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OINTRODUCTION

Theinformation in thispublication appliesto all MRL Open-Reel
Calibration Tapesfor anal og audio magnetic tapereproducers. It covers
the topics listed in the Table of Contents below. The MRL
"Publications" mentioned here are available for you to download.

We sometimes still refer to blank-tape types that are no longer
available — see §1.2.9 for more information.

M RL no longer makesthe NAB Broadcast Calibration Cartridges,
because the lubricated tape and the cartridges are no longer available.

If you have MRL Calibration Tapes with tape shed problems,
please see our Publication SHED-3
http://home.comcast.net/~mrltapes/pubshed3.pdf .

This publication “Choosing & Using” is now only available for
download ( http://home.comcast.net/~mrltapes/choo& u.pdf ). It is in
lieu of a "Handbook of Magnetic Tape Reproducer Calibration and
Standardization", which we promised years ago but never completed.

For an introduction to analog magnetic recording, we recommend
Rumsey and McCormick [1]; for an intermediate discussion,
Borwick [2]. For a comprehensive reference on magnetic recording
theory and applications, see Camras [3] and Jorgensen [4]. (Camras
has more emphasis on audio recording; Jorgensen has more on data
recording).
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1 GUIDE TO CHOOSING MRL CALIBRATION TAPES

This section will help you find the information that you need to
find the Catalog Number of the MRL Cadlibration Tape that you need.

Y ou might logically think that the make and model of your recorder
would uniquely determine which Calibration Tapeto use. If that were
true, you could just say “1 need aCalibration Tape for my Studer Model
A-80" (or whatever), and the Calibration Tape would be determined.
But professional analog sound recording covers a wide range of
applications, from monophonic recording to 24 track (or more) tracks,
and from medium quality to the highest quality. For application
flexibility, most makesand modelsof professional analog taperecorders
can be run at several speeds, and can use more than one tape width,
equaization standard, and recording level. Unfortunately most tape
recorder model numberstell nothing about how aparticular recorder is
actually being used.

MRL Cdibration Tapes are designed for use with various
international interchange standards, and they have test signals
optimized for use with various measurement equipment. We will
explain both of these to help you choose the right Calibration Tape.

In casethereisstill doubt which MRL Calibration Tapeyou should
use, the engineer who will use the tape should call or email MRL and
ask for Technical Support to help determine the specific catalog
number. Then he can give this number to his purchasing agent to order
directly from us or from one of our dealers.

1.1 Interchange Standards

I magine a situation where you always record and reproduce on the
sametaperecorder, and it will never wear out or need any maintenance.
Thenyou could conceivably just setit for flat overall response, and you
wouldn'’t haveto worry about interchange standards. But you know that
any practical recorder will wear out, and you will have to repair it or
buy anew one. And if you have no interchange standards, how will you
be able to set the repaired or replaced recorder to have the same gain
and frequency response as the old one?

But thisimaginary situation of using only one tape recorder isvery
unlikely — you will usually beinterchanging recordings among several
recordersin your own studios, and interchanging recordings with other
studios. For suchinterchangesyou must be sure to use exactly the same
standards for all of the recorders and reproducers. These standards
include not only the obvious things like tape width, speed, and track
formats, but al so the less obvious thingslike the equalization standard
and the reference fluxivity (commonly called the “recording level”).

Altho audiotaperecording systemsare standardi zed, many different
standardsareused. In open-reel recording, for instance, thereare5 stan-
dard speeds, 4 standard tape widths, some 2 to 5 standard track
configurations for each tape width, two standard equalizations, and at
least 3 standard reference fluxivities.

The international standards for analog magnetic tape sound
recording are published by the International Electrotechnical
Commission (IEC) as Standard 60 094, Parts 1...11, of which afew
(51,161, [71. [8]) pertain to theinterchange of open-reel and the now-
obsolete broadcast cartridge recordings.

When you set up your standards for a new studio, first talk to the
other studios with whom you will be interchanging, and use the same
standards that they use.

If you do not yet know with whom you will be interchanging, or if
you have been using a system but aren’t sure what standardsit was last
set for, the sections below will give you general guidance.

1.2 Information Needed to Choose a Calibration Tape

1.2.1 Tape Width: ¥ inch (6.3 mm), ¥2 inch (12.5 mm), 1 inch
(25 mm), or 2 inch (50 mm) [5].

1.2.2 Tape Speed: 3.75 in/s (95 mnVs), 7.5 in/s (190 mm/s), 15 in/s
(380mm/s), 30in/s (760 mm/s) [5]. Speedsareusually givenin “inches
per second”, properly symbolized “in/s’, and colloquially called “ips’;
or in millimeters per second, mnVs (using slightly rounded values: see
85.2.1 for the exact millimeter speeds).

MRL also makes multispeed Calibration Tapes— see 81.2.4.3. The
Multifrequency Calibration Tapes of §1.2.4.1 are not available in
multispeed.
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1.2.3 Equalization Standard: For technical reasons, the signal
recorded on the tape— the magnetic flux — does not inherently have
a“flat” frequency response. For optimumdynamic rangein recording,
the recorded flux is “egualized” so that it decreases with increasing
frequency in a standardized way. Therefore reproducers must have a
response that increases with increasing frequency in a standardized
complementary way, so that the reproduced electrical output signal
will be flat with frequency. Sometimes there is also a standardized
low-frequency boost in recording and complementary cut in
reproduction.
This standardized response of the tape flux — the “equalization”
— iscommonly identified by theinitialsof the organization that wrote
the tape recording standard:
IEC the International Electrotechnical Commission [5] (now also
cdled IEC1 equalization)
NAB the US National Association of Broadcasters (now also called
IEC2 equalization)
AES the Audio Engineering Society [9] (only for 30 in/s; now aso
caled IEC2 equalization)
CCIR French for Internationa Radio Consultative Committee. CCIR
turned over their tape recording standardswriting to the IEC in
1970. The IEC1 at 7.5 and IEC1 at 15 in/s (which are the only
speeds CCIR now recogni zes) have alwaysbeenidentical tothe
origina CCIR equalizations— only the administering organi-
zation has changed. Around 1993 the name of the CCIR was
changed to ITU-R, International Telecommunication Union —
Radiocommunications.
DIN German for German Industrial Standard, which isidentical to
|EC1 for Studio use, and IEC2 for Home use.
The equalizations at 3.75 in/s and 30 in/s really are standard —
one equalization is used everywhere for each of these speeds.
At 3.75 in/stheonly equalization now used for new recordingsis
identified as NAB and IEC.
At 30 in/s the only equalization now used for new recordingsis
identified as AES[9] and IEC2.
Note that thereis not now, and never was, an NAB
standard for 30 in/s. Some machine manufacturers
erroneously put “30in/sNAB” on their equipment.
Wedon’tknow what equalization they wereactually
using.
Note also that atho the current IEC standard
includes an IEC1 (= DIN = obsolete CCIR) for 30
in/s, it is only for reproducing historical mono
recordings made in Europe on ¥4 inch tape before
1955: it is never used for new recordings.
At 7.5 in/s two equalizations are used, but the usage is fairly
uniform:
NAB =1EC2 ismostly used in US; and
IEC = |EC1 (= CCIR = DIN Studio) is mostly used in Europe.
At 15 in/s — the most commonly used professional speed — the
equalizations are the most confusing:
8-track recorderson%zinchtape, and 16- and 24-track record-
erson 1 inch tape almost always use |EC = |EC1;
for al other widths and track configurations,
NAB =1EC2 is mostly used in US, and
IEC =|EC1 (= CCIR = DIN Studio) is mostly used in Europe.
TheNAB 15in/sequalization, whilestandard, isnot optimum. We
have proposed two non-standard equalizations for 15 in/s[10], [11]
The standardized “equalization”, which is the flux level versus
frequency mentioned above, L,(f) in decibels, is described by the
formula below, in terms of two transition frequencies F,,, and F,; in
hertz:

1+[Ffowff:l2 [dB

Lp(f) =101og -
L FTE
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The different equalizations identified above all use this same
response formula, differing only in the values of the transition
frequencies. The original standards speak of “time constants’ t, where
T = 1/(2nF). We prefer the transition frequencies, since they are more
obviously related to the frequency response of the flux. The current
standard transition frequencies and time congtants are summarized in
Tablel, below, taken mainly from[5]. Someolder (obsolete) valuesare
givenin [12].

Note that this formula describes the standard tape flux, not the
response of an equalizing network. In addition to providing the
equalization for the standard flux response shown above, one must
provide an integrator (response falling 6 decibels per octave) to
compensate for the differentiation inherent in the inductive (Faraday’s
Law) type of heads used in essentialy all audio reproducers; and one
must also compensate for the “non-ideal” (non-flat) frequency and
wavelength response of most practical reproducing heads. This last
compensation can beprovided either by providing aseparateequalizing
network, or (more commonly) by slightly “misadjusting” the standard
tape flux response network. This “misadjustment” is usually done by
reproducing an appropriate Cadlibration Tape, and setting the
reproducer’s equalizers to give the best approximation to a constant
output versus frequency. To quote the |[EC Standard [5], “Calibration
tapes shall be used to set-up the amplitude/frequency response of the
reproducing chain.”

