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Foreword  
 
SMPTE (the Society of Motion Picture and Television Engineers) is an internationally-recognized standards 
developing organization. Headquartered and incorporated in the United States of America, SMPTE has 
members in over 80 countries on six continents. SMPTE’s Engineering Documents, including Standards, 
Recommended Practices, and Engineering Guidelines, are prepared by SMPTE’s Technology Committees. 
Participation in these Committees is open to all with a bona fide interest in their work. SMPTE cooperates 
closely with other standards-developing organizations, including ISO, IEC and ITU.  
 
SMPTE Engineering Documents are drafted in accordance with the rules given in Part XIII of its 
Administrative Practices.  
 
SMPTE EG 13 was prepared by Technology Committee 20F.  
 
 
 
 
 
Intellectual Property  
 
At the time of publication no notice had been received by SMPTE claiming patent rights essential to the 
implementation of this Engineering Guideline. However, attention is drawn to the possibility that some of the 
elements of this document may be the subject of patent rights. SMPTE shall not be held responsible for 
identifying any or all such patent rights.  
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1   Scope 
 
This guideline is intended to describe the usage and practical limitations of audio magnetic test films made to 
SMPTE specifications. 
 
2  Conformance Notation  
 
Normative text is text that describes elements of the design that are indispensable or contains the 
conformance language keywords: "shall", "should", or "may". Informative text is text that is potentially helpful 
to the user, but not indispensable, and can be removed, changed, or added editorially without affecting 
interoperability. Informative text does not contain any conformance keywords.  
 
All text in this document is, by default, normative, except: the Introduction, any section explicitly labeled as 
"Informative" or individual paragraphs that start with "Note:”  
 
The keywords "shall" and "shall not" indicate requirements strictly to be followed in order to conform to the 
document and from which no deviation is permitted.  
 
The keywords, "should" and "should not" indicate that, among several possibilities, one is recommended as 
particularly suitable, without mentioning or excluding others; or that a certain course of action is preferred but 
not necessarily required; or that (in the negative form) a certain possibility or course of action is deprecated 
but not prohibited.  
 
The keywords "may" and "need not" indicate courses of action permissible within the limits of the document.  
 
The keyword “reserved” indicates a provision that is not defined at this time, shall not be used, and may be 
defined in the future. The keyword “forbidden” indicates “reserved” and in addition indicates that the provision 
will never be defined in the future.  
 
Unless otherwise specified, the order of precedence of the types of normative information in this document 
shall be as follows. Normative prose shall be the authoritative definition. Tables shall be next, followed by 
formal languages, then figures, and then any other language forms. 
 
3   Definitions 
 
3.1  flux level:  The absolute short-circuit recorded magnetic flux level in nanowebers per meter (nWb/m). 
 
3.2 frequency response: The amplitude vs frequency characteristic of a circuit or flux given as the 
frequency-by-frequency deviation in decibels from either zero deviation or from a specified response. 
 
3.3  mechanical adjustments: 
 
3.3.1  azimuth:  Rotation of the head about a line perpendicular to the reference edge of the film in the plane 
of the film. For a single-gap head, azimuth aligns the gap perpendicular to the reference edge of the film. For 
a multiple gap head, azimuth adjustment brings the best fitting line through the centers of the gaps 
perpendicular to the reference edge of the film. 
 
3.3.2  height:  The position of a head or record along the plane of the film with respect to the reference edge 
of the film. Adjustment aligns the gap(s) to the center of the recorded area for the corresponding record. 
 
3.3.3  rotation:  Rotation of a head around a line parallel to the plane of the film (drawn through the centerline 
of the head) and perpendicular to the reference edge of the film. Adjustment is made in order to bring the 
gap(s) into best contact with the oxide surface on the film. 
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3.3.4  zenith:  Rotation of a head around its center which brings the gaps in or out of parallelism with the 
magnetic oxide surface of the film. Adjustment optimizes contact across the width of the head gaps. 
 
3.4  peak value:  The true peak value of the signal, measured by observing an oscilloscope and comparing 
the peak-to-peak amplitude of the observation to the peak-to-peak amplitude of the reference stated. 
 
3.5  pink noise:  A random noise signal having equal amplitude in equal logarithmic frequency intervals over 
the bandwidth of interest. 
 
3.6  record:  The magnetic flux recorded on the film. A record may extend across the whole width of the film, 
or it may be segmented into tracks which correspond to channels. 
 
