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Several practical problems make the use of the usual reproducer calibration test tape
unsatisfactory below 1000 Hz at a tape speed- of 380 mm/s. First, the low frequency
equalization standards below 50 Hz are often not followed in practice. Second, there are
many different multitrack formats, and this makes a true multitrack reproducer calibration
tape commercially infeasible; but although one can calculate a fringing compensation, it is
not accurate at the lowest frequencies. Third, the reproducer response inherently undulates,
but there are not enough test frequencies to characterize that response.

At long wavelengths (low frequencies) the recorded flux is directly proportional to the
recording current. Therefore system calibration is best performed by the following method:
standardize the recording response (recording head current versus frequency); use recording
and reproducing heads of the same core width throughout the system; record a slowly
swept-frequency test signal; and adjust the reproducer low-frequency equalizer for flattest

overall response.

1. INTRODUCTION: Calibrating the frequency response
of a magnetic tape reproducer is usually a simple process:
purchase a reproducer calibration test tape from one of the
manufacturers of these tapes, play it, and write down the
output level versus frequency, or adjust the reproducer
equalizers for constant output voltage level versus fre-
quency.

However, at medium to low frequencies — below 1000
Hz at a tape speed of 380 mm/s (15 in/s)— there are
several important sources of error.that make this approach
inaccurate.

1) The equalization standards below-50 Hz are often not -

followed in practice.
2) Head core widths, and therefore track widths, are not

* Presented November, 1976 at the 55th Convention of the
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standardized in practice, and although fringing response
calculations exist, they are not accurate at the lowest

* frequencies.

3) There are too few frequencies on the usual.calibration
tapes to characterize accurately - the. undulating” low- -
frequency response.

The theoretical basis. for ‘standardization:-has been de-
scribed previously by Bertram ‘[1]:and by McKnight [2].
Some of the sources.of érrors have “been: described in
another paper by McKnight.-[3].and “lso in the tape
recorder manufacturers” instruction.manuals. They point
out that some of these errors can-be avoided by using the
recording section of a system to calibrate the low-
frequency response of the reproducing system. (This
method can not be used for high-frequency calibration
[2].) Despite the availability of this information, many
users are neither aware of the sources of error, nor of the
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methods for avoiding the errors. This paper presents more
details on the sources of error, and on the practical means
for eliminating them.

2. THE SOURCES OF ERROR
2.1 Nonstandard Low-Frequency Equalization

The present (1965) NAB standard for open-reel record-
ing [4] specifies a tape flux characteristic at low frequen-
cies that rises with decreasing frequency, with a slope of
20 dB per decade, starting at 50 Hz and continuing upward
without limit; the boost is 10 dB at 16 Hz as shown in the
broken line of Fig. 1.

In a practical system the rising of the low-frequency
response must be discontinued at some lower frequency,
but the NAB standard does not specify this second
frequency.

Adherence to the standard is likely to cause low-
frequency overloading when recording practical program
sources, as pointed out by McKnight [5]. Because the
1965 NAB standard calls for this ‘‘bad engineering prac-
tice,”” each recorder design engineer must make his own
decision on the frequency at which to discontinue the
rising response. Good engineering practice suggests a
second low-frequency transition frequency to limit the
low-frequency boost to a maximum of about 3 or 4 dB.
We have measured a number of popular studio recorders,
and we find that they cover the whole range, from a boost
which shelves at +3 dB to a boost which is +10 dB at 16
Hz and still rising. Thus despite the existence of the NAB
standard, there is no actual standardization of the recorded
flux below 50 Hz. This is an inconvenience to all, and-a
real disaster for those who use cue or other control tones in
the range of 16 Hz to 63 Hz.

