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APPARATUS, METHOD, SYSTEM AND COMPUTER PROGRAM FOR
AMPLIFYING AN AUDIO SIGNAL

TECHNOLOGICAL FIELD

Examples of the present disclosure relate to an apparatus, method,
system and computer program for amplifying an audio signal. In
oarticular, though without prejudice to tThe foregoing, certain examples
relate 1o an gapparatus, method, system and computer program for

oroviding pre-amplification for a phonographic audio signal.

BACKGROUND

Phono preamplifiers (sometimes called phono stages;, phono
equalisers; RIAA (Recording Industries Association of America)
oreamps; or RIAA equalisers) may be used In professional or domestic
high fidelity systems as part of an amplifier, a general preamplifier, or as
a stand-alone unitf, e.g. where a turntable used for playing records has

Nno amplifier of its own.

Phonographic audio signals, e.g. electrical signals generated by o
piIcCkup device (such as a magnetfic phono cartridge) from an
analogue sound storage medium (such as a record/vinyl), may
undergo a pre-amplification stage in a phono preamplifier prior to
main amplification stage (following which the further amplified audio
signal may e outputted, e.g. via one or more speakers). Such
ohonographic audio signals represent audio/sound/music recorded on

the record picked up via the pickup device. A record Is typically

mastered fo a parficular record frequency response profile, l.e. a
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stfandard’s frequency response reproduction curve such as the RIAA

record response or the “The New Orthophonic Standard’.

The frequency response profile of Figure 3C Is typically considered as
oeing the RIAA record output response to be equalised. Conventional
ohono preamplifiers seek to provide both an equalisation function as
well as a (prejamplification function of an input phono signal. The
equdalisation function seeks to modify the frequency spectrum of the
INput phono audio signal so as 1o equalise/compensate for the

frequency response profile, I.e. 'flattening out’ the response curve of

Figure 3C.

Conventional pre-amplification systems are noft always optimal ana
can suffer from various issues Including one or more of:
audible effects Iin the resultant audio output;
a complex arrangement of circuitry/components, e.g. a series or
cascade of one or more active/amplification stages (o ‘fold
up') and/or one or more passive/filter stages (to ‘fold down’)
regions of the record response curve at Its various inflection
ooints to flatten out/equalise the curve. Such complex
arrangements of electrical components can present difficulties in
determining appropriate values of the electrical components to
use since the various components in the complex arrangement
can interact and affect each other;
instability;
clipping and/or a low signal 1o noise ratio in the resultant audio
output (too little gain results in a low signal 1o noise ratio, and 100

Mmuch gain results in the early onset of clipping.



02 02 21

10

19

20

29

30

3

The listing or discussion of any prior-published document or any
oackground In this specification should Nnot necessarily be taken as an
acknowledgement that the document or background is part of the

stfate of the art or Is common general knowledge. One or more

aspects/examples of the present disclosure may or may not address

one or more of the background issues.

BRIEF SUMMARY

The present invention is as set out In the independent claims. Any
examples and features described in this specification that do not fall
under the scope of the independent claims are to be interpreted as

examples useful for understanding various embodiments of fthe

iInvention.

According to at least some but not necessarlly all examples of the

disclosure there Is provided an apparatus or amplifying an audio signal
derived from an audio signal pickup device, the pickup device having
a pickup frequency response profile, the apparatus comprising:
an amplifier having a maximum open loop frequency response
orofile In a first frequency range comprising at least mid-range
audible freguencies, the amplifier being configured to apply, In
at least the first frequency range, a frequency response profile to
the audio signal;
wherein the frequency response profile applied to the audio
signal is configured such that:
It equalises the pickup frequency response profile over the

first frequency range, and

a difference between a maximum amount of gain able 1o

ce applied by the amplifier and an amount of gain
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applied 1o the audio signhal by the amplifier Is substantially

constant throughout the first frequency range.

According to at least some but not necessarily all examples of the
disclosure there is provided a method for amplifying an audio signal
derived from an audio signal pickup device, the pickup device having
A pickup frequency response profile, The method comprising causing
at least in part actions that result in:
applying, In at least a first frequency range comprising at least
Mid-range audible frequencies, a frequency response profile 1o
the audio signal;
wherein the frequency response profile applied 1o the audio
signal is configured such that:
It equalises the pickup frequency response profile over the

first frequency range, and

a difference between a maximum amount of gain able to
oe applied and an amount of gain applied 10 the audio

signal Is  substantially constant throughout the first

frequency range.

According to at least some but not necessarlly all examples of the

disclosure there is provided a method for amplifying an audio signal,

fthe method comprising causing At least in part actions that result in:

recelving an audio signal, wherein the audio signal is:

representative of an audio recording mastered at a recora
frequency response profile, and
derived from an qaudio signal pickup device having o

oickup frequency response profile;
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applying a first frequency dependent ampliftude equalisation

orofile to the audio signhal, wherein the first frequency dependent
amplifude equalisation profile is configured to equalise the effect
of the pickup frequency response profile; ana

applying at least a second frequency dependent amplitude
eqgualisation profile to the audio signal, wherein the at least
second frequency dependent amplitude eqgualisation profile s
configured 1o equalise the effect of the record freguency

response profile.

According to at least some but not necessarily all examples of the
disclosure there Is provided a computer program that, when

performed by at least one processor, causes the above mentioned

meTthods to be performed.

According to at least some but not necessarlly all examples of the

disclosure there Is provided an qQpparatus comprising means
configured to cause the apparatus at least to perform the above

mentioned methoas.

The apparatus may rake the form of circuitry, a module, a pre-amplifier

or may form part of an amplification device or system.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of various examples that are useful for

understanding the detailed description, reference will now be made

oy way of example only to the accompanying drawings in which:
Figure 1 schematically illustrates an example of an apparatus

according 1o the present disclosure;
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Figure 2 schematically illustrates a frequency response plot for
the apparatus of Figure 1;

Figure 3A schematically illustrates a pickup frequency response
orofile;

Figure 3B schematically illustrates a record frequency response
orofile;

Figure 3C schematically illustrates a resultant frequency response
orofile;

Figure 4 schematically illustrates a fregquency response product
olot of a conventional pre-amplifier;

Figure 5 schematically illustrates an example of an apparatus

according 1o the present disclosure;

Figures 6A — 6D schematically illustrate further examples of
appdaratuses according 1o the present disclosure;

Figure / schematically illustrates an example of a method
according 1o the present disclosure;

Figure &8 schematically illustrates a yet further example of an
apparatus according to the present disclosure; and

Figure 9 schematically illustrates an example of a system

according 1o the present invention.

