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A REVIEW OF GERMAN DIN STANDARDS ON
SOUND RECORDING AND REPRODUCING WITH MAGNETIC TAPE

John G. McKnlght
AMPEX coRPORATION, AUDIO DIVISION

SunnyvaJel California

The German Industrial Standards (DIN) prescribe most of the
important mechanical and electrJcal characterisHcs of magnetic
tape recording equJpmentt and the appropriate measuring methods.
The thirteen pertinent standards which are reviewed might well
serve as a guide for developing comparable standards in the USA.

I. INTRODUCTION

The precise definition oi terms, methods of measurement/electrical and mechanical
characteristics, and minimum performance requirements are important to both the
designers and the usersof sound recording equipment, in order that they be able to com-
munTcate with each other_ and also so that the records, the medium (tape)_ and the equip-
ment itself be interchangeable. This paper will review the German DIN Standards on
Sound Recording and ReproducJng that apply to Magnetic Tape Equipment, 1 to familiarize
American readers with the scope and the more important details of the procedures used in
Germany, since American standards do not exJst in many of these areas_ and since_ even
where American standards do exist_ the German procedures often differ from those used
in the USA. [The German Industrial Standards (DIN) are established by the German
Standards Committee (DNA)_ a governmental body which formulates standards on all sorts
of industrial products.]

The Table 1 is a numerical listing of the pertinent DIN Standards.2t 3 We hope to
publish our translations of the complete standards at a later time.

1. A complete review in German of these German Standards is given by F. Winckel (Ed.)
in Technik der Magnetspeicher_ (Springer-Verlag_ Berlln_ 1960). See especially the
chapters by F. Krones_ "Herstellung und elektro-akustlche Eigenschaften von Magnet-
bandspeichern fLir die Schallaufzeichnung" and H. Schlesser/ "Die Normung in der
Magnetspelchertechnlk".

2. The DIN standards are available from the American Standards Assoclatlont 10 East
40th Street_ New York 16_ New York. All are available in Germant and some are
also available in very literal English translations.

3. The DNA (German Standards Committee) is continually in the process of adding new
standards and revising old ones. Therefore, some of the standards shown in the table
are approved_ and some are only proposals. The dates shown are those of the stand-
ards which we obtained from the American Standards Association in October_ 1961
and may not be the latest available.

-1-



TABLE 1

NUMERICAL LIST OF DIN STANDARDS ON
SOUND RECORDING AND REPRODUCING WITH MAGNETIC TAPE

DIN
NUMBER TITLE DATE

45 503 Measurement of Nonlinear Distortion in Electroacoustics:

Part 1: Definitions, measurement,procedure_
applicationr andweighting. March_ 1961

Part 2: Harmonicmethod March_ 1960
Part 3: Difference-tone method March, 1960
Part4: Intermodulationmethod March_1960

45 405 Subjectively Weighted Noise Meter for Electroacoustic
Transmission Feb.1960

45 507 Measuring Equipment for Frequency Variations ("Flutter"):
Characteristics Oct.1956

45 507 Measuring Equipment for Frequency Variations ("Flutter")
in SoundRecordingEquipment: Instructions Feb. 1961

45 510 Magnetic RecordingDefinlt_ons July_ 1955

45 511 Magnetic Tape Recording and Reproducing Equipment:
Specifications March_1955'

45 512 Magnetic Tapes:

Part 1: MechanicalProperties March_1955
Part 2: Recording-performanceCharacteristics Feb. 1959

45 513 DIN Standard Tapes

Part 1: Nr. 76 (for 30 ips) Jan. 1959
Part2: Nr, 38(for 15ips) Jan. 1959
Part 3: Nr. 19 (for 7.5 ips) June, 1955
Part4: Nr. 9 (for3.75ips) Junej1955
Part5: Nr. 4.75 (for 1.87 ips) Dec. 1960
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TABLE 1 (Cont'd)

DIN
NUMBER TITLE DATE

45 514 Magnetic Tape Equrpment: Reels May_ 1955

45 515 Magnetic Tape Equipment: Hub March, 1955

45 517 Magnetic Tape Equyment: "Disassemble-able" (NAB) Reel

Part I: Hub, flange_ screw_ and nut Jan. 1960
Part 2: Adaptors Jan. 1960

45 519 Measuring Methods for Tapes:

Part 1: Print-thru Oct. 1955

Part 2: Signal to dc-Noise Ratio Oct. 1955

45 520 Magnetic Tape Equipment: Method ,ForMeasuring the
Absolute Magnitude and the Frequency Responseof
the Remanent Magnetic Flux of Magnetic Recording
Tape Sept.1957

* A rather extensive revision (1960) reached us too late for incorporation into this review.
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For the sake of an organized review of the DIN Standards, the more important details
will be discussed by topic, rather than by the particular standard from which they were
drawn.