In addition to the equalizations described above that are
internationally standardized by the |IEC, there are several proprietary
equalizations that have been used:

Ampex used “ Ampex Master Equalization” (AME) [13] at 15 in/s
only on some %2 inch mastering recorders introduced in 1958 and sold
for several years following. This equalization does not follow the
formula above. For information on the AME curve and Calibration
Tapesfor it, see http://home.comcast.net/~mrltapes/pubame.pdf .

Nagra tape recorders use a specia equalization at 15 in/s only,
known as the Nagra Master Equalization (see MRL Publication 108,
http://home.comcast.net/~mrltapes/pub108.pdf ). It followsthe standard
response formula, with values of F,,,, = 50 Hz and F;;, = 11.8 kHz (time
constants 3150 and 13.5 ps).

MRL has proposed a non-standard “Studio Master” equalization
described in a paper available at
http://home.comcast.net/~mrltapes/mcknight _proposed-mastering-eq.pdf
, with Calibration Tapes at
http://home.comcast.net/~mrltapes/publ01sm.pdf .

1.2.4 Test Signals: The best test signals to use for calibrating your tape
reproducerswill depend on several factors: the measurement equipment that
you have (vu meter on the reproducer? digital multimeter? oscilloscope?
ard-octave real time analyzer? Audio Precision or Sound Technology
Analyzer?etc?); how long it takes you to make the adjustments and read out
the results on your tape reproducers; and the level of service work that you

are doing — that is, whether you are verifying the performance of a
reproducer that is in good operating order, or doing a major overhaul
including replacing or relapping the heads. The different test signals are
described below briefly, and in detail inthereferenced MRL Publications,
which can be downloaded from the MRL website
http://www.mrltapes.com .
1.2.4.1 Multifrequency Calibration Tapes (Publication 101)
http://home.comcast.net~mrltapes/pub101.pdf : These are the most
commonly used Calibration Tapes. They contain a series of voice-
announced recorded sine-wave signals which can be monitored with the
program level meter on the tape reproducer, or on an external voltmeter.
They contain a 1000 Hz section for setting the reproducer gain, an 8 kHz
and a 16 kHz section for setting head azimuth and preliminary frequency
response adjustment, and a series of frequencies at octavesfrom 32 Hz to
8 kHz, and one-third octaves from 10 kHz to 20 kHz, for calibrating the
reproducer frequency response. Total duration ranges from 6 minutes for
Y, inch tape to 16 minutes for 2 inch tape. You can also special order
Multifrequency tapeswith any of thesetiming programsan any of thetape
widths.
1.2.4.2 Short Calibration Tapes with Chromatic Sweep (Publication
CHROM) http://home.comcast.net/~mrltapes/pubchrom.pdf are also for
monitoring on the reproducer’s own program level meter. They contain a
1 kHz and a 10 kHz tone (and optionally a 100 Hz tone) for making
adjustments, and musical-semitone steps from 32 Hz to 20 kHz in 105 s,
announced at the octaves, to verify the response over the entire audio
frequency range. They provide more information, in less time and at less
cost, than the Multifrequency Calibration Tapes. Total durations are 4
minutes or 8 minutes. They are also available in two-speed (15 and 30
in/s) versions.
1.2.4.3 “Minimalist” Calibration Tapes: For routine calibration of
reproducers, many of our customers use “minimalist” calibration tapes
with just a few tones. Out of the many possibilities, certain ones are so
commonly requested that we have created the Publications below listing
the part numbers and prices for 4- and 8-minute durations, at 250- and
355-nWh/m reference fluxivities, for all speeds and equalizations.
Publication 560 : 1kHz single frequency
http://home.comcast.net/~mrltapes/pub560.pdf .
Publication 580: 10 kHz single frequency
http://home.comcast.net/~mrltapes/pub580.pdf
Publication 611: 1 kHz and 10 kHz, ¥2 each.
http://home.comcast.net/~mrltapes/pub611.pdf
Publication 644: 1 kHz, 10 kHz, 100 Hz, a each
http://home.comcast.net/~mrltapes/pub644.pdf
Publication 673: 1 kHz, 10 kHz, 16 kHz, 100 Hz, ¥ each
http://home.comcast.net/~mrltapes/pub673.pdf
Other “minimalist” tapes are for multi-speeds:
Publication SM S1: White Noise, 500 Hz, 10 kHz, 1 kHz; 2, 3, or 4
speeds with NAB and AES equalization, at 250 nWb/m only,
http://home.comcast.net/~mrltapes/pubsmsl.pdf .

Table 1 Current Standard Equalizations Per IEC, NAB, and AES Standards
Transition Frequencies, F,, and F,, (and Transition Time Constants, T = 1/(2rtF ) )

Professional

TAPE SPEED Open-Reel

Commercial Tape Records

Broadcast Cartridge and Home Recorders

IEC1 (IEC)

IEC2 ( NAB)

IEC & NAB (obsolete, no
longer available)

IEC, RIAA, & EIA

95 mm/s 3.75 in/s

Not Used
Professionally

[NAB only]
50 Hz, 1800 Hz
(3150 ps, 90 ps)

[Commercial-not std]
[50 Hz, 1800 Hz]
[(3150 ps, 90 ps)]

50 Hz, 1800 Hz
(3150 ps, 90 ps)

190 mm/s 7.5 in/s 0 Hz, 2240 Hz 50 Hz, 3150 Hz 0 Hz, 3150 Hz 50 Hz, 3150 Hz
’ (0, 70 ps) (3150 ps, 50 ps) (0, 50 ps) (3150 ps, 50 ps)
[Commercial-not std] Not Used
380 mm/s 15 in/s 0 'Elj ;1550(;)Hz (532502’ ilgg Hsz) [0 Hz, 6300 Hz] for Tape Records
ol HS, 50| [(e, 25 ps)] and Home Recorders
[IEC1 is obsolete] AES-1971 (no NAB) Not Used Not Used
760 mm/s 30 in/s [0 Hz, 4500 Hz] 0 Hz, 9000 Hz in Cartridge for Tape Records
[(e, 35 ps)] (0, 17.5 ps) 9 and Home Recorders
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Publication SMS2a: Several different programs of tones at two speeds:
at7.5in/sNAB and 15in/sNAB; at 15in/s|EC and 30 in/s AES; and at 15
in/s NAB and 30 in/s AES. All of the these are available in 250- or 355-
nWb/m reference fluxivity, and 5.5- or 11-minute durations,
http://home.comcast.net/~mrltapes/pubsms2a.pdf .
1.2.4.4 Fast Swept-Frequency Calibration Tapes (Publication 313)
http://home.comcast.net/~mrltapes/pub313.pdf : Alignment of a magnetic
tape recorder-reproducer requires such mechanical adjustments as head-
height, vertex angle, azimuth angle, etc., and such electronic adjustments as
gain and multipleequalizer responses acrossthefrequency pass-band. M ost
of these adjustments interact with each other.

The usual Multifrequency Reproducer Calibration Tapes contain a
series of discrete frequencies. Often, in order to perform the adjustments,
one must rewind and replay the Calibration Tape several timesin order to
obtain proper mechanical adjustment and optimum frequency response.

The alignment procedure is much simpler and faster if you use a
Calibration Tape containing a repeating fast-swept frequency. This signal,
viewed on an oscilloscope, gives the appearance of a continuous display of
all frequencies at once. Thus the effect of the adjustments and their
interactions isimmediately apparent because the display is updated 6 times
per second. Note that the display update on the “ high-tech” analyzers such
as Sound Technology and Audio Precision is much slower: more typically
once every second or two. The Fast Swept-Frequency is not fancy,
automatic, computerized, etc., etc., butitis FAST, and therefore much more
useful for adjusting a tape reproducer, especially if it is badly out of
adjustment.

Fast Swept-Frequency Calibration Tapes contain a repeated sweep
(actually, since 1994, 1/6th octave steps) from 500 Hz to 20 kHz in 100 ms,
with a 65 ms blanked interval between sweeps — that is, 6 sweeps per
second. This signal must be read out using an oscilloscope with an MRL
Graticule. Thefirst cycle of each sweep is at triple amplitude for synchro-
nizing the oscilloscope. Finally, after the sweeps, there is 30 s of 1000 Hz
for setting the reproducer gain.

Because various oscilloscope sizes are commonly used, the

GRATICULES ARE NOT INCLUDED WITH THE SWEEP TAPES, but
are sold separately.
1.2.45 Sow Swept-Frequency Calibration Tapes (Publication 402)
http://home.comcast.net/~mrltapes/pub402.pdf : If you have an automatic
level recorder, you can use the Slow Swept- Frequency Calibration Tapes
to produce a complete written record of the frequency response of an
adjusted reproducer. The signal on these tapesis suitablefor readout on the
United Recording Electronics Industries (UREI) Model 200 Series Level
Recorder, with either the M odel 2000 A utomatic Response Plotting M odule,
or the M odel 2010 Level and Frequency Detector M odule; or with the Bruel
and Kjaer Level Recorders, with or without the Model 4409 or 4416
“Response Test Unit”.

