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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance With ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 6068 was prepared by Technical Committee ISO/TC 97, 
Information processing s ys tems. 

lt cancels and replaces ISO 3413-1975 and ISO 3615-1976 of which it constitutes a 
technical revision. 

0 International Organkation for Standardkation, 1985 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 60684985 (E) 

Information processing - Recording characteristics of 
instrumentation magnetic tape (including telemetry 
Systems) - Interchange requirements 

1 Scope and field of application 

This International Standard specifies the tape and 
recorder/ reproducer characteristics and modes of recording to 
enable users of different Systems to interchange information 
recorded on instrumentation magnetic tape. 

Modulation Patterns are described in clause 6. 

Test procedures recommended for use in measuring perfor- 
mance Parameters of magnetic tape recorder and reproducer 
Systems are described in annex B. 

Annexes C to F provide additional information but do not form 
patt of this International Standard. The characteristics of 
unrecorded tape are specified in ISO 6371. 

2 References 

ISO 1858, Information processing - Generalpurpose hubs and 
reels, with 76 mm (3 in ) centre hole, for magnetic tape used in 
in terchange ins trumen ta tion applica tions. 

ISO 1860, lnforma tion processing - Precision reels for 
magnetic tape used in in terchange instrumen ta tion applica- 
tions. 

ISO 3802, Information processing - General purpose reels 
with 8 mm (5116 in) centre hole for magnetic tape for in ter- 
Change instrumen ta tion applica tions. 

I S 0 637 1, lnforma tion processing - In terchange prac tices and 
test methods for unrecorded instrumentation magnetic tape. 

3 Definitions 

The following terms have a special technical meaning in this 
International Standard, and no attempt is made to lay down 
definitive terminologies outside the specific context of this 
International Standard. 

3.1 bi-Phase (or Bi-@) : Form of representation for binary 
“1” and “0” in pulse code modulation IPCM). Three variants, 
known as “level”, “mark” and “space”, are defined in 6.3.3 
and figure 1. 

3.2 data azimuthl) : Angle in the plane of the tape, at any 
instant in time, between a line perpendicular to the reference 
edge of the tape and either of the two parallel lines defining 
data scatter. 

NOTE - Data azimuth may be expressed as the sum of static and 
dynamic components in the form : 

A + Bf(t) 

where 

s 
‘f(t) dt = 0 
0 

3.3 data azimuth (dynamicll) : Maximum angular devia- 
tion, over a period of time, of the data azimuth from its mean 
value as defined by data azimuth (static). For the purposes of 
this definition, the word maximum is interpreted as being at the 
95 % probability level. For a Gaussian distribution, this is two 
Standard deviations (2 a). 

NOTE - Data azimuth (dynamic) is the maximum value of the quantity 
BjIt) in the note on data azimuth. 

3.4 data azimuth (static)l) : Mean value, over a period of 
time, of the data azimuth. 

NOTE - Data azimuth (static) is the quantity A in the note on data 
azimuth. 

3.5 data scatterl) : Minimum distance between two parallel 
lines, in the plane of the tape, between which all data tran- 
sitions recorded in the same head, at the same time, shall fall. 

3.6 data spacing : Distance on the tape between 
simultaneous events recorded on odd and even numbered 
tracks, when interlaced heads are used. 

NOTE - On recording, this is equal to the head spacing, but on 
reproducing is only exactly equal to head spacing when record and 
reproduce tensions are equal. Different record and reproduce tensions 
will give rise to small errors in time correlation between the Signals from 
the two heads. 

1) The errors in location and angular relation among transient data recorded simultaneously on all odd or even tracks are defined by the terms : data 
azimuth, data scatter, and individual track data azimuth differente. These are approximately equivalent to the terms : head azimuth, gap scatter and 

head Segment gap azimuth differente; however, guiding misalignment is included in the data location error definitions. 
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37 
pulse 

duty factor tof a pulse) : Percentage 
duration within a pu Ise period or time-slo 

occupancy of 
t. 

3.8 edge margin (IM) : Distance between the outside edge 
of the highest numbered track and the tape edge ( see figu re 5). 

3.9 edge margin, minimum UL&.,) : Minimum allowable 
value of edge margin. 

NOTE - This value places an additional constraint on track configura- 
tions since, in general, the simultaneous application of all worst case 
tolerantes for track width, track location and tape width will result in a 
value of edge margin less than Ib&.,. 

3.10 frequency division multiplex (FDM) : Multiplexing 
technique in which modulated subcarriers are combined in 
such a way that each of a number of data channels occupies a 
unique and defined section of the available bandwidth. 

3.11 frame, major : The minimum Overall repetitive se- 
quence of pulses, in which each input channel is sampled at 
least once. The period of the major frame is determined by the 
length of the longest submultiple frame(s). 

3.12 frame, minor : A group of data pulses or samples; it 
includes and ends with a synch. pulse or Pattern. The minor 
frame is an integral submultiple of the major frame and, in the 
absence of subcommutation, is repetitive and equal to the 
major frame. 

3.13 frame, submultiple : A repetitive group of subcom- 
mutated data pulses. Supercommutation within a submultiple 
frame is possible (sec figure 2). 

3.14 gap length : Distance from the leading edge to the 
trailing edge of the head gap measured perpendicular to the 
track width (sec figure 3). 

3.15 gap scatter : Minimum distance between two parallel 
lines, in the plane of the tape, between which gap trailing edges 
in a recorder head shall fall (sec figure 3). 

3.16 head : Grouping of individual head Segments in a fixed 
assembly with the gap lines on a common plane. 

3.17 head azimuth : Angle formed, in the plane of the tape, 
between a line passing through the gap centres of the two out- 
side head tracks and a line perpendicular to the head reference 
plane (sec figure 3). 

3.18 head numbering : Head 1 of a pair of heads is the first 
head over which an element of tape Passes when moving in the 
normal operating direction. 

3.19 head reference plane : The plane, which may be im- 
aginary (for some head designers, it is the nominal head moun- 
ting surface), parallel to the reference edge of the tape and 
perpendicular to the plane of the tape (sec figure 3). (For the 
purpose of the definition, the tape shall be considered as 
perfett. ) 

3.20 head Segment : Single transducer which reco 
reproduces one track on magnetic tape (sec figure 3). 

rds or 

3.21 head Segment gap azimuth : The angle, in the plane 
of the tape, between a line perpendicular to the head reference 
plane and the gap trailing edge in a record head Segment (see 
figure 3). 

3.22 head Segment gap azimuth differente : Angular 
deviation of the azimuth of head Segment gaps, in a head, from 
the head azimuth (see figure 3). 

3.23 head Segment numbering : Numbering of a head 
Segment shall correspond to the track number on the magnetic 
tape on which that head Segment normally operates. Head 1 of 
a pair will contain all odd-numbered Segments while head 2 will 
contain all even-numbered Segments (sec figures 3 and 4). 

3.24 head spacing (S) : The distance along the tape path 
between the gap centre lines of head 1 and head 2, when in- 
terlaced heads are used (sec figure 4). 

3.25 head tilt : Angle, between the plane tangent to the 
front (active) surface of the head at the centre-line of the head 
Segment gaps, and a line perpendicular to the head reference 
plane (sec figure 3). 

3.26 heads in-line : For in-line reco rding, 
head and one reproduce head will be u sed. 

only one 

3.27 heads interlaced : Head placement for interlaced 
recording is to locate the head Segments (both record and 
reproduce) for alternate tracks in separate heads. Thus, to 
record on all tracks of a tape, two record heads will be used; to 
reproduce all tracks on a tape, two reproduce heads will be 
used. 

The two heads of a pair of record or of reproduce heads for in- 
terlaced recording shall be mounted in such a manner that the 
centre-line through the head Segment gaps of each head are 
parallel and spaced according to the head spacing 6) (sec 
figure 4). 

3.28 individual track data azimuth differencel) : Angular 
deviation of the data azimuth of individual odd or even re- 
corded tracks from the data azimuth of all odd or even tracks. 

The difficulty of making direct Optical angular measurements 
requires this error to be expressed as the loss of Signal 
amplitude permitted when the tape is reproduced on an ideal 
reproducing head, whose gap is aligned to coincide with the 
data azimuth of all odd or even tracks, as compared to the max- 
imum Signal amplitude obtainable by optimizing the reproduce 
head azimuth for the individual tracks (sec figure 3). 
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3.29 mode : In telemetry Systems, one of two techniques 
generally used for recording on a given track on magnetic tape; 
direct recording and Single-carrier FM (frequency modulation). 

NOTE - Single-carrier FM (and PCM) may itself be recorded by either 
direct recording (with bias) or Saturation (without bias) techniques, and 

’ in other instrumentation Systems may be regarded as a modulation 
Pattern. 

3.30 modulation Pattern : Form in which data is encoded 
Prior to transmission or recording, for example, multiple-carrier 
FM, PAM, PCM. See note accompanying the definition of 
mode on Single-carrier FM (see 3.2.9). 

3.31 NR2 (non-return-to-Zero) : Form of representation for 
binary “1” and “0” in pulse-Code modulation (PCM). Three 
variants, known as “level”, “mark” and “space”, are defined in 
6.3.3 and figure 1. 

3.32 pulse amplitude modulation (PAM) : Time Division 
Multiplexing (TDM) technique in which pulses in a sequence 
are amplitude-modulated, so that the pulse amplitudes repre- 
sent samples of analogue-variable Parameters. 

3.33 PAM/FM : Frequency modulation of a radio-frequency 
carrier by a PAM waveform. 

3.34 PAM/FM/FM : Frequency modulation of a radio- 
frequency carrier by an FDM set of subcarriers, which in turn 
are frequency-modulated by PAM waveforms. 

3.35 pulse code modulation (PCM) : Time Division 
Multiplexing (TDM) technique in which samples of data are 
represented in binary form by a group of discrete pulses 
(words) (see figure 1). 

3.36 PCM/FM : Frequency modulation of a radio-frequency 
carrier by a PCM waveform. 

3.37 PCM/FM/FM : Frequency modulation of a radio- 
frequency carrier by an FDM set of subcarriers, which in turn 
are frequency-modulated by PCM waveforms. 

3.38 pseudo-noise (PN) waveform : Non-random wave- 
form having mean, variance, and other properties resembling 
random noise (see annex C). 

3.39 reference edge : Edge of the tape nearest track 1 (see 
figure 5). 

3.40 reference track location (G) : Location of the centre- 
line of track 1 relative to the reference edge of the tape (see 
figure 5). 

3.41 Standard tensile forte : Reference longitudinal tensile 
forte in magnetic tape in the vicinity of the head during 
recording or reproducing. 

3.42 subcommutation : Assigning more than one input 
channel (data Source) to the same time-slot in successive minor 
frames. The sources assigned to such a time-slot recur in a 
repetitive sequence. 

3.43 supercommutation : Assigning an input channei 
(data Source) to more than one time-slot within each minor 
frame. 

3.44 synchronization : Establishing the timing of a data 
sequence. A number of different synch formats may be re- 
quired to identify minor frames, major frames (submultipie 
frames) and (in PCM) bits and words. 

3.6 tape Speed, actual (V,,J : Tape Speed during record- 
ing or reproducing. In general the actual tape Speed will not be 
equal to the Standard tape Speed. 

3.46 tape Speed, effective (V& : Actual tape Speed after 
applying corrections for the effects on the tape of differentes 
between operating and Standard conditions, i.e. tensile forte, 
tape materials and thickness, and environment (temperature 
and humidity). The effective tape Speed should be equal to one 
of the Standard tape Speeds. 

NOTE - Environmental effects 
not inclu ded in this definition. 

on the recorder/reproducer System are 

3.47 tape Speed, Standard (V&) : Range of defined 
nominal tape Speeds for tapes operating at the Standard tensile 
forte and in Standard environmental conditions. 

3.48 tape tensile forte : Tape tensile forte applied to the 
tape during Operation. The value of this tensile forte is not 
necessarily the Standard tensile forte but it is assumed to be 
applied uniformly across the width of the tape. 

3.49 time division multiplex (TDM) : Multiplexing tech- 
nique in which data samples are transmitted or recorded se- 
quentially in time, each Sample occupying a unique and defined 
period or time-slot within the sequence. 

3.50 time-slot : A channel interval; the per 
each pulse or Sample within a minor frame. 

*iod allocated for 

3.51 track location (H,) : Distance from the centre-line of 
the reference track (track 1) to the centre-line of the recorded 
track (n) (see figure 5). 

1) The errors in location and angular relation among transient data recorded simultaneously on all edd or even tracks are defined by the terms : data 
azimuth, data scatter, and individual track data azimuth differente. These at-e approximately equivalent to the terms : head azimuth, gap scatter and 
head Segment gap azimuth differente; however, guiding misalignment is included in the data location error definitions. 
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3.52 track numbering : Tracks on tape shall be numbered 
consecutively, starting with track 1, from top to bottom when 
viewing the magnetic surface of the tape with the earlier por- 
tion of the recorded Signal to the observer’s right (bottom to 
top if the earlier Portion of the recorded Signal is to the 
observer’s left) (sec figure 5). 

3.53 track spacing (D) : Centre-to-centre distance between 
adjacent recorded tracks (sec figure 5). 

3.54 track width (W) : Mechanical width of the common 
interface of the record head Segment at the gaps. This does not 
include the effects of fringing fields which will tend to increase 
the recorded track width by small amount (see figures 3 and 5). 

4 Tape and recorder/reproducer 
characteristics 

4.1 General 

This clause specifies the tape and recorder/reproducer 
characteristics required to assure interchange, so that tapes 
recorded at one facility may be successfully reproduced at 
another. Recommended test procedures for magnetic tape 
recording/reproducing equipment are given in annex A. 

4.2 Tape and reel characteristics 

4.2.1 Tape widths 

Standard tape widths are specified in table 1. 

Table 1 - Standard tape widths 

I 
6,30 0.248 o.ooo 0 

_ 
it; 

- I 0.0025 

12,70 _ ;‘$ 
I 

0.500 _ 0-E 
. 

25,40 _ fz 
I 

1.000 _ O’E 

2.000 _ ;‘E 
. 

4.2.2 Reels 

Table 2 - Standard tape Speeds 

I mm/s I in/s 

6 096 
3048 
1 524 

762 
381 
190,5 
95,2 
47,6 
23,8 

240 
120 

60 
30 
15 

7 1/2 
3 314 
1 7/8 

15/16 

4.3.2 Effective tape Speeds 

The effective tape Speed (V”& throughout a reel (in the 
absence of tape-derived servo Speed control) shall be within 
+ 0’5 % of the required Standard Speed for low-band DR 
recorders and & 0’2 % for intermediate-band and wide-band 
DR recorders (see 5.1.1.1). Tape Speed errors are defined as 
departures sf average Speed from the Standard value. 

Recommended methods for measuring effective tape Speed are 
given in A.2.2. 

NOTE - Errors at frequencies above 0,5 Hz are known as flutter 
(see 4.6). 

4.4 Track configurations 

Track configurations are illustrated in figure 5 and specified in 
tables 2 to 9. lt should be noted that although a tape reference 
edge is specified, edge guiding of the tape is not an implied re- 
quirement of the recorder/reproducer. 

The head spacing for adjustable heads refers to equipment 
having facilities for adjusting the azimuth of reproduce heads; 
these are required for wide-band DR recorder/reproducers (sec 
5.1.1.1). 

4.5 Recorder/reproducer characteristics 

4.5.1 Data scatter 

The maximum data scatter shall be as follows : 

Tape width I Maximum data scatter 

6,3 mm (0.25 in) 

12,7 mm (0.5 in) 

25,4 mm (1 in) 

50,8 mm (2 in) 

1,25 um (50 Pin) 

2,5 pm (100 ph) 

5,0 pm (200 pin) 

IO,0 Pm (400 um) 

Tapes shall be wound on hubs or reels complying with the re- 
quirements of ISO 1860, ISO 1858 or ISO 3802. 

lt is the responsibility of an equipment manufacturer to decide 
whether or not data scatter may be equated to gap scatter (sec 
figure 3 and the footnote to 3.2). 

4.3 Tape Speeds 
4.5.2 Data azimuth (static) 

4.3.1 Standard tape Speeds 

The Standard tape Speeds ( I/std) for instrumentation magnetic 
tape recorders are as specified in table 2. 

Data azimuth (static) shall be not greater than -fi 0’3 mrad 
( + 1’ of arc). It is the responsibility of an equipment manufac- - 
turer to decide whether or not data azimuth (static) may be 
equated to head azimuth (see figure 3 and the footnote to 3.2). 

4 
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4.5.3 Data azimuth (dynamic) 

Data azimuth (dynamic) shall be not greater than + 0,3 mrad 
( + 1’ of arc) as determined from measurements of the dynamic - 
interchannel time displacement error (ITDE) between outer 
tracks on the same head. lt is the responsibility of an equipment 
manufacturer to decide whether or not data azimuth (dynamic) 
may be equated to the mechanical restriction placed on tape 
angular motion by the tape guides; the guides shall not Cause 
darnage to the tape. (See the footnote to 3.2.) A recommended 
method for the measurement of ITDE is given in A.2.4. 

4.5.4 Individual track data azimuth differente 

The maximum Signal loss due to individual track data azimuth 
differente shall be not greater than 1 dB (excluding reproduce 
head error) at the shortest wavelength specified for the equip- 
ment. The Overall record/reproduce error shall not be greater 
than 2 dB. 

4.5.5 Head tilt 

Head tilt shall be not greater than & 0,9 mrad ( I!Z 3, of arc) for 
low- and intermediate-band DR recorders (see 5.1 .l. 1) and 
+ 0,3 mrad ( + 1’ of arc) for wide-band DR recorders (see 
figure 3). 

4.5.6 Head interchangeabiiity 

Where rapid interchangeability of heads is specified, the 
method of head mounting, locating and securing shall ensure 
that all alignment and location requirements are satisfied 
without shimming or mechanical adjustment, except for 
azimuth adjustment of the reproduce head (wide band). 

4.5.7 Head polarity 

(Refer to A.2.1 for a recommended polarity test and B.2 for 
further information.) 

4.5.7.1 Record head 

Esch record head winding shall be connected to its respective 
amplifier in such a manner that a positive-going pulse with 
respect to System ground, at the record amplifier input, will 
result in the generation of a specific magnetic Pattern on a seg- 
ment of tape passing the record head in the normal direction of 
tape motion. The resulting magnetic Pattern shall consist of a 
polarity sequence of South-north north-South. 

4.5.7.2 Reproduce head 

Esch reproduce head winding shall be connected to its respec- 
tive amplifier in such a manner that a Segment of tape ex- 

hibiting a South-north north-South magnetic Pattern will pro- 
duce a positive-going pulse, with respect to System ground, at 
the output of the reproduce amplifier. 

4.5.8 Standard tensile forte 

For tapes using a polyethyleneterephthalate (PET) base, stan- 
dard tensile forte shall be 0,131 N/mm (12 ozf/in) of tape 
width. For ideal interchange, recorder/reproducer operating 
tape tensile forces should be equal to Standard tensile forte; as 
the operating tensile forte departs from Standard tensile forte, 
the corrections to be applied to make the effective tape Speed 
(V& equal to the Standard tape Speed (V,,) become increas- 
ingly unreliable due to non-linearities, etc. 

NOTE - It is current practice in some countries to use a Standard 
tensile forte of 0,175 N/mm (16 ozf/in) tape width. Interchange par- 
ties should exercise caution when defining tests involving this 
Parameter. 

4.6 Other characteristics 

Reference has been made in 4.3.2 to flutter, and other related 
characteristics are time-base error (TBE) and pulse-to-pulse 
jitter. Requirements for these characteristics are not specified 
in this International Standard since they depend on the inten- 
ded application, but recommended test methods for measuring 
such characteristics are given in A.2.3 (flutter), A.2.5 (TBE) and 
A.2.6 (pulse-to-pulse jitter). 

Table 3 - Dimensions - Recorded tape format, 
4 tracks in line on 6,3 mm W4 in) wide tape 

(see figure 5) 

Dimension 

Track width (w) 

Track spacing (0 

Reference track 
location (G) 

Track iocation tolerante 
(H, tolerante) 

1,778 

0.025 I!I 0.002 

0.070 

Location for nth track (H,) 

Track number 

111 
in 

1 (reference) ; STANDARDSISO.C
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Table 4 - Dimensions - Recorded tape format, Table 6 - Dimensions 
7 tracks interlaced on 6,3 mm (1/4 in) wide tape 

- Recorded tape format, 

(sec figure 5) 
14 tracks interlaced on 12,7 mm (1/2 in) wide tape 

(sec figure 5) 

Dimension 

Track width ( w) 

Track spacing (D) 

Head spacing (SI 

Fixed heads 
Ajustable heads 

Edge margin, minimum (M,) 

qeference track 

location (GI 

Track location tolerante 

U$ tolerante) 

mm 
in 

max. nom. min. 