—TAILED DESCRIPTION

The Figures schematically illustrate an apparatus 100 for amplifying an
audio signal I(f) 101 derived from an audio signal pickup device 902,
the pickup device having a pickup frequency response profile P(f) 301.

The apparatus comprises:

an amplifier 102 having a maximum open loop frequency
response profile Gm(f) 201 In a first frequency range F1 comprising

at least mid-range audible frequencies Fu, tThe amplifier being
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configured 1o apply a frequency response profile Gqlf), in the first
frequency range, 1o the audio signhal;
wherein the frequency response profile applied 1o the audio
signal is configured such that:
It equalises the pickup frequency response profile P(f) over
the first frequency range ki, ana
a difference between a maximum amount of gain able to
oe applied Gm(fx) by tThe amplifier and an amount of gain
applied Gqlfx) to the audio signal by the amplifier is
supbstantially constant throughout the first frequency range

1.

The maximum open-loop frequency response profile Gm(f) 201 relates
O tThe maximum amount of gain able to be applied by the amplifier at
various frequencies. [t may correspond to an open-loop bandwidih or
an open-loop (dc) gain of the amplifier. The difference between the
mMaximum amount of gain able 1o be applied and an amount of gain
actually applied, i.e. Gm(fx) - Galfx), may correspond 1o a loop gain 203
applied to the audio signhal by the amplifier. The loop gain is constant
for all frequencies at least within the first frequency range Fi. The first

frequency range comprises at least frequencies in the mid-range of

frequencies Fm of the audible frequency spectrum where the human

eqar is most sensitive, for example 100 - 5,000 Hz.

The apparatus is configured such that the frequency response profile
Galf) applied 1o the audio signal equalises the effect of the pickup
frequency response profile P(f) in the audio signal over the frequency
range k. For example, as shown in Figure 3A the pickup frequency
response  profile could have a rising response with Increasing

frequency, having a rate of ascent of 20 dB/decade of frequency. In
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which case, the amplifier could e configured such it has a falling
response with iIncreasing frequency, €.g. a controlled open-loop roll off
having a rate of descent of 20 dB/decade of frequency.
Advantageously, the apparaftus provides frequency-dependent gain
fo the audio signal to rectity the rising response of the pickup
frequency response profile thereby providing eqgualisation with regards
fO the pickup frequency response profile over a first frequency range

which Includes at least the mid-range of audible frequencies.

The difference between the maximum amount of gain able 1o be
applied by the amplifier and the actual amount of gain applied by the
amplifier, l.e. the "“loop gain”, determines the Input and oufpuf
Impedances of the amplifier. When the |loop gain increases, the
amplifier's input Impedance Increases and I1s oufput Impedance
decreases. When the loop gain decreases, the amplifier's input
Impedance decreases and the output impedance increases. It s
widely held that varying the input and output impedances of the
amplifier, as is done in certain conventional phono pre-amplifiers, can
oe a contributing factor 1o a degree of audible harshness that can be
heard by a listener, particularly in mid-range audible frequencies, with

the output from certain conventional phono pre-amplifiers.

Advantageously, In certain examples of this disclosure, the amplifier is
configured such that ifs loop gain is constant over at least the mid-
range of audible frequencies. This enables the Input and outpuft
Impedances of the amplifier to be constant over this range of
frequencies and thus  beneficially  avoid/mitigate audible

iINnferference/artefacts of the pre-amplification process.
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Such constant loop gain 20344 IS TO be contrasted with the loop gain
4034-4 provided by certain conventional preamplifiers, €.9. an acftive

single stage phono pre-amplifier, such as shown in Figure 4. The graph

400 of Figure 4 shows a maximum open |loop frequency response
orofile Gm(f) 401 and an applied frequency response profile Gq(f) 402.
As Will be apparent from this, the differences between the maximum
gain and applied gain (loop gain) in the first frequency range is Noft
constant, i.e. Gm(fb)- Galfb) # Gmlfc)- Galfec) # Gm(fa)- Galfa). This
variation of loop gain, particularly around the mid range of audible
frequencies, gives rise 1o varying input and output impedances 1o the

amplifier which can cause audible harshness.

The audio signal may, for example, comprise a phono signal which Is
representative of an audio recording mastered at a particular record

frequency response profile R(f), see Figure 3B, and which is picked up

from a phonographic pickup device itself having a pickup frequency

response profile P(f), see Figure 3A, such that the audio spectrum
frequency of the phono signal Is affected and reqguires

equalisation/rectification/compensation fo counter for the combined

frequency response PR(f), l.e. to flatten out the combined frequency
response PR(f) of figure 3C and provide an output audio signhal (e.q. for
further amplification, output or audio oufput) having a flat frequency

response profile.

N certain implementation examples, the apparatus is configured such
that the frequency response profile Gq(f) applied 1o the audio signal in

a second frequency range Fz, equalises the combined effect of both

the pickup frequency response profile P(f) as well as the record
frequency response profile R(f) In the second frequency range k2. The

second frequency range F» comprises frequencies lower than those of
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the first frequency range, for example less than 100 Hz or 50 Hz. In the
second fregquency range the pickup frequency response profile could
have a rising response of 20 dB/decade of frequency. Whereas the
record frequency response profile could have a falling response of 20
dB/decade of frequency In the second frequency range. Accordingly,
the amplifier could be configured such that it has a flat response within
the second frequency range (followed by, at a low pass corner at e.Q.
50 Hz, a roll off/reducing response in the first frequency range k1 as
discussed above). Advantageously, the aqapparatus provides
frequency-dependent gain to the audio signal in the second
frequency range that accommodates for both the pickup frequency
response profile and the record frequency response profile and

orovides equalisation of the audio signal in the second frequency

range.

N certain further implementation examples, the apparafus is further
configured such that a  frequency-dependent amplitude
eqgualisation/compensation Is applied 1o the audio signal 1o
eqgudlise/compensate for the effect of the record frequency response
orofile R(f) In a third frequency range F3. For example, the apparatus
could comprise one or more active or passive stages, €.9. a frequency-
dependent filter, 1o equalise/compensate/attenuate the audio signal’s
frequency spectrum 1o accommodate/flatten out the record

frequency response profile.

Advantageously, Tthe Inventor of the present application has

appreciated that the frequency response profile Figure 3C which Is

typically considered as being the RIAA record output response actually

represents a compination of the pickup device's pickup frequency

response profile P(f), as shown in Figure 3A, and the record frequency
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response profile R(f), as shown in Figure 3B. With this insight, tThe inventor
has provided an improved agpparatus and method for pre-
amplification which partially separates out the equalisation of the
DICKUP response from record response by firstly equalise the audio

signal to compensate for the pickup device's pickup frequency

response profile P(f) and separately equalise the audio signal 1o

compensate for remnants of the record frequency response profile R(f).
In certain examples, an amplifier could be selected that has an open
loop frequency response profile which matches a frequency response
required to equalise/compensate for a rising amplitude of the inpuf
audio signal caused by the rising response of the pickup frequency

response profile.

