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REFLECTION COEFFICIENTS IN MULTI-STAGE
CONVERSION SYSTEMS: AN IMPEDANCE-
MISMATCH MODEL OF FUNNEL
BOUNDARY LOSSES

Advertising theory implicitly assumes that customer acquisition scales with
budget. A meta-analysis of 751 short-term advertising elasticities drawn from 56
econometric studies yields a mean elasticity of 0.12, meaning a 1% budget increase
produces approximately 0.12% additional sales volume [1]. Only 53% of those
elasticities proved statistically distinguishable from zero. Meanwhile, structural
alignment interventions, such as matching ad messaging to landing page content, have
delivered conversion improvements of 63% to 212% at zero incremental spend [2, 3].
The leverage ratio between these two classes of intervention exceeds 30:1. This
abstract formalizes one mechanism behind that asymmetry by adapting impedance
mismatch theory from transmission line engineering [4] to the multi-stage conversion
funnel, deriving the reflection coefficient at each stage boundary and demonstrating
that budget scaling cannot compensate for architectural mismatch.

In electrical engineering, impedance Z = R + jX quantifies total opposition
to alternating current, where R represents resistive dissipation and X represents
reactive energy storage [4]. We define funnel impedance at stage i with two
components. The resistive component captures structural friction: pricing barriers,
user-interface complexity, excessive form fields, and page load time, all of which
cause permanent traffic loss. The reactive component captures cognitive dissonance:
mismatched expectations, trust deficits, and psychological resistance. Reactive
losses represent delayed rather than destroyed conversion, analogous to energy
stored in a capacitor rather than dissipated as heat.

At each boundary between successive stages, the reflection coefficientis I'; =
(Ziv1 — Zy) | (Zis1 + Z;). Power transmitted through boundary i equals P =
Py X (1 — |I'1]%), and the corresponding mismatch loss in decibels is ML; =
—10log1o(1 — |Ii|%). These are standard transmission line results [4],
reinterpreted so that a "reflected" visitor is one whose expectations, set by the
upstream stage, collide with the impedance profile of the downstream stage, causing
exit rather than progression.
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Fig. 1. Power transmitted vs. reflection coefficient |I'|.
Moderate mismatch (JI'| = 0.3) produces measurable loss;
severe (|I'| = 0.7) transmits only 51%. Channels mapped to
approximate |I'| from empirical bounce/rejection rates.

An acoustic analogy clarifies the scale of the problem. Air impedance is
approximately 429 Pa - s /m; water presents roughly 1.48 X 10° Pa - s/m, aratio
of 3,500:1 [5]. At such a boundary, the transmission coefficient drops to
approximately 0.001 and 99.9% of energy reflects, a 29.5 dB loss. This scenario
maps directly to directing casual social-media traffic toward a technical B2B sales
process. The impedance ratio is extreme, and no amount of additional budget
overcomes it.

Jacobi’s maximum power transfer theorem (1840) states that maximum power
delivery occurs when Z; = Z *_S, i.e. the load impedance equals the complex
conjugate of the source impedance [4, Ch. 5]. In funnel terms, the landing page must
act as the complex conjugate of the advertising signal. If the advertisement creates
cognitive reactance, the landing page must provide resolution. If the ad targets price-
sensitive users with high effective R, the landing page must present minimal friction.
Quarter-wave transformers in engineering, where Z, = V(Z1 X Z), have direct

analogs in bridge pages, nurture sequences, and webinar funnels that gradually
transform impedance between mismatched stages [6].
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The critical result emerges when mismatch cascades. For N boundaries, total
delivered power is Pgo; = Pje X [[(1 — |Ii]%). At a modest |I'| = 0.3 per
boundary across three stages: 0.91° = 0.753, a 24.7% loss. At |I'| = 0.5: 0.75* =
0.422, or 57.8% loss. At |[I'| = 0.7: 0.51° = 0.133, meaning 86.7% of all traffic is
structurally unable to convert. Doubling budget in this last scenario changes nothing
about efficiency; the system still transmits only 13.3%. The only intervention that
improves throughput is reducing |I'| at the bottleneck boundary. This aligns with
data from the Baymard Institute, whose aggregation of 49 studies documented a
global average cart abandonment rate of 70.19%, stable over a decade, with
predominantly structural causes: unexpected costs (48%), mandatory account
creation (26%), and excessive complexity (22%) [7].

These findings connect to the M.A.T.H. optimization framework [8] and the
data integrity constraint for Al-driven advertising [9]. The impedance model
provides the diagnostic layer: measure |I';| at each boundary via bounce and drop-
off rates; identify the largest |I'| as the bottleneck; design a matching network to
reduce mismatch before allocating additional budget. Without this step, budget
scaling amplifies structural waste rather than productive reach [10]. The binding
constraint on advertising performance is not capital. It is the impedance architecture
of the conversion system itself.
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