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The mid-20th century represented a pivotal era in the evolution of electroacoustics, transitioning from basic sound
reproduction to what we now define as High Fidelity (Hi-Fi). At the forefront of this revolution was H.A. Hartley,
whose seminal work, the Audio Design Handbook, published by Gernsback Library in 1958, remains a cornerstone
for understanding the fundamental physics of sound and the engineering rigor required to reproduce it accurately.
This article provides an in-depth technical analysis of Hartley's principles, exploring the intersection of vacuum tube
electronics, loudspeaker mechanics, and the psychoacoustics of human hearing.

1.The Historical Context of the Gernsback Library and H.A. Hartley

In 1958, the audio industry was navigating a complex shift from monophonic systems to the nascent world of
stereophonic sound. The Gernsback Library, led by Hugo Gernsback, served as the primary repository for
technical knowledge, bridging the gap between hobbyist experimentation and professional engineering. H.A.
Hartley’s contributions were unique because they integrated rigid mathematical frameworks with a philosophical
pursuit of 'the natural sound.' Unlike many of his contemporaries who focused solely on measurable metrics like
wattage, Hartley emphasized the linearity of the entire signal chain, from the phonograph -cartridge to the
listener’s ear.

The Philosophical Shift in Audio Engineering

Hartley argued that audio design should not be an exercise in masking distortion but in eliminating its sources. This
led to his development of the 'Magnetic Suspension’ speaker and specific amplifier topologies that prioritized
transient response over raw power. His handbook serves as a guide for the audio technicianto make informed
choices based on published data rather than marketing hyperbole, a problem that plagued the 1950s just as much
as it does the modern era.

2. Theoretical Framework: The Physics of Sound and Perception

To design high-fidelity equipment, one must first understand the medium. Hartley’s work begins with the perception
of sound—the psychophysics of audio. Sound is not merely a pressure wave; it is a complex interaction of
frequency, amplitude, and phase that the human brain interprets with non-linear sensitivity.

The Logarithmic Nature of Hearing

Human hearing follows the Weber-Fechner Law, which states that the perceived change in a stimulus is
proportional to the initial intensity. In audio, this necessitates the use of the Decibel (dB)scale. Hartley emphasized
that a design which doubles the voltage output only results in a 6dB increase in sound pressure level (SPL), which
is barely perceived as a 'significant’ increase by the human ear. This principle dictates that amplifier headroom
must be calculated exponentially to handle musical peaks without clipping.

Frequency Response and Harmonic Integrity

A truly high-fidelity system must maintain a flat frequency response across the audible spectrum (typically 20 Hz to



20,000 Hz). However, Hartley noted that harmonic distortion is more detrimental than a slightly uneven frequency
response. The introduction of odd-order harmonics (3rd, 5th, 7th) creates a 'metallic’ or ‘harsh' sound, whereas
even-order harmonics (2nd, 4th) are often perceived as ‘warm.' Hartley’s designs aimed for the total elimination of
both, focusing on Intermodulation Distortion (IMD), which occurs when two or more frequencies interact to
produce sum and difference tones not present in the original signal.

3. Technical Analysis: Amplifier Design and Linear Amplification

The Audio Design Handbook provides a detailed roadmap for building vacuum tube (valve) amplifiers that minimize
phase shift and maximize linearity. Hartley was a proponent of the Triode over the Pentodefor high-fidelity
applications, despite the lower power efficiency of the former.

The Triode vs. Pentode Debate

In 1958, the industry was moving toward high-power Pentodes like the EL34 and KT66. Hartley maintained that the
Triode’s lower internal plate resistance provided better damping for the loudspeaker. When a speaker cone moves,
it generates a back-electromotive force (Back-EMF). A low-impedance amplifier ‘absorbs' this energy, preventing
the cone from ringing. This is expressed by the Damping Factor:

DF =Z_load / Z_source

Where Z_load is the nominal impedance of the speaker and Z_sourceis the output impedance of the amplifier.
Hartley’s designs prioritized a high DF to ensure tight control over the transducer's movement.

Negative Feedback (NFB) Mechanics

Hartley provided a nuanced view of Negative Feedback. While NFB can flatten frequency response and reduce
Total Harmonic Distortion (THD), excessive feedback can lead to Transient Intermodulation Distortion (TIM)and
instability. Hartley proposed using minimal local feedback within individual stages rather than a single large global
feedback loop, which often caused phase lag at high frequencies.

4. Comparison Matrix: 1958 Standards vs. Modern Engineering

To understand the depth of Hartley's influence, we must compare the technical benchmarks of his era with
contemporary standards. The following table illustrates the evolution of key performance metrics.



Feature/Metric

Signal-to-Noise Ratio
(SNR)

Total Harmonic Distortion
(THD)

1958 Hartley Standard

> 60 dB

Modern High-End
Standard

>110dB

Technical Significance

Determines the 'blackness'
of the background and
dynamic range.

Measures the purity of the
sine wave reproduction.

Ensures no coloration of
the original source material.

Frequency Linearity +/- 2 dB (30Hz-15kHz) +/- 0.1 dB (10Hz-50kHz)

Damping Factor 5 to 10 (Triode based) > 100 (Solid state) Controls the 'stop-start'
accuracy of the speaker

cone.