Certain implementation examples seek to avoid/mitigate issues of
orevious pre-amplification devices such as audible artefacts resulting
from the pre-amplification, clipping and instabilities and provide d

simplified apparatus, method and system for pre-amplification.

An example of an apparatus will now be described with reference 1o

the Figures. JSimilar reference numerals are used in the Figures 1o
designate similar features. For clarity, all reference numerals are nof

necessarily displayed in all figures.

Figure 1 schematically illustrates an apparatus 100 according to the
oresent disclosure. The apparatus comprises an amplifier 102
configured 1o receive an input audio signal [(f) 101 and apply a
frequency dependent gain profile Gqlf) 1o the Input audio signal [(f)

101 to generate an amplified output signal O(f) 103. The apparatus

may be for phono re-amplification. The input audio signal may be a
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phono signal for pre-amplification such that oufput signal itself

may be further amplified for eventual audio output/playback.

T Is TO be noted that the amplifier 102 can generally be a means for
amplifying a signal or an equivalent structure. The amplifier may be: an

operational amplifier (such as a TLO/1 and similar mulfiples), a universal

amplifier, a discrete combinafion of components (fransistor, valve, FET

efc), an op-amp FEI, an emitter-degenerated BJT amplifier, or a

differential input amplifier made of discrete components (such as

valves (fubes), bipolar transistors, field effect transistors, or similar

devices).

Figure 2 shows a frequency response plot 200 for the amplifier 102. The
plot shows a maximum open loop frequency response profile Gm(f) 201
of the amplifier. This outer curve 201 represents an envelope/curve of
maximal (stable) gain which defines a maximum amount of gain able
fOo be applied at each frequency. The maximum open loop frequency
response profile may correspond 1o an open-loop (dc) gain frequency

response of the amplifier.

The amplifier Is configured (or selected) such that is has a particular
Mmaximum open loop frequency response profile Gm(f) 201 having the

following characteristics. In a first frequency range ki, which comprises

at least midrange audible frequencies Fm, there is a falling response Iin
the maximum open loop frequency response profile with Increasing
frequency, e.g. a controlled open-loop roll off having a particular o

rate of descent, i.e. a slope of negative gradient in Figure 2.

The mid-range of frequencies Fm of the audible frequency spectrum is

where the human ear is at its most sensitive. The mid-range frequencies
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may, for example, comprise a lower end frequency value of around:
100 Hz, 200 Hz, 300 Hz, 350 Hz and 400 Hz; and range up to a higher end
frequency value of around: 1,500 Hz, 2,000 Hz, 2,500 Hz, 3,000 Hz, 4,000
Hz and 5,000 Hz.

Figure 3A schematically illustrates a graph 300 showing a pickup

frequency response profile P(f) 301 for a pickup device. The pickup
device may correspond to: a frransducer, pickup cartridge or magnetic
ohono cartridges such as: moving magnet, moving coll, moving iron, or
similar types which can pick up/read an analogue audio recording
sfored on an analogue sound storage medium, such as a gramophone

record/vinyl.

The plot shows a pickup fregquency response profile P(f) 301 for @
oickup device such as Is customarily now used for conventiondl
ohonographs, namely magnetic phono cartridge transducers (c.f. ola
fypes such as piezo crystal or ceramic pickup devices). Magnetic
ohono cartridge fransducers are constant velocity devices whose

frequency response output rises at 20dB per decade of frequency.

The apparatus is configured such that the frequency response profile
Galf) applied 1o the audio signal is configured such that it
equdlises/accommodates for the pickup frequency response profile
P(f)] over the first frequency range, Il.e. the amplifier s
selected/configured such that its open-loop roll off has a rate of
descent opposite 1o the rsing response of the pickup frequency

response profile.

For example, the slope of negative gradient of the maximum open

loop frequency response profile Gm(f) 201 of Figure 2 may be
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selected/configured so as to equalise the rising response in the pickup

frequency response profile P(f) 301 of Figure 3A. For example, the
falling response of the maximum open loop frequency response profile
IS selected/configured to be 20 dB/decade of frequency 1o counter

the 20 dB/decade of the rising response of a pickup frequency

response profile.

N a second frequency range F;, which comprises low range
audible/bass frequencies Fi, there is a flat response In the maximum
open loop frequency response profile with increasing frequency within

the first range. The second fregquency range may comprise
frequencies less than at least one of: 1, 10, 20, 30, 40, 50, 60, 70, 80, 20
or 100 Hz.

After the flat response of the second frequency region, at a low pass
corner/turn over point, there is the fall off In the response in the first

region.

The plot 200 of Figure 2 also shows an applied gain frequency response

porofile Gq(f) 202. This inner curve 202 represents an amount of gain

actually applied to the audio signal at a particular frequency.

The apparatus is configured such that the frequency dependent gain

orofile Gql(f) 200 applied by the amplifier to the audio signal meets the

following criterion:

a difference between the maximum amount of gain able to be
applied Gm(fx)] and an amount of gain applied (e.g. loop gain)
Galfx) tOo the audio signhal at each frequency within at least the

first frequency range is supbstantially constant 203p-4. As shown In
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Figure 2, the loop gain 2034 Is also constant in the second

frequency region Fo.

Thus, for all frequencies within the first frequency range Fi:

Gm(fx) — Ga(fx) = constant value
wherein the first frequency range F comprises at least
frequencies In the mid-range Fm of frequencies of the audible
frequency spectrum. In other examples, the frequency range
may further include one or more of:

low bass frequencies, e.g. 20 — 80 Hz

high bass frequencies "midbass’, e.g. 80 — 320 Hz

low treble frequencies, e.g. 1,280 — 5,120 Hz

high treble frequencies, e.g. 5,120 — 20,840 Hz

low audible frequencies fi, e.g. less than 350 Hz

high audible frequencies fu, e.g. greater than 1,200 Hz

the audible frequency range, e.g. 20 — 20,000 Hz.

In certain examples, this difference between the maximum amount of
gain able to be applied Gm(f) and the actual amount of gain applied
Galf) Is known as ‘loop gain’. In such examples, the loop gain s

constant over at least the first frequency range.