4   Uses of the Test Sections of the Films 
 
4.1  General Note 
 
An oscilloscope connected in an X-Y mode, with one signal applied to an input to produce vertical deflection 
and another signal applied to a second input to produce horizontal deflection, provides a method of making a 
number of useful measurements when used with the various parts of the test film. The resulting displayed 
pattern is called a Lissajous figure. For the tests as described, the most common type of display is assumed: 
with two identical inputs for the X and Y axes, and with the oscilloscope gain controls set for equal sensitivity 
in the two inputs, a line sloping 45° up to the right should be produced. 
 
4.2  Uses of the Reference Level Tone 
 
4.2.1  The reference level tone may be used for setting the preliminary head mounting adjustments such as 
coarse rotation, azimuth, and zenith (in the case of test films with individual records, the head height as well) 
by setting the appropriate mechanical adjustments for highest and most level-stable output. 
 
4.2.2  The reference level tone may also be used as a relative channel polarity test by using an X-Y display to 
check that each of the preamplifier outputs corresponding to the records, compared to a reference channel 
output, have the same slope, not the opposite slope, which would indicate a polarity reversal in the head or 
preamplifier wiring. 
 
4.2.3  The reference level tone may also be used for calibration purposes to produce the reference voltage for 
setting the operating point of level-dependent noise-reduction systems. 
 
4.2.4  An X-Y display of the reference level tone on an oscilloscope may be used for coarse azimuth setting 
using the following method: 
 

Connect the signals from the preamplifier outputs corresponding to the outside tracks to the X and Y 
inputs of an oscilloscope. With the sensitivity of the preamplifier channels set to play the film at equal 
voltages at the oscilloscope connection points, and the sensitivity of the X and Y oscilloscope channels 
made equaI, adjust the azimuth for a 45° diagonal Iine on the oscilloscope, not an ellipse. (Setting the 
azimuth coarsely at medium frequencies before making adjustments at the higher frequencies assures 
that, when the small adjustments are subsequently made for best high-frequency azimuth, they take 
place on the same peak of the high-frequency cycle without the possibility of displacement by one full 
cycle which can lead to a false peak.) 

 
4.3  Uses of the Azimuth Tone 
 
4.3.1  Azimuth tone use 
 
The high-frequency azimuth tone can be used for fine adjustment of playback head rotation, azimuth, and 
zenith by adjusting the appropriate mechanical controls for highest and most level-stable output. 
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4.3.2  Multitrack heads 
 
To obtain the best azimuth across a multitrack head, it is useful to sum the outputs of one half of the  tracks 
into one axis of the X-Y display, and the other half to the other axis of the display. Assign the tracks to one 
half or the other based on the mechanical layout of the head: bisect the head down the center of the film. This 
method eIiminates error due to gap scatter among the individual head gaps. 
 
4.4  Uses of Pink Noise 
 
4.4.1  The pink noise can be used to obtain the best overall azimuth by observing a Lissajous pattern on an 
oscilloscope with the X and Y axes connected to the signals from the outside records: when the reproducer 
sensitivity and equalization have been set for equal performance in both channels, and the azimuth is correct, 
a line will be displayed at a 45° angle, not a fuzzy ellipse. Pink noise has an advantage over sine-wave tones 
for azimuth adjustment because it produces unambiguous results (one cannot misadjust by one full cycle). 
 
4.4.2  Pink noise can also be used with a constant-percentage bandwidth spectrum analyzer, such as a one-
third-octave band analyzer to set equalization adjustments. Pink noise may thus be used for many of the 
same purposes as the frequency response tones (but see the condition in 4.5.3). 
 
4.4.3  Pink noise reproduced from magnetic film is not recommended for adjustment of theater sound 
pressure level vs frequency because it does not have adequate level stability. 
 
4.5  Uses of the Frequency Response Tones 
 
4.5.1  The frequency response tones are in ascending order because errors become more apparent at high 
frequencies. It is easier to make adjustments at the low frequencies first, followed by more critical adjustments 
as the frequencies increase. 
 
4.5.2  Setting the playback preamplifier equalization adjustments for the flat test possible frequency response, 
using either the frequency response tones or the pink noise from the test film with appropriate test equipment, 
ensures that the system will match the characteristic of release prints to be played (but see the conditions in 
4.5.3 and clause 4). 
 