MECHANICAL CHARACTERISTICS

Let us first review the standards on mechanical characferJstlstJcs. These are listed by
topic in Table 2_ for those who would like to refer to the original sources for more details.

TABLE 2

TOPICAL LIST OF DIN STANDARDS ON SOUND RECORDING
AND REPRODUCING WITH MAGNETIC TAPE:

MECHANICAL CHARACTERISTICS

TOPIC CONTENTS* DINNUMBER

TRANSPORT:Speed M 45507
P 45511

Speedvariations ("flutter") M 45 507
P 45 511

Track placement and direction P 45 511
Headazlmuthalignment P 45 513

TAPE: Mechanical characteristics P 45 512,
Part 1

REELS: Reel (small center hole) P 45 514
Hub P 45515
Reel (large centerhole: NAB) P 45 517

* M - methods of measurement
P - performance characteristics, nominal and tolerances

Speed Classes

All magnetic tape recording equipment, and the tape itselft is classified into five
Classes_ according to the speed at which it is to be used. (Classes 30 and 15 are considered
to be for studio equipment, and Classes 7.5, 3.75_ and 1.87 for home equipment.) These
Classes are shown in Table 3_ along with the maximum permissible deviation in transport
speed from the nominal value_ measured during a one minute time interval.

Transport Speed Variations

The original standard (1956) provided for an unweighted measurementr using a test
frequency of either 3 kc or 5 kc. The average speed error (i.e. _ deviation rates 0 to
0.5 cps) and direction were to be measured. Also_ the peak value of the frequency
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variations (rates of 0.5 to 120 cps) was to be indlcatedf the maximum allowable values
being as shown in Table 4.

TABLE 3

DIN CLASSES, CLASSES BY SPEEDS IN IPS,
AND AVERAGE SPEED PERFORMANCE

MAXIMUM SPEED
DIN CLASSI CLASS2 DEVIATION, %

76 30 O. 2
38 15 0.3
19 7.5 0.8
9 3.75 2.0
4.75 1.87 (not det'd.)

1. Corresponding to speed in cra/sec.
2. Corresponding to speed in inches/sec.

TABLE 4

FREQUENCY VARIATION PERFORMANCE

CLASS MAXIMUM FREQUENCY
CLASS VARIATION, %PEAK

30 ±0.2
15 4'0.3
7,5 +0.3
3.75 ±0.5
I. 87 (not det'd)

The newer standard (1961) specifies that e test frequency of 3.15 ki: ± 2%be recorded,
and its varJaHon during reproduction be measured. Direction and amplitude of the average-
speed error (0 to 0.2 cps) are to be indicated as one measurement. A weighted speed vari-
ation measurement is also made in order to indicate the subjective effect of the pitch vari-
ations produced thereby; 4 the weighting curve falls from a reference frequency of 4 cps_
to -3 dB at approximately 1.3 and 13 cps_ -10 dB at approximately 0.55 and 40 cps_ and
-20 dB at approximately 0.3 and 140 cps; a quasi-peak rectifier is used with specified
indications for specified pulse lengths; and the peak value is indicated. Performance require-
ments by this method have not been published as yet.

4. This method is similar in object to the "Flutter Index" method described by F. Comercl,
"The Flutter Index Concept", J. Soc. Motion Picture and TV Engrs. 71, I-8, (Jan.
1962).
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2.3 Track Placementand Direction

Forhalf track reoardlngst the traces are placed so that, facing the coatedsider
track one is above_beginning at the left and ending at the right; track two is below,
startlng at the right_ and ending at the left. 5 The only dimensional standard is that the
distance of the inner edge of each erasing headgap be 6 to 10mils from the center llne
of the tape.

Forstereo (two track) recording, the tracks are placed so that, facing the coated
side, the left channel is above and the right channel below_ with the beginning of the tape
to the left. 5 No dimensionsare specified.