The MRL Slow Swept-frequency Calibration Tapes contain a number
of repetitions of the following 60-s sequence: 1000 Hz for 8.33 s, for level
set and for the B & K automatic start system; 20 Hz for 1.67 s, for the UREI
Frequency Detector to lock in on the starting frequency; then a sweep from
20 Hz to 20 kHz in 50 s. This sweep rate may be expressed as 1.67 s per
ard octave, or 16.67 s per decade of frequency.
1.2.4.6 Signals for Use With Sound Technology 1500 Series (Publication
211) http://home.comcast.net/~mrltapes/pub211.pdf : Special test signals
designed to be used with the Sound Technology 1500 Series Tape
Recorder/Audio Test System.
1.2.4.7 Signals for Use With Audio Precision
Program 2HD-FREQ (Publication 423)
http://home.comcast.net/~mrltapes/pub423.pdf : 1 kHz referencefluxivity,
16 kHz and 10 kHz for azimuth and high-frequency equalization, 100 Hz
for low-frequency equalization, then two ard octave step tone series of
signalsdesigned to be used with the Audio Precision “ System One” Program
2HD-FREQ.
1.2.4.8 Broadband White- or Pink-Spectrum Random Noise (Publications
702 http://home.comcast.net/~mrltapes/pub702.pdf and 802
http://home.comcast.net/~mrltapes/pub802.pdf ): Broadband random noise
(20 Hz...20 kHZz) of either “white” spectrum or “pink” spectrum.

The white spectrum is especially suited to analysis by a constant-
bandwidth filter. Because of its large high-frequency amplitude, it is also
very useful for adjusting the azimuth of full-track reproducers, or for
adjusting multitrack reproducersfor minimum intertrack time displacement

“ System One”

(“phase error™).

The pink spectrum is especially suited to analysis by a frequency-
proportional bandwidth (for example, ard octave) filter.

Finally, thereis 30 s of 1000 Hz tone, for setting the reproducer gain.
1.2.4.9 3150-Hz Flutter and Speed Test (Publication 570)
http://home.comcast.net/~mrltapes/pub570.pdf : A 3150-Hz test frequency
isrecorded, in accordance with current standards of IEC, AES, CCIR, and
DIN.

Theweighted peak flutter of the recordingsrangesfrom £0.02 % at 30
in/s (760 mm/s) to £0.10 % at 3.75 in/s (95 mm/s).

This tape may also be used for “tape speed” measurements. The
wavelength recorded is £0.1 % of the true value.
1.2.4.10 Polarity Calibration Tapes (Publication 203)
http://home.comcast.net/~mrltapes/pub203.pdf : A full-track recording of
atruncated sawtooth according to the specification given by Lipshitz and
Vanderkooy [14]. Thispolarity convention hasbeen adopted asan AES
Standard [15], as well as being standardized by the European
Broadcasting Union (EBU) and the Society of Motion Picture and
Television Engineers (SMPTE).
1.2.4.11 Special Test Sgnals: We can make for you Multifrequency
Calibration Tapes similar to those of §1.2.4.1 in any standard width,
speed, and equalization, in a wide range of fluxivity levelsin 1 dB
increments, using the frequency sequences and durations shown in
Pub. 101. In other words, you could order a¥%inch wide tape with the
durations and sequence usually used for a 2 inch wide tape. Or a 2
inch-wide tape with the 8-minute program usually used for ¥z inch
tape, with a considerable cost saving.

MRL’ srecording systemiscomputer controlled, and programmed
in the Forth language. Therefore we can easily make almost any
sequence of frequencies, levels, and durations that you need. Contact
us with the details of your requirements for special test signals,
including the frequency, level, and duration of each signal, the
duration of blank leader (if any) between tones, whether or not you
want voice announcements, and the quantity of tapes that you will
need.

The prices for specias depend on the width, speed, and duration
of the recordings. They are shown on the back of our price ligt,
Publication PL http;//home.comcast.net/~mrltapes/pubpl 2008.pdf
.You will have to contact us for a part number — there are too many
possihilitiesto give all of the numbersin a catalog.

1.2.5 Levels: All Multifrequency Calibration Tapes (as described in
Pub. 101 http://home.comcast.net/~mrltapes/pub101.pdf ) have a 1
kHztoneat 0 dB (that is, at thereferencefluxivity itself) at both ends;
3.75and 7.5 in/s Multifrequency Calibration Tapes haveall other
tones at 10 dB below the reference fluxivity in order to avoid tape
saturation at the short wavelengths;
The 10 dB level reductionisahistorical artifact of the 1950s. At
that time, the short-wavelength losses of tapes required a 10 dB
level reduction at 16- to 20-kHz in order to prevent saturating the
tape. Also, the US voltage level meters of that day had a 10 dB
per step range attenuator. With modern tapes, areduction of 5 dB
would be sufficient, and would allow one to make accurate

readings on the scale of avu meter. We can do this, if you request
it. But old habits are hard to change.

15 and 30 in/s Multifrequency Calibration Tapeshaveall tones at
0 dB except for G320 nWh/m IEC tapes (see 8 5.2.4.2 for G320).

The Multifrequency Tapes with G320 nWh/m reference fluxivity
are in conformance with the customary European studio practice,
where peak-reading program meters (PPMs) are used. Thetest signals
are recorded on these tapes at -10 dB, in conformance with the
customary European studio practi ce devel oped beforethe existence of
high output mastering tapes. Because the PPMs have a long linear
level scale, they can accurately read the test signal levels at -10 dB.

Most reproducers in the US use a “ Standard V olume Indicator”
(vu meter) which isonly accurate for test signalsin therange +3 dB to
-6 dB. If you have avu meter, it isnot accurate at -10 dB, and in order
to use these Multifrequency Tapes you will have to either use an
externa level meter with 10 dB more sensitivity, or else you will have
to increase your reproducer gain by 10 dB each time you want to use
thesetapes. Wether efor er ecommend using the 250- or 355-nWh/m
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M ultifrequency Tapesrather than the G320 nWh/m M ultifrequency
Tapeson all systemswith vu meters.

1.2.6 Reference Fluxivity is asignal of known magnetic magnitude,
such as 250 nanowebers per meter [nWhb/m], usualy at 1000 Hz. In
practical sound recording it is used to calibrate the gain of the
reproducer so that the program level meter (vu meter or PPM) reads
some standard level, usually 0 dB (the “reference deflection” of the
meter). Since the recorder is subsequently set to record this same
fluxivity, the reference fluxivity is thus used indirectly to set the
program levels recorded on tape.

If al of the elements of analog tape recording could be
standardized, a single standard reference fluxivity could be used.
Unfortunately, the elements are not standardized, nor — because of
continuing improvementsin analog recording mediaand systems— is
it even possible or desirable to completely standardize them. Therefore
several values of reference fluxivity are commonly used. Thefollowing
sections give our practical recommendations.
1.2.6.1 Choosing a Reference Fluxivity

The reference fluxivity value and usage isinterconnected with the
entire subject of optimal signal level control of the audio system. It is
amore complicated subject than we can discuss fully here, so we will
give afew highlights and recommendations.

Toour knowledge, thereareno published engineering standar dsfor
analog sound recording system that tell how to choose the reference
fluxivity, nor for what reading on the program|evel meter corresponds
to the reference fluxivity. Therefore you will be given advice on “the
correct reference fluxivity” by the tape recorder manufacturersin their
manuals, by the tape manufacturersin their literature, by referencesto
standards organizations, and by us. Unfortunately some of this advice
is based on obsolete blank tape and equipment types, and on
mi sunderstandingsabout standards and operating practices. | f you know
of a published engineering standard, please send usa copy to reference
in this publication. (Wefirst published thisin 1992, and in 2010 we're
still hoping for areply!)

There are four particular sources of conflicting requirements that
you will have to balance in establishing the reference fluxivity to use:

Thefirst conflict is caused by progressin tape development — the
maximum output level (MOL, at which the third-harmonic distortion
becomes 3 %) of the newest tapes (Quantegy 499 and GP9, RM GI 900)
is some 10 dB greater than that of the old reference tape (3M 111) on
which many practices are based. How should this increased MOL be
used? Should thereferencefluxivity be kept constant, which will reduce
the non-linear distortion dueto tape saturation? Or should thereference
fluxivity beincreased, which will reducetherelative background noise?

Thesecond conflict iscaused by the use of two very different kinds
of program level meters — one isthe “peak program meter (PPM)”, a
voltmeter with active circuitry that averages the signal over about 5 to
10 ms, and so reads about 3 dB below the signal pesk levels; and the
other isthe “vu meter”, a passive ac voltmeter that averages the signal
over roughly 200 ms, and so reads about 10 dB below the signal peak
levels. If the two meters read the same on a steady-state signal such as
a sine wave, they will read from 3 to 15 dB different on programs —
“typically” about 8 dB.