0,~ 0,610 0.025 - 0.001 

o,= 0.035 

38,125 38,075 1.500 I!z 0.001 

38,151 WO@ 1.500 I!I 0.002 

0,025 0.001 

0,470 0,394 0.017 0 k 0.001 5 

0,038 - 0,038 AI 0.0015 

Track number 

1 (reference) 

2 
3 
4 
5 
6 
7 

Location for nth track (H,) 

mm 
in 

max. nom. min. 

0,~ 0,~ 
0,927 0,851 0.035 

1,816 1,740 0.070 

2,705 2,629 0.105 

3,594 3,518 0.140 

4,483 4,407 0.175 

5,372 5,296 0.210 

Table 5 - Dimensions - Recorded tape format, 
7 tracks interlaced on 12,7 mm (1/2 in) wide tape 

(sec figure 5) 

Dimension 

Track width (IV) 

Track spacing (D) 

Head spacing (S) 

Fixed heads 
Adjustable heads 

Edge margin, minimum (A4rr-J 

Reference track 

location (G) 

Track location tolerante 

(H, tolerante) 

mm 
in 

max. nom. min. 

1’4 1,14 0.050 f 0.005 

1,778 0.070 

38,125 38,075 1.500 I!I 0.001 

38,151 38,049 1.500 f 0.002 

0,127 0.005 

1,067 0,965 0.040 k 0.002 

0,051 - 0,051 It 0.002 

Track number 

1 (reference) 
2 

3 
4 
5 
6 
7 

Location for nth track (H,) 

mm 
in 

max. nom. min. 

0,~ 0.000 

1,829 1,727 0.070 

3,607 3,505 0.140 

5,385 5,283 0.210 

7,163 7,061 0.280 

8,941 8,839 0.350 

10,719 10,617 0.420 

Dimension 

Track width (PP’) 

Track spacing (D) 
Head spacing (S) 

Fixed heads 
Adjustable heads 

Edge margin, minimum (M,) 

Reference track 

location (G) 

Track location tolerante 

(H, tolerante) 

mm 
in 

max. nom. min. 

%=o 0,610 0.025 k 0.001 
0,889 0.035 

38,125 38,075 1.500 + 0.001 

38,151 WO@ 1.500 + 0.002 

0,127 0.005 

o,= 0,470 0.020 0 z!I 0.001 5 

0,038 - 0,038 I!I 0,001 5 

Track number 

1 (reference) 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

Location for nth track (H,) 

mm 
in 

max. nom. min. 

0,~ 0.000 

0,927 0,851 0.035 
1,816 1,740 0.070 

2,705 2,629 0.105 

3,594 3,518 0.140 

4,493 4,407 0.175 

5,372 5,296 0.210 

6,261 6,185 0.245 

7,150 7,074 0.280 

8,039 7963 0.315 

8,928 8,852 0.350 

9,817 9,741 0.385 

10,706 10,630 0.420 

11,595 11,519 0.455 

6 
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Table 7 - Dimensions - Recorded tape format, Table 8 - Dimensions - Recorded tape format, 
21 tracks interlaced on 12,7 mm (1/2 in) wide tape 14 tracks interlaced on 25,4 mm (1 in) wide tape 

(see figure 5). (see figure 5) 

Dimension 

rrack width (IV 

rrack spacing (D) 

-fead spacing (SI 
Fixed heads 
Adjustable heads 

Edge margin, minimum IM,) 

Reference track 
location (GI 

Track location tolerante 
(H, tolerante) 

mm 
in 

max. nom. min. 

0,4= 0,432 0.018 3~ 0.001 

o,= 0.023 

38,125 38,075 1.500 z?z 0.001 
38,151 =,o@ 1.500 + 0.002 

0,178 0.007 

0,470 0,394 0.017 0 f 0.001 5 

0,025 - 0,025 f 0.001 

Track number 

1 (reference) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Location for nth track W,) 

mm 
in 

max. nom. min. 

0,~ 0.000 
0,610 0,559 0.023 
1,194 1,143 0.046 
1,778 1,727 0.068 
2,362 2,311 0.092 
2,946 2,896 0.115 
3,531 3,480 0.138 
4,115 4,064 0.161 
4,699 4,648 0.184 
5,293 5,232 0.207 
5,967 5,817 0.230 
6,452 6,401 0.253 
7,036 6,985 0.276 
7,620 7,569 0.299 
8,204 8,153 0.322 
8,788 8,738 0.345 
9,373 9,322 0.368 
9,957 g,= 0.391 

10,541 10,490 0.414 
11,125 11,074 0.437 
11,709 11,659 0.460 

Dimension 

Track width (w) 

Track spacing ID) 

Head spacing (SI 
Fixed heads 
Adjustable heads 

Edge margin, minimum&) 

Reference track 
location (GI 

Track location tolerante 
(H, tolerante) 

Track number 

1 ( reference) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

mm 
in 

max. nom. min. 

38,125 38,075 
38,151 WO@ 

1,168 

0,051 

1,778 

0,279 

1,14 

1,067 

- 0,051 

0.050 Ik 0.005 

0.070 

1.500 ZL 0.001 
1.500 I!I 0.002 

0.011 

0.044 f 0.002 

Ik 0,002 

max. nom. min. 

0’~ 
1,829 1,727 
3,607 3,505 

5,395 5,283 
7,163 7,061 
8,941 8,839 

10,719 10,617 
12,497 12,395 
14,275 14,173 
16,053 15,951 
17,831 17,729 
19,609 19,507 
21,387 21,285 
23,165 23,063 

Location for nth track W,J 

mm T in 

0.000 
0.070 
0.140 
0.210 
0.280 
0.350 
0.420 
0.490 
0.560 
0.630 
0.700 
0.770 
0.840 
0.910 
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Table 9 - Dimensions - Recorded tape format, Table IO - Dimensions - Recorded tape format, 
28 tracks interlaced on 25,4 mm (1 in) wide tape 42 tracks interlaced on 25,4 mm (1 in) wide tracks 

(see figure 5) tsee figure 5) 

Dimension 

Track width (IV) 

Track spacing 0) 

Head spacing (SI 
Fixed heads 
Adjustable heads 

Edge margin, minimum (A4r.J 

Reference track 

location (G) 

Track location tolerante 

(H, tolerante) 

mm 
in 

max. nom. min. 

o,=o 0,610 0.025 f 0.001 

0’89 0.035 

38,125 38,075 1.500 I!I 0.001 

38,151 38,049 1.500 k 0.002 

0,229 0.009 

0,698 0,622 0.026 0 21 0.001 5 

0,038 - 0,038 I!I 0.0015 

Track number 

1 (reference) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Location for nth track (H,) 

mm 
in 

max. nom. min. 

0,~ 0.000 
0,927 0,851 0.035 

1,816 1,746 0.070 

2,705 2,629 0.105 
3,594 3,518 0.140 

4,493 4,407 0.175 
5,372 5,296 0.210 

6,261 6,185 0.245 
7,150 7,074 0.280 

8,039 7963 0.315 
8,928 8,852 0.350 

9,817 9,741 0.385 
10,706 10,630 0.420 
11,595 11,519 0.455 

12,484 12,408 0.490 
13,373 13,297 0.525 

14,262 14,186 0.560 

15,151 15,075 0.595 
16,040 15,964 0.630 

16,929 16,853 0.665 
17,818 17,742 0.700 
18,707 18,631 0.735 

19,596 19,520 0.770 
20,485 20,409 0.805 

21,374 21,298 0.840 
22,263 22,187 0.875 

23,152 23,076 0.910 
24,041 23,965 0.924 

Track spacing (D) 

Head spacing (S) 
Fixed heads 
Adjustable heads 

Edge margin, minimum (M,,,) 

Reference track 
location (G) 

Track number 
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Table 11 - Dimensions - Recorded tape format, 84 tracks interlaced on 50,8 mm (2 in) wide tape 

Dimension 

Track width (w) 

Track spacing ID) 

'iead spacing LS) 
Fixed heads 
Adjustable heads 

Edge margin, minimum (M,) 

qeference track 
location (G) 

Track location tolerante 
(H, tolerante) 

Track number 

1 (reference) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

max. 

or4-83 

38,125 
38,151 

0,025 

mm 
-- 

nom. min. 

0,432 

38,075 
38,049 

-0,025 

(see figure 5) 

in 

0.018 31 0.001 

0.023 

1.500 f 0.001 
1.500 f 0.002 

0.028 

0.044 5 t 0.001 5 

Location for nth track (H,) 

max. 

0,610 
1,194 
1,778 
2,362 
2,346 
3,531 
4,115 
4,699 
5,283 
5,867 
6,452 
7,036 
7,620 
8,204 
8,788 
9,373 
9,957 

10,541 
11,125 
11,709 
12,294 
12,878 
13,462 
14,046 
14,630 
15,215 
15,799 
16,383 
16,967 
17,551 
18,136 
18,720 
19,304 
19,888 
20,472 
21,057 
21,641 
22,225 
22,809 
23,393 
23,978 
24,562 
25,146 
25,730 
26,314 
26,899 
27,483 
28,067 
28,651 
29,235 
29,820 
30,404 
30,988 
31,572 
32,156 

mm 

nom. 
-- 

min. 

0,559 
1,143 
1,727 
2,311 
2,896 
3,480 

4,064 
4648 
5,232 
5,817 
6,401 
6,985 
7,569 
8,153 
8,738 
9,322 
9,906 

10,490 
11,074 
11,659 
12,243 
12,827 
13,411 
13,995 
14,580 
15,164 
15,748 
16,332 
16,916 
17,501 
18,085 
18,669 
19,253 
19,837 
20,422 
21,006 
21,590 
22,174 
22,758 
23,343 
23,927 
24,511 
25,095 
25,679 
26,264 
26,848 
27,432 
28,016 
28,600 
29,185 
29,769 
30,353 
30,937 
31,521 
32,106 

- 
in 

0.000 
0.023 
0.046 
0.069 
0.092 
0.115 
0.138 
0.161 
0.184 
0.207 
0.230 
0.253 
0.276 
0.299 
0.322 
0.345 
0.368 
0.391 
0.414 
0.437 
0.460 
0.483 
0.506 
0.529 
0.552 
0.575 
0.598 
0.621 
0.644 
0.667 
0.690 
0.713 
0.736 
0.759 
0.782 
0.805 
0.828 
0.851 
0.874 
0.897 
0.920 
0.943 
0.966 
0.989 
1.012 
1.035 
1.058 
1.081 
1.104 
1.127 
1.150 
1.173 
1.196 
1.219 
1.242 
1.265 

Location for nth track (H,) 

Track number 

57 
58 
59 
60 
61 
62 
63 
BI 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

32,741 
33,325 
33,909 
34,493 
35,077 
35,662 
36,246 
36,830 
37,414 
37,998 

W= 
39,167 
39,751 
40,335 
40,919 
41,504 
42,088 
42,672 
43,256 

Q84-0 
44,425 
45,009 
45,533 
46,177 
46,761 
47,346 
47,930 
48,514 

32,690 
33,274 
33,858 
34,442 
35,027 
35,611 
36,195 
36,779 
37,363 
37,948 
38,532 
39,116 
39,700 
40,284 

4&= 
41,453 
42,037 
42,621 

43,205 
43,790 
44,374 
44,958 
45,542 
46,126 
46,711 
47,295 
47,879 

4W= 

1,288 
1,311 

13 
1,357 

1,380 
1,403 
1,426 

w@ 
1,472 
1,495 
1,518 
1,541 

Ir= 
1,587 
1,610 

lt= 
1,656 
1,679 
1,702 
1,725 
1,748 
1,771 
1,794 
1,817 

1,840 
1,863 

1,= 
1,909 

5 Modes of recording 

5.1 Direct recording (DR) 

5.1.1 Bandwidths 

5.1.1.1 Wavelengths on tape 

For the purposes of this International Standard, four band- 
widths are designated : 

a) Iow-band DR : direct recording response to a minimum 
recorded wavelength of 15’2 Fm (600 Pin). 

NOTE - For recording subcarrier bands above proportional band- 
width channel 18 or constant bandwidth channel 11 B, 
intermediate-band recorders are recommended (sec 6.1 .l and 
6.1.2). 

b) intermediate band DR : direct recording response to a 
minimum recorded wavelength of 6 Pm (240 Pin); 

c) wide-band 1’5 MHz DR : direct recording response to a 
minimum recorded wavelength of 2 Pm (80 vin); 

d) wide-band 2,0 MHz DR : direct recording response to a 
minimum recorded wavelength of 1’5 Pm (60 Pin). 

NOTE - Interchange of tapes between wide-band DR and low- or 
intermediate-band DR machines is not recommended. 

See B,l .l for notes on extended wide-band DR recording. 

9 
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5.1.1.2 Frequency response 

The frequency response or passband of direct-recorded data as 
a function of tape Speed is given in table 12. In measuring this 
response, Signals throughout the specified pass-band shall be 
recorded at normal record level (see 5.1.3.4) and the reproduce 
output Signal levels shall be referenced to the playback output 
at the record level set frequency. See A.3.2 for a recommended 
test procedure. 

5.1.2 Bias 

5.1.2.1 Wavelength 

The high-frequency bias Signal shall have a wavelength on tape 
not greater than the following : 

DR band 
Maximum 

bias wavelength 
Pm (Pin) 

1,6 60) 

I 

0,6 (24) 
0,45 (18) I 

Low 

Intermediate 

Wide-band 1,5 MHz 

Wide-band 2,0 MHz 

5.1.2.2 Current 

With an input Signal at the record bias set frequency (see 
table 12) and at a level 5 to 6 dB below normal record level (see 
5.1.3.4), the record bias current shall be adjusted for maximum 
reproduced output and then increased until the output falls by 
the following amounts : 

DR band 
Fall in output for 

Optimum bias (overbias) 
dB 

Low 3 

Intermediate 3 

Wide-band 1,5 MHz 1 

Wide-band 2,0 MHz 2 

See A.3.1 for a recommended test procedure. 

5.1.3 Record Parameters 

5.1.3.1 Input impedances at all frequencies in the low- and 
intermediate-bands shall be 5 000 Q minimum resistance 
shunted by 250 pF maximum, with or without meter. Input im- 
pedances for wide-band recorders shall be 75 Q + IO % 
across the specified band. 

5.1.3.2 Adjustments shall be provided to enable normal 
record level to be produced by input Signals in the range 1 to 
IO V peak-to-peak. 

5.1.3.3 The record amplifier shall provide a transfer 
characteristic which is basically a constant current versus fre- 
quency characteristic upon which is superimposed a compen- 
sation characteristic to correct only for loss of record head effi- 
ciency with frequency. For the test described in A.3.9 (or 

equivalent), the differente in the response curves normalized to 
the 0,02 upper bandedge frequency shall be no greater than the 
figures given below : 

Fraction of upper band 
edge frequency l 

Differente 
dß I 

OJ 
0,5 

03 
LO 

lt should be noted that the procedure above does not establish 
a uniform recorded flux density on the tape for different heads, 
see B.4 for further comments. 

5.1.3.4 The Ievel of recording shall be set at such a value that 
a reproduced Signal of the record level set frequency indicated 
in table 12 measured at the output of the playback amplifier 
under the load specified in 5.1.4.2 shall contain 1 % third har- 
monic distortion after correction for allowable equalization 
variations ( -40 + 1) dß referred to the output of a frequency 
three times the record level set frequency, recorded at normal 
record level; such distortion is a function of tape Saturation, 
and not a function of record or reproduce amplifier 
characteristics. This level, the normal record level, is the 0 dB 
reference Ievel for all other measurements. (See A.3.1 for a 
recommended test procedure). 

5.1.3.5 Record head gap length for wideband recording shall 
be within the range from 1,65 Pm (65 Pin) to 2,7 Fm (IO5 Pin). 

NOTE - In recording complex telemetry Signals with varying crest fac- 
tors, Optimum record level should be determined for the particular 
Signal to be recorded. See B.3. 

5.1.4 Reproduce Parameters 

5.1.4.1 Output impedances for low- and intermediate-band 
recording shall be 100 Q maximum across the pass bands 
specified in table 12. Output impedances for wide-band 
recorders shall be 75 Q maximum across the specified pass 
band. 

5.1.4.2 When reproducing a Signal at the record level set fre- 
quency recorded at an input voltage equivalent to that required 
for normal record level, the output level for Iow-band and 
intermediate-band recorders shall be a minimum of 3 V peak- 
to-peak with a third harmonic distortion of 1 % and a maximum 
second harmonic distortion of 0,5 % when measured across a 
resistive load of 600 SZ + IO % shunted by a maximum of 
1 500 pF. The output level for wide-band recorders shall be a 
minimum of 2 V peak-to-peak with a third-harmonic distortion 
of 1 % and a maximum second harmonic distortion of 0,5 % 
when measured across 75 Q + IO %. Lack of proper output 
termination shall not Cause the reproduce amplifier to oscillate. 

5.1.5 Other System Parameters 

A number of other Parameters affecting System Performance, 
such as signal-to-noise ratio, crosstalk etc., are not specified in 
this International Standard since requirements depend on the 

10 
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intended application, but recommended test methods 
measuring such Parameters are given in A.3.3 to A.3.8. 

5.2 Single-carrier frequency modulation 
recording (FM) 

for specified in this International Standard since requirements de- 
pend on the intended application, but recommended test 
methods for measuring such Parameters are given in A.4.4 to 
A-4. IO. 

5.3 Recording without bias 
5.2.1 Bandwidths 

5.3.1 General 

5.2.1.1 Wavelengths on tape 

For the purposes of this International 
wid ths are designa ted : 

Standard, four band- 

a) low-band FM : carriers at centre frequency having a 
nominal recorded wavelength on the tape of 28,2 Pm 
(1 110 Pin); 

b) intermediate-band FM : carriers at centre frequency 
having a nominal recorded wavelength on tape of 14,I Fm 
(555 Pin); 

c) wide-band I FM : carriers at centre frequency having a 
nominal recorded wavelength on tape of 7,1 Pm (278 Pin); 

d) wide-band II FM : carriers at centre frequency having a 
nominal recorded wavelength on the tape of 3,4 Fm 
(133 Pin). 

5.2.1.2 Frequency response 

The FM carrier frequencies and data Signal pass-bands 
(modulating frequencies) as a function of tape Speed are given 
in table 13. See A.4.2 a) and A.4.3 for recommended test 
methods. 

5.2.2 Carrier deviations 

[See A.4.2 b) for a recommended test method.] 

5.2.2.1 General 

For low-band, intermediate-band, and wide-band l recording, 
the fullscale FM carrier deviation shall be & 40 %. 

For wide-band II recording, the fullscale FM carrier deviation 
shall be + 30 %. 

5.2.2.2 Effect of voltage on frequency 

Increasing positive voltage shall give increasing frequency (but 
see 5.4). 

5.2.3 Record characteristics 

Single-ca rrier FM records may employ either direct-recording 
(see 5.1) or recording without bias (see 5.3) techniques. 

In Single-carrier FM recording, and pulse-Code modulation 
(PCM) when the pulse stream is recorded directly on tape and 
not as a modulated FDM sub-carrier, information is not con- 
tained in the amplitude of the reproduced Signal and a linear 
amplitude transfer function as provided by direct recording is 
not essential. Saturation recording without high-frequency bias 
is therefore permissible. The record Signal level (see below) is 
higher than in direct recording, a higher reproduce head output 
level is obtained and the need for generating a high-frequency 
bias Signal is avoided; however, guard tracks may be required 
when Saturation and direct recordings are being made on the 
same head [sec also 5.3.8 CH. 

5.3.2 Optimum record level 

Except at long recorded wavelengths, the reproduce head out- 
put level does not increase asymptotically to a maximum as the 
record level is increased, but reaches a peak and then falls 
again. As the recorded wavelength becomes shorter, the 
record level for peak output falls and the output falls more 
rapidly at record levels below and above that giving peak out- 
put. The procedures for setting Optimum record level are as 
follows : 

a) For Single-carrier FM recording the Optimum record 
level is that which gives a maximum reproduce head output 
for a recorded wavelength equal to that of the carrier at the 
upper end of its frequency deviation range (carrier plus 
deviation is given in table 13). 

b) For PCM recording the same principle applies except 
that maximum output is determined at the maximum flux 
transition rate applicable to the bit representation. 

54 . Predetection recording 

Predetection Signals consist of frequency-modulated (or phase- 
modulated) intermediate-frequency (IF) carriers which have 
been translated in frequency to be compatible with wide-band 
DR recorder frequency response. These Signals shall be recor- 
ded by direct recording. Parameters for predetection Signals are 
given in table 14. 

