonance characteristics.
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The theory's superiority is not merely empirical but
stems from its correct application of fundamental
electromagnetic principles without the logical
contradictions inherent in impedance matching
theory. [15, 28, 30, 32]

4.3 Scientific Implications

The persistence of impedance matching theory in the
literature despite its demonstrable flaws raises
important questions about the peer review process
and the acceptance of theoretical frameworks. 20]
The mathematics involved are accessible to any
undergraduate student familiar with complex
numbers and transmission line theory, yet the error
has remained largely uncorrected in mainstream
publications. [33]

This situation exemplifies a broader issue in modern
scientific publishing where paradigm inertia and
institutional bias may prevent the acceptance of
correct theoretical frameworks that challenge
established but flawed theories [34]. The resistance
to theoretical innovation, particularly when it
contradicts widely accepted models, reflects systemic
problems in how scientific validity is assessed [35].

5 Conclusion

This theoretical analysis provides definitive evidence
that wave mechanics theory correctly describes
microwave absorption in films, while impedance
matching theory contains fundamental logical flaws
that render it scientifically invalid. The correct
mechanism  involves destructive interference
between waves reflected at different interfaces, not
the maximization of microwave entry into the
material.

Four fundamental revelations establish that
impedance matching theory, while widely accepted,
contains critical flaws: it mistakenly attributes
microwave absorption peaks solely to material
resonance rather than the combined effect of wave
interference within thin films. Wave mechanics
theory explains absorption peaks as arising from
destructive interference of reflected waves at film

interfaces, accurately capturing the oscillatory
dependence on film thickness and multiple
absorption  peaks  observed  experimentally.

Furthermore, wave mechanics differentiates the
influences of material intrinsic properties (complex
permittivity and permeability) from structural
parameters (film thickness), whereas impedance
matching theory incorrectly conflates these effects.
Ultimately, wave mechanics provides a consistent,
mathematically verifiable framework that resolves
experimental  discrepancies  and  advances
understanding of microwave absorption mechanisms
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beyond traditional
interpretations.
Because the confusion between films and materials
in the mainstream theory, the effect of film thickness
on absorption represented by |[RL| has been wrongly
attributed to the effect of material structure on
absorption, and the absorption peaks caused by
interference has been wrongly attributed to the
resonance frequencies of the material.

The mathematical proof is straightforward and relies
only on undergraduate-level physics and
transmission line theory. The fact that such a basic
theoretical error has persisted in the literature
suggests significant problems with the current
scientific review and validation process.

These findings have immediate practical implications
for electromagnetic absorber design and highlight the
need for rigorous theoretical validation in scientific
research. The results also demonstrate the importance
of maintaining intellectual honesty and theoretical
rigor in the face of established but incorrect
paradigms.

The theoretical framework established here provides
a solid foundation for future developments in
microwave absorption technology and serves as a
clear example of how fundamental physics principles
can resolve apparently complex theoretical disputes
through careful mathematical analysis.
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