Furthermore, altho the level monitoring meters — the vu meter in
the US, and the PPM in Europe — are standardized, the way they are
used is not standardized. To appreciate the situation, we recommend
that you read “Three-Level Test Signd for Setting Audio Levels’ by A.
N. Thiele[16]. Note that the | EC has standardized three different scale
markings for the PPM: one with full-scale level marked as +5 dB, one
marked as +13 dB, and one with unnamed 4 dB divisions marked 1 to
7, with full scde at 7.25 [17]. Also, the DIN PPM is faster (5 ms
integration time) than the IEC (10 ms integration time).

At one time the PPM was used in Europe and the vu meter in the
US. But now both are being used more often in both places. How
should the reference fluxivity be set to accommodate this differencein
scale markings and averaging times?

Thethird conflict isthe conflicting goasin level controlling: One
is to produce uniformity of recorded level on recordings on all blank
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tapes, even tho thetapes may have different recording sensitivitiesand
different maximum output levels. The other goal isto get maximum
dynamic range of the medium by recording at the highest possible
level without distortion on each different kind of blank tape. Sincethe
maximum output levels of open-reel tapesnow cover arange of about
10 dB, if you use different kinds of blank tape stock, it is clearly not
possibleto achieve both goals at the sametime with all kinds of blank
tape.

Uniformity of level isusually most important wherealargelibrary
of recordings is to be used, and they must all play at the same level
with a minimum of attention from an operator — for instance, in a
broadcasting station that plays many different tape recordings on the
air. Inthiscaseastandard reference fluxivity ischosen and used for al
kinds of recording tape.

On the other hand, obtaining the maximum dynamic range of the
medium is usually most important where the dynamic range of the
program material is large, or the dynamic range of the recording
system is reduced because of narrow recording tracks on tape, many
re-recordings of the program, etc.; and the operator is available to
control levelsindividually — for instance, in a sound recording and
record mastering studio. In this case a different reference fluxivity is
used for each of the various kinds of recording tape.

Thefourth conflict hasto do with maximizing the dynamic range
of agiven taperecording system. Thedynamic rangeislimited at high
levels by the distortion produced by compression of the signal as the
tape approaches saturation; and at low levels by the tape noise, which
isjust another kind of distortion.

Criginaly the only way to maximize the dynamic range of a
recording systemwasto record such ahigh level that 1 or 2 dB of tape
compression would occur on the peak levels. This corresponds to a
recording level increase of about 3 to 6 dB above that for which no
compression occurs. The distortion due to the tape compression is
nearly inaudible in practice, but the effective noise level reduction of
3to 6 dB isvery audible.

Modern companding noise-reduction (NR) systems were
introduced by Dolby in the mid-1960s, and | ater by others (dbx, etc.)
Because these NR systems increase the dynamic range by 10 dB or
more, it is not necessary to record at levels so high that they produce
tape compression. In fact, if thereistape compression it will seriously
degrade the performance of the NR system.

Therefore if maximum dynamic range is required and NR is not
used, the reference fluxivity can be 3 to 6 dB higher than when NR is
used.
1.2.6.2 Common USPracticeisto monitor therecording level witha
Standard Volume Indicator (vu meter). The reference fluxivity is
usually used to set the reproducer gain so that the vu meter reads 0 dB.
Different reference fluxivities are used as shown inTable2 below,
according to the remanence fluxivity (saturation output) of the blank
tapeto be used for recording, and whether or not noisereduction (NR,
such as Dolby, dbx, etc.) will be used.

If you experiment with different tapes, keep the same headroom
during a test: if you use Quantegy 456 at 250 nWh/m, then try
Quantegy 499 at 355 nWhb/m (not 500 nWhb/m). Otherwise you
will not be able to tell whether any change you get in
performance — better or worse — is due to the change of tape,
or due to the change of headroom.

If you expect to use the very-high output tape (Quantegy 499 or
GP9, or RMGI 900) without NR, but you might also sometimes use
NR or other tapes, we recommend using the 355 nWh/m (+6 dB)
referencefluxivity. With this, a+3 dB offset on avu meter will et you
set up for referencefluxivitiesin the range 250...500 nWh/m (+3to +9
dB). See §2.3.1 for details. If you are sure that you will be using only
the very-high output tapes, the 500 nWh/m reference fluxivity is
available on request, even tho it is not specifically mentioned in our
“Publications’. For the multifrequency tapes of Pub. 101 at
500 nWh/m, use “5" for the fourth character of the catalog number.
1.2.6.3 Common European Broadcasting Practice is to monitor the
recording level with a Peak Program Meter (PPM), and to use a
reference fluxivity of G320 nWb/m for mono recordings, and G510



nWh/m for stereo recordings. (See §5.2.4.2 for more information on
G320 nWh/m.)

1.2.6.4 Fluxivity Level in decibels [dB] is sometimes given instead of
the fluxivity in nanowebers per meter. Table 3 gives the commonly
used fluxivities and corresponding levels.

The fluxivity level L, was caculated using the formula
L, =20log,, (P/D,,), where ®,, isthereferencefluxivity, whichinthis
case is the old “Ampex Operating Level” of 185 nWh/m at 700 Hz
(corresponding to 180 nWh/m at 1000 Hz — see 8§5.2.4.1). The
fluxivities listed above are conventionally rounded to the R 20 “Pre-
ferred Number” values of the | SO Standards[18], which correspond to
1dB incrementsof level. Y ou may also seedlightly different valuesthat
are unrounded conversions between fluxivities and levels.

1.2.7 Track Configuration and Fringing Compensation: All MRL
Calibration Tapes are recorded full track in order to provide the most
uniform flux and time alignment across the tape width.

When full-track tapes are reproduced on multi-track heads, asmall
low-frequency measurement error called “fringing” occurs. Unless
otherwise requested, we apply an approximate correction for fringing
while recording ¥2inch, 1 inch, and 2 inch width tapes, but not ¥4inch
tapes. See §2.2 and §5.1.1 for details.

1.2.8 Packaging: Unless otherwise specified, MRL Open-reel Calibra-
tion Tapes are supplied on areel, in abox.

Y4 inch tapes are usually supplied on 7 inch (180 mm) diameter
plastic reels with a 4 inch (100 mm) hub and a 0.319 inch (8 mm)
mounting hole. Lengthstoo great tofit thesereelsare suppliedona10.5
inch (270 mm) plastic reel with a4.5 inch (115 mm) hub and 3inch (76
mm) mounting hole.

Wider tapesare supplied on 8 inch (200 mm) or 10.5inch (270 mm)

diameter metal reels with 3 inch (76 mm) mounting holes.
1.2.9 Blank Tape Stock: The manufacturers of professional analog
audio tape have been — how should we put it?— in astate of flux. 3M
sold its pro audio products to Quantegy, and left the pro audio analog
market completely. Ampex Recording Media Corp was sold to
Quantegy Inc, now bankrupt. The German tape manufacturer AGFA
was sold to BASF, and it in turn was sold to Emtec, in turn sold to
Recordable MediaGroup International, B.V. of the Netherlands (RMG
International, or RMGl) http://www.rmgi-usa.com/index.html , whois
currently (2010) manufacturing the AGFA/BASFEmtec tapes under
their original type numbers. Another new manufacturer of high-output
studio tapes is ATR Magnetics http://www.atrtape.com/ . MRL
Calibration Tapes are available on ATR tape at a dightly higher price
http://home.comcast.net/~mrltapes/pubpl 2008-atr.pdf

Our standard stock for Open-reel Cadlibration Tapes for 200- and
250-nWh/mfluxivity isRMGI Studio Master 911, whichweidentify by

difference for a Calibration Tape, because the test signals are
standardized independently of the blank tape, and thetest signalsare
not recorded at the peak levels used for programs. Also, for instance,
RMGI uses the same base materias, binders, and processing
equipment to make SM900 and SM911. The only differenceisin the
oxide particles — the oxide in SM900 has better dynamic range and
is therefore better for recording programs, but it is not better for
making a Cdlibration Tape, nor does it guide differently, nor last
longer.

You can avoid the delay for specia production by using the
standard blank tapes —talk to MRL Technica Support if you believe
that you need one of these high-output blank tape stocks.

The one exception isfor Calibration Tapesrecorded at fluxivities
of 500 nWh/m and greater. These require tapeswith higher saturation
flux than RMGI 911. For 500 nWh/m reference fluxivity, we use
RMGI 900 (lite blue).

Since there are lots more tape types than dot colors, we have had
to reuse the colors when tape types have been discontinued. If you
have a calibration tape with a red, orange, or blue dot made before
1994-06, cdl uswith the serid number of thetape, and we cantell you
what kind of blank tape type was used.

2 TAPE REPRODUCER ADJUSTMENT TECHNIQUES
2.1 Preliminary

Before using any Calibration Tape, the heads and tape guides
should be cleaned and demagnetized. See [19] for detailed
demagnetizing techniques. Heads should bevisually checked for “lips’
at the edge of tape travel, and for wear-through at the gaps. While
running ablank tape, look to seethat it is tracking properly and that
theheadsare not obviously misadjusted. Therelative height of thetape
guides and heads should be such that the tapeis symmetrically located
over the head faces. That is, the distance from the edge of the tapeto
the next outside shield should be the same at both edges of the tape.
See [20] for detailed head-height adjusting techniques.