2.4 Head Azimuth Alignment

The StandardTape contains a 60second recording of a high frequency, to be used
to align azimuth of the recording andreproducing heads. The angle between the center-
line of the tape and this recording is 90° i 3'. The frequenciesfor the different Classes
are shownin Table 5.

TABLE 5

FREQUENCYOF AZIMUTH ALIGNMENT TONES

FREQUENCYOF
CLASS ALIGNMENTTONE1

30 10kc
15 10kc
7.5 8kc
3.75 6kc
1.87 6.3kc

1. Frequencytolerance, ±5% except for Class1.87_
which is ±3%.

2.5 Tapes

Tapewidth isspecified as 246± 2 mils, with a total thickness not to exceed 2.36
mils. Tensile strength, elongation, flexlbllffy and inflammability are also specified. The
backing of the tape mustbe markedover the entire length of the tape, identifying the manu-
facturer_ tape type, and date or batch number. A leader mustbe attached to the beginning
of eachtape; the oxide-side mat, and the backing side glossy; the leader color also dis-
tinguishes tapesfor Class30 (non-colored leader) from tapesfor the other Classes(green
leader). A trailer mustbe attached to the end of each tape: oxide side mat, backing side
glossyred. The mat sidesof the leader and trailer are for identification of the record.

5. This is identical to the placement and direction usedin the USA.
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2._ Reels

Plastic or metal reels are descrlbedr with 0.32" center holes_ in seven sizes with
maximum diameters from approximately 3 to 10 inches. The usual method of handling tape
for professional recording purposes is on a hub without Flanges. This hub is approximately
4 inches in diameter. The NAB-style reel is also recognized, along with adaptors for using
it on transports designed for the hub previously mentioned.

3. ELECTRICAL AND MAGNETIC CHARACTERISTICS

A magnetic tape recorder converts incoming electrical signals into a magnetic pattern
on a piece of tape; then the repraducer converts this magnetic pattern back into an elec-
trical signal. Since most persons designing and servicing magnetic recorders have electrical
measuring equlpmentr but do not have magnetic measuring equipment; and since the electro-
magnetic transductlon sensitivities of magnetic recording and reproducing heads are not
usually known, it is usual for some laboratory which is equipped to make accurate and pre-
cise magnetic measurements to produce "test tapes" or "Standard Tapes". These contain
known magnetic quantities: a Reference Level Recording, and a recording with a known
frequency responsef for adjusting the reproducing system to a known characteristic. Then_
with the aid of the calibrated reproducing system and the Reference Medium (another section
of the "Standard Tape") the levels and Frequency response of the recording system are
adjusted. The Reference Medium is also used as a reference against which to compare
other tape samples_ as we will see later.

Table 6 is a topical list of the Standards on electrical and magnetic characteristics.

3.1 Establishing a Magnetic Reference.

Methods are needed to measure the absolute magnitude and Frequency response of the
remanent flux; then a "Standard Tape" can be made with which the user adjusts his equipment.

3.1.1 The absolute value of the remanent flux may be measured in the laboratory by any of three
methods:

a) Static method: While recording on a normal tape recorder using the usual operat-
Ing bias current, a known value of dc is applied to the recording head, thereby recording
a dc flux on the tape, The value of this remanent flux is then measured with a search coil
and fluxmeter, or else by measuring the magnetic moment by suspending a piece of tape in
a known uniform magnetic field and measuring its deflection.

This tape whose dc flux is now known may be used to calibrate a magnetometer with
a gap (e.g., a flux sensitive reproducing head) which may be used in turn to measure
unknown tape flux levels at long wavelengths, with the tape stationary.

b) Dynamic method: The procedure of (a) also tells us the sensitivity of the recording
head and the tape: i.e., we know the remanent flux produced by a given recording cur-
rent. Since the sensitivity of the recording head will certainly be the same for medium and
Iow ac frequencies as it was for dc_ we can now produce a tape recorded with a known ac
Flux level. This recording may be used in turn to calibrate a normal reproducing_ i.e.
to find its sensitivity in milliVolts per milliMaxwell. Now this calibrated reproduce head
may be used to measure the absolute
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TABLE 6

TOPICAL LIST OF DIN STANDARDS ON SOUND RECORDING
AND REPRODUCING WITH MAGNETIC TAPE:

ELECTRICAL AN D MAGNET lC CHARACTERISTICS

TOPIC CONTENTS*DINNUMBER

ESTABLISHING A MAGNETIC REFERENCE:

Absolutemagnitude of the remanentmagnetic
flux M 45 520

Frequencyresponseof the remanentmagnetic
flux M 45 520

StandardTapes P 45 513

THE REPRODUCER:

Output impedance, level_ and connection P 45 511
Frequencyresponse P 45 511

THE RECORDER:

Input impedance_level, and connection P 45 511

OVERALL PERFORMANCE:

Frequencyresponse P 4.5 511
MaximumRecordingLevel M 45 503

P 45511
Signal-to-noise ratio M 45 405

P 45 511
Crosstalk P 45 511

RECORDINGPERFORMANCECHARACTERISTICSOF TAPE:

TabulaHonof recording-performancecharacteristics M 45 512, Part 2
Genera_conditions for measurement M 45 512, Part 2
Biasingfor maximumsensitivity M 45 512, Part 2
Tape flux at MaximumRecording Level M 45 512_ Part 2
Sensitivity M 45 512_ Part 2
Current requirement for the Maximum Recording

Level M 45512_Part2
Frequencyresponse M 45 512r Part 1
Signal fo dc-noise ratio M 45 519, Part 2
Print-thru M 45519_Part1
Maximumvariations of tape flux M 45 512_ Part 1

* M - methodsof measurement
P - performancecharacterlsticst nominaland tolerances
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flux level of an unknownrecording. (Thecalibration of a reproducehead can also be per-
formed in the field by using the ReferenceLevel section of a DIN StandardTape, since this
Tape is recordedto a specified flux level .)

c) Direct method: This is the inverseof the "dynamic method" of (b). An ac record-
ing to be measuredis reproducedwith an uncallbrated reproducehead, and the output
voltage Tsnoted. This recording is erased, and a new recording made(on the samepiece
of tape) so that the sameoutput voltage is measuredfrom the uncalibrated reproducehead.
The ac current required Tnthe record head to produce this recorded level is measured.
Now the equivalent dc is applied to the recording head, and a recording of a dc flux is
produced. The absolutevalue of the flux from this dc recording is measuredas in (a);
this flux is equal to the flux level on the orlg_nally unknownrecording.

2 Frequencyresponseof the remanentmagnetic flux.

The frequency responseof the remanentmagnetic Flux is measuredwith an "ideal
magnetic reproducing head", which is defined asone whoseoutput is proportional to fre-
quencywhen reproducinga recording of variable wavelength but constantremanenttape
flux.

A practical head, on the other hand, hasseveral losses,the most important of which
are gap loss and eddy current loss. Gap loss is correctable (up to 5 dB) through the use of
a formula, after determining the effective gap length througha measurementof the fre-
quency of the null in the output when reproducing a sweep frequency tone. (Careful con-
struetlon and testing of the heads is necessary to prevent poorly constructed gaps.) Eddy
current loss is determined through the use of a conducting loop parallel to the reproduce
gap: a constantcurrent throughthe loop shouldproducean output proportional to frequency;
the difference reprosentsthe eddy current lossto be corrected. At long wavelengthsa varla-
tlon in response (known here as "head bumps" or "contour effect") occurs due to the finite
contact length of the reproducing head with the tape; this mustalso be taken into account.

A recording whose response is to be determined is reproduced with a practical head;
the lossesare correctedj asdescribedabove/ in order to simulate an "ideal magnetic repro-
ducing head". The corrected head output is then comparedto a 6 dB/octave line: the
difference is the frequency responseof the remanentmagnetic flux of the recording.

3. 1.3 StandardTapes

The DIN StandardTapesare the practical user's"Magnetic Reference". They are
full track recordings with the angle between the centerllne of the tape and the recording
being 90 ° ±3'. Each Standard Tape contains four sections: a section recorded with the
"ReferenceLevel", usedfor adjusting the reproducesystemgain; a section recordedwith
a shortwavelength, for reproducing and recording HeadAzimuth Alignment; a "Frequency
Response"section receded with known remanentflux vs frequencyr for adjusting the repro-
duce systemfrequency response;and an unrecordedsec'Honof "Reference Medium", for
adjusting the recording system_and also asa comparisontape when testing other tapes.

a) The characteristics of the Reference Level Recording are described in Table 7:
the frequencies (called the Reference Frequencies); the absolute flux levels (determined
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as described in See. 3.1.11; the maximum allowable total harmonic distortion (THD); and
the minimum signal-to-noise ratio (S/N) determined by eliminating the fundamental tone
and measuring the residual signal. The duration of the Reference Level section is 30 seconds
in al( eases.