Because of the translation technique employed, the deviation 
direction (see 5.2.2.2) is reversed from the original modulation. 
Care shall therefore be exercised when interchanging predetec- 
tion tapes with other tapes. 

5.5 Timing Signal recording 
5.2.4 Other System Parameters 

A number of other para meters aff ecting System Performance, 
such as signal-to-noise ratio, linearity a nd drift etc., are not 

When recording modulated time-code Signals, care shall be 
taken to ensure that low-frequency response down to 100 Hz is 
provided. For low-band DR recorders direct-record response 
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down to 100 Hz is available but the low-frequency cutoff of 
wide-band DR recorders (and intermediate band DR recorders 
at the higher tapespeeds) exceeds 100 Hz (see table 12). For 
Systems using these recorders it is recommended that the time- 
code Signals be recorded on a Single-carrier FM track or on an 
FM subcarrier; in the Iatter case the highest subcarrier available 
should be used to minimize time delay. 

5.6 Tape Speed 
compensation 

correcti on and flutter 

5.6.1 Types of control Signals 

Two types of sinusoidal Speed-control Signals are designated in 
this International Standard : amplitude-modulated and 
constant-amplitude, and either may be specified by a User; 
however, the constant-amplitude method is recommended for 
all applications where the appropriate hardware tan be made 
available. Constant-amplitude Signals may also be used for 
flutter compensation if required. 

5.6.2 Amplitude-modulated Speed-control Signal 

This shall have the following characteristics : 

Carrier frequency 17,O kHz + 0,5 % 
Bandwidth required 16,5 kHz to 17,5 kHz 
Percentage modulation 45 to 55 % 
Modulating frequency 60 Hz + 0,OI % 

In Single-carrier FM recording, a separate track is always re- 
quired for the Speed-control Signal. In multiple-carrier FM 
recording (see 6.11, the Speed-control Signal may be mixed with 
subcarriers on the same track, but shall be recorded 
IO + 0,5 dB below normal record level. - 

Proportional-bandwidth channel A or constant-bandwidth 
channel IA cannot be used on the same track as the speed- 
control Signal because they may interfere with the control 
Signal. When recorded on a separate track, the amplitude- 
modulated Speed-control Signal shall be recorded at normal 
record Ievel (sec 5.1.3.4). 

5.6.3 Constant-amplitude Speed-control Signal 

Table 15 lists constant-amplitude Speed-control Signal frequen- 
cies as a function of tape Speed. In Single-carrier FM recording, 
a separate track is always required for the Speed-control Signal. 
In other types of recording, Speed-control Signals may be mixed 
with other Signals if recording requirements so demand and 
System Performance permits; table 15 Shows the guard band 
about each Signal frequency which shall be left free of other 
Signals in Order to give proper Operation. 

Mixing of the Speed-control Signal with certain types of Signal 
may degrade System Performance. When using high perfor- 
mance servo Systems, Signals higher than the control Signal fre- 
quency should not be mixed with the control Signal. The level 
of individual extraneous Signals, including spurious harmonics 
and noise, shall be 40 dB or more below the level of the speed- 
control Signal. For Optimum servo Speed correction, constant 
amplitude Speed-control Signals should be on a separate track. 

For use on the same track as multiple-carrier FM subcarriers 
(see 6.1), the criteria given in table 16 apply to the speed- 
control Signal (reference frequency). 

5.6.4 Track allocation 

Tape-Speed correction and flutter compensation 
be recorded on the tracks defined in table 17. 

Signals shall 

12 
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Table 12 - Direct-record Parameters 

Record bias Record level 
Tape k- 3dB set set 

Speed pass-band’) frequencyz) frequency 
tolerante f IO % tolerante f IO % 

mmls Ws) Hz kHz kHz 

Low-band DR 
1 524 (60) 700 - 700 000 700 IO 

762 (30) 700 - 5oooo 50 5 

387 (75) 700 - 25 000 25 2,5 

190,5 (7 1/2) 700 - 72 000 12 7,2 

95,2 (3 3/4) 700 - 6 000 6 W3 
47,6 (1 718) 700 - 3 000 3 0,3 
23,8 (15/16) IOO- 7500 I,5 0,75 

Intermediate band DR 

3048 WO) 300 - 500000 500 50 

1 524 60) 300 - 250 000 250 25 

762 (30) 200 - 125 000 725 72,5 

387 (75) 100 - 60000 60 60 
190,5 (7 1/2) 700 - 30 000 30 3,O 

95,2 (3 3/4) 700 - 75 000 15 I,5 
47,6 (1 718) 100 - 7500 7,5 0,75 

23,8 (75/76) 700 - 3800 3,8 03 

Wide-band 1,5 MHz DR 

3048 (120) 400 - 7 500 000 7 500 750 

1 524 (60) 400 - 750 000 750 75 

762 (30) 400 - 375 000 375 37,5 

381 (75) 400 - 787 000 187 I8,7 

790,5 (7 1/2) 400 - 93 000 93 93 

95,2 (3 3/4) 400 - 46 000 46 4,6 

47,6 (1 7/8) 400- 23 000 23 23 
23,8 (75/I6) 400 - 77 500 77,5 7,75 

Wide-band 2,0 MHz DR3) 
3048 (720) 400 - 2 000 000 2 000 200 

7 524 60) 400 - 7 oooooo 1000 700 

762 (30) 400 - 500000 500 50 

387 (75) 400 - 250 000 250 25 

Wo,5 (7 1/2) 400 - 725 000 125 72,5 

95,2 (3 3/4) 400 - 62 500 62,5 6,25 

47,6 (1 718) 400 - 31 250 31,2 3,72 

23,8 (15/16) 400 - 75 625 75,6 13 

7) Pass-band response reference is the output as the record level set frequency. 

2) Procedures for setting Optimum bias current are given in 5.1.2.2. 

3) Same recorders provide 4,0 MHz DR sine wave capability at 6 069 mm/s (240 in/s) with ZL- 3 dB bandwidth 800 HZ to 4 MHz. The bias set 
frequency is 4 MHz and the record level set frequency is 400 kHz. 
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Table 13 - Single-carrier FM record Parameters 

T T Tape Speed 
mm/s (Ws) 

Carrier deviation 
limits 

- 

Modulating 
frequency 

Response 
at 

band 
limitsl) 

kHz dB 

Carrier 
centre 

frequency 

kHz 

Carrier 
plus 

deviation 
kHz 

Carrier 
minus 

deviation 
kHz 

Intermediate- 
band 

FM 

Wide- 
band 
I FM 

Low- 
band 

FM 

3 048 (120) 

1524 (60) 

762 (30) 

381 (15) 

WO,5 (7 1/2) 

95,2 (3 3/4) 

47,6 (1 7/8) 

23,8 (15/16) 

3 048 (120) 

1524 (60) 
762 (30) 

381 (15) 

190,5 (7 1/2) 

95,2 (3 3/4) 

47,6 (1 7/8) 

23,8 (15/16) 

432,0 604,8 
216,0 302,4 

108,O 151,2 
54,00 7560 

27,00 37,80 

1350 189 
6,750 9,450 
3,375 4,725 

J,f= 2,363 

wl-4 1,181 

259,2 Oto 80,OO 
129,6 0 to 40,oo 

WW 0 to 20,oo 
3240 0 to IO,00 

16,20 Oto 5,000 
8,100 Oto 2,500 

4,050 Oto 1,250 

2,025 0 to 0,625 
1,012 0 to 0,313 

0,506 0 to 0,156 

- 
k 1 

I!I 1 

rt 1 

AI 1 

I!I 1 

AI 1 

z!I 1 

-t: 1 

I!I 1 

It 1 

3 048 (120) 
1 524 (60) 

762 (30) 

381 (15) 

190,5 (7 1/2) 

95,2 (3 3/4) 

47,6 (1 7/8) 

23,8 (15116) 

Wide- 
band 
II FM 

- 

+1 -3 

+l -3 

+1 -3 

+1 -3 

+l -3 

+l -3 

+l -3 

+l -3 

6096 (240) 

3 048 (120) 

1524 (60) 

762 (30) 

381 (15) 

190,5 (7 1/2) 

95,2 (3 3/4) 

47,6 (1 7/8) 

1 800,o 2340,o 
900,o 1 170,o 

450,o 585,00 
225,0 292,50 

11250 146,25 
56,250 73,125 

28,125 36,562 

14,062 18,381 

12600 0 to 800,O 
630,O 0 to 400,o 
315,00 0 to 200,o 

15750 0 to 100,o 

78,750 Oto 50,oo 
39,375 Oto 25,00 

19,688 Oto 1250 

gtf34-4 Oto 6,25 

1) Frequency response referred to 1 kHz outputfor FM channels 13,5 kHz and above, and 100 Hz for channels below 13,5 kHz. 

Table 14 - Predetection carrier Parameters Table 15 - Constant-amplitude Speed-control Signals 

Tape 
Speed 

mm/s Ws) 
Tape 

Speed 
mm/s Ws) 

60961240) 

3 048 (120) 

1 524 (60) 

762 (30) 

381 (15) 

Predetection 
carrier 
centre 

frequency 

kHz 

1800 

900 

450 

225 

112,5 

Recommended 
predetection 

record/ 
playback 

pass-band 
kHz 

200 to 3 000 

100 to1500 

50 to 750 

25 to 375 

12,5to 187,5 

Frequency 
kHz 

Minimum guard-band 
Hz 

6 096 (240) 

3 048 (120) 
1 524 (60) 

762 (30) 

381 (15) 

190,5 (7 1/2) 

95,2 (3 3/4) 

47,6 (1 7/8) 

23,8 (15/16) 

400 + 0,Ol % 

200 * 0,Ol % 
100 $r 0,Ol % 

50 * 0,Ol % 

25 + 0,Ol % 

12,5 f 0,Ol % 

6,25 k 0,Ol % 

3,125 I!I 0,Ol % 

1,562 rt 0,Ol % 

- 

zk 13 950 

lt 10500 

It 2500 

zk 2000 

z!I 2000 

Ib 2000 

Ik 2000 

f 2000 

14 
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Table 16 - Reference Signal usage with multiple-carrier FM subcarriers 

(reference and data Signals on same track) 

Reference frequency Subcarrier usage 
kHz (see also 6.1) 

240 I!I 0,Ol %‘) For use with all centre frequencies 

200 rt 0,Ol % For use with all centre frequencies except channel H 

100 Ik 0,Ol % Use with centre frequencies up to and including 80 kHz 

50 rt 0,Ol % Use with centre frequencies up to and including 40 kHz except channel C 

25 I!I 0,Ol % Use with centre frequencies up to and including 16 kHz 

12,5 f 0,Ol % Use with centre frequencies up to and including 7,35 kHz 

6,25 zk 0,Ol % Use with centre frequencies up to and including 3,9 kHz 

3,125 + 0,Ol % Use with centre frequencies up to and including 0,960 kHz 

1) For flutter compensation only, not for tape Speed-control. 

Table 17 - Allocation ot tractts tot tape-speea correction and tlutter 
compensation Signals 

Track configuration 
(table number) : 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

Track number 
for tape-speed 

correction and flutter 
compensation Signal 

2 

4 

4 

7 

11 

7 

13 

21 

TBD 

Optional additional 
track number 

- 

5 

5 

8 

12 

8 

14 

22 

TBD 

15 
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6.1.1 Proportional-bandwidth subcarrier channels 

Table 18 lists 29 FM proportional-bandwidth , subcarrier chan- 
nels. The channels identified with letters permit -t 15 % sub- 
carrier deviation rather than k 75 % deviation, but use the 
same centre frequencies as the eight highest numbered chan- 
nels; table 18 defines limitations on combinations of channels 
which may be used. The channels shall be used within the 
limits of maximum subcarrier deviation. 

6 Modulation Patterns 

6.1 Multiple-chrrier FM recording 
(frequency-division multiplexing) 

6.1.2 Constant-bandwidth subcarrier channels 

Table 19 list 36 FM constant-bandwidth subcarrier channels. 
The letters A, B and C identify the channels for use with max- 
imum subcarrier deviations of + 2 kHz, If: 4 kHz and + 8 kHz 
respectively, along with maximum frequency responses of 
2 kHz, 4 kHz and 8 kHz respectively. The channels shall be 
used within the limits of maximum subcarrier deviation. 

6.1.3 Subcarrier channel spacing 

There is a ratio of approximately 133 to 1 between the centre 
frequencies of adjacent + 7,5 % proportional bandwidth 
channels except between 14,5 kHz and 22 kHz where a larger 
gap is left to provide a 60 Hz amplitude-modulated 17 kHz 
carrier for tape Speed control (see 6.1.4). The use of an ad- 
ditional FM subcarrier between 14,5 kHz and 22 kHz is not per- 
missible. Combinations of both proportional-bandwidth and 
constant-bandwidth channels may be used, provided that ad- 
equate allowance is made for guard-bands. 

6.1.4 Tape Speed correction and flutter compensation 

Tape Speed correction and flutter compensation for multiple- 
carrier FM formats may be accomplished as indicated in 5.6. 
Use of the Standard reference frequency shall be in accordance 
with the criteria of table 16 when the reference Signal is mixed 
with data. 

6.1.5 Recording mode 

Direct recording shall always be used for recording multiple- 
carrier FM Signals, since a non-linear transfer function will 
result in the generation of unwanted harmonics of the carrier 
f requencies. 

6.1.6 Subcarrier tests 

Recommended test methods are given in A.7. 

6.1.7 Information for users 

Applications notes and a discussion of Performance tradeoffs 
will be found in annex E. 

16 

6.2 PAM recording 

6.2.1 General 

Pulse-amplitude modulated (PAM) waveforms, the 
characteristics of which are specified herein, consist of time- 
division multiplexed pulses whose amplitudes represent 
samples of analogue-variable Parameters. For transmission, 
PAM waveforms may be used either to frequency modulate 
radio-frequency carriers directly (PAM/ FM) or to modulate 
multiple-carrier FM subcarriers (PAM/FM/FM). For recording, 
the waveforms may be used to modulate multiple-carrier FM 
subcarriers or Single-carrier FM carriers. PAM waveforms are 
not recorded directly on magnetic tape. 

6.2.2 Waveform structure 

6.2.2.1 Minor frame length 

The PAM waveform consists of a sequence of minor frames 
(sec figure 21, each of which comprises a constant number of 
time-sequenced channel intervals or time-Slots. The maximum 
minor frame length shall be 128 channel time intervals or time- 
Slots, including the intervals devoted to synchronization and 
calibration. The pulse and minor frame structure shall conform 
to either figure 6 or 7. 

6.2.2.2 Commutation Pattern 

The information channels are allotted equal and constant time 
intervals within the PAM minor frame. Esch interval or time-slot 
(“T” in figures 6 and 7) contains a Sample pulse commencing 
at the Start of the interval and having amplitude determined by 
the corresponding measurement and according to a fixed rela- 
tionship (usually linear) between the minimum level (Zero 
amplitude) and the maximum level (full-scale amplitude). For 
50 % duty cycle (RZ-PAM), the zero level shall be 20 % of full 
amplitude level as shown in figure 6. The pulse width shall be 
the same in all time intervals (the intervals devoted to syn- 
chronization excepted). The duration shall be either 
0,5 T + 0,05 T, as shown in figure 6 or T k 0,05 T, as shown 
in figure 7. 

6.2.2.3 Calibration 

lt is recommended that calibration pulses of known level be in- 
serted into each minor frame to permit the removal of scale and 
offset errors. Channels 1 and 2, immediately following the 
minor frame synchronization interval, shall be used for zero-and 
full-scale calibration, respectively. 

6.2.2.4 Minor frame synchronization interval 

Esch minor frame shall be identified by the presence within it of 
a synchronization Pattern : 

a) 50 % duty factor (RZ-PAM). The synchronization pat- 
tern shall have a duration equal to two information channel 
intervals (2 T) and shall be full-scale amplitude for 1,5 T 
followed by the reference level for 0,5 T (sec figure 6). 

b) 100 % duty factor (NRZ-PAM). The synchronization 
Pattern shall be, in the Order given, zero level for a period T, 
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full-scale amplitude for a period 3 T, and a level not ex- 
ceeding 50 % full-scale amplitude for a period T (see 
figure 7). 

6.2.3 Pulse and minor frame rate 

6.2.3.1 Pulse rate 

The maximum pulse 
ted by the following 

rate shall not be greater than that permit- 

a) PAM/FM/FM. The reciprocal of the shortest interval 
between transitions in the PAM pulse train (i.e. twice max- 
imum pulse rate for 50 % duty factor) shall be not greater 
than one-fifth of the total (peak-to-peak) deviation specified 
in table 18 or 19 for the FM subcarrier selected. 

b) PAM/ FM (only applicable to radio-frequency telemetry 
Systems). The reciprocal of the shortest interval between 
transitions in the PAM pulse train (i.e. twice maximum pulse 
rate for 50 % duty factor) shall be limited by whichever is 
the narrower of the following : 

- One-half of the frequency for 3 dB attenuation of 
the premodulation filter, when employed (see 6.2.7). 

- One-fifth of the intermediate frequency (IF) band- 
width (3 dB Points) selected from the bandwidths listed 
in table 20. 

6.2.3.2 Minor frame rate 

The minor frame rate and 
used in any com bination 

pulse-rate 

6.2.4 Accuracy and stability 

6.2.5 Multiple and submultiple sampling 

6.2.5.1 General 

Data sampling at rates which are multiples and submultiples of 
the minor frame rate (supercommutation and subcommutation 
respectively as defined in 3.42 and 3.43 is permissible. 

6.2.5.2 Submultiple frame synchronization 

The beginning of the longest submultiple frame interval (equal 
to the major frame interval) shall be identified by the transmis- 
sion of a synchronization Pattern within the identified submulti- 
ple frame. All other submultiple frames shall have a fixed and 
known relationship to the identified submultiple frame. The 
following submultiple frame interval synchronization Patterns 
shall be used : 

a) 50 % duty factor RZ : a full-scale amplitude pulse in 
two successive minor frames of the same channel interval 
(time-slot) as that allocated to data channels of the iden- 
tified submultiple frame, for example, channels 6-l and 6-2 
in figure 2. The first such pulse shall have a duration equal 
to the channel interval; the second pulse shall have a dura- 
tion nominally one-half the channel interval. 

below may be 

1) First minor frame - zero amplitude, for example, 
channel 6-l. 

6.2.4. l Long term 

b) 100 % duty factor (NRZ) : the presence of synchroniza- 
tion information in five successive minor frames of the same 
channel interval (time-slot) as that allocated to data chan- 
nels of the identified submultiple frame, for example, chan- 
nels 6-1 to 6-5 in figure 2. The amplitude of the data chan- 
nels assigned for synchronization shall be as follows : 

a) the minor frame rate shall be equal to or greater than 
0,125 frames per second; 

b) the minor frame rate shall be no greater than that 
corresponding to the maximum pulse rate specified 
in 6.2.3.1. 

During the period of desired data, the time between the occur- 
rence of corresponding Points in any two successive minor 
frame synchronization Patterns shall not differ from the 
reciprocal of the specified nominal minor frame rate by more 
than 5 % of the nominal period. 

2) Second, third and fourth minor frames - full-scale 
amplitude, for example, channels 6-2 to 6-4. 

3) Fifth minor frame - not more than 50 % of full- 
scale amplitude, for example, channel 6-5. 

6.2.5.3 
interval 

Maximum submultiple frame (major frame) 

The interval of any submultiple frame, including the time 
devoted to synchronizing information, shall not exceed 128 
times the interval of the minor frame in which it occupies a 
recurring Position (i.e. the major frame length shall not exceed 
128 times the minor frame length). 

6.2.4.2 Short term 
6.2.6 Frequency modulation 

During a measured period, H), for the occurrence of 1 000 chan- 
nel intervals or time-Slots, the time between the Start sf any 
two successive channel intervals (synchronization intervals ex- 
cepted) shall not differ from the average channel interval 
established by the formula Tave = P/l 000 by more than 1 % 
of the average interval. 

The maximum and minimum amplitude of a PAM waveform 
shall produce equal and opposite modulation frequency devia- 
tions about the assigned carrier or subcarrier frequency. The 
deviation shall be the same for all occurrences of the same 
level, 

17 
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6.2.7 Premodulation filtering 6.3.2.5 Special words 

Premodulation filtering is recommended to control the spectral 
occupancy of the modulated output Signal. The filter shall be 
designed to provide maximally linear Phase response and the 
amplitude response shall have an asymptotic negative slope at 
high frequencies corresponding to at least 36 dB per octave. 