If the tape is wound unevenly on thereel, it is easily damaged in
handling and storage. MRL Open-reel Calibration Tapes are supplied
“tail out” for best storage. Mount them on the takeup side, with the
label facing up, and rewind them immediately before use. (If thevoice
announcements sound like some really weird foreign language, you
probably forgot to rewind the tape.) After use, leave them in the “tail
out” position again for removal and storage. All tapes should be stored
in the “played” (taill out) position, since fast rewinding usually
produces an uneven tape pack.

Play the Calibration Tape, and check (without adjusting) the

Table 3 Fluxivities and Fluxivity Levels

ared dot on the box spine). — Fluxivity Level
Many studios use higher-output tapes such as Quantegy 456, 499, Fluxivity at 1 kHz re 185 nWb/m at 700 Hz
or GP9, or RMGI 900. We do not always use these tapes, because they
are more expensive and do not provide any benefit for a Calibration _ 185 l\?\?b?Wb:r;‘oo Hz* 0dB
Tape. With very few exceptions the blank tape stock doesn’t make any - nwb/m a z
Table 2 Blank Tapes and Reference Fluxivities Commonly Used 200 nWb/m +1dB
3M111 | 3m206 | QUAMEYY | oiantegy 224 nwWb/m +2d8
Blank tapes 456,
(typical) Quantegy | Quantegy RMGI 911 or 499 or GP9, 250 nWb/m +3dB
642 406 168 RMGI 900 = 260 nWb/m at 700 Hz*
280 nWb/m
reabe Sat || ~1000 | ~1400 ~2300 ~2900 = G320 nWh/m** +4dB
L nWhb/m nWb/m nWb/m nWb/m
Fluxivity 315 nWh/m +5dB
For _Systems 355 nWh/m +6dB
W'(tLhOV':l/R — 200 nWb/m | 250 nWb/m [ 355 nWb/m = 370 nWb/m at 700 Hz*
Ref Flux) 400 nWb/m +7 dB
For Systems 450 nWb/m +8dB
without NR 200 = G510 nWhb/m**
(Medium Ref || nwb/m 250 nWb/m | 355 nWb/m [ 500 nWb/m
eFllllJJr)'?) e 500 nWh/m +9.dB

Remanence values are from the tape manufacturers' “magnetic
properties” in their data sheets.
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* See § 5.2.4.1 on page 10.
** See § 5.2.4.2 on page 10 on G320 and G510.
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reproducer gain, the head azimuth, and the high and low frequency
response. If the reproducer was in adjustment previously, but now
shows an incorrect azimuth, sensitivity, or response, check the
mechanical alignment of thetransport and headsbeforeadjustingthe
electronics. Mechanical errors cannot be properly compensated by
electronics adjustments.

Then, if adjustment of the reproducer is required and possible, set
the high- and low-frequency equalization controls according the tape
recorder manufacturer’ sinstructionsin order to obtain themost uniform
frequency response.

The following sections give advanced topics that may not be
covered in the recorder manufacturer’ s manuals.

2.2 Low-Freguency Response Calibration

Cadlibrating thefrequency response of amagnetic tapereproducer is
usualy a simple process: play a reproducer calibration test tape, and
write down the output level versus frequency, or adjust the reproducer
equalizersfor asnearly as possible constant output voltage level versus
frequency.

However, at medium to low frequencies— below 500 Hz at atape
speed of 15 in/s (380 mm/s) — there are several important sources of
error that make this approach inaccurate:

1) Theequalization standardsbelow 50 Hz are often not followed
exactly in practice.

2) Some head core widths, and therefore track widths, are not
standardized in practice, and although fringing response calculations
exist, they are only approximate (see 85.1.1 below).

3) There are too few frequencies on the usual Multifrequency
Calibration Tapes to characterize accurately the undulating low-
frequency response of most reproducing heads.

If you want all of the details, download the paper “Low-Freguency
Response Cdlibration of a Multitrack Magnetic Tape Recording and
Reproducing System” by J. G. McKnight [21]. That paper points out
that some of these errors can be avoided by using the recording section
of asystemto calibrate the low-frequency response of the reproducing
system. (This method can not be used for high-frequency calibration.)

Thismethod of setting the reproducer response against the recorder
response isrecommended by most professional recorder manufacturers
in their instruction books. Despite the availability of this information,
many users are neither aware of the sources of error, nor of the methods
for avoiding the errors.

The best practical solution for many casual users may ssimply beto
ignore the problems entirely. The audibility of the differencesin 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 problemsinmultiplegenerations
through the same recording and reproducing system. Furthermore, the
errors of response will be increased by companding systems (noise-
reduction systems such as Dolby, dbx, etc.) And findly, systems using
low-frequency control tones will have problems. Can a practical
solution be found to eliminate all these errors at once? Yes— and it is
summarized as follows:

1) Decideexactly what low-frequency recording equalization you
want to use, and modify all recordersto this equalization.

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. (See [21] if you want to modify the
equalization or standardize core widths.)

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

2.2.1 Calibrate the Reproducer: To calibrate a reproducing system
against arecording system, record and reproducesimultaneously on one
track; sweep the frequency slowly down from 1000 Hz to the lowest
frequency of interest (16 Hz?? 32 Hz??). Find the frequencies and
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amplitudes of the response maxima and minima; then adjust the
reproducing low-frequency equalizer for “ optimum flatness.” Weper-
sonally prefer to set the low-frequency maximum to be not more than
+1 dB and let the minima fall where they may.

2.2.2 CalibratetheCalibration Tape: Now that you have adjusted one
track of the reproducing system to the optimum response, you should
reproduceyour MRL Reproducer Calibration Tapeand read and write
down its response on that same adjusted track. These readings
congtitute a custom calibration tablefor this Caibration Tape on your
particular reproducing system, to correct for al the effects we have
discussed: variations in the standard equalization, track width, and
fringing, and the response at the test frequencies on the Calibration
Tape. In other words, your custom calibration table describes the way
the MRL Calibration Tape should play on your system when it is
properly adjusted.

Now you can usethiscustom calibrati on tablewith the Reproducer
Calibration Tape to adjust all of the other tracks on this reproducer,
and al of thetrackson any other identical type of reproducer. Y ou can
aso use it in the future to readjust the origina reproducer, in case
someone changesit.

Some systems utilize machines which reproduce only, and do not
record at al. In this case record a low-frequency slow sweep on
whatever recorder isnormally used to make the recordings which this
reproducer plays. In this case an automatic level recorder is amost a
necessity for plotting the reproducer’ s response.
2.31n Case You Don’'t Havethe Right Calibration Tape

Y ou should have a Calibration Tape for each speed, equalization,
and reference fluxivity that you use regularly. A full set of
Multifrequency Cdibration tapes may be too expensive. A Short
Calibration Tape with Chromatic Sweep (81.2.4.2 above),
a' Minimalist” Calibration Tape (§1.2.4.3), or a Special Test Signal
(81.2.4.11), can give you more flexibility at lower cost.

Even then you may have an unexpected call for a speed,

equalization, or reference fluxivity that you don’t ordinarily use. In
this case you can use a correction table to make do with the tape you
aready have.
2.3.1 Shifting the Reference Fluxivity: Use Table 4 below to
determine the offset for setting to one reference fluxivity, given a
Calibration Tape with another reference fluxivity. Suppose you have
a 250 nWb/m Calibration Tape, and want to set your reproducer for
500 nWb/m reference fluxivity. Find the box aong the left side that
corresponds to the tape you have: e. g.. “250 nWb/m”. Then find the
line in the box to the right for the desired fluxivity: e g.
“500 NWb/m”. On the same line in the next box to the right read
“-6dB”. Thismeansto play your 250 nWh/m Calibration Tape and set
the reproducer gain so that the program|level meter onyour reproducer
reads -6 dB.

After setting thereproducer gain thisway, removeyour Calibration
Tape, put on aroll of your blank tape, and adjust the recording level
so the signal plays back at 0 dB. Thisrecording isthus recorded 6 dB
above 250 nWb/m, which isthe desired 500 nWh/m.

2.3.2 Shifting the Equalization Standard: In general, you will need
aseparate Calibration Tape for each different speed and equalization.

Theexceptionisthefollowing group, whose membersareidentical
on awavelength basis: that is, you can play any of these Calibration
Tapes at any of these speeds, set the reproducer equalizers for flat
response, and have a correct calibration:

75in/sIEC (IEC1) 15in/sIEC (IEC1) 30in/sAES(IEC2)

Of course the frequency range scales with speed, and the playing
times scae inversely with speed.

For some other speeds and equalizations, the subtablesin Table
5 onthenext pagegivethefrequenciesand corresponding level offsets
for substituting a Calibration Tape that you have for one of another
speed, equalization, or both. The complete set for all combinationsis
at http://home.comcast.net/~mrltapes/eg-shift-tables.pdf .

