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ABSTRACT: At the threshold of audibility, the signal and flux density levels in an amplifier
with audio transformers are very small. At those levels the relative magnetic permeability of the
iron transformer core collapses and the inductance of the transformer becomes very small. The
impedances connected to the transformer plus its signal level and frequency dependant
inductance behave as a high pass filter which corner frequencies slip into the audio bandwidth,
resulting in a non linear signal transfer through the transformer. This research explains
deviations in the reproduction of micro details at the threshold of audibility.

1. INTRODUCTION
The capabilities of our ears are amazing and it stays
surprising what we can hear. Some amplifiers and
speakers reproduce the sound in a fantastic open
manner, others do not and it is not always clear why this
is the case. To find clues and answers to these
differences between sound systems, I decided to start a
reverse thinking research, to start with the capabilities
of our ears and to determine which minimal specs the
electronics should have.
In this paper I give a simple but very effective
demonstration of this reverse approach by using the well
known audibility threshold curves of our ears. In this
famous research the lowest SPL level per frequency was
determined that the ear just can notice. Below that level
only the happy few with golden ears can hear, but most
people will have a threshold level close to measured in
those days.
Imagine what happens there: for instance we can just
notice at 4kHz at a SPL level of -4dB, which even is

less than the 0dB level of 20 �Pa at 1 kHz. Now take a
loudspeaker in mind with an efficiency of 90dB/W,m
and calculate the power which the speaker needs to
reproduce such a weak sound level at 1 meter distance.
Be stunned by the amazing 4�10-10 Watts. The next
understanding is that then the signal levels at the
speaker terminals are extremely small as well.
My professional work is focused on valve amplifiers
and audio transformers (1-5). So, I decided to continue
the research in that area. A valve amplifier with output
transformers needs to transfer such small voltages with
great accuracy, because "watch the golden ears, they
even listen below this level".

What happens inside an output transformer at such
small voltage levels? Then the flux density in the core
will be amazingly small as well, in the environment of
10-8 Tesla . There exist not so many handbook data
about the relative magnetic permeability inside the core
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