The assignment of word positions to convey special informa- 
tion on a programmed basis in designated minor frames is per- 
missible. The number of bits in substituted words, including 
identification words and padding bits, shall exactly equal the 
number of bits in the replaced words. 

6.2.8 PAM test methods 
6.3.3 PCM bit representations 

The values of the modulation Parameters recommended in this 
Standard tan be measured by oscilloscopic or oscillographic 
means. Recommended System test methods are given in A.5 
(to be added). 

Only one bit representation shall be used in a Single PCM pulse 
train. The following conventions for representing binary “one” 
and “zero” are permissible (see figure 1 for graphic and verbal 
definitions). 

NRZ-L NRZ-M NRZ-S BI-@-L 
BI-@-M BI-@-S 

6.3 PCM recording 

6.3.1 General NOTE - 
cent and 
dard. 

Bold representations are preferred, the other two are obsoles- 

mw be deleted in fu ture revisions of this International Stan- 
Pulse-Code modulation (PCM) data, the characteristics of 
which are specified herein, shall be transmitted or recorded as 
serial binary-coded time-division multiplexed words, most 
significant bit first (where applicable). 

Other bit representa 
interchange Parties. 

tions may be used with the agreemen t of 

6.3.2 Word and minor frame structure 
6.3.4 Minimum and maximum bit rates 

6.3.2.1 General 
6.3.4.1 Minimum bit rate 

The PCM minor frame shall contain a known number of bit 
intervals, all of equal duration unless specially assigned identifi- 
cation bits within the bit stream are employed to indicate a 
Change. The duration of the bit interval and the number of bit 
intervals per minor frame shall remain fixed from frame to 
frame. 

The minimum bit rate shall be one per second. 

6.3.4.2 Maximum bit rate 

a) PCM/FM/FM. The reciprocal of twice the shortest 
period between transitions in the PCM bit stream shall not 
exceed the maximum frequency response for the Chosen 
subcarrier channel (see tables 18 and 19). 

NOTE - The definitions in 3.11, 3.12, 3.13, 3.42, 3.43 and 3.50 relate 
to words (see 6.3.2.4) or groups of bits, each of which is located within 
a time-slot or channel interval. 

b) PCM/FM (only applicable to radio-frequency telemetry 
Systems). The maximum bit rate is limited by the available 
System bandwidth and the selected bit representation. 
Receiver intermediate frequency (IF) bandwidth shall be 
selected from table 20. See also additional information 
in D.I. 

6.3.2.2 Minor frame length 

The length of a minor frame shall not exceed 8 
including intervals devoted to synchronization 

192 bit intervals, 

6.3.2.3 Minor frame synchronization 

6.3.5 Accuracy and stability Frame synchronization information consists of a digital word 
not longer than 33 bits in consecutive bit intervals within the 
minor frame. Recommendations concerning synchronization 
are given in D.2. 

6.3.5.1 Long-term 

During any period of desired data, the bit rate shall not differ 
from the specified nominal bit rate by more than 1 % of the 
nominal rate. 

6.3.2.4 Word length 

Individual words shall not be less than 4 bits nor more than 
64 bits in length but it is suggested that word lengths be 
Chosen to be integral multiples of 8 bits. Within these limits, 
words of different length may be multiplexed in a Single minor 
frame. However, the length of a word in any Position within a 
minor frame shall be consistent from frame to frame, except 
during changes caused by special identification bits appearing 
in a bit stream. 

6.3.5.2 Short-term (bit jitter) 

Any transition in the PCM waveform occurring within an inter- 
val P shall occur within 0,l bit period of the time at which the 
transition is expected to occur based upon the measured 
average bit period as determined during the immediately 
preceding interval P. The interval P for the purpose of this re- 
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quirement shall be equal 
cessive minor frames; i.e. 

to the measured time for five suc- 

P 1 
Average bit period = X- 

specified bits/frame 5 

6.3.6 Multiple and submultiple sampling 

6.3.6.1 General 

Data sampling at rates which are multiples and submultiples sf 
the minor frame rate (supercommutation and subcommutation 
respectively as defined in 3.42 and 3.43 is permissible. When 
submultiple sampling is employed, the restrictions on minor 
frame length (see 6.3.2.2) and bit jitter (sec 6.3.5.2) are also ap- 
plicable to the submultiple frames, i.e. the length of the longest 
submultiple frame (words 6-I to 6-N in figure 2) shall not ex- 
ceed 2 048 bits (but see also 6.3.6.3) and for bit jitter the inter- 
val P shall be the measured time for five successive minor 
frames (five successive channel intervals within the submultiple 
frame, for example, words 6-I to 6-5 in figure 2). 

6.3.6.2 Submultiple frame synchronization 

The beginning of the longest submultiple frame interval (equal 
to the major frame interval) shall be identified by the transmis- 
sion of a synchronization Pattern. All other submultiple frames 
shall have a fixed and known relationship to the identified sub- 
multiple frame. lt is recommended that one of the following 
alternative methods be used for submultiple frame synchroniza- 
tion : 

a) The beginning of a submultiple frame may be identified 
by a unique digital word in one minor frame, occupying the 
same word or channel interval (time-slot) as that allocated 
to data words of the identified submultiple frame, for 
example, word 6-I in figure 2. 

b) The beginning of a submultiple frame may be identified 
by a unique digital word replacing the minor frame syn- 
chronization word indicating the Start of the submultiple se- 
quence. For example, the minor frame synch words in 
figure 2 occupy time-slot y2 in each minor frame, and that in 
one minor frame, say N, is changed to identify the longest 
submultiple frame or major frame interval. The complement 
of the minor frame synch word is often used for this pur- 
pose. 

c) Esch word within the identified submultiple frame may 
be separately identified by the addition of identification bits 
to indicate the Position of that word within the submultiple 
frame sequence, for example, bits may be added to each 
word in the sequence 6-I to 6-N in figure 2. 

6.3.6.3 Maximum submultiple frame (major frame) interval 

The interval of any submultiple frame, including the time 
devoted to synchronizing of channel identification information, 
shall not exceed 256 times the interval of the minor frame in 
which it occupies a recurring Position (i.e. the major frame 
length shall not exceed 256 times the minor frame length). 

6.3.7 Premodulation filtering (not applicable 
waveforms are recorded directly o n magnetic tape 

when PCM 

Premodulation filtering is recommended to control the spectral 
occupancy of the modulated output Signal. The characteristics 
of the filter shall be as defined in 6.2.7. 

6.3.8 PCM record characteristics 

a) lt is recommended that the bits forming a word or 
Sample in a PCM pulse train be recorded serially on a mag- 
netic tape track. Where the bits in a word represent a Single 
Sample of an input channel, the most significant bit shall 
occur first. 

b) The inclusion of a word parity bit is optional; if in- 
cluded, it shall provide Overall odd parity in the word and 
shall be the last bit in the word. 

c) The pulse train may be recorded as a modulating input 
to a carrier (in radio-frequency telemetry Systems this may 
be a predetection recording of a PCM/FM format or a 
remodulation by a post-detection Signal), or recorded 
directly on tape using either direct recording (see 5.1) or 
recording without bias (sec 5.3) techniques. If recording 
without bias (Saturation recording) is used, guard tracks 
may be required between a saturated track and any adjacent 
direct record track so as to minimize crosstalk from the 
saturated recording. 

d) When PCM Signals are recorded directly on tape, provi- 
sion must be made for the lack of reproduce low frequency 
response, for example, by constraining NRZ formats to en- 
sure an adequate number of flux transitions, or by using a 
bi-Phase format (sec 6.3.3). 

These techniques relate to longitudinal packing densities up to 
about 400 bits/mm (IO 000 bits/in). See B.I.2 for comments 
on the use of higher packing densities. 

6.3.9 PCM System tests 

Recommended System test methods are given in A.6. 
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I 

Table 18 - Proportional-bandwidth FM subcarrier channels 

+ 7,5 % channels I 

Channel Centre 
frequency 

Hz 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Channel 

400 

560 

730 

960 

1 300 

1 700 

2 300 

3 000 

3900 

5400 

7350 

10 500 

14 500 

22 000 

30 000 

40 000 

52 500 

70 000 

93 000 

124 000 

165 000 

Lower UPPer 
deviation deviation 

limitl) limitl) 
Hz Hz 

370 430 

518 602 

675 785 

886 1 032 

1 202 1 398 

1 572 1 828 

2 127 2 473 

2 775 3225 

3607 4 193 

4 995 5805 

6 799 7901 

9 712 11 288 

13 412 15 588 

20 350 23 650 

27 750 32 250 

37 000 43 000 

48 562 56 438 

64750 75 250 

86 025 99 975 

114 700 133 300 

152 624 177 375 

220 lt6 1088 

330 Ll 1650 

450 0,78 2250 

600 03 3 000 

790 w-4 3 938 

1050 0,33 5250 

1 395 0,25 6 975 

1860 0,19 9 300 

2 475 0,14 12 375 
-. 

& 15 % channels3) 

Minimum 
rise 

time2) 
ms 

ll,7 

8,33 

U-0 
4,86 

360 
2,74 

2,03 

1,56 

1,20 

0,864 

0,635 

0,444 

0,322 

0,212 

0,156 

0,117 

0,089 

0,067 

0,050 

0,038 

0,029 

A 22 000 18 700 25 300 

B 30 000 25 500 34 500 

C 40 000 34 000 46 000 

0,106 

0,078 

0,058 

D 52 500 44 625 60 375 

E 70 000 59 500 80 500 

F 93 000 79 050 106 950 

G 124 000 

H 165 000 

1) Rounded off to nearest hertz. 

2) The indicated maximum data frequency response and minimum rise time is based upon the maximum theoretical response that tan be obtained in 
a bandwidth between the upper and lower frequency limits specified for the channels. 

3) Channels A to H may be used by omitting adjacent lettered and numbered channels. Channels 13 and A may be used together with some increase 
in adjacent channel interference. 
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Table 19 - Constant-bandwidth FM subcarrier channels 

Maximum frequen 

Nominal frequency Nominal frequency 
response = 1,6 kHz 

1A 16 
2A 24 
3A 32 3B 32 3c 32 

4A 40 
5A 48 5B 48 

6A 56 

7A 64 7B 64 7c 64 

8A 72 
9A 80 9B 80 

IOA 88 
IIA 96 IIB 96 IlC 96 

12A 104 

13A 112 138 112 
14A 120 
15A 128 15B 128 15c 128 

16A 136 
l7A 144 17B 144 
18A 152 

19A 160 19B 160 19c 160 

20A 168 
21A 176 21B 176 

1) The indicated maximum frequency is based upon the maximum theoretical response that tan be obtained in 
a bandwidth between deviation limits specified for the channel. 

Table 20 - Receiver intermediate 
frequency bandwidths (3 dB) 

12 500 Hz’) 

25 000 Hz’) 

50 000 Hz’) 

100 000 Hz 

300 000 Hz 

500 000 Hz 

750 000 Hz 

1 000 000 Hz 

1 500 000 Hz 

3 300 000 Hz 

1) System instabilities may limit the use of 
:hese bandwidths 
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Designation Waveform 
levels 

NRZ-L') 
a 

b 

NRZ-M2) 

NRZ-S’) 

Bi@-LJ) 
a 

b 

Code 

I ,I ~0/1~1~0/0~0/1)1 [op 1 

1 I A I I I 1 
I I , 1 1 1 I 
I I I I I I I I I I I I 
I I I I I l I I I I I I 
I I ’ I I I * ’ I 
I 1 A I I I \ , I , 
I I I I I I 1 I I 11 I 
I I I I I I I I I I-I I 

’ I 
I , i 1 1 : ’ ’ 

I I 
I I . / i i 

I I I ! ! I I I I ! 

1 ! I 1 I ! l I t i 1 ! 
I ! ! ! 11 II ! 1 i 1 

1 I I I-! f 1 I l 
! I I I ! ! I i 

; i 1 
1 I I 

Ill 1 ’ ! ’ : ! 1 i 1 
Bi@-M2) 

I I I I I I I I ; i i 
Ill I I I I I I I I I 
I I I I 11 11’11: 

Bi@-52) M+duA2,fl 

I i Il i t i I I i 11 

Non-Return-to Zero Level Ior NRZ Change (NRZ-CH 
“One” is represented by level “a”. 
“Zero” is represented by the level “b”. 

Non-Return-to-Zero Mark 
“One” is represented by a Change in level at the beginning of the bit period. 
“Zero” is represented by no Change in level. 

Non-Return-to-Zero Spate 
“One” is represented by no Change in level. 
“Zero” is represented by a Change in level at the beginning of the bit period. 

Bi-Phase Level [or Split Phase, Manchester II * rr rad (180°)l 
“One” is represented by levels a, b within a bit period. 
“Zero” is represented by levels b, a within a bit period. 

Bi-Phase Mark 
A transition occurs at the beginning of every bit period. 
“One” is represented by a mid-bit level Change. 
“Zero” is represented by no mid-bit level Change. 

Bi-Phase Spate 
A transition occurs at the beginning of every bit period. 
“One” is represented by no mid-bit level Change. 
“Zero” is represented by a mid-bit level Change. 

Ill 11 ! 1 ! I 1 I I 

NOTES 

1) In NRZ-L and Bi-Phase-L formats it is not essential to define the sense of the waveform; levels “a” and “b” may be positive or negative at the 
users’ discretion. However, the following voltage convention is recommended for use wherever possible; ‘Ia” always positive, “b” zero or negative, 
“sampling” or “data ready” pulse positive. Level “a” should always correspond to logic ” 1” and level “b” to logic “0” in digital equipment. 

2) Since only transitions are significant for NRZ-M, NRZ-S, BG-S and Bi@-M, waveform levels need not be identified. Voltage levels for equipment 
interfacing shall be determined by the interchange Parties. 

Figure 1 - PCM definitions 

Time-slot numbers in each minor frame 

1 2 3 4 5 6 7 8 9 IO n-4 n-3 n-2 n-l n 

E (II 
t 

5 .- 
E 
0 .- 
E 
s 
i 
c .I 
2 Q) 
E 
2 
E tu 
4 

N-4 

N-3 

N-2 

N-I 
N 

1 2 3-I 4 5 

1 2 3-2 4 5 

1 2 3-I 4 5 

1 2 3-2 4 5 
I 

I I 
I I 

I I 1 I 1 
I I 
I I I I 
n I 

1 2 3-2 4 7 8 1 9-4 

- 1 2 3-I 4 7 8 1 9-I 

1 2 3-2 4 7 8 1 9-2 
. 

1 2 3-I 4 /, ',/ - 5 ;%-( N-Iy //// I' 7 8 1 9-3 

1 2 3-2 4 5 96-Ns. 7 8 1 9-4 
/ / 

I - I I 
L- Supercommutation 

Calibrations may 
occupy these 
time-Slots 

1 
T 

L- 
frame (may also oc- 

Longest submultiple frame cupy adjacent Slots) 

Frame synch. 
occupies last time- 
slot in each minor 

Typical input channel (or werd) allocations within a major frame 

Figure 2 - Time-division multiplexing definitions (PAM and PCM) 
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Head Segment 
number 

Head 1 Head 2 

n-l 

FF 3 

1 

Separator 

Head Segment 

E 2 

Front view of heads 

Tape travel - 

NOTE - With formats to tables 4, 5 and 7, head Segments n, n-2, etc. are in Head 1 and head Segments n-l, n-3, etc. are in Head 2. 

Figure 4 - Heads interlaced, n-track System 
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Minimum Signal” 
Minor frame 
synchronization 
interval 

n-2 
I 

n-l 
I 

n Time-Slots 
(sec figure 2) 

n-3 

2,0 T 

Maximum Signal , 

Channe12 Centre frequency 
- Full scale when waveform is 

calibration (optional) modulating a carrier 
L- Channel interval 

Base line 
\ Channel 1 
L Zero calibration 

(optional) 

* 20 to 25 percent of full amplitude reserved for pulse synchronization is recommended. 

Figure 6 - Fifty percent duty factor PAM with amplitude Synchronkation 

tZ i n-4 i n-3 i n-2 i n-l, i 
I - I 

- - 
l 

-_ - 
I 
-- - n i 

I Minor frame synchronization 
interval, 5.0 T 

Time-Slots 
(sec figure 2) 

I . . . 
l 

\ . 

1 * 

-w-m-, ,, --- -m 

. \ Centre f requency 

T 3,0 T when waveform is 
modulating a carrier 

Zero calibration 

Channel interval Channe12 
Full scale calibration 

This level to be 
50 YO or less 

(optional) 

Figure 7 - One-hundred percent duty factor PAM with amplitude Synchronkation 
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ISO 60684985 (EI 

Annex A 

Recommended procedures for testing recorderheproducer Systems 
(This annex does not form part of the Standard.) 

A.0 Introduction 

This annex describes test procedures recommended for use in measuring Performance Parameters of magnetic tape recorder and 
reproducer Systems. Performance limits are not generally specified in this international Standard since these depend greatly upon the 
intended application of the equipment and have a direct bearing on equipment tost. 

Where measurement techniques a re n ot defined, 
and/or electrical characteristics wil I be employed. 

it is assumed that commonly accepted measurement methods for mechanical 

Not all of the following tests are required for any one System, and tests other than those indicated may be required for a given System. 

Some additional and alternative test procedures are described in annex C. 

A.l General 

Before starting Performance tests, the recorder 
Standard and the appropriate instruction manual 

it is recommended that a qualitative test be conducted to ensure 
upper band-edge Signals without large amplitude fluctuations. 

/ reproducer 

After the recorder has been 
noted in the test procedure 

aligned, adjustments shall not be changed for the duration of the Performance testing, uniess otherwise 

Although tests may be made in the simultaneous record/reproduce 
applicable specifications in any avai lable mode of Operation m 

be aligned and adjusted in accordance with this International 

that the System will transport tape and will record and/or reproduce 

mode to save time, the machine be capabie of meeti ng all 

A.2 Transport and head tests 

NOTE - Tests associated with transport Operation involve the elements of precisely determining time base accuracies through the record/reproduce 
System; therefore, accuracy/stability of associated test equipment (for example, test oscillators) should be an Order of magnitude better than the per- 
formante specification to be measured, and in any case shall be taken into account when a Performance specification is being verified. 

A.2.1 Head polarity 

in Order to maintain Signal polarity from record to playback, it is required that a positive-going pulse appiied to the input of a direct- 
record amplifier produce a magnetic flux Pattern on the tape whose poiarity sequence is South-north north-South. Likewise, a 
magnetic fiux sequence of South-north north-South polarity passed across a reproduce head must produce a positive pulse at the out- 
put of a direct reproduce amplifier (see 4.5.7). The test for head polarity is as foiiows : 

a) obtain a small rectangular bar magnet and a compass; 

b) determine the polarity of the magnet with the compass. (The north 
South pole of the magnet. ) Mark the South pole of the bar magnet; 

-seeki ng pointer of the compass wi Ii be attracted to the 

c) using an erased tape of the appropriate width for the machine being tested, draw a corner of the South pole of the magnet 
across the width of the tape on the Oxide side of the tape. Withdraw the magnet. Since the sharpness of the recorded pulse is a 
function of the mechanical definition of the corner of the magnet, some difficuity may be encountered in obtaining an adequate 
output Signal. in this case, a thin 0,15 to 0,36 mm (0.006 to 0.014 in) transformer lamination of soft iron or Permailoy may be ex- 
tended from the South pole of the bar magnet to form a narrow South pole and, hence, a sharper pulse; 

d) reproduce the magnetized Portion of the tape. All reproduce ampiifiers shall give a posi 

mag netized section crosses th e reproduce heads (see figure 8 for a typical waveform); 
tive-going pulse at the output when the 
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e) record positive pulses on the tape 
output of the playback ampli fiers. 

through the record amplifiers. Reproduction of these pulses shall give positive pulses at the 

A.2.2 Tape Speed 

These tests measure effective average tape Speed for recording or reproducing without a tape Speed control Signal, as required in 
4.32. Two methods are described. The first method is intended as a laboratory or factory Standard and may be used for tape testing 
or checking of working Standards. The second method describes a working Standard. Other working Standards may be used. 

Tape Speed variations having frequency components above 0,5 Hz are defined as flutter and are treated in A.2.3. The following test 
methods provide an estimate of average tape Speed and may not adequately measure some Speed variations having frequency com- 
ponents between 0 and 0,5 Hz. 

Further notes on the measurement of tape Speed are given in C.6. 