TABLE 7

REFERENCELEVEL RECORDING OF THE STANDARD TAPE

CLASS FREQUENCY 1 FLUX LEVEL2 THD S/N
(cps) (rms) % dB

30 1000 100 mM 1 35
15 1000 200 mM 1 35
7,5 333 160 mM 1 30
3.75 166 160 mM 1 25

1.87 333 25 mM/mm 2 --

1. Frequency tolerance is :t: 0.3%.
2. Flux level tolerance is :k 5%; this includes variations over the length of the recardJng.

The values are in milliMaxwells for the entire width of the tape (6.25 mm: 0.246
inch) except for the Class 1.87 tape_ which is specified Jn milliMaxwells per milli-
meter of track width.

b) Head Azimuth Alignment. The frequencles_ angle_ and duration of this section
are described in Sec. 2.4. The level is 10 db below that of the Reference Level in all

cases except for Class 1.87which is 20 db below the Reference Level. The variation in
level must be less than :J: I dB during the length of the recording, except for Class 1.87,

which must be Jess than _: 2 dB. An 8 second length of tone at this same level (-10 dB
except for Class 1.87t which is -20 dB) and at the Reference Frequency (see la) above)
is also provided for use as a quick check on frequency response.

c) Frequency Response. The remanent magnetic flux is shown by graphs in the
Standards. The remanent magnetic flux of all of the Standard Tapes except Class 1.87 is
flat down to 30 cpsr and falls at 6 dB/octave above the frequency shown in Table 8. (The
corresponding time constant ? is also given in the Table.) The Class 1.87 Tape only has
a 6 dB/octave boast at Iow frequencies, from 50 cps ('r = 3180 l_sec.), and uses two high
frequency droops of 6 dB/octave each.

The Frequency Response section is a series al_discrete frequency tones, each of 8
seconds duration; the frequencies in cps are: Reference Frequency, 30 (or 31.51_ 40_ 60,
120 (or 1251, 250, 500, 1000, 2000, 4000, 6000 (or 63001, 8000, 10,000, 12,000, 15,000,
18_000_ and Reference Frequency again. The tolerance on frequency is =b3%. The maxi-
mum frequency used For the slower speed tapes is less than 18 kc, as shown in the Table.
The level of the Frequency Responsesection is 20 dB below the Reference Level _ except
for Class 1.87 which is 30 dB below the Reference Level. The Table also shews the nominal
level tolerance, and the maximum allowable variation throughout the duration of the tone
on the Standard Tape.
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TABLE 8

FREQUENCY RESPONSE SECTION OF STANDARD TAPE

CLASS fl · 2 fmax3 NOMINAL LEVEL MAXIMUM LEVEL
cps IJsec kc TOLERANCE_dB VARIATION, dB

30 4550 35 18 ±0.5 below8 kc ±0.5 below 8 kc

15 4550 35 ±1.0 above10 kc ±1,0above 10 kc
15 4550 35 18 ±0.5 below4 kc ±0.5 below4 kc

± 1.0 above 6 kc ± 1.0 above 6 kc
7.5 1590 100 12 ......... sameasClass 15 .........
3.75 795 200 8 ......... same as Class 15 .........
1.87 2/2280 2/70 6.3 ±1.0 below 2 kc ± 1.0 below 4 kc

±2.0 above 4 kc ±2.0 above 5 kc

1. f is the frequency at which the relative flux is -3 dB.
2. 'r is the time constant equivalent to f above.

3. fmax is the highest test frequency appearing on the Standard Tape.

There is provision in the Standard for a frequency sweep tone, but it appears that
this is gradually being eliminated.

d) Reference Medium. The Reference Medium section is an unrecorded piece of
tape; its properties were not described in the earlier (circa 1955) Standards. Newer proposals
(circa 1959) call for the bias current for maximum sensitlvJtyv the recording current for
Maximum Recording Level, and the Frequency Response to be within better than ±0.5 dB
of those of a standard established by the government standards laboratory.

3.2 The Reproducer.

The output impedance, level_ and connection of a tape reproducer must be speclfled_
and also the frequency response when reproducing a Standard Tape.