Class A/ AB1 Vacuum Class D / Discrete Class A Determines thermal
Tube efficiency and harmonic
profile.

Circuit Topology

5. Core Mechanics of Hartley’s Loudspeaker Design

Perhaps Hartley’s most enduring legacy is his approach to transducer mechanics. He recognized that the

loudspeaker was the weakest link in the audio chain. His design for the Hartley 220and  later  drivers  utilized

'Magnetic Suspension,' a concept that predated many modern advancements in high-excursion woofers.

The Physics of the Non-Resonant Cone

Most speakers of the 1950s used paper cones that suffered from 'breakup' modes—areas of the cone vibrating out
of phase with the voice coil. Hartley pioneered the use of polymer treatments and specialized geometries to create

a cone that moved as a perfect piston. By eliminating internal resonances, the Hartley driver avoided the 'boxy’
sound characteristic of the era.

The 'Boffle' Enclosure System

Hartley rejected the standard bass-reflex (ported) cabinet, which he felt introduced 'one-note bass' due to the
resonance of the port. Instead, he developed the Boffle—a series of internal acoustic filters designed to absorb the
rear wave of the speaker without creating back-pressure. This allowed for:

¢ Increased Transient Speed: The cone could return to its neutral position faster.
¢ Phase Coherency: Avoiding the 180-degree phase shift inherent in ported designs.
e Linear Low-Frequency Extension: Bass that was felt as much as heard, without artificial peaks.

6. Practical Implementation: A Field Guide for Audio Technicians

Applying Hartley's principles today requires a blend of vintage knowledge and modern component quality. Whether
restoring a Gernsback-era amplifier or designing a new system, the following procedural steps are essential.

Step 1. Power Supply Impedance Reduction

In any audio circuit, the power supply is in the signal path. Hartley emphasized low-impedance power supplies.
Modern designers should replace original selenium rectifiers with high-speed silicon diodes (like the UF4007) and
increase capacitance, though with vacuum tube rectifiers, one must stay within the peak current limits of the tube



(e.g., 5AR4/GZ34).

Step 2: Component Matching and Tolerances

Vintage designs often relied on 10% or 20% tolerance resistors. For a Hartley-spec build, modern 1% metal film
resistors or high-quality carbon films should be used to ensure balance between the two halves of a Push-Pull
output stage. This balance is critical for canceling out even-order harmonics and reducing hum.

Step 3: Calculating the Miller Effect

When using Triodes, the technician must account for the Miller Effect—the increase in input capacitance due to
the gain of the tube. This can roll off high frequencies if the preceding stage has a high output impedance. Formula
for Miller Capacitance (C_in):C_in = C_grid-cathode + (C_grid-plate * (Gain + 1))

7.Troubleshooting Failure Modes in Analog Audio Design

Designing according to the Audio Design Handbookinvolves anticipating common failure modes in analog circuitry.
Below are documented challenges and their engineering solutions.

Acoustic Feedback and Microphonics

High-gain vacuum tube stages are susceptible to microphonics, where mechanical vibrations are translated into
electrical noise. Solution:Use of shock-mounted tube sockets and selecting 'low-noise’ versions of tubes (e.g.,
using 7025 instead of a standard 12AX7).

Motorboating (Low-Frequency Oscillation)

This occurs when there is unwanted coupling between stages through the power supply. Solution:Improving the
decoupling (RC filters) between the power rail of the output stage and the pre-amplifier stages. Increasing the time
constant (R * C) ensures the supply remains stable under heavy load.

Thermal Drift in Bias Circuits

As tubes age or heat up, their bias point shifts, leading to distortion or 'red-plating." Solution: Implementation of
Cathode Bias(self-bias) with bypassed resistors, which provides a degree of negative feedback to stabilize the
tube's operating point.

8.The Broader Implications of Hartley's Engineering Legacy

The Audio Design Handbook is more than a technical manual; it is a testament to the idea that objective
measurement and subjective excellenceare not mutually exclusive. Hartley's insistence on guidance for the
audio technician—providing them with the tools to evaluate published data—established the framework for the
modern high-end audio industry.

Today, as we move into an era of Digital Signal Processing (DSP) and Class D amplification, Hartley’s focus on
transient integrity and phase linearityremains as relevant as ever. The 'Magnetic Suspension' principles he
pioneered are seen in modern high-excursion subwoofers, and his critique of excessive feedback is mirrored in the
design of modern 'Zero-Feedback' boutique amplifiers. By returning to these 1958 fundamentals, engineers can
rediscover the importance of the physical interface between electronics and the air we breathe, ensuring that the
pursuit of 'High Fidelity' continues to be a rigorous, scientific endeavor.

Ultimately, H.A. Hartley taught the industry that the goal of audio design is not to create a '‘good-sounding’ piece of
equipment, but to create a transparent window through which the original performance can be viewed. This



requires a deep respect for the laws of physics, a skeptical eye toward unproven trends, and a dedication to the
craft of technical writing and documentation that allows future generations to build upon the successes of the past.
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