The difference between the maximum amount of gain able 1o be
applied by the amplifier and the actual amount of gain applied by the
amplifier, l.e. the "loop gain”, determines the Input and outpuft
Impedances of the amplifier. When the loop gain increases, the
amplifier's input impedance increases and Ifs output Impedance
decreases. When the loop gain decreases, the amplifier's inpuf
Impedance decreases and the output impedance increases. [t s

widely held that varying the input and oufput impedances of the
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amplifier, as is done In certain conventional pre-amplifiers, can be a
contributing factor 1o a degree of audible harshness In the audio
output from certain conventional pre-amplifiers that can be heard by

a listener, particularly in mid-range audible frequencies.

Advantageously, In certain examples, the amplifier is configured such
that Ifs loop gain Is constant over at least the mid-range of audible
frequencies. This enables the input and outputl impedances of the
amplifier to be constant over this range of frequencies and thus
oeneficially avoid/mitigate audible interference/artefacts of the pre-

amplification process.

Figure 3B schematically illustrates a graph 302 showing a record
frequency response profile R(f) 303, l.e. a standard’s frequency
response reproduction curve, to which an audio recording Is mastered.
Figure 3B shows the RIAA (Record Industries Association of America)
record response. The RIAA record response (infroduced in 1953 as "The
New Orthophonic Standard”) describes the frequency response of the
output of a record mastered 1o that standard’s frequency response

curve.

T can be seen that the record response mastering provides a bass lift
oelow a low audio frequency followed by a flat response 1o a mid-

frequency where it is shelved down. The corners / inflection points of

the curve are specified by the following time constants: 3180uS, 318uS

and /5usS. These values of time constants correspond to frequencies of:
50 Hz, 500 Hz and 2122 Hz respectively [frequency = 1/(2xn x fime

constant)].
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The reason for such a frequency response curve was 1o make records,
olayed by the fransducers (pickup devices/cartridges) of the time,
sound even throughout the audible frequency range. The recording'’'s

frequency response wdas ftherefore manipulated 1o sult the pickup
cartridges that the majority of people used at that time. Such
fransducers were piezo crystal or ceramic which, when loaded by the
customary 1M Ohm grid resistor of a valve record player amplifier input,
exhibited a rising treble response apbove mid frequencies due 10
resonance. The shelving down from 318usS 1o 75uS had the effect of
Making the resulting frequency response flatter to within +/-2aB
required by the RIAA standard. The bass boost below 3180uS was 1o
compensate for the falling output of the aforementioned transducers

at low bass frequencies.

The invention of the magnetic phono cartridge fransducer resulted in a
more consistent pickup response, but filfed at an angle of 45 degrees:
the oufputr of a magnetic phono fransducer rises In proportion with
frequency. Magnetic phono carfridge fransducers are constant
velocity devices rather than constant amplitude and their output rises

at 20dB per decade of frequency.

Figure 3C shows a graph 304 of a frequency response profile PR(f) 305
resultant from a conventional/typical modern day pick up device, I.e.
A magnetic phono cartridge tfransducer, generating audio signals from
a record of an audio recording mastered 1o the RIAA standard, I.e. the
resultfant response curve of Figure 3C effectively combines the pickup

response profile P(f) 301 with the record frequency response profile R(f)

303 of Figure 3B.
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Normalising the response output of Figure 3C with a theoretical falling
response amplifier (-20dB per decade) does not result in a flaf
frequency response due to the record being mastered with particular
fime constants. Thus, without any further normalisation/equalisation, an

audio sighal, when played, would not have a flat frequency response,

out would have a frequency response as per Figure 3B.

Therefore a combined egualisation Is required 1o compensate both for

tThe pick up's rising response as well as the original RIAA responses’ time

constants.

Previously, pre-amplifiers tfreated the input signal as lbeing homogenous
— as If The record was outputting the frequency response Figure 3C,
which Is today typically thought of as being the RIAA record output
response. However, this is not in fact the case. Instead, as the inventor
of the present application has appreciated, it should be thought of as
the record response of Figure 3B elevated by the rising response of the

magnetic phono cartridge shown in Figure 3A.

Advantageously, Tthe Inventor of the present application has

appreciated that the frequency response profile Figure 3C which IS

typically considered as being the RIAA record output response actually
represents a combpination of the pickup device's pickup frequency

response profile P(f) as shown in Figure 3A, and the record frequency

response profile R(f) as shown in Figure 3B.

With this insight, the inventor has provided an improved apparatus and
method for pre-amplification  which, In  certain  implementation
examples, partially separates out the equalisation of the pickup

response from the record response by firstly equalising the audio signal
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fo compensate for the pickup device's pickup frequency response

orofile P(f) over a first frequency region Fi. The apparatus may be
configured such that the frequency dependent gain profile Gglf) 200
applied by the amplifier 1o the audio sighal in a second frequency
range Fz Is configured to equalise/compensate for both the effect of
fthe pickup frequency response profile and the record frequency
response profile on the audio signal in the second frequency range.
Equalisation of at least a part the record frequency response profile R(f)
IN a third frequency region Fz takes place separately (either before the
DICKUPD response equdadlisation stage of afferwards). N certain
examples, an amplifier could be selected that has an open |oop
frequency response profile which matches the frequency response
required 1o equalise/compensate for a rising amplitude of the inpuf
audio signal caused by the rising response of the pickup fregquency

response profile.

N the second frequency range F the pickup frequency response

orofile P(f) could have a rising response of 20 dB/decade of frequency,

as snown In Figure 3A, whereas the record frequency response profile
could have a falling response of 20 dB/decade of frequency In the
second frequency range, as shown in Figure 3B. Accordingly, the
amplifier could be configured such that it has a flat response within the
second frequency range up to a particular frequency f; (followed by,
at a low pass corner at the particular frequency f;, a roll off/reducing
response Iin the first range k). The parficular frequency f; may be:
dependent upon a frequency/time constant of an inflection
ooint between two frequency regions F1 and F2 of a record

frequency response profile having differing responses,
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dependent upon a fime constant/frequency corner of a record
frequency response profile (e.q. the first corner, i.e. the highest
fime constant/ lowest frequency corner), or

around 50 Hz.

Advantageously, the apparatus provides frequency dependent gain
fo the aqudio signal In the second frequency range thaf
accommodates for both the pickup frequency response profile and
the record frequency response profile and provides equalisation of the

audio signal In the second frequency range.

Figure 5 schematically illustrates an example of another apparatus 500
according 1o the present disclosure. The apparatus comprises an
amplifier A1 and which Is configured to have a negdadtive feedback

loop 501 (R2, C2 and R3) comprising a low pass filter.

The open-loop gain of the amplifier Al Is chosen so Qs 10O
equalise/compensate for the rising response of the pickup frequency
response profile, I1.e. as per Figure 2. The amplifier can e a discrete
combination of components (fransistor, valve, FET etc), or can be an
operational amplifier. One example of an operational amplifier fulfilling
this role is the TLO/ 1 and similar multiples, which rolls off at around 50Hz

(3180usS). The amplifier may be unity gain stable.