3.2.1 Output impedance_ level_ and connection.

The maximum output impedances_ the output voltages under load_ and the output
connections are shown in Table 9.

3.2.2 Reproducer frequency response.

When reproducing the appropriate DIN Standard Tape_ the frequency response of the
reproducer must fall within the limits shown in Fig. 1.



TABLE 9

REPRODUCER OUTPUT IMPEDANCES_ VOLTAGES, AND CONNECTIONS

CLASS MAXIMUM OUTPUT , OUTPUT VOLTAGE CONNECTION
IMPEDANCE, OHMS I VOLTS 2 LOAD IMPEDANCE

OHMS

30and15 150 0.755 150 Balancedand
600 1.55 600 ungrounded

7.5 and 3.75 100,000 0.25 500,000 *
1.87 * * * *

· No recomrnendatJons

1. This is the maximum impedance over the entire bandwidth.
2. This is the minimum voltage, and is to be measured while reproducing the "Reference

Level Recording" of the appropriate DIN Standard Tape. The "Maximum Recording
Level" is approximately 6 dB above the "Reference Level Recording", and these output
voltages will increase similarly when referred to the "Maximum Recording Level"'.

f_ 1.5fj 0.66fu fu

idyll 12. 1.5_dB 2.5 dB

Class _'_
30and15 40 60 10,000 15,000
7.5 50 75 6_800 10_000
3,75 100 150 4_000 6_000
1.87 No recommendation

Figure 1. Reproduce frequency response tolerance

3.3 The Recorder.

The input impedance_ level_ and connection of the recorder are shown in Table 10.

3.4 Overall Performance.

3.4.1 Overall frequency response.

The overall response of a recorder/reproducer is the frequency response as measured
from the input of the recording amplifier to the output of the reproducing amplifier; it
must fall within the limits shown in Fig. 2. The recording should be made at approximately
20 dB below the Reference Level.
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TABLE 10

RECORDERINPUT IMPEDANCES,LEVELS_AND CONNECTIONS

CLASS MINIMUM INPUT . INPUTVOLTAGE2 CONNECTION
IMPEDANCE_ OHMS I

30and 15 1r000 1.0V Balancedand
ungrounded

7.5and3.75 250,000 5mV *
1.87 * * *

· No recommendations.
1. This is the minimum impedance over the entire bandwidth.
2. This is the maximum voltaget to be measured while recording to the "Maximum

RecordingLevel" at the "ReferenceFrequency".

fj_ 1.5 f_ O.66 fu fu

Class _'
30 and 15 40 60 10,000 15,000
7.5 50 75 6f800 10,000
3.75 100 150 4_000 6_000
1.87 No recommendation

Figure 2. Overall frequency response tolerance

3.4.2 MaximumRecordingLevel.

The "Maximum RecordingLevel" of a recorder is defined asthat recording level on
the "ReferenceMedium" section of the DIN StandardTaper at a frequency of 333 cps_
which results in a harmonic d[stortion of 3% for Classes30and 15; and 5% for Classes7.5
and 3.75. (The "Maximum RecordingLevel" is usedprimarily asa reference for signal-
to-noise and crosstalk measurements.)

3.4.3 Signal-to-background-nolse ratio.

The "signal" reference for s/n measurementsis the "Maximum RecordingLevel"f as
describedin Sec. 3.4.2; this is approximately 6 dB above the "Reference Level Recording"
of the StandardTapes. The "background noise" is that measuredwhen reproducing a tape
previously recorded in the normal manner_except that the input of the recording amplifier
is short-circuited. In addition to the usualunwelghteds/n_ a weighted value is determined
by measuringthe noisewith a quasi-peak reading meter incorporating a Frequencyweighting
network whoseresponsecorrespondsto that of the ear; the responseof the specified network
is 0 dB at 1000 cps_falling to -30 dBat 70 cps; the responserisesabove 1 kc to+8.4 dB
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at 5 kc, then drops to 0 db at 9 kc and -10 db at 10 kc, and -21 db at 16 kc,

The Signal-to-Unweighted Background Noise must be 55 dB for Class 30_ and 50 dB
for Class 15; the Signal-to-Weighted Background Noise must be 65 dB for Class 80t and
60 dB for Class 15. There are no recommendatlons for the other Classes.