The IEC standard tape flux characteristic at low fre-
quencies for 380 and 190 mm/s (15 and 7.5 in/s) is simply
a constant flux [6]. This provides practical standardization
because there is no low-frequency recording equalizer and
no low-frequency overload problem. The new NAB stan-
dard for cartridge recording [7] also calls for constant flux
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Fig. Tape flux versus frequency. Solid line— IEC, stan-:_ )
dard and 1975 NAB cirtridge standard; broken line— ]965 NAB -

open-reel standard; dotted line=a nonstandard compromise:
1965 NAB staridard modified by a second transition frequency to
limit the maximum boost to +4 dB. (For the latter, the actual
transition frequencies are boost from 80 Hz and cut from 50 Hz.)
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at low frequencies. We believe that this will also be
incorporated into a planned revision of the 1965 open-reel
standard.

2.2 Fringing at Long Wavelengths

If the recorded track width is greater than the reproduc-
ing head core width, “‘fringing’” will occur at medium to
long wavelengths. When full-track calibration tapes are
used on multitrack reproducers, a measurement error
results. At 1000 Hz it is about 0.4 dB at a speed of 380
mm/s, or 0.8 dB at 760mm/s. ! The error may increase up to
a total of several decibels at lower frequencies.

Similarly, if the recorded and reproduced tracks are of
the same general format (say two-track), but not of exactly
the same width or location, fringing still occurs if the
recorded track width exceeds the reproducing core width.

" In some systems the recording head is intentionally made

wider than the reproducing head. In this case some
reproducing fringing is: a normal part of the system, and
therefore a correction should not be applied for the fringing
from a full-track calibration tape.

In other systems the recorded track may be narrower
than the reproducing core width. In this case, the response
is correct—there can be no fringing. But there will be
sensitivity level errors in some circumstances. This occurs
because the calibration tape is usually recorded to a
specified flux per unit recorded track width (fluxivity)
@/w, in webers per meter; but the reproducing head senses
the total flux ¢ in webers. The head output is proportional
to the total flux, which is the fluxivity times the width:
b = dw X w.

For example, suppose that a reproducer has a track
width of 2.1 mm, and suppose that the reproducer sensitiv-
ity (gain) is set with a recorded fluxivity.of 200 nWb/m,
recorded on a track whose width is 2.1 mm. This gives a
total flux of 200 nWb/m X 2.1mm = 420 pWb. Now if the
same fluxivity (200 nWb/m) is recorded on a narrower
track, say 1.9 mm, the total head flux will be only 200
nWb/m X 1.9 mm = 380 pWb. Therefore when the
recorded track is narrower than the reproducing head core,
the relative response will be correct, but the same recorded
fluxivity will give less total flux, by the ratio of the track
widths. Therefore the reproduced flux for these particular
dimensions will be reduced to 1.9/2.1 = 380/420 = 0.90
times the original flux, which corresponds to a level
reduction of 0.9 dB.

There are two obvious solutions to the fringing problem:
either provide fringing correction factors with the calibra-
tion tapes, or provide calibration tapes actually recorded in
the multitrack format. Unfortunately both of these solu-
tions have shortcomings.

! In other words, a reference fluxivity tone of 185 nWb/m that
is not corrected for fringing plays back about the 'same level as
one.of 200 nWb/m that is corrected for fringing: Calibration tape

" manufacturers are not consistent in this matter. MRL tapes are all-

full track; they are fringing-corrected in 12.5-50‘mm widths,
but nor in 6.3-mm width. By contrast, Ampex tapes are partly
multitrack format, and partly full-track nor fringing corrected.
Thus there is opportunity for confusion both within the products
of one manufacturer, and between the products of different
manufacturers— an area needing industry standardization??
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2.2.1. Fringing Corrections

The fringing corrections have been calculated by
McKnight [8] based on a simplified theory suggested by
Grimwood et al. [9]; these corrections have been included
in the MRL calibration tapes. Further work on fringing by
van Herk [10] includes the effect of the head-field’s falling
off at the edge of the core. The equations of [8] and [9]
overstate the amount of fringing by about 0.2-dB to 0.7
dB. Van Herk’s formula [10] should be used in place of
McKnight’s [8].2