Inthe captions of Table5, “ Calibration Tape” identifiesthe speed
and equalization of the Calibration Tape that you have, and “Desired
Playback” identifies the speed and equalization that you want your
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reproducer to be set for. For example, if you have a 15 in/s NAB
Calibration Tape, and want to set up a30 in/sAES reproducer, you will
find this combination in Table 5-3. Play the tape at 30 in/s, and set the
reproducer gain control so the 1 kHz recording— which playsas2 kHz
— reads 0 dB on the level meter; then set the high-frequency equalizer
so the 8 kHz recording— which plays as 16 kHz — reads-2.33 dB on
the level meter, as shown in the table.

Some of the tables are for the Cadlibration Tape and the playback at
the same speed. For those tables only, you can reverse the Cdibration
Tapeand theplayback equalization conversionjust by invertingthesign
of the Playback Level column. For example, supposeyou haveal5in/s
IEC Calibration Tape, and you want to set the Playback for 15in/sNAB
equalization. Use the Table 5-4, but, where the table shows-2.51 dB at
10 kHz for the NAB to |EC conversion, use +2.51 dB for the |IEC to
NAB conversion.

In the captions of Table 5, “ Calibration Tape” identifies the speed
and equalization of the Calibration Tape that you have, and “Desired
Playback” identifies the speed and equalization that you want your
reproducer to be set for. For example, if you have a 15 in/s NAB
Calibration Tape, and want to set up a30in/sAESreproducer, you will
find this combination in Table 5-3. Play the tape at 30 in/s, and set the
reproducer gain control sothe 1 kHz recording— which playsas 2 kHz
— reads 0 dB on the level meter; then set the high-frequency equalizer
so the 8 kHz recording — which plays as 16 kHz — reads-2.33 dB on
the level meter, as shown in the table.

Some of thetables are for the Calibration Tape and the playback at
the same speed. For those tables only, you can reverse the Calibration
Tapeand theplayback equalization conversionjust by invertingthesign

Table 4 Reference Fluxivity Conversions

Reference Fluxivity of the Desired Refer- Set Reproducer Gain
Calibration Tape ence Fluxivity So Volume Indicator
That You Have Reads

185 0dB

200 -1dB

180 nWb/m at 1000 Hz 250 -3dB
= 185 nWb/m at 700 Hz* G320 -4 dB
355 -6 dB

500 -9dB

185 +1 dB

200 0dB

250 -2dB

200 nWb/m at 1000 Hz G320 3dB
355 -5dB

500 -8 dB

185 +3 dB

200 +2 dB

250 nWb/m at 1000 Hz 250 0dB
=260 nWb/m at 700 Hz* G320 -1dB
355 -3dB

500 -6 dB

185 +4 dB

G320 nWh/m 200 e

at 1000 Hz** 250 *1dB
G320 0dB

355 -2dB

500 -5dB

185 +6 dB

200 +5 dB

355 nWhb/m at 1000 Hz 250 +3 dB
=370 nWb/m at 700 Hz* G320 +2 dB
355 0dB

500 -3dB

185 +9 dB

200 +8 dB

250 +6 dB

500 nWh/m at 1000 Hz G320 +5dB
355 +3 dB

500 0 dB

* See §5.2.4.1 on page 10.
** See §5.2.4.2 on page 10 on G320 and G510.
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of the Playback Level column. For example, suppose you have a 15
in/s|EC Calibration Tape, and you want to set the Playback for 15in/s
NAB equalization. Usethe Table5-4, but, wherethetable shows-2.51
dB at 10 kHz for the NAB to |EC conversion, use +2.51 dB for the
IEC to NAB conversion.

2.4 Levelsin a Tape Recorder/reproducer

There arethree important but different kinds of levelsinvolved in
setting up atape recorder: Thefirst isthe magnetic fluxivity level in
decibels on the magnetic tape itself. The second is the electrical
voltagelevel indecibelsat theinput and output connectors, commonly
cdled the“linelevel”. Thethird isthe level in decibels indicated by
the program level meter (we assume avu meter in this discussion).

Since all three are“levelsin decibels’, it is easy to confuse them.
So we have occasiond calls from a puzzled tape recorder owner who
sayshe needsa Calibration Tape made“for a-10 dB recorder”, or “for
a+4 vu recorder”.

Perhaps the easiest way to clear the confusion isto go back from
the levels in decibels to the fundamental quantities: the magnetic
fluxivity in nanowebers per meter; the electrical line voltage in volts;
and the senditivity of the meter in voltsfor the “reference deflection”
(0 dB reading). Let’slook at each of these quantities.

2.4.1 Reference Fluxivity

MRL Calibration Tapes are made with several different values of
“Reference Fluxivity”. Each is designed to be used for setting up for
aparticular kind of blank tape which will be used later for recording.
The Reference Fluxivity is intended to be used to set the reproducer
gain so that the vu meter reads Reference Deflection (0 dB).

2.4.2 Reference Output Voltage

Two reference output voltages are commonly used in the US for
thelinelevelson recorderswith vu meters. In each casethe“reference
output voltage” (usually called “standard line level”) corresponds to
the “reference deflection” (0 dB reading) of the vu meter.

One standard line level is “+4 vu”, which is the de facto
“professional” recording studio standard used by many tape recorder
makers, including Ampex starting around 1948. Theoriginal vu meter
system is based on a passive ac voltmeter designed so that the
reference deflection of the meter (O dB) correspondsto aline voltage
of 1.25V. Thisvoltage correspondsto 2.5 mW dissipated in a600 Q
load resistor, which in turn corresponds to a power level relativeto 1
milliwatt of +4 dB (abbreviated +4 dBm), and thisiscaled a“+4 vu”
linelevel. These systems are usually balanced.

Altho the origina audio systems of the 1920s to
1940s actualy had 600 Q input and output
impedances, and were designed to be used with
600 Q source and load impedances, most systems
designed since the 1940s are 600 Q in name only,
having alower output impedance and a higher input
impedance. For more information, see [22].

The other standard line level is“-10 dBV”, which isthe de
facto" semi-professional” standard used by several makers, including
Tascam and Fostex. The metering system is designed so that the
reference deflection of the meter (0 dB) corresponds to an output
voltage of 315 mV, which correspondsto avoltage level relativeto 1
volt of -10 dB; thisis commonly called a“-10 dBV” linelevel. These
systems are usually designed to work into aload impedance of 10 kQ
or more, and are usually unbalanced.

For interchangeability of line input and output levels, it is
important that thisvoltage actually be 1.25 V for a“+4 vu” system, or
315mV for a“-10 dBV” system. It is of course also important that, if
“professional” and “semi-professiona” systems need to be
interconnected, aninterface circuit be provided to convert the voltage,
the impedance, and the balance/unbalance.

2.4.3 Program Level Meter Sensitivity

To calibrate the meter sensitivity, you measure the line voltage
with an accurate voltmeter, adjust the line voltage to be its standard
voltage (1.25 V for +4 dBm in anomina 600 Q system), then adjust
the rheostat associated with the vu meter so the meter reads 0 dB.
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Table 5 Conversions for Different Speeds and Equalizations, Normalized to the 1000 Hz Fluxivity