3.4.4 Crosstalk

On a multl-track tape_ the Crosstolk Ratio is defined as the ratio of the reproduced
voltage from a track which has been recorded to its Maximum Recording Level to that of
an unrecorded adjacent track. For double track recording in opposite directions the
Crosstalk Ratio must be at least 40 dB for all Classes. The Crosstalk Ratio for stereo record-
ing has not been determined.

3.5 Recording-performance CharacterJstlcs of Tape

The recording-performance characterlstJcs of tapes are determlned relative to those of
the "'Reference Medium" sect]on of the DIN Standard Tape. Table 11 indicates the properties
to be determlnedt and the form of presentation of the data. The methods of measurement
are described, but standards of performance are not specified.

TABLE 11

TABULATION OF RECORDING-PERFORMANCE CHARACTERISTICS
OF A MAGNETIC TAPE

Magnetic tape per DIN 45 512_ for Class
Relative bias current for maximum sensitivity dB
Relative tape flux at MaximumRecordingLevel dB
Relative sensitivity dB
Relative recording current required for Maximum Recording Level dB
Relativefrequencyresponse dB
Signalto dc-noiseratio dB
PrinHhru dB

Maximumtapeflux variations dB

3.5.1 General conditions For measurement.

Tapes for Classes 30 and 15 are measured at 15 ips on a recorder/reproducer having
a 1.1 mll recording head gap length_ and 0.55 mil reproducing head gap length. A DIN
Standard Tape 38 (15 ips) is used to set the reproducer response, which must be + I dB of
the Reference Frequency (1 kc) response over the entire band. The Overall Responsewlth
the Reference Medium section of this Standard Taper at a level 20 dB below the Maximum
Recording Level_ must be adjusted to be zero dB at 1 kc and also at 10 kc.

Tapes for Classes 7.5, 3.75, and 1.87 are measured at 3.75 _pson a recorder/repro-
ducer having recording and reproducing head gap lengths of 0.28 mll each. A DIN stand-
ard Tape 9 (3.75 ips) is used to set the reproducer response, which must be ± 1 dB of the
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Reference Frequency (166 cps) response over the entire band. The Overall Response with
the Reference Medium section of this Standard Tape_ at a level 20 dB below the Maximum
Recording Level_ must be adjusted to be zero dB at 166 cps and also at 10 kc for Class 7.5
tapes, or at 5 kc For Classes 3.75 and 1.87 tapes.

The bias frequency should be 80 kc ± 10%. The bias current is adjusted for each

test sample< to give the maximum sensitivity of the actual sample being measured: this is
the "Reference Bias" Forthat sample. The pressure of the tape on the head face should be
1 ± 0.3 psi.

3.5.2 Bias current for maximum sensitivity

The bias current for maximum sensitivity at 1 kc (ibr) is the "Reference Bias" for a
tape; it is determined for the test sample ([brT) and for the Reference Medium (ibrR); the
relative blas current is then their ratio, or 20 log (ibrT/ibrR), in dB.

3.5.3 Tape flux at Maximum Recording Level

The Maximum Recording Level For a tape is defined as the level at which the third
harmonic distortion of the output voltage is 3% For Classes 30_ 15_ and 7.5; and 5%

for Classes 3.75 and 1.87. This is measured at the Reference Frequency_ using the sample's
own Reference Bias. The output voltage for Maximum Recording Level (Eo) is measured
For the test sample (EOT)and the Reference Medium (EoR)_ and the relative tape flux at

Maximum Recording Level is then their ratlo_ or 20 log (EoT/EoR)_ in dB.

A measure of third harmonic distortion vs bbs current, and of the compression of a
specified high frequency tone when recorded_ Maximum Recording Level, are suggested
in the Standard as additional measurements to indicate the nonlinear characteristics of the

test sample.

3.5.4 Sens[tlvlty

The sensit[v[ty of a tape is defined as the ratio of the reproduced output voltage to
the recording current to produce this output voltage. The Reference Frequency is recorded
at a level about 20 dB below the Maximum Recording Level_ using the sample's own Refer-
ence Bias, The sensitiv_ty of the test sample (ST) and of the Ref.erence Medium (sR) are measured_
and the relative sensitivity is then thelr ratio, or 20 log (ST/SR) in dB.