The feedback loop 501 may be configured to provide the constant

difference between the maximum amount of gain able 1o be applied
GCm(f) and the amount of gain actually applied Gqff) 1o the audio
signal throughout at least the first frequency range ki, l.e. the feedback
loop Mmay be configured o provide a loop gain which Is constant

throughout at least the first frequency range k1. Moreover, the low pass
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filtfer could be configured to set the frequency f; of a low pass corner,
l.e. sO as fo correspond 1o frequency / time constant the record

frequency response profile, 50 Hz / 31280us.

The amplifier A1 provides a loop gain (indicated by arrows of equal
magnitude as shown in Figure 2) that is very much the same at all

frequencies. Thus the iInput and output impedances are held constant.

Therefore It Is possible that the mid frequency harshness withessed with
some prior single stage active preamplifiers may not be present in

Implementations of the present disclosure.

Negative feedback around amplifier A1 (R3, C2 and R2Z) produces the
necessary low pass filter response. The low pass filter has a high
Impedance at low frequency faling with Increasing frequency
ocecause of capacitor C2 and is arranged for a 3180uS corner fulfilling
the low frequency reqguirement of the record freguency response

orofile. It also counters the rising response of the pickup device.

Advantageously, a compensation curve 1o compensate for the pickup
response follows the open-loop gain curve of a wide number of
operational amplifiers, and because the actual gain reqguired is less
than the open-loop gain, the loop gain of the cartridge response
compensation amplifier, with hegative feedback applied, Is constant
with frequency. Thereby the input and output impedances of Al,
which are decided by the amount of negative feedback (loop gain),
will be constant throughout the frequency spectrum and will not
fluctuate due 1o the changing gain applied by the amplifier filter

oecause loop gain is constant.
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Advantageously, amplifier Al is also stabilised by the low pass filter. C2
iINn amplifier Al's negative feedback ensures amplifier stabllity because
the resulting bandwidth is less than the amplifiers open loop gain.
Closure happens well before the amplifiers open-loop closure. As

such, the possibility of radio frequency interference is vastly requced

and instability is vastly reduced/cannot occur.

As the low pass filter equalises tThe pickup/cartridge response, clipping
and signal 1o noise ratio are less critical than they would be in semi-
active/passive inter-stage designs.  Another benefit Is that the
feedback capacitor C2 is operating at 50Hz (3180uS) which is in the
ears’ less sensitive areda. In previous active single stage or multi-stage
oreamplifier designs, capacitors operating In mid frequencies must
charge one direction then the other by the amplifier's output and any
overshoot or lag (due to dielectric absorption) could be audible. In

Implementations of the present disclosure the capacitor is only In

active use at low frequencies where the ear Is least sensitive. Thus,

advantageously, implementations do not suffer from such issues.

The active filter also has gain which is optimised so that the signal can
swing between power supply rails without clipping for the maximum
expected Input, stated at 1 kHz for the largest oufput magnetic
cartridge of the type it Is designed for. The output being flaf
referenced 1o the cartridge oufput, no frequency will exceed that

level.

N The example of Figure 5, the pickup frequency response profile and

the record frequency response profile in the second frequency region

Fo have been dealt with in a homogenous way. However, the mid

frequencies Fm have been left alone so far. They are not dealt with in a
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homogenous way but are dealt with via separate means for effecting
the equalisation of the record frequency response profile in a third

frequency region F3, comprising the mid frequencies Fw.

Figure 6A schematically illustrates a further example of an apparatus
600 according to the present disclosure. The apparatus 600 comprises

the apparatus 500 of Figure 5 and with means 601 configured 1o apply

a frequency dependent amplitude equalisation 1o the audio signal in
the third frequency range F3 so as to further equalise the frequency
spectrum of the audio signhal, e.g. with regards to the mid-frequency
shelf down In the third frequency range k3 of the record frequency

response profile shown in figure 38B.

N The example of Figure 6, such means 601 correspond 1o a separate
oassive oufput filter, driven by the output of The amplifier A1 (which s

essentially what the output of a ‘perfect’ constant amplitude phono

cartridge would be, If one existed). The separate passive output filter
eqgualises the downward ‘kink' in the record’s response (318uS 1o 75uS
falling -12dB In fig ), by attenuating lower frequencies to a stop band
dictated by the components C3, R4 and RS. This provides a boost 1o
the signal from 318us to 75usS using a simple first order resistor capacitor
arrangement 1o equalise/compensate for the record’s response, and

deliver a flat overall output.

The apparatus 600 effectively separates the pickup response

equdlisation from the record response equalisation in the mid-range of
audible frequencies, which differs from previous preamplifiers which

fypically seek to dedl with the two responses (e.g. in a homogenous

way) as If they were just one. Implementation examples of the present

disclosure provide non-nomogenous eqgualisation with its separation of
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tThe pickup response equalisation and the record response equalisation

IN The mid-range of audible frequencies.

In other examples, the means 601 may be active and/or may comprise
one or more active or passive filter stages. The means may also be
posifioned before the amplification stage of the amplifier Al, rather

tThan aftrerwards as shown in Figure 6A.

The apparatus 600 also comprises means 602 configured to prevent
load capacitance affecting an output of the amplified audio signal,
for example ouftput resistor R6. Ré6 decouples the capacitive load of
the output cable from the output of Al via C3, which prevents load
capacitance, such as interconnect cable capacitance, from inserting
a pole In the amplifier's response which would otherwise lead 10
iNnstabllity. Ré6 can be a small value in the region of 100 Ohms, which
makes very litfle difference 1o the output, but makes the amplifier
stfable Info most expected capacitive loads. A similar resistor (not

shown) could be included in the outputs of Figures 6C and éD.

The apparatus 600 also comprises means 603 configured to provide
oeadking and damping for the pickup device/cartridge loading, for
example via inpuft resistor R1 and capacitor C1, which provide peaking
and damping for highly inductive cartridges such as moving magnet
fypes, which would otherwise suffer poor high frequency performance.
Thus Implementation examples retain customary Iinput loading
fechnigues such that they do not require the use of a specific type of,

or range of specific magnetic cartridges.