An even more significant error in the fringing calcula-
tions has been reported by Melis and Nijholt [11]. They
show experimentally that although the theory is accurate
for the region above the undulations in the frequency
response (sayl above 125 Hz at 380 mm/s), at the lower
frequencies where the response undulates, the fringing
correction itself undulates, and the fringing sometimes
actually causes a decrease in the measured flux, instead of
the expected increase. Fig. 2 shows our measurements
which confirm Melis and Nijholt’s conclusions. For this
particular reproducing head the difference between the
measured fringing- and the calculated fringing (Fig. 2¢) is
about —3.5dB at 40-50 Hz, and +1.5dB at 16 Hz at 380
mm/s. This error is due to the simplified geometry used for
the fringing calculations. All authors have assumed that
the head length is infinite, but in practice the longest
wavelengths are longer than the head iength. Thus in
practice the error is completely dependent on the indi-
vidual design of the reproducing head. Therefore for the
very low frequencies even van Herk’s fringing corrections
are not valid—not only may the amplitude be wrong, but
the sign of the correction may be wrong.

2.2.2 Use of Multitrack Calibration Tapes

Multitrack calibration tapes have the economic disad-
vantage of requiring the manufacture, distribution, and
purchase of many different calibration tapes—one for
each track configuration for each tape width, as shown in
Table 1.

Worse yet, as Table 2 shows, the track widths for a given
configuration on 6.3-mm-width tape are not standardized
in practice, despite the existence of published standards.
For example, we would need three *‘full-track’’ tapes and
three ‘‘two-track’’ tapes if track mismatch and fringing
- effects were to be completely eliminated in 6.3-mm tapes.

Thus multitrack tapes are not a satisfactory solution to
the fringing problem, both because of the nonstandardiza-
tion of the actual head core widths and because of the
economic disadvantages of manufacturing and purchasing
calibration tapes for all the formats.

2 We have programmed van Herk’s formula for an HP-97
calculator. A copy of this program is available from us. Include a
blank card if you want a copy of the recorded program.
Alternately, an ‘‘eyeball’’ comparison of van Herk’'s graphs with
McKnight’s graphs shows that the error is reduced to about +
0.2 dB if we empirically scale the wavelength by 1.6 times. In
McKnight’s equation the term f is replaced by 1.6 f. The fringing
level at any given frequency will therefore be less than that which
the unmodified equation would give.
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2.3 Number of Frequencies on the Calibration
Tape

Because the low-frequency response of the recording
and reproducing systems, once calibrated, is normally
quite stable, only a few low-frequency test tones are
usually desired on a general-purpose calibration tape. For
instance, the MRL calibration tapes provide tones at the
octaves—31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000
Hz, etc., as required by the IEC standard [6]. In the region
from 250 Hz to 8 kHz this octave spacing is very
satisfactory, because the reproducer response is flat or
gradually “sloping. But below 250 Hz the reproducer
response begins to undulate (this is called the ‘‘head
bumps’’ or ‘‘contour effect’’). The broken curve of Fig. 3
shows measurements of a professional reproducing head
for a 16-track 50-mm tape-width recorder. This response is
a matter of the reproducing head design [12]; it is charac-
teristic of each head and shield design and beyond the
control of the user.

Measurement of this undulating response with only a
few frequencies is almost certain to give misleading
results. The solid curve of Fig. 3 shows the apparent
response from using only the octave frequencies, and the
broken curve shows the actual response. One solution to
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Fig. 2. Fringing in a 16-track system of 1.8-mm-wide tracks
on a 50-mm-wide tape. a. Measured reproducing head core flux.
Solid line— with recording core width equal to reproducing core
width, therefore no fringing; broken line— with a wide record-
ing, therefore with fringing. b. Measured fringing response
(difference between curves of a, solid line) and calculated fringing
response (broken line). c. Difference between measured and
calculated fringing.
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this problem is to use a calibration tape with many spot
frequencies—say six per octave. The three octaves be-
tween 31.5 and 250 Hz would require 18 tones, and at 10
seconds per tone this test would run 3 minutes. Such a
calibration tape would have use in the laboratory, but
would be prohibitively time consuming for most practical
calibrations.

