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The dominant assumption in digital advertising, that customer acquisition
scales proportionally with budget, is contradicted by meta-analytic evidence.
Sethuraman, Tellis, and Briesch [1] analyzed 751 short-term advertising elasticities
across 56 econometric studies and found an average elasticity of 0.12, meaning a
1% budget increase yields roughly 0.12% additional sales. Only 53% of these
elasticities were significantly different from zero. Simultaneously, structural
alignment interventions, such as matching ad messaging to landing page content,
have produced conversion improvements ranging from 47% to 212% at zero
incremental spend [2]. This disparity, two orders of magnitude in effect size,
suggests that the binding constraint on advertising performance is not capital but
architectural coherence. The present work formalizes this observation through
matched filter theory, a signal processing framework that proves SNR is maximized
when the receiver filter is structurally matched to the incoming signal.

In classical signal detection, a known signal s(t) is embedded in additive white
Gaussian noise with power spectral density N,/2. The matched filter, first
formalized by Turin [3] and later extended by Haykin [4], defines the optimal linear
filter as h(t) = s*(T — t), where the asterisk denotes complex conjugation and T is
a time delay ensuring causality. The output signal-to-noise ratio of this filter is
SNR = 2E/N,, where E = [ |s(t)|?dt represents the total signal energy. The proof
of optimality proceeds directly from the Cauchy—Schwarz inequality. For any two
square-integrable functions f and g, the inequality states that

IS f(®) g* =@ dt|*2 < [If©)|*2dt - [ |g(®)| 2 dt
with equality if and only if g(t) = c- f(t) for some constant c. Setting f =
S(w)/Nyand g = H(w), where S(w) and H (w) are the Fourier transforms of signal
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and filter respectively, yields the matched condition: the filter that achieves the
Cauchy—Schwarz upper bound, and therefore the maximum SNR, must be
proportional to the conjugate of the signal spectrum. Any deviation from this
condition strictly reduces the output SNR below the theoretical maximum.

This paper establishes a structural isomorphism between the matched filter
problem and the marketing message optimization problem. The audience need
profile, comprising the distribution of pain points, desires, objections, and decision
criteria across a target population, functions as the signal s(t). Each "frequency
component" corresponds to a distinct dimension of audience concern: price
sensitivity, trust requirements, feature priorities, urgency levels. The marketing
message, including ad copy, landing page content, and sales process, functions as
the filter h(t). The noise N, represents competitive clutter, platform interference,
and cognitive load from irrelevant information. Under this mapping, the Cauchy—
Schwarz equality prescribes a precise optimality condition: maximum conversion
SNR 1is achieved when the message structure is the conjugate match of the audience
need structure. This is not metaphorical. The mathematical relationship is identical:
the inner product between message and need must achieve its upper bound, which
requires proportional alignment across all dimensions simultaneously.

This optimality condition connects directly to Jacobi's maximum power
transfer theorem from electrical engineering [5], which states that maximum power
delivery from source to load occurs when the load impedance equals the complex
conjugate of the source impedance: Z; = Zs. In the funnel impedance framework
[2], advertising creates a source impedance (cognitive expectations, emotional state,
price anchoring), and the landing page presents a load impedance (value proposition,
friction elements, trust signals). The matched filter condition h(t) = s*(T — t) and
the impedance matching condition Z; = Zg are mathematically equivalent
statements expressed in different domains: one in the time/frequency domain, the
other in the impedance domain. Both assert that the receiving system must be the
structural complement of the transmitting signal. Pozar [5] demonstrates this
equivalence formally in transmission line theory, where the reflection coefficient
I'=(Z,—Zs)/(Z, + Zs) vanishes under conjugate matching, eliminating reflected
power entirely.

The quantitative implications are substantial. Under the matched condition,
SNR = 2E /N, depends only on the signal energy E and the noise floor N,, not on
increasing transmitted power (budget). A mismatched filter with correlation
coefficient p < 1 relative to the optimal yields SNR,,ismatch = P2 * SNRatched
producing a quadratic penalty for deviation from alignment. At p = 0.7 (moderate
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mismatch), only 49% of the theoretically available SNR is captured; at p = 0.5,
only 25%. This quadratic degradation explains the empirical pattern: alignment
improvements yield disproportionate returns because they move the system toward
the Cauchy—Schwarz equality, while budget increases merely amplify a mismatched
signal that the filter cannot efficiently extract from noise. Integration with the
M.A.T.H. optimization protocol [7] proceeds naturally: the Measure phase
quantifies the current correlation coefficient p between message and audience need
profiles; Analyze identifies the spectral components (dimensions) with the largest
mismatch; Tweak adjusts message structure toward the conjugate match; Harvest
scales only after p approaches unity. The data integrity constraint [8] remains
terminal: fraudulent conversion signals corrupt the estimate of s(t) itself, causing
the filter to match noise rather than true audience need, a condition analogous to
training a radar matched filter on jamming signals rather than genuine returns [6].

Three conclusions follow from this analysis. First, the matched filter theorem
provides a proof, not merely an argument, that message-audience alignment is the
primary determinant of conversion efficiency. Second, the Cauchy—Schwarz
equality establishes that no amount of power (budget) can compensate for structural
mismatch between message and need; the SNR penalty is quadratic and cannot be
overcome by linear scaling. Third, the equivalence between matched filtering and
impedance matching unifies two apparently distinct optimization frameworks, time-
domain signal processing and circuit-domain power transfer, into a single optimality
principle applicable to advertising conversion architecture.
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