The apparatus 600 may be configured for at least one of. phono pre-

amplification, equalisation of a pickup frequency response profile; and
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eqgualisation of a record frequency response profile. Such an
apparatus 600 provides an aqactive-passive phono preamplifier for
application with magnetic phono cartridges such as moving magnet,
Mmoving coll, moving iron, or similar types. The preamplifier comprises o
forward path (an amplifier), a reverse path (voltfage negative
feedback) and a further forward path (a passive filter). The apparatus
600 provides a ‘non-nomogenous’ apparatus and method of
equalising pickup frequency response and a record frequency
response (e.9. RIAA record response) by partially separating the pickup
and record responses (l.e. providing pickup response eqgualisation via
an active stage and record response equdalisation via a separate
passive stage) such that the equalisation is non-nomogenous where

tThe ear is most sensitive, that being toward the mid-range frequencies.

Figure 6B schematically illustrates a further example of an apparatus
604 according to the present disclosure. The apparatus 604 is similar 1o
the apparafus 600 of Figure 6A, except that the resistor R3 in the
feedback loop is replaced by a T network 605 of R3, R/ and R8, to
reduce the value of R3 with smaller values whilst still achieving the

same gain and filter turnover. R3, which would otherwise be quite high

iNn value, could be the subject of stray capacitance. Replacing resistor
R3 by the T hetwork of resistors provides the same gain but using smaller
values of resistors. The corner frequency will remain the same, but stray

capacitance effects can be reduced consiaeraply.

Figure 6C schematically illustrates a further example of an apparatus
606 according 1o the present disclosure. The apparatus 606 is similar 1o
the apparatus 604 of Figure 6B, with the addition of means 60/
configured 1o provide an output buffer, e.g. an output buffer amplifier

either having unity gain or some gain, so as not 1o load the passive
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filtfer. The output filter 601 has a 12dB insertion |oss which may be
acceptable In terms of output level (output voltage), but If more
outpuUt Is required an oufput buffer amplifier could be provided. The
output buffer amplifier can be configured for the required gain or can

iINnclude a gain control in the form of a variable resistor.

In the un-buffered apparatus 600 of Figure 6A, a load impedance of
succeeding/connected equipment can load resistor R5. For a range
of expected loads R5 can be adjusted such that R6 combined with the

load impedance results In a very close approximation of the required

filfer frequency. The buffered output stage of Figure 6C avoids this task.

Figure 6D schematically illustrates a further example of an apparaftus
608 according to the present disclosure. The apparatus 608 is similar to

the apparatus 606 of Figure 6C, with the addition of means 609
configured 1o provide pre-amplification of the audio signal prior to the
amplifier A1 applying the frequency response profile Gqlf), €.g. an
iNnput  pre-preamplifier 609, so as fo accommodate for pickup

cartridges having a low output, such as moving coll cartridges or similar

low output cartridges, where input impedance matters less for low

Impedance sources.

N the example apparatuses of Figures 6A — 6D, the apparatuses firstly
compensates for a rising response of a pickup cartridge by using the
low pass filter 501 turning over at a corner time constant. Rather than
choosing an arbifrary turnover point for the low pass filter, 3180usS is
used which coincides with the low frequency time constant of the RIAA
response curve. The rate of fall off/cut of the amplifier's gain is -20dB

per decade of frequency, In opposition 1o the rising oufput of the
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carfridge of +20dB per decade of frequency, resulting in a flat output

as far as the cartridge Is concerned.

The negative feedback loop around the amplifier may include o

current buffer or an amplifier stage in its output contained Iin the

negative feedback loop.

The negative feedback pickup/cartridge equalisation could be
adopted in a different way as series negative feedback. It could form
oart of the feedback loop In a current feedback amplifier, or in the
feedback loop of a multiple feedback loop amplifier. It may be
iINncluded In an AC coupled amplifier or in an instrumentation amplifier.

T may be synthesised In a digital signal processor or by computer

software.

The above examples have only discussed one channel (mono) but It is

appreciated that the examples could be suitably modified for stereo

/multichannel use.

The examples show a non-inverting amplifier stage, but In some

circumstances it could be used in an inverting amplifier.

N The example apparatuses, record output equalisation is passive after

the cartridge equalisation. The apparatuses could be modified such
fthat record output equalisation occurs prior to fthe cartridge

equdlisation.

The record output equalisation could be performed In an active stage
— bullt around a device such as an operational amplifier or amplifier

ouilt from discrete components (including valves (tubes), bipolar
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and/or field-effect fransistors, and similar devices). T may be
synthesised in a digital signal processor or by computer software. It
Mmay e achieved in the series feedback of a device such as a bipolar
or field-effect transistor, or even a valve (tube), or multiples of these or

similar devices. It may be achieved through the use of inductors or

simulatred iInductors.

Whilst the example given above refers to a specific RIAA record
frequency response profile and RIAA time constants, it Is to be
appreciated that record frequency response profiles and ftime
constants, corresponding fo ofher standards may be used having
differing responses and/or differing time constant values. For example,
alfernative time constants could be used for the equalisation of other

fypes of records such as those for NAB (National Association of

Broadcasters) NARTB (Nafional Association of Radio and Television

Broadcasters), FFRR (Full Frequency Range Recording), or other record
label specifications.  Additional equalisation networks could be
switched or otherwise arranged to provide alternative equalisation

functions.

The invention could be modified for use in a virtual ground phono
oreamplifier for magnetic cartridge. |t could be adapted for use with
an opftical pick-up system. It could be adapted for use with a piezo or
capacitor cartridge which through loading may exhibit a similar

response 1o that of a magnetic cartridge.

Although examples of the apparatus have been described above In
ferms of comprising various components, it should e understood That
the components may be embodied as or otherwise confrolled by a

corresponding processing element or processor of the apparatus. In



5

10
—
A

Al 15
-
QA
-

20

25

30

29

this regard, each of the components described below may be one of
more of any device, means or circuitry embodied Iin hardware,
soffware or a combination of hardware and software that is configured
fo perform the corresponding functions of the respective components.

For example, the equalisation functionality may e synthesised in O

digital signal processor or by computer software.

Figure / schematically illustrates an example of a method 700
according to the present disclosure. |In block 701, an audio signal [(f) is
recelived which is representative of an audio recording mastered at a
record frequency response profile R(f), and which Is derived from an
audio signal pickup device having a pickup frequency response profile
P(f). In block 702 a first frequency dependent amplifude eqgualisation
orofile I1s applied 1o the audio signal. The first frequency dependent
amplifude equalisation profile is configured so as 1o equalise the effect
of the pickup frequency response profile In ar least a first frequency
range k. Separately from the application of the first frequency
dependent amplitude equalisation profile, at least a second frequency

dependent amplitude equalisation profile Is applied to the audio

signal, wherein the at least second frequency dependent amplitude
eqgualisation profile Is configured to equalise the effect of the record
frequency response profile in at least a second frequency range Fa.
The second frequency range may pbe within or partially overlap with

the first frequency range.