4.5.3  Playback heads are subject to fringing at low frequencies; i.e., reproducing flux recorded outside the 
area swept by the playback head gap. When test films are recorded across the full width of the film, fringing 
compensation must be made by the user for accurate calibration of low-frequency playback response. 
Although fringing compensation generally means that the head captures more flux and thus has greater 
output than it would with equal width recording and playback, cases do exist where the added flux is captured 
out-of-phase with the main flux. To calibrate the low-frequency response accurately, swept sine-wave 
recordings of full width vs equal record and playback width must be compared. (Pink noise gives too limited 
frequency resolution, and, being a stochastic, i.e., random, signal, does not stimulate the mechanism of 
fringing as greatly as do sine tones.) 
 
5   Notes on Playback Preamplifiers 
 
Practically all magnetic heads differentiate the recorded flux over most of the operating frequency range, 
producing a rising characteristic from low to high frequencies at 6 dB per octave. A corresponding integrating 
response, falling at 6 dB per octave, is included in preamplifiers for use with magnetic heads. The time 
constants published in the respective standards specify transition frequencies corresponding to the RC time 
constant τ = R × C, according to the equations: 
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(Note that τ low is a large number representing a low frequency, and the equations above are a 1/x function.) 
These transition frequencies mark the points where the equalization departs to slopes 6 dB per octave away 
from the playback integrating function. Thus, a theoretical playback preamplifier to be used for example with a 
test film recorded with 3180 µs and 35 µs time constants and using a theoretically flat frequency conventional 
head has flat frequency response from dc to –3 dB at 50 Hz, with the response falling at 6 dB per octave to a 
frequency of 4550 Hz where the level is 3 dB above a shelf, and at higher frequencies, a flat shelf extends to 
past the required bandwidth of the system. 
 
A number of effects require frequency response in the playback preamplifier differing from the theoretical. 
These effects can be divided into those generally affecting low frequencies and those generally affecting high 
frequencies. 
 
At low frequencies, undulations in response occur due to head bumps; i.e., the response of parts of the head 
other than the gap to the recorded flux (a long wavelength and thus low-frequency phenomenon). 
 
Another factor at low frequencies causing a response anomaly results when very low-impedance heads are 
used to overcome the effects of long cable lengths, such as in projector penthouses. With such heads, it is 
customary to employ a step-up transformer; thus, the quite low head impedance is reflected to a higher 
impedance so that the active input stage can be designed for a low noise figure. Such a step-up transformer 
will have a high, but nonetheless finite, primary inductance. When combined with the resistance of the head, 
this inductance forms a 6 dB per octave low-frequency rolloff, which must be considered in the overall system 
design. 
 
In addition, the effect of fringing must be considered as a potential source of low-frequency measurement 
error (see 4.5.3). 
 
At high frequencies, losses occur due to the finite gap length in the direction that the film is running, azimuth 
inaccuracies due to multiple gaps in multichannel heads not being perfectly colinear (gap scatter), spacing 
Ioss due to imperfect contact between the film and the head, as well as electrical circuit losses due to the 
complex head impedance loaded by the complex input impedance of the preamplifier and connecting cable. 
 
The approximate gap length loss is given by: 
 
 

 
 
 
 

 
 
 
where the sin function is in radians, and l is 1.15 × physical gap length in inches. 
 
For a high-quality head with a 250 µ in gap, the gap length loss is listed in Table 1 for 90 ft/min systems. 
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Table 1 – Frequency response in dB 
 

Frequency Level in dB 
                    1 kHz 
                    6.3 kHz 
                    8 kHz 
                    10 kHz 
                    12.5 kHz 
                    14 kHz 
                    16 kHz 
                    20 kHz 

           – 0.004 
           – 0.15 
           – 0.23 
           – 0.37 
           – 0.58 
           – 0.73 
           – 0.95 
           – 1.51 

 
 
 
The equation for gap scatter loss due to azimuth error is of the same form as the gap length loss, with the 

 

 
 

The spacing loss is unpredictable, since the distance between the head and the film is unknown, but has the 
form: 

 

where d is the spacing in inches and λ is the wavelength specified above. 
 
For these reasons, it can be seen that simply reproducing the time constants of the relevant standard in the 
playback preamplifier does not produce overall flat response. 
 
 
6  Use of Low-Frequency Record Boost on 35- and 70-mm Test Films 
 
It can be shown that a low-frequency time constant of infinity should be used for best headroom versus 
frequency of the medium.  However, some theatre equipment in the field is incapable of meeting the 
tolerances when using a time constant of infinity.  As a result, a low-frequency pre-emphasis of 3180 µs was 
adopted as an essential compromise.  In addition, some older prints may exist which were recorded with a 
1590 µs time constant. 
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