A.2.2.1 Introduction 

The precise measurement of a given length of magnetic tape requires standardizing 
humidity, and tape tensile fo lrce in Order to establish a standardized tape elongation. 

the environmental conditions of temperature, 

After tape length or pulse spacing calibration measurement of a tape, the methods described make use of the calibrated tape as a 
transport tape Speed measurement tool giving results independent of tensile forte, temperature and humidity. Specifically, the 
calibrated tapes may be field used at any constant temperature, humidity or tensile forte without correction factors for nonstandard 
conditions. A tape transport which has been adjusted to operate correctly with a test tape under a given set of temperature, humidity, 
and tensile forte conditions must, however, be readjusted for any changes in these conditions. 

A.2.2.2 Explanation 

The intent of the tape Speed measurement methods is the standardization of the “effective” rather than the actual or “absolute” tape 
Speed. Absolute tape Speed is relatively meaningless because it does not consider the operational elongation of the tape, which must 
be considered if a true or effective velocity measurement is to be achieved. 

As used herein, actual 
forte and environment 

tape Speed, V act, is defined as the peripheral velocity of the capstan minus any tape Slip, regardless of tensile 

V act = V,(l - SllOO) . . . (1) 

where 

Vc is the capstan peripheral velocity; 

s is the tape Slip in percent. 

Effective tape 
conditions. 

Speed, V&, is defined as the actual tape Speed modif ied by tensile forte and environmental differentes from Standard 

V eff - - kt bemp khum Vact 
. . . (2) 

where all k s are the same basic form, for example, 

k, = 1 - E-1 (to - ts) . . . (3) 

In the corresponding equations for k temp 

aP lpropriate temperatures or humidi ties. 

E 

t0 

is the modulus of elasticity x tape Cross-sectional area, in newtons (pound forte); 

is the operating tensile forte in newtons (pound forte); 

is the Standard tensile forte in newtons (pound forte). 

and khum, E-1 is replaced by the appropriate coefficient of expansion and the t s by the 
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Standard temperature and Standard humidity are defined and specified in ISO 6371, viz : 

temperature : 23 & 3 OC 

humidity : 45 to 55 % relative humidity 

Equations (2) and (3) reveal that two recorder Systems operating at different tensile forces must have different actual tape Speeds if 
their effective tape Speeds are to be identical. Similar Statements tan be made with respect to the temperature constant, ktemp and the 
humidity constant, khum. 

Both methods I and II following are measurements of effective tape Speed under the conditions of measurement and require no cor- 
rection factors if the recorder is operating at nonstandard tensile forces and environment. New measurements would be required if the 
operating conditions changed. 

Example 

Consider two recorders at the same temperature and humidity, but one with twice the tensile forte of the other. 

Speed measurement of the two recorders via method II must result in both Systems displaying a count of 25 000 ps at 1 524 mm/s 
(60 in/s) even though the calibration tape is elongated a greater amount by the higher tensile forte recorder. Since the higher tensile 
forte recorder elongates the tape more than the other recorder it must transport the tape faster in Order to maintain correct effective 
tape Speed. Stated differently, the actual tape Speed of the higher tensile forte recorder must be greater by an amount just equal to 
the greater elongation, at which Point the counter will read 25 000 ps. 

Similar examples tan be constructed to show that both methods I and II correctly measure effective tape Speed without requirement 
of correction factors. 

A.2.2.3 Tape Speed - Laboratory use, method I 

This test establishes the Speed interchangeability of tapes between recorders, per 4.3.2, under controlled conditions of environment 
for the type of tape base most commonly used in recording. Since differentes in operating tape tensile forte are taken into account, 
the measured effective tape Speed is based on constancy of recorded wavelength rather than absolute velocity. 

A.2.2.3.1 Equipment required 

Tape conforming to a forthcoming International Standard. Sample tape length to be greater than 2 m. Steel rule, 2 m, non-flexible. 
Marking means optional; capable of translating rule reading and marking tape within + 0,l mm. For marking fixture, see figure 9, for 
electronie instruments, see figure 10. 

The test may also be carried out using approximately equivalent inch measurements. 

A.2.2.3.2 Procedure 

For testing proceed as follows : 

a) Age the required length(s) of tape off the reel in an unstressed (tension-free) condition for a period of at least 24 h in a con- 
trolled environment of 23 + 1 OC (73 + 2 OF) and 45 to 55 % relative humidity. This environment is to be maintained for 
Steps b) to d). Temperature for subsequent Steps 23 ?I 3 OC (73 + 5 OF), relative humidity 45 to 55 %. 

b) Clamp tape in fixtute (see figure 9) so that tape naturally lies along edge of rule and is free of kinks and bends. 

c) Apply Standard tensile forte (as defined in 4.5.8) -t 2 % as shown in figure 9. 

Caution : Apply load 
creep to take place. 

gra dual ly. Allow tape to stand 

d) Scribe tW0 marks on Oxide side, 1 500 + 0,l mm apart, taking care to avoid damaging tape base. If additional 
lengths are requ ired, repeat as necessary. However, all markings on a Sample shall be complete within 30 min. 

for a IO minutes to allow i nitial 

or 

e) Splice at least three test samples into a full reel of tape at the beginning (first 10 %), middle (40 to 60 %), and end (last 10 %) 
of reel. Shuttle tape from take-up reel to supply reel, and reverse, on equipment to be tested at least five times to establish normal 
tensile forte condition. Store tape on the supply reel for at least 2 h and not more than 24 h. 
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f) Record tape test sections with a high -frequency carrier, Square wave (wavelength approximate 
record head. Alterna tively, the tape maY be saturated with a permanent magnet. 

g) Immediately before making Speed measurement, shuttl 
Rewind. Ensure that no control track Signals are present. 

10 Pm), or dc Signal through 

e tape test section from supply reel to take-up reel at operating Speed. 

h) Adjust the detector/electronic counter (see figure IO) to detect the pulses which will appear at the output of the reproducer 
when the leading (or trailing) edge of the scribe marks pass over the reproduce head gap. Reproduce tape test sections with equip- 
ment. Test section at least five times and obtain average reading of elapsed time between marks in microseconds. 

Determine effective Speed by 

1500 
bff = - mm/s 

T 

where T is the elapsed time of the test section in seconds. 

A.2.2.4 Tape Speed - General and field use, method II 

The method of tape-speed measurement defined in A.2.2.3 is an accurate method of determining tape Speed. However, for 
maintenance and operational testing the method is very time-consuming. The following method is recommended for those cases 
where a quick method of checking tape Speed is required. 

A.2.2.4.1 Equipment required 

This method uses commercial or laboratory-prepared, prerecorded tapes which have been recorded with saturated pulses having a 
pulse-to-pulse Separation distance of 38,1 mm (1.5 in) to an accuracy of + 0,02 % under controlled tensile forte and environment. 
These tapes are prepared under a tensile forte of 0,175 N/mm (1 Ibf/in) of tape width k 2 % under temperature and relative hu- 
midity conditions of A.2.2.3.2 a). 

A.2.2.4.2 Procedure 

For testing proceed as follows : 

a) Connect a counter to the outp ut of the recorder, disable 
am plifier, and place the recorder in the reproduce mode. 

the bias and control track Signals, short the input to the record 

b) Place the test tape on the transport and Start the machine at 1 524 mm/s (60 in/s). On an oscilloscope, verify the approximate 
pulse period Operation of the counter. At 1 524 mm/s, (60 in/s), the spacing will be 25 o() PS, 12 50() PS at 3 048 mm/s 

(120 in/s), 50 000 PS at 762 mm/s (30 in/s), 100 000 ps at 381 mm/s (15 in/s), etc. Measure the period using the counter in a ten- 
period averaging mode. Measurements are to be made near the beginning, middle, and end of the reel, 

Cl The exact tape Speed may be calculated by the following equation : 

tape Speed = 38,l mm/ TC = 1.5 in/ TC 

where TC is the period displayed by the counter in seconds. 

d) Accuracy of the tape, including questions of misuse or abuse, tan be checked visually by developing the pulses using a 
carbonyl iron dispersion and measuring the displacement between pulses under the controlled tensile forte and environmental 
conditions. 

e) The user should select a specific reel diameter for compatibility with his data-acquisition tapes. Optimum compatibility will be 
realized when the test tape reel diameter is the same as the diameter of the data-acquisation reels. The prerecorded tape shall be of 
the same thickness and elastoplastic characteristics as the data-acquisition tapes. 

A.2.3 Flutter measurement 

Variations in tape Speed occurring at frequencies greater than 0,5 Hz are defined as flutter, and the tests described herein cover in- 
strumentation and procedures for the measurement of flutter in instru mentation magnetic recording equipment. Methods for opera- 
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tional tests and acceptance tests are included. In addition , recommenda 
information tests. These three types of tests a re outlined as follows : 

a) 

b) 

tions and gu idelines are included for performing application 

operational tests : basic tests suitable for field use to verify that equipment Performance is within required limits; 

acceptance tests : detailed tests to verify that the equipment meets specifications; 

c) application information tests : tests intended 
tests in intended for Systems analysis and design. 

to determine specialized Performance characteristics. Information from these 

Further notes on flutter measurements are given in C.2 to C.5. 

Timing errors may be derived from flutter measurement but may also be measured directly; recommended test procedures for measur- 

ing TBE are given in A.2.5, and for pulse-to-pulse jitter in A.2.6. 

A.2.3.1 Method of measurement 

Since instantaneous differentes between the effective record and reproduce tape Speeds result in modulation of the frequency of a 
recorded carrier, the basic method used to measure flutter is to determine the amount of frequency modulation caused by the 
record/reproduce process. Therefore, to measure flutter a precision reference carrier is recorded and subsequently reproduced. The 
reproduced Signal is applied to an FM discriminator. The output of the discriminator is a continuous electrical Signal proportional to 
the Variation between the record and reproduce Speeds. 

A.2.3.2 Equipment required to measure flutter (sec figure 11) 

The following are listed as separa te componen ts in Order to indica 
be combined in one or in several instruments in actual practice : 

A.2.3.2.1 Recorder/reproducer 

te the required functions. it is recognized that these functions may 

The recorder/reproducer to be measured shall be equipped with suitable record/reproducer amplifiers. 

NOTE - If record or reproduce heads and/or electronics are not available on a particular System, a Cross play between two machines will be required, 
and a composite measurement will result. Such measurements may be considerably less accurate than recording and reproducing on the same tape 
transport. 

A.2.3.2.2 Precision Signal generator 

The generator must be capable of supplying a Signal of the required frequency and amplitude to a high degree of both stability and 
resolution. A sine wave is preferred for recording with bias. The residual frequency-modulation must be negligible compared to the 
flutter amplitude anticipated. 

A.2.3.2.3 Band-pass filter, carrier 

A band-pass filter may be inserted in the System ahead of the discriminator to limit System noise. The amplitude response of this filter 
must be flat + 3 dB fromf, - (af, + jJ tof, + Ia& + f,), wheref, is the frequency of the reference carrier, ff is the highest fre- 
quency flutter component to be measured, and af, is the fractional flutter. A roll-Off of 18 dB/octave beyond band-edge is suggested. 
The Phase response of the filter should be sufficiently smooth to ensure satisfactory Performance and avoid excessive overshoot in 
the presence of transients. 

A.2.3.2.4 Frequency discriminator 

The discriminator must accept the 
proportional to the modulation. 

reproduced reference carrier which has been modulated by flutter and produce an output Signal 

In general, 60 dB amplitude limiting 
range requirements of the System. 

must precede the frequency-sensitive Portion of the discriminator in Order to meet the dynamic 
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A.2.3.2.5 Band-pass filter, flutter (see table 21) 

A band-pass filter follows the discriminator. Its purpose is to limit the frequency band of the flutter Signal and to reject carrier fre- 
quency components. The filter shall be down no more than 3 dB at 0,5 Hz and at the upper flutter frequency beirigg measured, and it 
shall fall off at a rate of 18 dß per octave outside the pass-band. 

A.2.3.2.6 Magnetit tape 

The tape shall be completely degaussed (bulk erased), in excellent condition and of a type meeting the requirements of a forthcoming 
International Standard, which is recommended for the recorder being tested. 

A.2.3.2.7 Indicators and analyzers 

The flutter Signal from the band-pass filter following the discriminator is a complex one which will, in general, be a random function 
but may additionally contain discrete components. In Order to measure this Signal adequately statistical techniques shall be used. 

Table 21 - Flutter band-pass filter characteristics 

Tape Speed 
mm/s (Ws) 

23,8 (15/16) 

47,6 (1 7J8) 

95,2 (3 3J4) 

WO,5 (7 lJ2) 

381 (15) 
762 (30) 

1 524 (60) 

3 048 (120) 

Pass-band of filter 
Hz 

0,5 to 156 

0,5to 313 

0,5to 625 

0,5to 1 250 

0,5to 2 500 

0,5 to 5 000 

0,5to 10 000 

0,5to 10 000 

a) Acceptance tests 

The indicator used for acceptance tests shall be a direct-reading instrument designed to read the peak-to-peak amplitude and to ig- 
nore occasional random peaks, provided that the value read is exceeded less than 5 % of the time. That is, the peak-to-peak flutter 
is within the value read 95 % of the time. lt is recognized that this measurement tan be made in several different ways. A block 
diagram describing one method is shown in figure 12. Also, statistical Voltmeters which accomplish this result are commercially 
available. Furthermore, if it is known that the flutter Signal follows a Gaussian amplitude probability distribution, the peak-to-peak 
measurement described above is four times the rms value. 

Frequency response : 0,5 Hz to 10 kHz 

Meter averaging time : 5 s 

b) Operational tests 

An oscilloscope may be used as an indicator for operational tests. 

Frequency response : 0,5 Hz to 10 kHz 

Sweep Speed : 100 mm/s 

A.2.3.3 Calibration of test System 

The flutter-measuring System shall be calibrated by simulating the flutter-modulated reproduced carrier Signal. The simulated flutter 
Signal shall be obtained from a frequency-modulated oscillator, and shall consist of a sine-wave carrier, frequency modulated by a 
sine-wave modulating Signal. The level of the modulated carrier shall be equivalent to that expected from the recorder/reproducer 
output. The percentage of modulation shall be accurately determined and compatible with the expected flutter amplitude. 

a) Accuracy 

The System shall be accurate within + 3 % of full scale. 

b) Frequency response 
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The frequency response of the System shall be uniform within + 3 dB over the flutter bandwidth. 

c) Noise susceptibility (sec figure 11) 

The output noise caused by linear addition of the output noise of the tape-recorderl reproducer System and a stable reference car- 
rier at the same level as would be derived from the tape-recorder/reproducer System shall be less than 5 % of the specified flutter. 

d) Susceptibility to amplitude modulation of the carrier (see figure 11) 

The System shall be subjected to an amplitude-modulated sine-wave carrier at the same level as would be derived from the tape- 
recorder/reproducer System. The sine-wave modulating freqency shall be varied from 0,5 Hz to the highest flutter frequency of in- 
terest. The level of modulation shall be 30 % for modulating frequencies from 0,5 Hz to 1 kHz. For frequencies above 1 kHz, the 
percentage of modulation shall vary inversely with frequency to 3 % at 10 kHz. The System output noise for any Single frequency 
shall be less than 5 % of the specified flutter. 

A.2.3.4 Test procedure 

This test is to determine the magnitude of total cumulative flutter over a specified pass-band. Measurements are conducted at one or 
more Points of tape supply reel loading for the specified tape Speed. Results are expressed as the percentage Change of a recorded fre- 
quency during the reproduce process. 

a) Connect the equipment as shown in figure 11. 

b) Adj ust the precision Signal gen erator and the discriminator Po a carrier frequen 
quency used shall not be less than five times the maximum flutter frequency. 

Cl 

CY suitable for the tape Speed used. The fre- 

Place the erased tape on the machine, select the tape Speed to be used and place machine in RECORD mode. 

d) Adjust record level above normal to optimize the ratio of carrier-to-noise level. A value of approximately 13 dß above normal is 
suggested. (If record amplifier is power limited, it may be necessary to drive the heads directly from an oscillator having adequate 
output or from an auxiliary amplifier, i.e. using Saturation recording, which may be used in any case.) 

e) Record test Signals : 

1) Acceptance tests : record test Signals on three tracks : the two outside tracks, and a track on or nearest to the centre of 
the tape. Record at three Points : near the beginning, middle and end of reel. Esch recording shall be three minutes minimum in 
length. 

2) Operational tests : record one three minute recording on one track at any convenient Point in the reel. 

f) Rewind the tape, place machine in REPRODUCE mode, and adjust carrier band-pass filter and flutter band-pass filter to the 
proper values for the tape Speed used. (The reproduce Speed shall be nominally the same as the record Speed.) 

9) Read the peak-to-pe:ak flutter output : 

1) Acceptance tests . . observe the flutter on the indicator described in A.2.3.2.7 a). 

2) Operational tests : observe the flutter as displayed on the oscilloscope at a sweep Speed of 100 mm/s. The Observation 
time shall be five seconds minimum. In reading the peak-to-peak amplitude, occasional random peaks which exceed the value 
read shall be ignored provided that the value is not exceeded more than 5 % of the time. 

A Photograph of the oscilloscope trace may be used to Supplement the visual Observation. 

A.2.4 Dynamit interchannel time displacement error (ITDE) (see 4.53) 

The ITDE shall be measured as outlined in the following procedure. See figure 13 for test equipment connections. 

The measured ITDE shall be considered to include all fluctuations within 95 % limits. 

The reproduced waveforms for this measurement must have a Signal plus noise-to-noise ratio of at least 34 dB for precise definition of 
the zero axis crossings. Optional band-pass filtering of the reproduced waveform serves to remove all noise components except those 
existing within the band of interest. 
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Procedure : 

a) Set the test oscillator frequency Cf,) in accordance with table 22. 

Table 22 - Test oscillator frequencies for ITDE, 
TBE and Jitter tests 

Tape Speed 
mm/s (in/s) 

f 
kiz 

3 048 (120) 

1 524 (60) 

762 (30) 

381 (15) 

190,s (7 lJ2) 

%,2 (3 3J4) 

47,6 (1 7J8) 

23,8 (15116) 

b) Record the test oscillator Signal on two tracks within the same head (for example, 3 and 5). At high transport Speeds, the en- 
tire reel of tape may be recorded. With lower Speeds, a recording of 1 to 2 min at beginning, middle and end of reel is satisfactory. 

c) Rewind the recorded tape and place the instrument in the REPRODUCE mode with servo, if available. Adjust oscilloscope time 
base and trigger to display a Single leading edge using the minimum delay necessary to get the required display, with the ITDE 
component occupying a minimum of 10 mm (horizontal). 

d) Set the vertical gain so that upper and lower portions of the waveform tauch the outer graticule lines. Adjust scope intensity 
to a Ievel which prevents trace blooming but still displays individual transient excursions. 

e) Visually observe or Photograph the CRT display over ten-second Sample periods at the beginning, middle and end of reel. The 
ITDE displayed on the oscilloscope shall be converted to units of time based upon the horizontal width of the solid Portion of the 
display. Occasional crossovers occurring not more than 5 % of the time shall be ignored. 

100 

50 

25 

10 

5 

2,5 

lt0 

0,5 

A.2.5 Time base error (TBE) 

The TBE shall be measured as outlined in the following procedure. See figure 14 for test equipment connections. 

The measured TBE shall be considered to include all fluctuations within 95 % limits. 

The reproduced waveform for this measurement must have a Signal plus noise-to-noise ratio of at least 34 dB for precise definition of 
the Zero-axis crossings. Optional band-pass filtering of the reproduced waveform serves to remove all noise components except those 
existing within the band of interest. 

Procedure : 

a) Set the reference oscillator frequency (fc) in accordance with table 22. 

b) Record the test Signal in accordance with manufacturer’s instruction manual. 

c) Depending upon operational Speed selected , record a sufficient length of tape at beginning, m 
adequate time for tape-speed servo acquisition and lockup Prior to performa nee measurements. 

iddle and end of reel to provide 

d) Rewind the recorded tape and place the instrument in the REPRODUCE mode. Select the transport tape servo System to the 
TAPE mode. 

e) Adjust oscilloscope 
10 mm (ho rizontal). 

base and trigger to display a Single leading edge with the TBE component occupying a minimum of 

f) Set the vertical gain so that upper and lower portions of the waveform tauch the outer 
a level which prevents trace blooming but still displays ind ivid ual transient excursions. 

graticule lines. Adjust scope intensity to 

Further notes on TBE are given in C.3 and C.4. 
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A.2.6 Pulse-to-pulse jitter 

Jitter, 
tions. 

both with or without servo, shall be measured as outlined in the following procedure. See figure 15 for test equipment connec- 

The measured jitter shall be considered to include all fluctuations within 95 % limits. 

The reproduced waveform for this measurement must have a Signal plus noise-to-noise ratio of at least 34 dB for precise definition of 
the Zero-axis crossings. Optional band-pass filtering of the reproduced waveform serves to remove all noise components except those 
existing within the band of interest. 