The flowchart of Figure / represents one possible scenario among
others. The order of the blocks shown is hot absolutely required, for

example, the equalisation of the record frequency response profile R(f)

IN block 703 could be arranged 1o occur before the equalization of the

pickup frequency response P(f) in block 702.
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The first frequency dependent response profile could be further
configured such that a frequency dependent amplitude equalisation
orofile Is applied to the audio signal which is configured to equalise
ooth the effect of pickup frequency response profile and the recora
frequency response profile In a frequency range Fp, comprising

frequencies less than the first frequency range F.

Examples of the invention may take the form of a method, an
apparatus or a computer program. Accordingly, examples may be

Implemented in hardware, sofftware or a combpination of hardware and

soffware. -or example, the equalisation functionality may be

synthesised in a digital signal processor or by computer software.

T will be understood that the functionality of each block (of fthe
flowchart method illustrations and apparatus diagrams), ana
combpinations of blocks, could be implemented by computer program
iINstructions of a computer program. These program instructions may

obe provided o one or more processor(s), processing circuitry or

controller(s) such that the instructions which execute on the same
create means for causing implementing the functions specified in the
olock or blocks. The computer program instructions may e executed
oy the processor(s) to cause a series of operational steps to be
oerformed by the processor(s) 1o produce a computer implemented
process such that the instructions which execute on the processor(s)

orovide steps for implementing the functions specified in the block or

blocks.

Accordingly, the blocks support: combinations of means for performing

the specified functions;, combinations of steps for performing the
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specified functions, and computer program instructions/algorithm for
performing the specified functions. It will also be understood that each
block, and combinations of blocks, can be implemented by special
purpose hardware-based systems which perform the specified

functions or steps, or combinations of special purpose hardware and

computer program instfructions.

Figure 8 schematically illustrates an example of an apparatus 800
according 1o certain examples of the implementation of the present

disclosure.

The apparatus comprises a controller 801 which can be implemented
iIN hardware alone (e.qg. audio signal processing circuitry as in Figures
6A-D) or processing circuitry (comprising one or more processors ana
memory circuitry comprising one or more memory elements), having
certain aspects in software including firmware alone or can be a
compination of hardware and software (including firmware) using
instructions that give rise 1o the equalisation and amplification
functionality, for example, by using executable computer program
INstfructions in @ general-purpose or special-purpose processor that may
oe stored on a computer readable storage medium (disk, memory eicC)

or carried by a signal carrier to be performed by such a processor.

INn the lllustrated example of Figure 8, the apparatus 800 comprises O
controller 801 which iIs provided by at least one processor 802 and at
least one memory 803. The memory stores a computer program 804
comprising computer program instructions 805 that confrol the

operation of the apparatus when loaded into the processor 802. The

computer program instructions provide the logic and routines that



10

19

02 02 21

20

29

30

32

enables the apparatus to perform the functionality and methods

described above.

The processor 802 Is configured 1o read from and write 1o the memory
803. The processor 802 may also comprise an input interface 806 via
which an audio signal [{f), data and/or commands are input o the
orocessor 802 and an output interface 80/ via which an output audio

signal O(f), data and/or commands are output by the processor S02.

The memory 803 stores a computer program 804 comprising computer
orogram instructions 805. The instructions control the operation of the
apparatus 800 when loaded into the processor 802. The processor 802
oy reading the memory 803 Is able 1o load and execute the computer
orogram 804. The computer program instructions 805 provide the logic
and routines that enables the apparatus 800 to perform the

functionality and metrhods descritbbed above.

The apparatus may e provided in d module. As used here ‘'module’
refers to a unit or apparatus that excludes certain parts/components

that would be added by an end manufacturer or a user.

Figure 9 schematically illustrates an example of a system 900 according

o the present invention. The system comprises an andalogue sound
storage medium, such as a record 901 which Is mastered according to
a record frequency response profile R{(f). Audio signals [(f)
representative of the analogue sound are derived from the record via
pickup device 902, which has its own pickup frequency response
orofile P(f), In a pickup stage 903. The audio signals are provided 1o an
apparatus 100, such as in Figure 1 which equalises the frequency

spectrum of the Input audio signal [(f) so as to account for the pickup
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frequency response P(f). Affer the pickup freguency response

equdalisation, the output audio signal is further equalised via means 602

SO as To account for the record frequency response R(f). These two
separate eqgualisation stages may also include pre-amplification so as
fo provide a pre-amplification stage Y04. Following pre-amplification,
a main/primary amplification stage 905 in which an amplifying device
906 comprising an amplifier 907 further amplifies the audio signal.
Following the main amplification stage, the signal may e outputted,
for example audio output via one or more speakers 208 or headphones
iIN output stage 909. Alternatively, the output audio signal may be

digitized for digital output/storage/transmission.

Features described In the preceding description may be used In

combinations other than the combinations explicitly described.

Although functions have been described with reference 1o certain
features, those functions may be performable by other features

whether described or nof.

Although features have been described with reference to certain
examples, those features may also be present In other examples

whether described or Not.

T should be appreciated that modifications 1o the examples given can
oe made without departing from the scope of the invention as
claimed.
As used In this application, the term ‘circuitry’ refers to all of the
following:

(@)  hardware-only  circuit implementations  (such  as

Implementations in only analogue and/or digital circuitry) and
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(o) to combinations of circuits and software (and/or firmware),
such as (as applicable): (I) tTo a combination of processor(s) or (li)
fo portions of processor(s)/software (including digital signal
processor(s)), software, and memory(ies) that work trogether 1o

cause an apparatus, such as a mobile phone or server, 1o

oerform various functions) ana
(C) fo circuits, such as a microprocessor(s) or a portion of a
Mmicroprocessor(s), that require soffware or firmware for
operation, even Iif the software or fiimware is not physically
present.

This definition of ‘circuitry’ applies 1o all uses of this term In this

application, including in any claims. As a further example, as used In

this application, the tferm ‘“circultry’ would dalso cover an

Implementation of merely a processor (or multiple processors) or

oorfion of a processor and ifs (or their) accompanying software and/or

firmware.

Examples of the present invention provide both apparatuses (and
corresponding methods) consisting of various modules or means thaft
orovide the described functionality. The modules or means may be
Implemented as hardware, or may be implemented as soffware or
firmware 1o be performed by a computer processor. |In particular, in
the case of firmware or software, examples of the invention can be
orovided Qs a computer program product including a computer
readable storage structure embodying computer program INstructions
(l.e. the sofftware or firmware) thereon for performing by the computer

Processor.