Table 5-1 For any Calibration Tape and any Desired Playback Table 5-5 Calibration Tape: 15 in/s, NAB (IEC2) Equalization
among the following three speeds and equalizations, Desired Playback: 7.5 in/s, NAB (IEC2) Equalization
there is NO correction required: the response is flat. You can play Recorded Playback Playback
any of these Calibration Tapes at any of these speeds, set the Frequency/  Frequency/ Level/
reproducer equalizers for flat response, and have a correct [HZ] [HZ] [dB]
calibration. 63 2 -3.01
125 63 -1.17
) 250 125 -0.16
30in/s AES (|EC2) 500 250 0.13
15in/s IEC (|EC1) 1000 500 0.00
7.5in/s IEC (|EC1) 2000 1000 -0.71
4000 2000 -2.34
8000 4000 -4.19
10000 5000 -4.63
12500 6250 -4.96
16000 8000 -5.22
o ) o 20000 10000 -5.37
Table 5-2 Calibration Tape: 30 in/s, AES (IEC2) Equalization
Desired Playback: 15 in/s, NAB (IEC2) Equalization Table 5-6 Calibration Tape: 7.5 in/s, NAB (IEC2) Equalization
Recorded Playback Playback Desired Playback: 7.5 in/s, IEC (IEC1) Equalization
Frequency/  Frequency/ Level/ Recorded Playback Playback
[HZ] [HZ] [dB] Frequency/  Frequency/ Level/
32 16 -10.33 [Hz] [Hz] [dB]
63 32 -5.48 32 32 5.00
250 125 -0.65 125 125 0.28
1000 500 0.00 500 500 -0.23
4000 2000 0.66 2000 2000 0.68
10000 5000 1.95 8000 8000 2.25
12500 6250 2.24 10000 10000 2.35
16000 8000 2.51 12500 12500 2.42
o ) o 20000 20000 2.50
Table 5-3 Calibration Tape: 15 in/s, NAB (IEC2) Equalization
Desired Playback: 30 in/s, AES (IEC2) Equalization Table 5-7 Calibration Tape: 7.5 in/s, NAB (IEC2) Equalization
Recorded Playback Playback Desired Playback: 15 in/s, NAB (IEC2) Equalization
Frequency/  Frequency/ Level/ Recorded Playback Playback
[HZ] [HZ] [dB] Frequency/  Frequency/ Level/
32 64 5.56 [HZ] [Hz] [dB]
125 250 0.83 63 126 0.45
500 1000 0.18 250 500 -0.84
1000 2000 0.00 500 1000 071
2000 4000 -0.48 1000 2000 0.00
8000 16000 -2.33 4000 8000 3.48
o ) o 10000 20000 4.67
Table 5-4 Calibration Tape: 15 in/s, NAB (IEC2) Equalization
Desired Playback: 15 in/s, IEC (IEC1) Equalization Table 5-8 Calibration Tape: 7.5 in/s, NAB (IEC2) Equalization
Recorded Playback Playback Desired Playback: 3.75 in/s, NAB & IEC Equalization
Frequency/  Frequency/ Level/ Recorded Playback Playback
[HZ] [HZ] [dB] Frequency/  Frequency/ Level/
32 32 5.56 [Hz] [Hz] [dB]
125 125 0.83 125 63 -1.40
500 500 0.18 500 250 -0.04
2000 2000 -0.48 2000 1000 -0.14
8000 8000 -2.33 8000 4000 -0.67
12500 12500 -2.64 12500 6250 -0.75
20000 20000 -2.79 20000 10000 -0.78
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Theoriginal vu meter system consists of agenerator with a300 Q source impedance
(formed by a 600 Q source terminated by a 600 Q load), a “bridging” or “build-out”
resistance of 3600 Q (so the 300 Q source plus 3600 Q build-out totals 3900 Q), and the
actual vu meter itself, which isapassive ac voltmeter with 3900 Q input impedance. The
basic sensitivity in this configuration (meter plus 3600 Q build-out resistor) is1.25V to
deflect the pointer to 0 dB onthe scale. An optional 3900 Q “T” attenuator can beinserted
between the build-out resistance and the meter, to reduce the meter system’s sensitivity,
so it reads O dB for a higher line voltage. The 3600 Q build-out resistance was normally
splitinto 22800 Q fixed resistance and a 1600 Q rheostat; at mid-resistance (800 Q) the
build-out resistance was its standard value, 3600 Q. The 0to 1600 Q adjustment gave a
+1 dB adjustment for variations in the basic sensitivity of the ac voltmeter. Some tape
recorders (most or all Ampex’) omitted the rheostat, and just put in a fixed 3600 Q
resistor. Thismeansthat the line voltage for 0 dB on the meter would be something in the
range of about 1.18 ... 1.32 V; or, put the other way, if the line voltage were 1.25 V, the
meter would read something in the range +0.5 dB. To set thisfor exactly 1.25 V requires
replacing the 3600 Q resistor with either a custom-determined resistor, or with the 2800
Q fixed resistor plus 1600 Q rheostat. Thisisworth doing if you need to have consistent
levelsin your system.

On many modern recorders, a dedicated meter driving amplifier
withitsown gain control is used. In this case the line output voltageis
set to 1.25 V, and the meter gain control is set so the meter reads 0 dB.

On the “-10 dBV” systems, a separate meter amplifier is always
necessary to drive the vu meter, and a meter gain control is usually
provided to set the meter to read O dB when the line output voltage is
315 mVv.

Note that the relationship between the program level meter
indication and the reproducer output voltage (“linelevel”) is actually
quite arbitrary: 0 dB on the vu meter usually correspondsto either 315
mV or 1.25V, but it could be anything, since it is set by the meter's
sensitivity control.

2.4.4 Setting the Levels

In summary, to coordinate between the tape flux, the vu meter
reading, and the line voltage:

Feed a 1 kHz tone from an oscillator thru the recorder (or, if a
reproducer only, play a 1 kHz tone); measure the line output voltage
withan accurate ac voltmeter; adjust therecording (or reproducing) gain
control so theline output voltageisappropriately exactly either 315 mV
or 1.25 V; then adjust the vu meter gain control (or meter trimming
rheostat) so the vu meter reads 0 dB. This adjustment should only be
necessary once in the lifetime of the system.

Then play a Cdibration Tape with a reference fluxivity that is
appropriate to the tape you will subsequently be recording onto, and set
the reproducing gain control so the vu meter indicates reference
deflection (0 dB). Now the reference fluxivity correspondsto reference
deflection on the program level meter, and also to the reference output
voltage (“standard line output level”).

Thus we see that the relationship between the fluxivity on tape and
the reproducer output voltage can be anything, since it is set by the
“Reproducer Gain” control.

It follows that the choice of Cdlibration Tape is completely
independent of the line output voltage of the reproducer.

3 CONFORMANCE TO STANDARDS

The equalizations and other characteristics of MRL Cdibration
Tapes conform to the applicable parts of the IEC Standard [5] as well
as the standards published by the US National Association of
Broadcasters (NAB), and the Audio Engineering Society (AES).

The format and tolerances of MRL Multifrequency Calibration
Tapes conform to applicable parts of the IEC Standard [6].

4 CALIBRATION GRAPHS

Each MRL Cdlibration Tapeisaccompanied by aCalibration Graph
made on a level recorder that simulates a Standard V olume Indicator
(vumeter), asthat tapeisreproduced on MRL’ scalibrated reproducing
system while the recording is being made. The Graph assures our
operator and you that our recording system is recording the standard
level, and that level fluctuations are within tolerance.

When you play the MRL Calibration Tape on your reproducer, if
you observe flux level variations that are greater than those shown on
the graph, check your tape tracking and the tape-to-head contact.

5 SPECIFICATIONS
5.1 Track Configuration
With the exception of some NAB Broadcasting Cartridge tapes
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which havethe* cuetrack” erased, all of the MRL recordingsare* full
track”, that is, recorded across the full width of the tape.
5.1.1 Fringing Effect

When any full-track tape (for instance one of these Calibration
Tapes) is reproduced on any multi-track reproducer, the recording is
wider than theintended reproducing head, and this causesameasuring
error caled fringing. This causes both an apparent rise in the low-
frequency response of the reproducer, and al so increased undul ations
of the low-frequency response (“head bumps”).

The MRL %z inch (6.3 mm) width tapes are suitable for use on
full-track mono players. When they are used on stereo or multi-track
reproducers, thelow-frequency responsewill bein error by 1- to 2-dB
because of fringing. The correctionsfor a2-mmtrack width are shown
in Table 6.

We compensate the¥zinch (12.5 mm) and wider tapesfor fringing
by reducing the recording level at low frequencies by the amounts
shown in Table 6.

For very wide tracks (e.g. two tracks on %2 and 1 inch tape and
eight tracks on 2 inch tape), however, you should NOT use the usual
MRL Calibration tapes with fringing correction. On request, we will
make any of our Cadlibration Tapes with or without fringing
compensation.

Beawarefor all casesthat the fringing response cal cul ations are only approximate,
especially at the lowest frequencies. Also, they assume a center track; the corrections
for an edge track are somewhat less. If you need exact measurements of the low-
frequency response, use the method described in §2.2, Low Frequency Response
Calibration.

The announcements on older MRL Multifrequency Calibration Tapes referred to
specific numbers of tracks, for instance 16 tracks on 2 inch width tape, 8 tracks on 1
inch tape, and 4 tracks on %z inch tape. Since the calculated fringing compensation is
approximateat best, itisalso usablefor 24-, 16-, and 8-track recordersrespectively. The
reference to specific numbers of tracks is unnecessary, and has now been deleted.

5.2 Tolerances

Unlessotherwisespecified, all MRL Calibration Tapesconformto
the following tolerances, when measured by the methods described
below.
5.2.1 Accuracy of Recorded Frequencies

The deviation of the recorded frequency from its stated value is
measured when the tape is reproduced at its standard speed (abinary
submultiple of exactly 30 in/s = 762 mnV/s), with a tape tension into
the head assembly of 0.8 newtons (N) for “2inch (6.3 mm) tape width
(1 newton = 3.6 ounces = 100 grams-force); 1.3 N for %2in (12.5 mm)
width; 2 N for 1in (25 mm) width; or 3N for 2 in (50 mm) width, and
atension increase at the reproducing head of about 25 %, due to the
friction of the tape over the heads and guides.

Tolerance on the frequency:

for 3150 Hz Speed & Flutter Tapes (see Pub. 570)..... +0.1%

for al tones above 32 Hz on all other MRL tapes. ..... +0.5%
5.2.2 Harmonic Distortion of Tones

The total harmonic distortion is the root sum square of the
individual harmonic components as measured with a wave analyzer.