Procedure : 

a) 

b) 

Set the test oscillator frequency (fc) in accordance with table 22. 

Record the test Signal in accordance with manufacturer’s instruction manual. 

c) At high transport Speeds, the entire 
middle, and end of reel is satisfactory. 

reel of tape may be recorded. With lower Speeds, recording of 1 to 2 min at beginning, 

d) Rewind the recorded tape and place the instrument in the REPRODUCE mode with servo, if available. Adjust oscilloscope 
time base and trigger to display a Single leading edge using the minimum delay necessary to get the required display with the jitter 
component occupying a minimum of 10 mm (horizontal). 

e) Set the vertical gain so that upper and lower portions of the waveform tauch the outer 
to a level which prevents trace blooming but still displays individual transient excursions. 

graticu Ie lines . Adjust scope intensity 

f) Visually observe or Photograph the CRT display over IO-second Sample periods at the beginning, middle and end of reel. The 
jitter displayed on the oscilloscope shall be converted to units sf time based upon the horizontal width of the solid Portion of the 
display. Occasional crossovers occurring not more than 5 % of the time shall be ignored. 

A.3 Direct recording System tests 

This clause defines test procedures for direct recording. The bias and record level adjustment below may only be performed once 
during a sequence of tests. Bias and record level settings will normally be established at the highest operating tape Speed (refer to 
manufacturer’s instructions). See table 23 for required test equipment. 

A.3.1 Bias and record lewel 

This test estabishes bias and record level settings as specified in 5.1.2.2 and 5.1.3 d). 

Procedure : 

a) Set up equipment, instruments, and loads as indicated in figure 16 using the reference tape. 

b) With the Signal Source set to the record bias set frequency and the input level set5to6 dB bel OW the estimated 
level, record and simultaneously reproduce a tape, and adjust the bias level for proper overbias (see 5.1.2.2). 

normal record 

c) With Signal Source set to record level set frequency, increase the input level until 1 % third harmonic distortion is obtained at 
the reproduce output as indicated by the wave analyzer. Before measuring third harmonic distortion, check and adjust the 
reproduce amplifier response equalization at the third harmonic frequency so that it is within + 1 dB of the response at the record 
level set frequency Prior to setting for the 1 % level. 

d ) Reduce level and repeat step b) to recheck bias setting . The 
n ormal record level, and constitute sta ndard record conditions. 

A.3.2 Frequency response-direct recording (see 5.1.1.2) 

Procedure : 

a) 

b) 

final settings for bias and level are the operating bias and 

Set up equipment, instruments, and loads as indicated in figure 16. No external band-pass filter shall be used in this test. 

Perform initial adjustment of bias and record Ievel per A.3.1 and manufacturer’s instructions. 
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Table 23 - Test equipment requirements for direct recording 

Oscillator Sinusoidal oscillator or Signal generator to meet impedance and level requirements of equipment 
under test. Noise, distortion, and spurious components to be below 0,2 % over frequency range 
under test. 

Voltmeter True rms reading AC VTVM calibrated to an accuracy of + 1/2 dB over frequency range under 
test. 

Wave analyzer Frequency selective Voltmeter calibrated to an accuracy of If: 1/2 dB. 

Dynamit range of at least 50 dB. (No internal spurious Signal generation or noise for full 
amplitude Signal present at input and instrument set to measure frequency components 50 dB 
below full amplitude.) 

Bandwith shall be sufficiently wide to avoid erroneous reading due to recorder flutter. (lt is 
unlikely that a Single instrument tan be used over the entire frequency range.) 

Mixing network 

Electronie counter 

Linear mixing network (resistor). Design to match Source and load impedances. 

Time base and reading accuracy shall be sufficient to avoid degrading the measurement of equip- 
ment Performance. 

Band-pass filter Passive or active linear filter, down no more than 3 dB at the band-edge frequencies (sec table 12 
of this International Standard), spurious Signals and noise at least 10 dB below equipment 
specification, 18 dB per octave rolloff. 

NPR (noise power ratio) Baseband high pass filter : 
test set (sec annex C) 

12 kHz. Baseband low pass filters : 60, 108, 204, 552, 1 052, 
2 540 kHz. Notches : 14, 34, 70, 105, 185, 342, 695, 1 248 kHz. 

Spectrum analyzer 
(sec annex C) 

To be compatible with the NPR test set, the important Parameters including frequency range, 
precision of frequency and level setting, resolution and dynamic range. 

c) With Signal Source set to produce normal record level at the record level set frequency, observe the actual input level V,. (This 
voltage shall be considered the nominal 0 dB input reference.) 

d) Record and reproduce a tape and observe the reproduce output level, V2. 

e) Record and reproduce a tape, varying the input frequency over the specified frequency band while maintaining input VI at the 
reference Ievel. 

’ f) Observe and log in decibels, the maximum and minimum excursions of the reproduce output level, V2, with respect to the 
reading obtained in step d). 

For further notes on the measurement of frequency response see C.7. 

A.3.3 Signal-to-noise ratio 

Pass bands in A.3.2 and in this clause may not be identical and should not be compared directly. Filter characteristics shall be known 
or verified before running the signal-to-noise test. 

This test determines the ratio of normal record ievei rms signal plus noise output voltage to the zero Signal rms noise and spurious 
Signal output voltage. (Zero Signal noise is the noise arising when reproducing a tape recorded with no Signal into the record head but 
with bias energized). Measurements shall be conducted while simultaneously recording and reproducing with bias. 

Procedure : 

a) Set up equipment, instruments, and loads as indicated in figure 16, using a band-pass filter as listed in table 23. 

b) Perform initial adjustment of bias and record level per A.3.1 and manufacturer’s instructions. 
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Cl 

d) Remove the input Signal and Substitute a short circuit. 

e) 

fl 

With Signal Source set to produce normal record level at the record level set frequency, observe and log the output level, V2, 

Observe and log the output level, V2. Use a true rms Voltmeter. 

Determine the differente in decibels between the reading obtained in step c) and the reading obtained in step e). 

A.3.4 Intermodulation distortion 

Procedure : 

a) 

b) 

c) Determine the input voltage required to give no rmal record level, using the 
osci Ilator disconnected and repl aced with equivale nt generator impedance). 

Set up equipment, instrument, and loads as indicated in figure 17. 

Perform initial adjustment of bias and record level per A.3.1 and manufacturer’s instructions. 

wave analyzer with the switch in Position 

d) Set oscillators 1 and 2 to give input voltages for fl and f2 each equal to half the voltage determined in step c). Recommended 
test frequencies for general-purpose testing are fl = 0,45 and f2 = 0,55 of the upper band-edge frequency. Other frequencies 
may be substituted, as necessary. Components outside the pass band may be logged, if required. 

e) Check harmonic and intermodulation component frequency input voltages with the wave analyzer (switch in position 1) and 
determine that all components listed in table 24 (other than fl and f2) are at least 10 dß lower than the required equipment perfor- 
mance specification. 

f) Record and reproduce a tape. Observe and log intermodulation component frequency output voltages (switch in Position 2) at 
the frequencies listed in table 24 in decibels relative to normal record level output. Additional component frequencies may be pre- 
sent in the pass band if other frequencies are used for fl and f2. 

For further notes on intermodulation measurements see C.8. 

Table 24 - lntermodulation test frequencies 

[The second colu mn gives test frequencies for general 
use as a fu nction of the upper band-edge 

frequency (f = 1,O)l 

Component Frequency 

fl 

f2 

f2 - fl 

2fj - f2 

2f2 -fl 

2fl 

fl + f2 

0,45 

0,55 

OJO 

0,35 

0,65 

O,W 

l,oo 

A.3.5 Crosstalk 

The following test procedure measures the crosstalk of a Signal in one channel to all other channels. 

Procedure : 

a) Connect an oscillator to the input of the track being measured. Set the input at normal record level. 

b) Short the input to the record amplifier of all other tracks. 

c) Record selected frequencies with wavelength less than 1,5 mm (0.06 in) through the band corresponding to the tape Speed 
being used. 
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d) Rewind and reproduce the tape. Observe the output of all tracks without input Signal relative to the output at the record level 
set frequency set at normal record level, using a frequency selective Voltmeter having a dynamic range at least IO dB greater than 
the specification limit for crosstalk. 

e) Stop the tape and repeat for the other track. 

A.3.6 Bias leakage 

The purpose of this test is to establish the level of bias I 
Signal line, with Signal levels adjusted to 1, ,o v r *ms. 

eakage during the record mode on any properly terminated input or output 

Procedure : 

a) Place bulk erased tape of the appropriate type onto the recorder. 

b) At the highest ava ilable tape Speed, record and reproduce the record level set frequency on at least one odd and one 
track. Terminate both input and output in rated impedances and adjust inpu t and output levels to 1,O V rms. 

even tape 

c) Reduce the input level to zero whi Ie continui 
leakage voltage at the following circuit Points : 

ng to record only the bias Signal. With a tunable Voltmeter measure the bias 

1) Odd track output Signal line, high side to low side. 

2) Even track output Signal line, high side to low side. 

3) Odd track output Signal line, high side to a convenient front Panel Chassis ground. 

NOTE - Chassis ground should be properly connected to the local instrumentation ground during this test. 

4) Even track output Signal line, high side to a convenient front Panel Chassis ground. 

5) Odd track output Signal line, low side to Chassis ground. 

6) Even track output Signal line, low side to Chassis ground. 

A.3.7 Group delay Variation and transient response 

A.3.7.1 General 

The Phase characteristics of a record-reproduce System affect the transient response and the group delay characteristics of the 
System. Optimum transient response is required when directly recording pulse waveforms. Optimum group delay Performance is 
required for recording certain multiplexed Signals, predetection Signals, etc. 

A.3.7.2 Group delay Variation test procedure for wide-band recorders 

The following test indicates specific equ 

maY be used when available. 
ipme nt which is now being used bY several bodies. Other compatible equipment of this type 

A.3.7.2.1 Test equipment 

The following minimum equipment or equivalent is required : 

Wandel and Goltermann Transmitting Unit, model LDS-1; 

Wandel and Goltermann Level Transmitter, model TFPS-42; 

Wandel and Goltermann Receiver, model LDE-1. 

Although not manda tory, the following 
group del ay Variation measurement. 

additional equipment is recommended as convenient for obtaining oscilloscope display or 
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Wandel and Goltermann CR0 Indicator, model SG-l; 

Wandel and Goltermann CR0 Plug-in, model SGE-3. 

A.3.7.2.2 General procedure 

a) Group delay Variation may be measured either simultaneously during the record tape pass or during a separate reproduce pass. 
Recording and reproduction shall always occur at the same Speed. Recordings shall be made at normal record level and reproduce 
measurements shall be made by connecting the reproduce amplifier directly to the 75 0 load resistance of the LDE-1 receiver. 

b) The group delay measurements shall be made over the bandwidths shown in table 25 and shall be referenced to a delay 
reference frequency between 200 kHz and 1 MHz. 

Table 25 - Group delay measurements 

Wide 
band 
1,5 MHz 

Wide 
band 
2,0 MHz 

Tape 
Speed 

mm/s Ws) 

3 048 (120) 
1 524 (60) 

762 (30) 

3 048 (120) 
1 524 (60) 

762 (30) 

Measurement 
bandwidth 

100 kHz to 1,5 MHz 
100 kHz to 750 kHz 
100 kHz to 375 kHz 

100 kHz to 2,0 MHz 
100 kHz to 1,0 MHz 
100 kHz to 500 kHz 

Delay 
reference 
frequency 

Optional 
Optional 
Optional 

Optional 
Optional 
Optional 

NOTE - The group delay Variation tests may also be extended to 
Single-carrier FM recorder Systems at 3 048 mm/s (120 in/s) over the 
bandwidth of 100 to 400 kHz. 

c) Group delay Variation measurements may be performed in either the Point-to-Point (see A.3.7.2.3), or sweep (see A.3.7.2.4) 
modes and shall conform to the test set manufacturer’s instruction procedures as modified herein. 

A.3.7.2.3 Point-to-Point mode 

Procedure : 

a) The mode selector switch (upper left Portion of the LDS-1) shall be positioned fully clockwise in Order to permit measuring fre- 
quency selection on the high resolution dial of the TFPS-42. 

b) The output of the TFPS-42 shall be set to - 10 dB as indicated by the front Panel level meter. 

c) Esch frequency Point measured shall be recorded for at least 20 s in Order to permit sufficient time for reading. 

d) The receiver delay range selector switch (lower right Portion of the LDE-1) shall be positioned to the most convenient range 
which will encompass the desired specifications. (Verification of readings may be desirable and the range may be temporarily 
switched to the next higher scale.) 

A.3.7.2.4 Sweep mode 

Procedure : 

a) The mode selector switch (upper left Portion of the LDS-1) shall be positioned fully counterclockwise, and the sweep velocity 
control (LDS-1 ) positioned fully counterclockwise. 

b) The output of the TFPS-42 shall be set to - 10 dB as indicated by the front Panel level meter. 

c) Esch track measured shall be repetitively swept for at least 60 s to permit adequate Observation time. 

d) The receiver delay range selector switch (lower right Portion sf the LDS-1) shall be positioned to a convenient range which will 
encompass the desired specification. 

e) The value of delay shall be read as the average displacement curve of the oscilloscope display. The peak-to-peak noise 
envelope associated with the delay presentation shall not be considered as a group delay error component. 
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f) Documentation maY be obtained by oscilloscope Camera. Figure 18 depicts a typical result and 
delay from 100 kHz to 1, 5 MHz. Group attenuation is also shown aga inst a com mon freq uency axis. 

Shows less than + 200 ns 

A.3.7.3 Transient response 

The Phase Performance of a record/reproduce System which is measured by the Square-wave method shall have the Parameters of 
the Square wave measured in accordance with descriptions in figure 19. Parameters to be measured shall be rise time, tilt and over- 
shoot. Square wave repetition frequency shall be 0,05 of upper band-edge frequency, but never less than ten times the lower band- 
edge frequency. lt should be noted that these conditions cannot be met simultaneously at tape Speeds below 190,5 mm/s (7 112 in/s). 
Measurements tan be made at lower tape Speeds but with lower precision as the repetition frequency approaches the band edge. 

A.3.8 Multispeed reproduce transfer levels 

In multispeed, automatically equalized machines recording at one Speed and playing back at another is a common Operation. lt is 
sometimes desirable to maintain the reproduce output at approximately constant level for a given wavelength independent of Speed 
without resorting to manual readjustment of reproduce gain controls. The purpose of this test is to determine a system’s capability to 
meet the above requirement. 

Procedure : 

a) Place bulk erased tape of the appropriate type on the recorder. 

b) At any convenient tape Speed, record at normal record level a Signal having a wavelength of 47,6 pm (1.875 milli-inch); 500 Hz 

at 23,8 mm/s H5/16 in/& 1 kHz at 47,6 mm/s (1 7/8 in/s) 2 kHz at 95,2 mm/s (3 3/4 in/s), . . ,, 64 kHz at 3 04 mm/s 
(120 in/s). 

c) Rewind and pla 
level at each Speed. 

y back at all specif ied Speeds of the machine without repositioning the output level control. Note the output 

For further notes on the measurement of multispeed reproduce transfer levels, see C.9. 

A.3.9 Record transfer characteristics 

The purpose of this test is to establish that the record head losses at high frequencies are compensated by the record amplifier. Low- 
frequency Signals are recorded and reproduced at the lowest tape Speed on the machine. High-frequency Signals are then recorded at 
the highest tape Speed on the machine and reproduced at the lowest tape Speed. Frequencies recorded in the two tests are Chosen 
to be at the same wavelength on the tape. Insofar as possible, the procedure is designed to eliminate the Variation in response sf the 
tape, the frequency losses in the reproduce System, and azimuth misalignments which might arise from the test method [see 
section 5.1.3 c)]. 

Procedure : 

a) Place bulk erased tape of the appropriate type on the recorder. 

b) Record and reproduce at 1/8th the highest tape Speed of the machine frequencies of 0,02; 0,i; 0,5; 0,8 and 1,O times the 
maximum specified bandwidth for that Speed. The input shall be at normal record level. On machines with azimuth-adjustable 
reproduce heads, adjust azimuth for maximum output of the upper band-edge frequency. Note the absolute output level of all fre- 
quencies. Reproduce level shall be adjusted so that level changes between Speeds will not Cause the reproduce amplifier to 
saturate. 

c) Rewind the tape and erase. Frequencies eight times as high as those used in step b) shall be recorded at the highest Speed of 
the machine. Take reasonable care to record the same wavelength Signals at the same place and in the same direction on the tape 
as in step b). Esch frequency shall be recorded approximately 1/8th as long as in step b). 

d) Reproduce the tape recorded in step c) at 1/8th the highest tape Speed of the machine. On machines with a zimuth-adjustab 
reproduce heads, adjust azimuth for maximum upper band-edge ou tput. Note the absolute output level of all frequencies. 

e) The deviatio In from ideal recordi ng is defined as the 
the curves have the 0,02 frequency Point in common. 

differente between the response curves obtained in Steps b) and d) when 

Ie 

For further notes on measurements of record transfer characteristics, see C.10. 
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A.4 Single carrier FM System tests 

A.4.1 General 

All FM tests except drift and dc linearity shall be run through the tape. The FM record/reproduce System shall be capable of meeting 
specifications of all the following Parameters simultaneously, without readjustment. Allow equipment to warm up the specified length 
of time. In the absence of a warm-up specification, the warm-up time shall be in accordance with the manufacturer’s recommenda- 
tion. Except where otherwise stated all percentages shall be referred to full positive to negative deviation as 100 %. This procedure is 
intended to test those Systems described in table 13 only. 

A.4.2 Centre frequency, deviation and polarity check (see 5.2.1 and 5.2.2) 

a) The centre frequency s #ball be checked by shorting the input of t he amplifier and monitoring the carrier frequency with an elec- 
tronic counter. The centre frequency shall be adjusted to conform to values specified in table 13 within 1 %. 

b) The deviation and polarity shall be checked as follows : 

Apply the positive peak dc input Signal to a tolerante appropriate to the specified Performance of the equipment under test and 
verify a full positive deviation in carrier frequency and a corresponding positive output voltage from the reproduce amplifiers. 
Apply the negative peak dc input Signal and verify a full negative deviation in carrier frequency and a corresponding negative out- 
put voltage from the reproduce amplifier. 

A.4.3 Frequency response (see 5.4.2.2) 

Procedure : 

a) Set an input sine-wave Signal 
giving full peak-to-peak deviation 

to the referen ce frequency (as defined in the footnote to table 13) and an ampl itude equal to that 

b) Maintain this input amplitude and measure the reproduce 
the maximum modulation frequency ( see table 13). 

output Signal amplitude at variou s frequencies up to and including 

maximum and minimum excursions of the reproduce output level from that at the reference frequency, and log c) Observe the 
them in decibels 

For further notes on frequency response measurements see C. 11. 

A.4.4 Signal-to-noise ratio 

Procedure : 

a) Record a sine-wave Signal set as defined in A.4.3 a) above, 

b) Short-circuit the input and record the undeviated carrier. 

c) The signal-to-noise ratio is defined as the ratio of the reproduce output Signals obtained from the recordings made at a) and b), 
expressed in decibels. 

d) The outpu t Signals shall be measured with an average reading, rms 
3d B at 10 Hz. No external filters shall be used i n the measurements. 

calibrated Voltmeter; the shall be down no more than 

A.4.5 Distortion 

A.4.5.1 Single component distortion 

Record a Signal at full deviation &- 5 % and a frequency 50 % of the maximum modulation frequency specified in table 13. The out- 
put of the FM reproduce amplifier shall be measured with a wave analyzer which measures the second harmonic. 

A.4.5.2 Intermodulation distortion 

shall be measured by recording two mixed si gnals, eac h at a level sufficient to provide half full deviation of the carrier. 
ce output shall be monitored with a wave analyzer and the intermodulation distortion components of vZ + fi), 

1 M distortio 
The reprod 
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(2f, - f2) and (2f 2 

f2 = 
- J,) measured as a percent of the full deviation rms output voltage. Test frequencies shall beJ, = 0,45 and 

0,55 of the maximum modulation frequency specified in table 13. 

A.4.6 Spurious components (wide-band FM) 

These shall be measured by recordi ng the maximum modulation frequency as specified 
deviation & 5 %. The reproduced output : shall be monitored with a wave analyzer. 

A.4.7 Group delay and transient response 

See A.3.7 (particularly the note to table 25). 