The term ‘comprise’ Is used In this document with an Inclusive not an

exclusive meaning. That is any reference to X comprising Y indicates
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tThat X may comprise only one X or may comprise more than one X. If it
IS Infended 1o use ‘comprise’ with an exclusive meaning then it will be
made clear in the context by referring 1o *comprising only one.."” or by

using ‘consisting”.

INn this brief description, reference has been made 1o various examples.
The description of features or functions In relafion fo an example
iINndicates that those features or functions are present in that example.
The use of the term 'example’ or ‘for example' or ‘'may’ in the text
denotes, whether explicitly stated or not, that such features or functions
are present In at least the described example, whether described as
an example or nof, and that they can be, but are not necessarily,
oresent In some of or all other examples. Thus ‘example’, ‘for example'
or ‘may’ refers to a pdarficular instance in a class of examples. A
oroperty of the instance can be a property of only that instance or a
oroperty of the class or a property of a sub-class of the class that

INcludes some but not all of the Instances INn the class.

Whilst endeavouring in tThe foregoing specification 1o draw attention 1o
those features of The invention believed 1o be of particular importance
It should be understood that the Applicant claims protection in respect

of any patentable feature or combination of features hereinbefore

referred 10 and/or shown in the drawings whether or not particular

emphasis has been placed thereon.
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AN apparatus for amplifying an audio signal derived from a
constant velocity audio signal pickup device, wherein the audio

signal iIs representative of an audio recording mastered 1o a

record frequency response profile, and wherein the pICcKkup
device has a pickup frequency response profile having a
consistent rise in the pickup frequency response profile of 20dB
per decade of frequency, tThe apparatus comprising:
a voltage amplifier having a maximum open |loop frequency
response profile in a first frequency range comprising at least the
range 100 Hz - 5,000 Hz, wherein the maximum open loop
frequency response profile has a constant rate of fall off of 20dB
per decade of frequency over the first frequency range, the
amplifier being configured to apply, In at least the first frequency
range, A frequency response profile to the audio signal;
wherein the frequency response profile applied to the audio
signal is configured such that:

It provides a constant fall off response with Increasing

frequency of 20dB per decade of frequency over the first

frequency range thereby equalising the pickup frequency
response profile over the first frequency range, and

a difference between a maximum amount of gain aple 1o
oce applied by the amplifler and an amount of gain
applied 1o the audio signhal by the amplifier is constant

tThroughout The first frequency range; anad

wherein the amplifier Is configured 1o apply a frequency

dependent gain fo the audio signal in a second frequency
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range that is configured to equalise both the effect of the pickup
frequency response profile and the record frequency response
orofile on the audio signal in the second frequency range,
wherein the second frequency range comprises frequencies

lower Than those of the first frequency range.

The apparatus of claim 1, wherein the first frequency range
further comprises at least one of:
low bass frequencies, high bass frequencies, low freble
frequencies, high freble frequencies, low audible
frequencies, high audible frequencies, and an qudible

range.

The apparatus of any previous claim, wherein the amplifier Is
configured such Ifs maximum open loop freguency response
orofile comprises a flat response for the second frequency range
up fo a first frequency and, following the first frequency, the

constant rate of fall off in the response for the first frequency

range.

he apparatus of claim 4, wherein the first frequency is at least
one of:

oased on a frequency of an inflection point between two
frequency regions of a record frequency response profile

having differing responses, wherein the audio signal is

representative of an audio recording mastered 1o the

record frequency response profile; and

50 Hz.
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The apparatus of claim 4 or 5, wherein the constant rate of fall off
IN The response is at least one of:
oased on a rise In the frequency response of the pickup
frequency response profile; and

20 dB per decade of frequency.

The apparatus of any previous claim, wherein the apparaftus
further comprises at least one means configured 1o apply a
frequency dependent amplifude eqgqualisation to the audio signal
IN at least a third frequency range 1o equalise the effect of the
record frequency response profile on the audio signal in the af

least the third frequency range.

The apparatus of any previous claim, wherein the amplifier s
orovided with a feedback loop, preferably wherein the
feedback loop comprises at least one of:

a negaftive feedback loop; and

a low pass filter.

The apparatus of any previous claim, wherein the apparaftus
further comprises at least one of:
means configured To provide peaking and damping for
the pickup device;
means configured to prevent load capacitance affecting
an output of the amplified audio signal;
means configured 1o provide an output buffer;
means configured 1o provide pre-amplification of the
audio signhal prior 1o the amplifier applying the frequency

response profile.
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The apparatus of any previous claim, wherein the apparatus is
configured so as 1o provide:

ore-amplification of a phono signal;

equdlisation of a pickup frequency response profile; and

equalisation of a record frequency response profile.

A method for amplifying an audio signal derived from a constant

velocity audio signal pickup device, wherein the audio signal Is

representative of an audio recording mastered to a recora
frequency response profile, and wherein the pickup device has O
pICKUP frequency response profile having consistent rise in the
pickup frequency response profile of 20dB per decade of
frequency, the method comprising causing at least in part
actions that result in:

applying via a voltage amplifier, in at least a first frequency
range comprising at least the range 100Hz — 5,000Hz, a frequency
response profile 1o the audio signal;

wherein the voltage amplifier has a maximum open [oop

frequency response profile In the first frequency range, and

wherein the maximum open loop frequency response profile has
a constant rate of fall off of 20dB per decade of frequency over
the first frequency range;
wherein the frequency response profile applied to the audio
signal is configured such that:

IT provides a constant fall off response with Increasing

frequency of 20dB per decade of frequency over the first

frequency range therepy equalising the pickup frequency
response profile over the first frequency range, ana

A difference between a maximum amount of gain apble 1o
oce applied and an amount of gain applied 1o the audio

signal is constant throughout the first frequency range; and
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13.

14.

1.

16.
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applying a frequency dependent gain to the audio signal in a
second frequency range that is configured to equadlise both the
effect of the pickup frequency response profile and the record

frequency response profile on the audio signal in the second

frequency range, wherein the second freguency range
comprises frequencies lower than those of the first frequency

range.

A computer program that, when performed by at least one
processor, causes the method as claimed in clam 10 to be

performed.

AN apparatus comprising means configured 1o cause the

appdaratus at least 1o perform the method as claimed in claim 10.

A module comprising the apparatus of any one or more of

orevious claims 1 — 9 and 12.

A phono preamplifier comprising the apparatus of any one or

more of previous claims 1 — 9 and 12.

An amplifier comprising the preamplifier of claim 14.

A system comprising:
the apparatus or any one or more of claims 1 — 9 and 12; and
at least one or more of:
an audio signal pickup device,
an amplifier,
an output for electrically outputting the amplified audio

output, and
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one or more audio oufput devices for audibly outputting

the amplified audio output.
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