Maximumdistortionat 1kHz. ...................... <1%

Table 6 Fringing Level Corrections for a 2-mm Trackwidth

Tape Speed
Frequency/

[Hz] 95 mm/s | 190 mm/s | 380 mm/s [ 760 mm/s

3.75in/s 7.5in/s 15in/s 30in/s
32 1.1dB 1.3dB 1.4 dB 1.5dB
63 0.9dB 1.1dB 1.3dB 1.4dB
125 0.6 dB 0.9dB 1.1dB 1.3dB
250 0.4dB 0.6dB 0.9dB 1.1dB
500 0.2dB 0.4 dB 0.6 dB 0.9dB
1k 0.1dB 0.2dB 0.4dB 0.6 dB
2k 0dB 0.1dB 0.2dB 0.4dB
4k 0dB 0dB 0.1dB 0.2dB
8 k 0dB 0dB 0dB 0.1dB
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5.2.3 Mechanical Azimuth Angle

All signals are recorded with the tape flux paralel to the
longitudinal axis of the tape.

Tolerance on mechanical azimuth angle. ... +300 prad (£1 min)
5.2.3.1 Conversion of Mechanical Angleto Electrical Angle

The more common measure of azimuth error isthe electrical phase
anglebetween edge channel son amulti-track reproducer. Thiselectrica
phase angle depends not only on the mechanical azimuth error, but also
on the tape width, tape speed, and test frequency used for the
measurement. With the specified mechanical azimuth angleerror (+300
microradians, equivalent to +1 minute of angle), and a 10 kHz test
signal, the electrical phase angle between 2-mm-wide edge tracks will
be as shown in Table 7 below. If adifferent test frequency is used, the
electrical phase angle will be directly proportiona to the ratio of the
actual test frequency to 10 kHz.

5.2.4 Fluxivity Measurement at Medium Wave engths

The short-circuit fluxivity at medium wavelength is measured
according to AES7-2000(r2005) [23].

Tolerance on reference fluxivity.. .. ........ +3 % (% +£0.25 dB)

Comments on the Reference Fluxivity

5.2.4.1 Effect of Reference Frequency: Because of the “standard
equalizations’ described in 81.2.3, the flux on a standard Calibration
Tapeisnot usually constant versus frequency even in therange 250 Hz
... 1000 Hz. Therefore a change of the reference frequency will produce
achange of thereferencefluxivity. For example, the Ampex calibration
tapes used 700 Hz as the reference frequency, whereas the MRL tapes
use 1000 Hz. Whenthe 7.5 and 15 in/sNAB equalizations are used, the
fluxivity on acalibration tape at 1000 Hz is 2.5 % less than at 700 Hz.
So the old “Ampex Operating Level” of 185 nWh/m corresponds to
approximately 180 nWhb/m at 1000 Hz, 260 nWhb/m at 700 Hz
corresponds to 250 nWh/m at 1000 Hz, and 370 nWhb/m at 700 Hz
corresponds to 355 nwWh/m at 1000 Hz..

For another example, the original MRL 21F101 (speed 3.75 in/s =

95 mm/s) used 500 Hz for the reference frequency. The standard equal -
ization causes the flux level at 500 Hz to be 1 dB greater than that at
1000 Hz. Thereforewhen thereferencefluxivity iskept constant and the
reference frequency is changed from 500 Hz to 1000 Hz, the flux level
of all signals recorded on the tapeisincreased by 1 dB.
5.24.2 German Flux Measurement, G320. The origina tape flux
measurementsweremadein Germany inthelate 1950s, using atransfer-
to-dc method standardized in German Standard DIN 45 520 [24]. These
measurements are the basis for the reference fluxivity of 320 nWb/m
used on German calibration tapes made by BASF and AGFA.

In the late 1960s we used the AES7 method [23] to measure the
German tapes, and found that the German reference fluxivity was not
320 nWb/m, but only 290 nWb/m, which is amost 1 dB low. Recent
new measurements at MRL [25] have confirmed that flux measurement
by the transfer-to-dc method used in Germany gives exactly the same
results as the AES7 method. So we conclude that the original (1950s)
German measurement was in error by 10 %.

Table 7 Electrical Phase Angle at 10 kHz for a
Mechanical Azimuth Angle of £300 prad (+1 min of angle)

For 2 mm Edge Tracks on a Tape Width of:
Tape
Speed 6.3 mm 12,5 mm 25 mm 50 mm
Yain %in 1lin 2in
95 mm/s o o o
3.75 in/s +45 +110 +260 NA
190 mm/s £22° +55° +130° +280°
7.5in/s
380 mm/s +£11° £27° +65° +140°
15in/s
760 mm/s o o ° o
30in/s +5 +14 +32 +70
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The MRL Calibration Tapes made to conform to the old German measurements
were previously identified by MRL as“320" nWhb/m; we have changed this identifier
to G320 nWb/m, indicating 320 nWh/m according to the original German measurement.
There is also a G510 nWh/m which corresponds to 450 nWh/m.

5.2.4.3 Effect of Track Width Mismatch on Two-track Recorders:
Therearethreedifferent “ standard” widthsfor two tracks recorded on
Yainch (6.3 mm) tape: 1.9 mm, the Ampex Standard (the origina two-
track de facto standard) ; 2.1 mm, the NAB Standard (used by almost
everyone else but Ampex); and 2.8 mm, the DIN “stereo” format. Put
more cynically, the track widths for two tracks on ¥ inch tape are not
very standardized.

When the recorded track iswider than the reproducing head core,
the reproducer will show the low-frequency boost mentioned above
due to fringing.

When the recorded track is narrower than the reproducing head
core, thereisno fringing, but instead an apparent loss of recorded level
at al frequencies. It amountsto theratio of 1.9 mm to 2.1 mm, corre-
spondingto al dB level shift for these head widths, or 1.9 mmto 2.8
mm, corresponding to 3.3 dB for these widths.

In conclusion: if you want standardization of recorded levels and
frequency responses in exchanging two-track 6.3 mm recordings, do
not trust any manufacturers’ claims of “standard track widths’. Mea
suretherecording and reproducing head core widths yourself, and use
only recorders and reproducers with the same core widths.

5.2.5 Flux Level Error vs Frequency

The flux level error vs frequency occurs because of the basic
limitationsto the accuracy of the calibration techniques used by MRL
to calibrate its reference reproducer. It will cause an error of
measurement of the flux amplitude that we call “deviation of the
averagerecorded levelsrelativeto theflux responsecurvegiveninthe
standards.”

Tolerance on deviation of average recorded levels relative to the
standard flux response curves:

For open-reel recordings at 3.75 in/s (95 mm/s) speed, and
broadcasting cartridges at any speed:

Uptoandincluding10kHz. .................... +0.5dB

Above10kHz ....... ... ... +1dB

For open-redl recordingsat 7.5in/s(190 mmy/s) and greater speeds:

Deviation of average recorded levelsrelative to the standard flux
response Curves:

Atalfrequencies. ........... ... ... . . +0.5dB
5.2.6 Flux Level Error vs Time

Theflux level error vstime occurs at long wavel engths because of
variations of the tape coating thickness, and at short wavelengths
because of variations of the surface finish of the tape. It will cause
instantaneous level fluctuations that we cal “level fluctuations’,
around the average value. These level fluctuations are measured with
an indicator having the dynamics of the Standard V olume Indicator
(“vu meter”).

Tolerance on level fluctuations about average values:

For open-reel recordings at 3.75 in/s (95 mm/s) speed, and
broadcasting cartridges at any speed:

Uptoandincluding10kHz. .................... +0.3dB
Above10kHz. ...... ... .. ... +0.6 dB
For open-reel recordingsat 7.5in/s (190 mm/s) and greater speeds:
Atalfrequencies.............. ... ... . i +0.3dB

6 TAPE RECORDER ADJUSTMENT TECHNIQUES
6.1 Biasing

High-quality audio recordingismade possibleby “ high-frequency
ac biasing”. For information how bias works, see [26] and [27], and
the graph of the effect of bias on recording performance that isin the
technica data sheets from RMGI (available at
http://www.rmgi-usa.com/page3/page3.html), and some of thosefrom
Quantegy.

The amplitude of the bias current affects the high-frequency
response (better with less bias), the distortion (better with more bias),
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and the modul ation noise of the recording (dependent on the tape speed
and the particular tapetype). Thereforethe* optimum” bias dependson
both the tape type and the recording speed.

The general idea is that the recording sensitivity (the reproduced
output level for afixed low recording level) islow for low bias current,
increasing with increasing bhias to a maximum sensitivity, then
decreasing with afurther increase of bias current.

At the studio mastering speeds of 15- and 30-in/s, the effect of bias
on frequency response is minimal, so one often biases for minimum
distortion (thisof courseassumesthat you haveadistortion meter). This

with all kinds of tapeisto use a 1000 Hz test signal. First set the bias
current for maximum recording sensitivity. Then, for 15- and 30-in/s
recording, increase the bias current so that the recording sensitivity
drops by 0.2 dB. For 3.75- and 7.5 in/s recording decrease the bias
current so that the recording sensitivity drops by 0.1 to 0.2 dB.

Another method, recommended by tape manufacturers, uses a
10kHztest signal. Wefind this method more complicated — you need
to know the gap length of the recording head, and the amount of signal
reduction for each kind of tape and each speed — and without any
redeeming social value.

is however not as straight forward as it sounds, because the distortion
with some tape typesis also dependent on the recorded fluxivity.
An old, simple, and effective method that we use for setting bias
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