The other solution is to use a slowly swept frequency.
Such a test signal has been provided on some commercial
German calibration tapes [13]. “‘Slow’” is required be-
cause the undulations in the reproducing head response are
caused by in- and out-of-phase fluxes in the head core,
from the tape fluxes on the incoming and outgoing sides of
the head. When the sweep is more rapid, the wavelengths
are different on the two sides of the head, and the apparent
frequency response will be different from that measured
with fixed frequencies.

Practical readout of a swept-frequency signal requires
an automatic level recorder. (A frequency-tracking au-
tomatic level recorder such as the UREI model 200 with
model 2010 level and frequency detector is especially
convenient.) This is an excellent method, but level record-
ers are not commonly available in recording studios.
Thus this method is of limited practical usefulness.

3. SOME PRACTICAL SOLUTIONS

The best solution for many casual users may simply be
to ignore the problems entirely. The audibility of the
differences in tape recording and reproducing system
responses below 125 Hz may often be obscured by
differences in response between various loudspeakers and
their associated room acoustics. The meticulous users will
surely object: the response errors in one generation of
recording might be inaudible, but they will certainly cause
problems in multiple generations through the same record-
ing and reproducing system. Furthermore, the errors of
response will be increased by companding systems
(noise-reduction systems such as Dolby, dbx, Burwen,

Table 1. Track Configurations.

Tape Width Number of
/[mm] Number of Tracks Used  Configurations
6.3 1,2,3,4,8 5
12.5 2,3,4,8 4
25 4,8, 16 3
50 16, 24 2

LOW-FREQUENCY RESPONSE CALIBRATION

etc). And finally, systems using low-frequency control
tones will certainly have problems. Can a practical solu-
tion be found to eliminate all these errors at once?
Yes—and it can be summarized as follows.

1) Decide exactly what low-frequency recording equali-
zation you want to use, and modify all recorders to this
equalization characteristic.

2) Standardize the widths of the head cores, and thereby.
the widths of the recorded and reproduced tracks in all of
your recorders and reproducers. Also, be sure all head
heights are correctly set, so the tracks will be correctly
located.

3) Calibrate the reproducers against the now calibrated
recorders by recording and reproducing. Slowly sweep the
frequency to determine the maxima and minima of re-
sponse, and set the reproducer low-frequency equalization
for the flattest average response.

Here are the details.

3.1 Standardize the Low-Frequency Recording
Equalization

Atlong wavelengths (low frequencies) the recorded flux
is directly proportional to the recording current [1], [2].
Thus if you standardize the recording-head current versus
frequency, you have also standardized the recorded tape
flux versus frequency, and you can use this standardized
recorded tape flux to standardize the reproducing system
equalizer.

But which low-frequency equalization characteristic? If

- all your recorders and reproducers are of the same make

and model, you may simply want to adopt the manufac-
turer’s standard, whatever it is. If you must interchange
between different makes or models, measure the recording
response of the recorders as manufactured. The details of
several measuring methods are given in the Appendix. If
all your units are alike, decide if you like the manufac-
turer’s choice of low-frequency preemphasis. If you find
several different responses, decide which one best serves
your purposes. Then modify all your recorders to the
response you have chosen.

Personally, we prefer the ‘‘flat low end’’ standardized
by IEC [6] and NAB [7]. No recording equalizer (with its
precision components) is required at all; you will have no
low-frequency overload problems; and you can easily
modify any professional recorder to this response simply
by using the modification in the machine manufacturer’s

4REPRODUCER OUTPUT VOLTAGE LEVEL/[dB]
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frequencies; broken line— actual response.
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