A.4.8 Dc linearity (see figure 20) 

A.4.8.1 General 

The following tests are to be used for production acceptance testing . In each case, percent nonlinearity shall be referred to the full 
deviation values of fu - fL, where f (x) is the output function being measured (i.e. frequency in A.4.8.2, voltage in A.4.8.3). 

in table 13 at a level sufficient to provide full 

A.4.8.2 Record amplifier linearity (procedures for Systems without reproduce capability) 

Inject Signals into the record amplifier of the specified levels to provide Zero, full positive, and full negative deviation of the carrier. The 
levels must be accurate to 0,Ol % or better. Monitor the frequency output with a counter having 0,05 % resolution. The percent 
nonlinearity shall be determined from the following formula. 

e max. 
Y % nonlinearity = - x 100 

fu - fL 
. . . 

where emax is the maximum value of the error function [sec d) beiowl. . 

A Y % p-p specification is interpreted as tr Y/2 % and converseiy. 

NOTE - If the form of the ii 
ievek. 

nearity curve has not previousiy been determined, a number of additionai measurements should be made at intermediate 

6) 

A.4.8.3 System linearity (includes procedure for measuring record amplifier linearity) 

Proceed as in step b). Monitor the record amplifier frequency and the reproduce amplifier output voltage. Voltage shall be measured 
with an integrating dc Voltmeter which does not respond to the noise in the output of the FM System. Voltage nonlinearity shall be 
determined from equation 6. 

A.4.8.4 Determination of error function e 

The method outlined below measures the dc linearity as a departure from a reference line through Zero. The reference line is only an 
approximation to the mathematical best straight line having least mean Square error, but this approach is taken to reduce the com- 
putation time an Order of magnitude below that which would be required for a least mean Square error calculation. 

The reference line is a straight line mathematically constructed to pass throug h the output f. for zero input and th e actual 0 
full negative input. The departure of the actual output at all Points from the reference line is then given by the formula 

utput fL for 

e = f, + FLX - (1 + x)fo . . . (7) 

where 

f X 

fL 

fo 

X 

is the output for input x; 

is the output for full negative input (x = - 1); 

is the output for zero input (x = 0); 

is the fraction of full input (- 1 < x < + 1 only). 
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The value of e is then plotted graphically as a function of x. All poi nts on this curve must be inside a parallelogram bounded 
X = + 1 and having a p-p hei ght equal to the allowable P-P e rror. In some cases this parallelogram will become a rectangle. 

Several 
necessa 

different types of 
ry and sufficient c 

output 
onditio 

versus input and e versus x curves 
ns to determine that the linearity is 

are plotted 
indeed wit 

The most common type of curve found in FM Systems is shown in figure 20 a). Critical examination will show that for th 
the end p oints need be measured. Maximum error always occurs atx = + 1, and su bstitution in equation (7) gives 

that this computation forms the in figure 20 to show 
hin specification. 

bY 

is shape, only 

e max. = fu + fL - 2f0 . . . (8) 

A less common type of curve is shown in figure 20 b). Once the maximum error Points are determined as a function of x, a three-Point 
computation of linearity will suffice for production testing purposes (assuming the S-shape is characteristic of the class of equipment 
being tested). 

A.4.9 Dc drift at centre frequency 

a) Record amplifier centre frequency drift (procedure for Systems without reproduce capability) 

Short the in put to the record 
line voltage, etc.). 

amplifier and monitor the output frequency versus other specif ied Parameters (time, temperature, 

b) System zero drift (includes procedure for measuring record amplifier zero drift) 

Proceed as in step a). In addition, monitor the dc output voltage Change versus other 
line voltage , etc.). All changes in the frequency band 0 to 0,5 Hz shall be included. 

para meters as specif ied (time, temperatu re, 

Cl An x-percent p-p specification is interpreted as & x/2 % and conversely. 

A.4.10 Multispeed reproduce transfer levels 

These shall be measured by recording the reference frequency specified in table 13, at a level sufficient to provide full deviation of the 
carrier, at the highest tape Speed of the System. The tape shall be rewound, then reproduced at each tape Speed of the System 
specified for FM Operation and the output voltage monitored in each case. The output amplitude Variation shall be expressed as a per- 
cent of the full deviation output voltage. 

For further notes on measurements of multispeed reproduce transfer level see C.12. 

A.5 PAM System tests 

(See 6.2). PAM System tests may be included in a future revision of this International Standard. 

A.6 PCM System tests 

(See 6.3). 

NOTE - The tests descr ,ibed below are generally on 
adaptable to other PCM instrumentation Systems. 

ly applicable to radio -frequ ency telemetry Systems but some of the information may be relevant or 

A.6.1 Test procedure 

For testing the Performance of a PCM ground data receiving System, the following procedure shall be used : 

a) Determine the carrier predetection bandwidth, 
bit error probability (P,) values to be tested. 

PCM waveform Patterns, type and depth of modulation, bit rate, and range of 

b) The test configuration shall be as shown in figures 21, 22 or 23 (see also A.6.2.2). The specific System Parameters, listed in 
step a) above, shall be documented and included with the resultant test data. 

c) Point the 
configuration. 

antenna at the quiet sky, at least three antenna beamwidths from any radio sources, and set up in the application 
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d) Vary the output power (P,) of the RF test Signal generator. 
bit and No is the noi 

Plot or tabulate & versus Eb/NO where 
se power density. A typicai plot is shown in figure 24. 

E, is the Signal energy per 

A.6.2 Application notes (sec also C.4) 

A.6.2.1 Bit error probability test 

a) The test pseudo-noise (PN) sequence shall be 2 047 bits in length. 

b) The PN generator shall include an internal clock continuously variable over the range of IO bits/s to 106 bits/s. The stability 
shall conform to 6.35 Provisions for acceptance of external clock shall be included. 

c) Provision shall be made ,for includ 
multiples of the PN sequence period. 

ing in the test format an arbitrary word of not more than 33 bits at selectable integer 

d) Two pulse waveforms shall be selectable, namely NRZ and Bi-@ (see figure 1). 

e) The PN 
1 000 errors. 

receiver shall include a PN sequence synchronizer, error comparator, and error counter of capacity at least 

f) The PN test receiver shall provide PN sequence Pattern and bit clock Outputs. 

9) The PN test receiver shall use an integrate-and-dump bit detector using bit clock from f). 

hl RF Signal generators covering appropriate telemetry bands shall be provided with : 

1) base-band response from 0 to 1 MHz, flat to + 2 dB; 

peak-to-peak frequency modulation capability adjustable from 700 Hz to 7 MHz; 

3) peak frequency deviation meter to cover this range with an error not more than 10 % of meter reading; 

4) peak-to-peak carrier Phase modulation from 71/2 to 71 radians continuously adjustable; 

5) peak Phase deviation meter to cover this range with not more than 3 % error. 

j) The closed loop tracking bandwidth of the PN sequence synchronizer shall be variable in Steps including IO, 100, 500 and 
1 000 Hz. 

kl The PN receiver shift register clock shall be derived by efficient utilization of the auto-correlation of the PN waveform. 

f-n) Provision shall be made to indicate the time required to accumulate the bit error count. 

A.6.2.2 PCM test method 

a) Where a PCM Simulator, bit synchronizer, error comparator, and error counter exist, the closed-loop configuration in figure 21 
or 22 tan easily be accomplished and & determined in real time utilizing the procedures described in A.6.1. lf the PCM test Pattern 
is predetection or postdetection recorded and played back through the System bit synchronizer as shown in figure 22, a PCM 
Pattern regenerator must be utilized. This regenerator could be the same PCM Simulator utilized for generating the PCM test pat- 
tern, provided a clock input and frame synchronization input to the Simulator are available for loading and synchronization pur- 
poses (sec figure 23). 

b) lt is recommended that a pseudo-noise (PN) test Pattern be utilized whenever possible. One reason for this is that a PN 
sequence tan be generated and synchronized economically by a shift register with feedback configured for a maximum length se- 
quence. Since the number of positions in the shift register and the feedback connections uniquely determine the test Pattern, it is 
convenient to specify the Pattern in terms of these Parameters. Another reason is that a Standard test Pattern, adopted by all users, 
allows the exchange of test data without ambiguity. In this connection, an eleven-Position shift register is recommended with 
feedback summed modulo two from positions 9 and 11. 

The sequence will be 2 047 bits long which corresponds roughly to frame lengths in use which, for NRZ, exercises the Iow fre- 
quency response of elements of the System. This is important because with NRZ, lack of dc response Causes baseline Variation of 
the bit stream in accordance with the fractional amount of near-dc-power lost. In addition, the sequence will contain eleven binary 
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ones followed by nine binary Zeros thus exercising the bit synchronizer with only one NRZ transition in 19 bits, three in 29 bits, five 
in 39 bits, seven in 49 bits, etc. 

c) The synchronization of the PN-PCM test Pattern regenerator is shown in figure 25. Because of the autocorrelation properties 
of a PN sequence, it is possible to synchronize a Slave shift register to an incoming PN bit stream (plus noise) by Cross correlation. 
This tan be carried out by coherent or non-coherent methods. Test data indicate that the non-coherent method is adequate for 
tests in which the bit error probability (P,) is less than 0,Ol. 

d) The non-coherent method of synchronization makes use of the clock from a data bit synchronizer. Since data bit transitions 
occur at random, a non-linear Operation is required in the data bit synchronizer in Order to generate discrete frequency com- 
ponents at the bit rate and its harmonics. Figure 25 is a schematic of the non-coherent PN synchronizer. The clock from the bit 
synchronizer is used to drive the shift register. The NRZ bit stream out of the bit detector is used to load the shift register when the 
switch is thrown to the load Position. The switch is then thrown to the feedback Position, and, if there are no errors in the 
loaded bits, the shift register is in leck with the input PN waveform. lt will stay in leck until bit Slippage occurs in the bit syn- 
chronizer. If one or more errors are loaded into the register, the shift register is not locked, and because of the auto-correlation 
properties of the PN sequence, the error rate is nearly 50 / y OO Thus if the error rate is 0,Ol for example, the register is locked. lf it is 
not locked, i.e. error rate approximately 0,5, the switch is returned to the load Position and the process repeated until leck is 
obtained. In operational hardware, the whole loading Operation tan be done automatically. 

e) The spectrum of an NRZ-PN sequence consists of a Fourier series of sinusoids with a fundamental frequency equal to the se- 
quence repetition rate with power values inscribed within the random PCM NRZ power spectrum of figure 26. Such a spectrum for 
a PN sequence of length seven bits is shown in figure 27. The fraction of the total power in each component near zero frequency is 
approximately 2/m, where m is the number of bits in the sequence. Thus, when m is large, such as 2 000, the spectrum is nearly 
continuous and has the same shape as random NRZ. Similarly, for a Bi-@ PN sequence, the Fourier component frequencies are 
multiples of the sequence rate with power value inscribed within the random Bi-@ spectrum of figure 26. 

f) Statistics of the accumuiated bit error sampie need to be considered. It may be assumed that the bit errors are Poisson 
distributed. Thus, the sampie variance may be taken as the number of errors accumuiated; i.e. the Standard deviation, 6, is given 
by the Square root of the error count. The percent a is thus lOO/dw, where Ivis the number of errors counted. Thus, if the desired 
percent a is IO %, N shail be 100 or more. 

A.7 Multiple-carrier Fl’Vl subcarrier tests 

A.T.1 General 

A.7.1.1 

a) The tests described in sections A.7.2 to 
of multiple-carrier FM s ub-carrier oscillators 

Range of tests 

A.7.12 include measurements to determine the following Performance characteristics 

1) Control rangeis) (sec A.7.2) 

2) Non-linearity (see A.7.3) 

3) Amplitude modulation (see A.7.4) 

4) Output distortion (sec A.7.5) 

5) Effect of Source impedance (sec A.7.6) 

6) Effect of grounding input (differential-input models only) (see A.7.7) 

7) Output loading (sec A.7.8) 

8) Modulation feedthrough Isee A.7.9) 

9) 

10) 

11) 

Stability versus time (sec A.7.10) 

Effect of supply voltage Variation and ripple (see A.7.11) 

Common-mode rejection (see A.7.12) 
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b) lt is recommended that the Performance tests be conducted in the Order in which they are p resented, 
may be destructive or Cause pe 

except that tests 
rmanent degradation of Performance s hould be included in the last part of the schedule. 

which 

c) lt is recommended that Performance tests be carried out in the following four bands as defined in table 18 : 

7 (2,3 kHz + 7,5 %), 14 (22 kHz & 7,5 %), 
A (22 kHz + 15 %) and E (70 kHz & 15 %). 

A.7.1.2 Test equipment 

To minimize measurement errors, test equipment should be energized from a regulated line and the tests conducted in a room where 
ambient temperature variations are small. When tests require the measurement of voltages or currents with a high Order of precision, 
or when the measurement of low-level voltages or currents are required, care must be given to the design of the test configuration to 
avoid the error-producing effects of ground-loop currents. The use of an isolation power transformer is desirable. Observe the prac- 
tice of bringing all ground leads to one common Point. 

A.7.1.3 Test procedures 

a) The basic test procedures described in A.7.2 to A.7.12 should satisfy the Performance information requirements of the 
majority of telemetry sub-carrier oscillator users. The tests could be conducted in much greater detail, and this may be done at the 
discretion of the testing facility when such a requirement arises. 

b) Some Performance characteristics are temperature-dependent and additional measurements at ambient temperatures 
covering the operating range may be required for particular applications. Measurements under other specific environments (for 
example, Vibration) may also be required. 

c) The 
detailed 

included block diagrams given in figures 28 to 39 are 
information on test equipment interconnections. 

d ) To assure uniformity of 
d ividual tests are conducted 

for descriptive pu rposes and are not intended to provide 

testing, the following procedures and preliminary adjustments should be completed bef ore the in- 

1) 

2) 

Initial procedures 

- Place the sub-carrier oscillators under test in a temperature-controlled chamber, and maintain the chamber at 
+ 30 & 1 OC unless otherwise indicated in the test schedule. If a temperature chamber is not available, ambient 
temperature variations must be kept as small as possible so that the effect of controlled test Parameter variations are not in- 
fluenced by temperature variations. 

- The supply voltages for the sub-carrier oscillators under test must be carefully adjusted and regulated. 

- The output impedance of Signal sources used in the tests should be low (i.e. approximately 10 Q maximum for dc 
Signal sources and approximately 600 Q maximum at the operating frequency, for ac sources). This is especially important 
when testing sub-carrier oscillators employing solid-state design, where reverse leakage currents may be present at the 
input terminals. 

\ 

Preliminary adjustments 

- Adjust the supply voltage(s) to the levei(s) recommended by the manufacturer, and allow a 15-minute warmup. 

- Adjust the appropriate controls on the sub-carrier oscillator so that the input Signal voltage level and excursion recom- 
mended by the manufacturer will produce full deviation output frequency excursion, centred at the appropriate centre fre- 
quency. 

- Adjust the amplitude control to produce the maximum output Signal amplitude. 

- Apply the maximum output load recommended by the manufacturer, or apply a 10 kSJ load if the manufacturer makes 
no recommendation. 

NOTE - During the tests described in the following procedures, controls are frequently varied from the settings established during these preliminary 
adjustments. Care should be taken to ensure that in each case the correct control settings are re-established before proceeding with any further per- 
formante tests. 
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A.7.2 Control rangels) 

a) Purpose : to determine the ranges of the controls which are provided to adjust : 

1) deviation sensitivity 

2) reference frequency 

3) output level. 

b) The sensitivity control adjusts the magnitude of input-voltage excursion required to produce full deviation output frequency 
excursion. The reference-frequency control adjusts the output frequency which is produced when the input Signal terminals are 
shorted. Depending upon the manufacturer’s design, the nominal reference frequency may correspond to the centre frequency or 
to either of the deviation limits. The output level control adjusts the amplitude of the sub-carrier output Signal. 

c) Certain 
may have a 

models 
control 

may featu 
to adjust 

re all 
each 

three of the controls, 
of the deviation limit 

while other models 
frequencies but no 

may have only one or 
reference-frequency 

Still two controls. 
control. 

models 

d) Test procedure 

The following test procedure applies to models which include the three controls listed above. 

1) Set up as per figure 28. 
I 

2) Measure the input voltage excursion required to produce a full deviation range o 
sitivity control set first to the maximum Position and then to the minimum Position. 

1utput frequency excursion with the sen- 

and measure 
ts full range. 

both the minimum and maximum frequency produced bY adjusting the 3) Short-circuit the input terminals 
reference frequency control through i 

4) APPlY a dc input voltage to produce a n outpu t frequency equal to the centre 
amplitude for both minimum a nd maximum settings of the output level control. 

frequency. Measure the output Signal 

A.7.3 Non-linearity 

a) Purpose : to determine the departure of the output frequency versus the in put-voltage characteristi CS from 
straight line drawn through the Points corresponding to centre frequ ency and low deviation limit. See also A. 4.8. 

a nee 

b) Two methods of measurement are described. In one method an analogue plot of departure from linearity is automatically pro- 
duced by an X-Y recorder, while in the other method data is acquired through a Point-by-Point procedure of measurement and 
then plotted manually. Method No 1 is the more rapid of the two, but accuracy is limited to the Order of 0,l %; it should also be 
noted that the measurements will include the effect of any non-linearities in the sub-carrier discriminator as well as those in the 
oscillator under test. Accuracy in method 2 is limited only by the precision and resolution of the Voltmeter and the frequency 
counter. 

c) Test procedure (Method No 1) 

1) Set up as per figure 29. 

21 Adjust the sensitivity of the X-axis of the 
sion is app lied to the su b-carrier oscillator. 

recorder to produce a convenient excursion full scale input voltage excur- 

31 Adjust the mixer network so that the output voltage excursion of the sub-carrier discriminator and the inpu t voltage excur- 
sion applied to the sub-carrier oscillator produce a nominal null (within a few per cent) at the Y input to the recorder. 

NOTE - If the inputs to the mixer 
output shall be G,.A - G,.B. 

network are A and Band the network applies gains of GA and G, respectively, then the magnitude of the 

4) Adjust the sensitivity of the Y-axis so that the mixer network output produces a convenient excursion, and calibrate the 
Y-axis in per cent of full deviation range. To calibrate the Y-axis, set the dc Signal Source to the voltage corresponding to zero 
Volts from the discriminator and disconnect temporarily the dc Signal Source input to the mixer and the X-axis. Vary the dc 
Signal Source in small percentile increments of fu!! scale and note the corresponding Y deflections. 
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5) Slowly Change the input voltage through the full scale range (equivalent to sub-carrier oscillator output frequency Change 
from one deviation limit to the other). Avoid rapid input voltage changes I because they will produce Phase shifts in the sub- 
carrier oscillator and the discriminator which will lead to measurement errors. 

, 6) Establish a reference straight line through the Points representing centre frequency and lower deviation limit. 

7) Departure of the plot drawn by the X-Y recorder from the established reference straight line represents departure from 
linearity. 

d) 

8) Departure from linearity is expressed as a percen tage of fu II deviation range and is given a positive sign when, for a 
input voltage level, the output frequency is greater than the corresponding Point on the reference I ine. 

Test procedure (Method No. 2) 

1) Set up as per figure 30. 

2) Measure the output f requencies corresponding to eleven equally spaced input 
as determined in A.7.2, using the p recision Voltmeter and the frequency counter 

selec ted 

voltage covering the sub-carrier range 

3) An alternative method of measurement, shown in figure 30, employs a high-stability dc voltage Source and a precision 
decade voltage divider. However, it must be determined that the linearity of the voltage divider is not significantly degraded by 
the loading effect of the input impedance of the sub-carrier oscillator. 

4) The measured data tan be plotted on a scale with greatly increased resolution if an arbitrary slope (approximating the data 
slope) is first subtracted from the data. Then a reference line as defined above tan be established and the departure of each 
data Point from the reference line tan be determined with much higher resolution. 

5) Departure from linearity is expressed as a percentage of full deviation range and is given a positive sign 
input voltage level, the output frequency is greater than the corresponding Point on the r ,eference line. 

A.7.4 Amplitude modulation 

a) Purpose : to determine the Change of output 
range from one limit to the other. 

b) Test procedure 

1) Set up as per figure 31. 

2) Van/ the dc input Signal to Cause the ou tput frequency to cover the full excursion from one deviation limit to the other, and 
measure the minimum (Erni”.) and the maxi mum (E,,, ) output Signal amplitudes within the deviation range. 

Signal amplitude as the sub-carrier frequency is changed through the deviation 

when, for a selected 

3) Calculate percentage amplitude modulation from the equation : 

% Amp. Mod. = [(E,,x - E,i” )/(E,i,. + Emin.)I X 100 . . . (9) 

4) Adjust the output frequency to centre frequency and reduce the 
Repeat the measurements of amp litu de mo dulation as outlined above. 

output Signal amplitude to 70 % of its former value. 