3.5.5 Recording current required For Maximum Recording Level.

The recording current required for Maximum Recording Level ([o) of a tape is measured
at the Reference Frequency using the sample's own Reference Bias. Thls is done for the test
sample (loT) and for the Reference Medium (ioR)_ and the relative recording current is then
their ratio, or 20 log (ioT/ioR) in dB.

This is also approximately equal to the difference (in dB) of: (tape flux at Maximum
Recording Level) - (relative sensitivity).
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3. o, o , ,equency response

The Frequency response of a'tape is the ratio of the output voltage when recording
the Reference Frequency (ER) to the output voltage at a high measuring frequency (EM),
This measuring frequency is 10 kc for Classes 30_ 15, and 7.5, and 5 kc For Classes 3.75
and ],87, Tests are performed at a level 20 dB below the Maximum Recording Level/
using the sample's own Reference Bias, Since the recorder was previously adjusted to
have Flat response when using the Reference Medium/ the measurement with the test sam-
ple is directly relative to that of the Reference Medium. The relative Frequency response
is then the ratio of the responses at the two [requencles_ or 20 log (EM/ER) in dB.

3.5.7 Modulation Noise: Signal to dc-noise ratio

"Modulation Noise" is that noise arising when the desired signal is modulated due'
imperfections of the recording process (e,g. _ imperfections of the recording medium t the
recording head, or the contact between the recording medium and the recording head).
It does not include the noise produced by Frequency modulatlon_ nor harmonic nor inter-
modulation distortion. The Modulation Noise is not easily measurable directly, but the
dc-noise is readily measurable and it is indicative of the Modulation Noise. The signal
to dc-noise ratio is absolute For a test sampler and not relative to the Reference Medium.

The "dc-noise" ls obtained by reproducing a recording made with the sample's own
Reference Bias and a dc signal in the recording head whose current is equal to the rms
signal current required For Maximum Recording Level. The noise is measured with the
quasi-peak voltmeter mentioned in Sec. 3.4.3/ but without the frequency response weighting
network. The dc-noise is to be measured For three two minute sections of the taped one
each at the beginning, mlddle_ and end of the tape; the worst value is to be reported.

3.5.8 Print-thru

Print-thru of a tape is defined as the ratio of the reproduced voltage From a recording
medium which has been recorded to its Maximum Recording Level_ to that from an unrecorded
portion of the same medium which has been magnetized by the adjacent part which was
recorded to the Maximum Recording Level. This measurement is also absolute for a test
sampler and not relative to the Reference Medium.

Print-thru is always measured at 1 kc and 15 ips. A single short test recording is
made at the Maximum Recording Level_ with the sample_s own Reference Bias; the tape should
be wound on a takeup reel at approximately an eight inch diameter. The duration of the
test recording should be sufficient to last for just one turn of the takeup reel. The tape is
then to be stored for 24 hours; raised temperatures_ magnetic fields_ mechanical stresses_
etc._ are to be avoided during this time,

'[he tape is then reproduced without prior rewlnding_ i.e., the takeup reel is used
as the supply reel. The reproduced signal is measured through a bandposs Filter with
response of 950 to 1050 cps. The value of the prlnt-thru is then the ratio of the recorded
signal to the highest value of the "copied" signal.
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3.5.9 Maximum tope flux variations

A ten minute recording Jsmade at 1 kc, with the sampleSs own Reference Bias, and
at a level 10 dB below the Maximum Recording Level. This signal Js repraducedf and its
level recorded with a graphic level recorder whose response is flat to about 1 or 2 cps.
The maximum variation of the flux from its average value (in dB) is then the "maximum
tape flux varJaHon" of a tape.

4. SUMMARY AND CONCLUSIONS

The DIN Standards on sound recording and reproducing with magnetic tape specify
the terminology and measuring methods for· and the performance levels required of_ the
various important mechanical and electrical characteristics of home and studio equipment.
The Standard Tape (used for adjusting the tape reproducer) is specified; then the performance
of the tape reproducer when reproducing the Standard Tape. The overall performance of
a recorder/reproducer is specified, and the means for determining the characteristics of a
tape sample.

This information should be of interest to anyone using recorded tapes made in Germany,
or to anyone buying magnetic recording equipment or blank tapes from_ or selling them to,
Germany. More important, these comprehensive standards might well serve es a guide for
developing standards of a comparable scope in the USA_ since present US standards on
magnetic tape recording are comparatively limited.
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