A.7.5 Output distortion 

a) P urpose : to determine the distortion of the 
wave Outputs only). See also A.7.8. 

output subcarrier waveform at selected output amplitudes and output loads (sine 

b) Two methods tan be used to measure output distortion, using either a distortion analyzer or a wave analyzer. If a distortion 
analyzer is used, the effects of all of the distortion-producing components (within the bandwidth of the test instrument) are 
lumped together. If a wave analyzer is used, it is necessary to search for and measure the amplitude of the individual distortion 
components and then calculate the distortion, using the same algorithm as would be applied by the distortion analyzer. 

c) Test procedure 

1) Setupasperf igure 32. Care should be taken to use short, unshielded 
ing instruments, si nee capacitive loading is one of the test Parameters. 

between the output terminals and the measur- 
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2) Apply dc input voltages to produce o utput frequencies correspond ing to centre freque 
deviation limit respectively. Measure the output distortion at each of these frequencies. 

ncy, lower deviation limit, and upper 

uce the output su bcarrier amplitude to 70 % of maximum amplitude and repeat the measurements outlined in 2) 3) Red 
above. 

4) 
res 

Readjust the ou 
istive load) . 

tput amplitude to maximum, and apply a 100 pF capacitive load to the output terminals (in addition to the 

5 #) Perform distortio 
U pper deviation limit. 

n measurements at the three frequencies corresponding to centre frequency, lower deviation limit and 

In the same manner, make distortion measurements with capacitive loads of 500 pF and 1 000 pF. 6) 

A.7.6 Effect of Source impedance 

a) Purpose : to determine the 
rent that is fed back from the 

Change of ou tput frequency as 
nput termina Is in to the Source 

a function of Source impeda nee variations and to deter nmine the cur- 
i 

which will receive input Signals from variable- resistance transducers; b) This test is particularly important on so! id-state models 
the effects are also temperature-depe ndent [see A. 7.1.3 b) 1. 

c) Test procedure 

1) Set up as per figure 33. 

2) Short the input terminals and measure the output frequency. 

re the voltage appearing at the su bcarrier oscillator input terminals 3) Adjust the variable resistance decade to 100 Q. Measu 
(use a null Voltmeter), and measure the output frequency. 

4) In the same manner, measure the input voltages and output frequencies with the following resistance values applied to the 
input : 1 kQ, 5 kQ, 50 kQ, 100 kD and 1 MQ. 

5) Use the frequency measured with the input shorted as a reference for calculations, and express frequency changes in per 
cent of full deviation range. Calculate the feedback current for each of the input resistance levels, taking into account the im- 
pedance of the Voltmeter if necessary. 

6) If the input voltage versus output frequency characteristics of the sub-carrier oscillator are already 
ed to determine the input voltage for each Source resistance without the need to use a dc Voltmeter 

I they tan be us- 

A.7.7 Effect of grounding input (differential-input models onIy) 

to measure the effects of grounding the input terminals separately, on the sub-carrier output frequency and a) Purpose : 
amplitude. 

b) Test procedure 

1) Set up as per figure 34. Confirm that any common-mode vol tages presen 
do not exceed the common -mode capabilities of the sub-car rier oscillator. 

t on the output terminals of the dc Signal Source 

2) Ground the Chassis of the sub-carrier oscillator. 

3) Apply the input voltages recommended by the manufacturer for sub-carrier frequencies corresponding to lower deviation 
limit, centre frequency, and upper deviation limit. Neither input terminal shall be grounded. Measure the output sub-carrier fre- 
quencies and amplitudes corresponding to each of these inputs. 

terminal and aPPlY the same input voltages used in 3) above and again measure the output frequencies 4) Ground one input 
and amplitu des. 

5) Repeat 4) above with the other input terminal grounded. 

6) Using the frequencies and amplitudes measured in 3) above as references for calcu lations, 
as percentages of full deviation range, and express amp! itude changes directly in per cent. 

express the frequency changes 
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A.7.8 Effect of output loading 

a) 
Put 

Purpose 
Signal. 

: to determine the effects of output loading, both resistive and capacitive, on the amplitude and frequency of the out- 

NOTE - This test may be conducted concurrently with measurements of output distortion (sec A.7.5). 

b) Test procedure 

1) Set up as per figure 35. 

2) Adjust the dc input Signal to a level that will produce an output frequency equal to the centre frequency. 

3) Measure the frequency and amplitude of the output Signal with no load applied to the ouput. 

4) Using the same input level applied in 2) above, measure the output frequencies and amplitudes for resistive output loads of 
2 kQ, 5 kQ, 10 kQ, 20 kQ and 50 kLI, excluding any loads in excess of the manufacturer’s recommended limit. 

5) Rem ove the resistive load and recheck the output frequency and 

anY drift has occurred) to produce centre frequency. 
amplitude; readjust the dc input Signal if necessary (i.e. if 

6) Using the same input Ievel applied in 5) above, measure the output frequencies and amplitudes for capacitive ouput loads 
of 100, 500 and 1 000 pF. 

7) Use the frequencies and amplitudes measured under no-l oad conditions as references for calcula 
changes as a percentage of full deviation range and express amplitude changes directly in per cent. 

tions; express frequency 

A.7.9 Modulation feedthrough 

a) Purpose : to determine the amplitude of the modulation-frequency component appearing at the sub-carrier oscillator output. 

b) Test procedure 

1) Set up as per figure 36. 

2) Measure the amplitude of the unmodulated sub-carrier output, i.e. with zero input Signal. 

3) Adjust the frequency of the Signal Source to correspond to the maximum modulation frequency for a modulation index 
of 1, i.e. maximum frequency response as given in table 18. Adjust the peak-to-peak amplitude of the ac Signal to produce full 
sub-carrier deviation; depending on the manufacturer’s design it may also be necessary to provide a dc offset Signal 
[see A.7.2 b)l. 

4) Measure the amp! itude of the modulation-frequency compo 
using a wave analyzer or similar frequency-selective voltmeter. 

lnent appearing at the sub-carrier oscillator output terminals, 

5) Repeat 4) above at a modulation frequency of one-half of that sel 
quency one-tenth of that selected in 3). 

in 3) above, and then repeat 4) above again at a fre- 

6) Modulation feed-through is expressed in decibels below the sub-carrier and is cal 
sub -carrier component to modulation component appearing at the output terminals. 

culated from the ratio of unmodulated 

A.7.10 Stability versus time 

a) Purpose : to determine warming up, reference frequency variations, and sensitivity variations as a function of time. 

b) Measurements shall be conducted over a period of 8 h and elapsed time is measured from cold Start. Nominal settings of the 
sensitivity control and the reference frequency control should approximate those which will produce full deviation range output 
frequency excursion, centred at the appropriate centre frequency, after 30 min or more of Operation. Initial tests to make these 
nominal control settings shall be followed by an adequate cooling time before the Start of the main tests. 

Test procedure 

1) Set up as per figure 37. The config uration includes a programmer which switches the sub-carrier oscillator input voltages 
and provides a CO unt command to the electronie counter I. A Printer is also shown associa ted with the counter. , Although the 
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test tan be conducted without these two items of test equipment, the uniformi ty of measureme 
vide is desirable to minimize measurement errors due to human judgment and fatigue. 

nt P rocedure which they pro- 

2) Adjust the reference voltages to the preselected 
ten tre freq uency and the upper deviatio n limit. 

levels for output frequencies corresponding to the deviation limit, 

3) Energize the sub-carrier oscil lator and measure the output frequencies for each of the three input voltages at the end of one 
minute elapsed time. Make simil ar measu rements at one-minute intervals for the first 10 min. 

4) After IO min make measurements at 5-minute intervals until an elapsed time of 1 h has occurred. 

5) After 1 h, make measurements at 30-minute intervals until an elapsed time of 8 h has occurred. 

6) Sensitivity instability is defined as the Variation of full scale output frequency excursion (resulting from full-scale input 
voltage excursion) expressed as a percentage of full scale ouput excursion measured at an elapsed time of 30 min. Reference 
frequency shift is defined as the Variation of output frequency for zero input, expressed as a percentage of full scale output fre- 
quency excursion measured at an elapsed time of 30 min. Sensitivity Change is given a positive sign when full scale output 
excursion is greater than that measured at the reference time of 30 min. Reference frequency shift is given a positive sign when 
the output frequency is greater than that measured at the reference time of 30 min. 

A.7.11 Effects of supply voltage Variation and ripple 

a) Purpose : to determine the effect of supply voltage changes and ripple on output frequency and amplitude. 

b) Test procedure 

1) Set up as per figure 38. 

2) Adjust the supply voltage to the nominal value recommanded by the manufacturer (do not apply a ripple voltage). 

3) Adjust the dc input Signal to the sub-carrier oscillator to produce first the lower deviation limit frequency, then centre fre- 
quency, and finally upper deviation limit. Note the input voltages required to produce each of the three output frequencies, and 
measure the sub-carrier output amplitude at each of these frequencies. 

4) Reduce the supply voltage by 10 % of the nomi na! level and again measu 
of the three input Signal voltage levels used in the previous measurement. 

re the output frequ encies and am plitudes 

5) Make si milar measurements with the supply voltages changed by - 5%, + 5 %, + 10 
again. (The measurement range maY be expanded if required for specific System applications. 

%, and to nominal 

6) Using the frequencies and amplitudes measured in 3) above as references, calculate the frequency changes as a percen- 
tage of full deviation range and calculate the amplitude changes directly in per cent. The changes are given a positive sign when 
they represent an increase in magnitude. 

7) Apply nominal supply voltage to the sub-carrier oscillator, adjust the dc input Signal to produce centre frequency output, 
and superimpose a sinusoidal Signal of 60 Hz on the supply voltage. Adjust the rms value of the ripple to 2 % of the nominal 
supply voltage, and measure the frequency deviation of the sub-carrier oscillator (the output excursion of the sub-carrier 
discriminator is proportional to the sub-carrier oscillator frequency deviation). 

8) Conduct similar measurements at ripple frequencies of 200, 400, 600, 800 and 1 000 Hz. 

9) Express the peak-to-peak frequency deviations as percentages of full deviation range. 

A.7.12 Common-mode rejection (for differential-input models onIy) 

a) Purpose : to determine the effect on output frequency resulting from application of a common Signal to both input terminals. 1 

b) Test procedure 

1) Set up as per figure 39. 

together and connected to ground, measure the sub-carrier output fre- 2) With 
quency. 

the sub-carrier oscillator terminals 
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3) Connect the shorted input terminals to a dc voltage ( reference to ground 
of the full scale common-mod e input recom mended by the manufacturer. 

4) Measure the sub-carrier 
/ pola rity applied to the input. 

5) Connect an ac voltage sou rce to the shorted input terminals, and adj ust the peak-to-peak 
equal the ma gnitude of the full scale common-mode input recommended by the manufacturer. 

) and adjust the dc volta ge to equa I the magni tude 

output frequency, first, with a positive polarity applied to the input, and then with a negative 

amplitude of the ac Signal to 

6) Adjust the frequency of the ac input Signal to that which would produce a modulation index of 1 for the band under test, 
i.e. maximum frequency response as given in table 16. Use a low-noise sub-carrier discriminator and ac Voltmeter to determine 
the frequency deviation of the sub-carrier oscillator output caused by the common-mode Signal. Repeat the measurement at 
frequencies of 60 Hz and 400 Hz, if these frequencies fall within the modulation-frequency range of the sub-carrier oscillator 
under test. 

NOTE - The discriminator must be calibrated at each of the modulation frequencies. 

7) Compare the frequencies measured in 4) above with that measured in 2) above and calculate the output frequency devia- 
tions. Frequency deviations in 6) above are obtained from measurements of the output of the calibrated discriminator. Convert 
these deviations to the ones which would have been produced by the recommended full scale differential input, i.e. multiply the 
calculated deviations by the factor 

full scale differential input 

full scale common-mode input 

neglecting any effects due to non-linearity. 

8) Common-mode rejection 
expressed in decibel S. 

is the ratio of full scale sub- carrier deviation to converted deviations as determined in 7) above, 

Figure 8 - Typical waveform obtained from head polarity test 
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+ l 
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Oscillator or 
dc Source Recorderheproducer Detector r 

Electronie 
counter 

Figure 10 - Tape Speed - Method I 
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Vertical delay scale : 100 ns/small division 

Vertical attenuation scale : 0,2 dB/small division 

Horizontal scale : 200 kHz per division, traces beginning at 100 kHz 

Zero delay grid : + 5 divisions 

Zero attenuation grid : - 5 divisions 

Polarity : a falling delay curve indicates Phase lag, a rising attenuation curve indicates an increase in attenuation. 

Figure 18 - Group delay Variation test for wideband recorders 
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i 

Rise time measurement 

Waveform period 

Signal peak-to-peak amplitude : Va 

x 100 

x 100 

NOTES 

1 Conventional rise time : 40 % of time required for amplitude of RT slope to increase Va. 

2 Overshoot or preshoot may occur on leading or trailing edge Portion of pulses. Largest amplitude of overshoot is measured. 

Figure 19 - Waveform Parameters for transient response measurement 
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a) 

Reference !ine 

Actual curve 

Reference line 

Actual curve 

c) d) 

Figure 20 - QC Iinearity curves 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

68
:19

85

https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0


m
 

An
te

nn
a 

st
re

ng
th

 
in

di
ca

to
r 

an
d 

de
te

ct
or

 

Fi
gu

re
 

21
 

- 
K

M
 

si
m

ul
at

or
 

te
st

 
m

et
ho

d 
(re

al
 

tim
e)

 

m
 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

68
:19

85

https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0


ISO 6068-1985 (El 

l 

cn .- 
v) 

GE 8 

>ss 

‘$ g 0 .- 

LU 

rii G .s 

6 .- 
zo .& -3 5 LU u, 

GE, z 

\ 

0 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

68
:19

85

https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0


C
ar

rie
r 

m
od

ul
at

io
n 

de
te

ct
or

 

Ba
se

 
ba

nd
 

re
co

rd
er

 

Fi
gu

re
 

23
 

- 
PC

M
 

Si
m

ul
at

or
 

m
et

ho
d 

(P
os

t 
tim

e)
 

P 
b 

. 
, 

Bi
t 

sy
nc

hr
on

iz
er

 
Er

ro
r 

L 
an

d 
de

te
ct

or
 

co
m

pa
ra

to
r 

. 

I ’ 
G

lo
ck

 

4 

PC
M

 
Pa

tte
rn

 
, 

. 

Er
ro

r 
co

un
te

r 

m
 

- 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

68
:19

85

https://standardsiso.com/api/?name=fbfc86f1a1bb5e47fc03df446897b4a0


ISO 60684985 (EI 

1 I t I 1 -b--m 
Shannon’s -i-{ 

I 1 
‘----i--f -‘_;d-A 

limit 
-,+1--- 

1 1 
I 1 I 
j 1 I 1 1 

l I 6’ 

8ö’ g B- 
% 

40 *L -00 

I t--t-- 
-..-- 

c- - v L.-w - 

Ty ! 

- 

- . --.-& +. - 

- '4; - -i-J---- 

--- i -w- - -L- -+--L. - 

ON = 

s Ah- VS / - 
ON 

f2 -- 

e 2 dd 

--ca 

-10 a 
10 B- 

% r .- .E -12 g 
d IO 8.” 

z % 
10 -1s 2 & t- : 3 

F5 -44 2 10 8- .- m 3 
-1% z IO o- 6 

1 
l- - 

@- 71 
Pe = 

-q-.-J-7 --/-y-r-. 

the baseband Signal voltage 

is the baseband noise voltalle - I 1 -- --. 4 (r-i-k); 

is the Standard deviation of the 
integrator output due to noise and 
the detector is a matched filter. 

Figure 24 - Optimum theoretical Performance for bit error rate versus 
normalized signal-to-noise ratio 
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l I I I I 
b 1 

-1 0 1 

f 

f 0 

Figure 27 - Spectrum of NRZ-pseudo-noise (PN) sequence of length 7 bits 
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Figure 28 - Equipment configuration for control rangels) testls) 

- 7 

t T 

Y axis X axis X-Y 
* * 

Recorder 

Figure 29 - Equipment configuration for linearity measurement, method no. 1 

f * 
Variable Precision 
dc voltage Voltmeter 

, h . 

Alternate input to subcarrier oscillator 

r -----------------e-v ‘l . . 7 I Precision I 
I High-stability P decade 2,--,, 
I dc voltage Source divider 

I 
I l 

L 
I 

b 

L---------------------J 

Figure 30 - Equipment configuration for linearity measurement, method no. 2 
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dc Signal 
Source 

. 

- l - 
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l . f 

Electronie 
Subcarrier 

c A 
oscillator 

, = v 4 frequency 
counter 

4 4 4 

Figure 31 - Equipment configuration for amplitude modulation test 

dc Signal 
Source 

* * 

Subcarrier 
Electronie 

- A 
oscillator 

L - c frequency 
counter 

, I 

. 
Distortion 
analyzer or 
wave analyzer 

Figure 32 - Equipment configuration for output distortion test 

l 
\ f 

4 

Subcarrier 
Electronie 

Resistance 1 - 
decade oscillator 

w frequency 
counter 

4 . \ 1 4 b 

Figure 33 - Equipment configuration for Source impedance test 
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? 4 

dc Signal 
k -O,- I 4 

Subcarrier . 

Source 0, 2 oscillator * Electronie 
frequency 

a l . 

I , 
* I 

dc Voltmeter 
14 . 

. . 

Figure 34 - Equipment configuration for input grounding test 

. 9 L 7 \ 

dc Signal Subcarrier Electronie 
I - - 

Source * oscillator 
I A v * frequency 

counter 
* c l . 

t t 

)I ac Voltmeter 

L 

Figure 35 - Equipment configuration for output loading test 

Oscillator or 1 Signal generator 

* 
Subcarrier * 
oscillator 

, * Wave 
analyzer 

Figure 36 - Equipment configuration for modulation feedthrough test 
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Reference Subcarrier 
oscillator 

l - , 
voltages L a I 

I 4 . 4 
I 
1 1 \ 4 Count . . . i 

command Electronie 
Programmer b c frequency c Printer 

counter 
6 l c 4 b 4 

: Figure 37 - Equipment configuration for stability versus time test 

1 . l , . 

Electronie 
dc voltage Su bcarrier L - * c frequency 
sou rce oscillator counter 

. 

dc Voltmeter r 4 SUPPlY .I voltage 

Source 

, , 

ac Voltmeter 

Figure 38 - Equipment configuration for supply voltage Variation and ripple tests 

1 1 

I ac/dc Signal 
Source t-l 

ac/dc 
Voltmeter 

I . 

Low-noise 
m su bcarrier -+ ac Voltmeter 

discriminator 
L . . 4 

\ 
Electronie 

c frequency 
counter 

, . 

Figure 39 - Equipment configuration for common-mode rejection test 
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Annex B 

Magnetit tape recorderlreproducer information and use criteria 
I 

(This annex does not form part of the Standard.) 

B.1 Configurations not as yet included in this international Standard 

BA.1 Extended wide-band DR recording (sec 5.1.1.1) 

Systems have been demonstrated using special heads and modified electronics, and special high-output magnetic tape, which will 
give direct recording down to wavelengths of 1 Pm (40 Pin) or lower (a bandwidth of at least 1,5 MHz at 1 524 mm/s (60 in/s) 
without serious degradation of System signal-to-noise ratio. If field experience proves these Systems reliable over a reasonable 
operating time, economies in tape use could result. 

BA.2 High-density PCM (see 6.3.8) 

Several methods for recording serial PCM data at bit-packing densities of 800 bits/mm (20 000 bits/in) or greater have become 
available. The encoding methods are designed to avoid the need for very low frequency response by ensuring the presence of an ad- 
equate number of flux transitions, while at the same time attempting to constrain the Overall bandwidth required, although nominal 
bandwidth is not necessarily the only criterion. The methods include the techniques known as delay modulation (“Miller Code”) and 
enhanced-NRZ as well as the Bi-Phase formats defined in figure 1. 

For these Systems wide-band DR instrumentation recorders are employed but special record and reproduce electronics are required. 
Such Systems appear attractive for recording large quantities of PCM data and consideration is being given to the preparation of lnter- 
national Standards in this area. 

B.2 Head polarity (see 4.5.7) 

The requirement that a positive pulse at a record amplifier input generate a South-north-north-South magnetic sequence and that a 
South-north-north-South magnetic sequence on tape produces a positive pulse at the reproduce amplifier output still leaves two in- 
terdependent Parameters unspecified. These are 

a) polarity inversion or non-inversion in record and/or playback amplifiers, and, 

b) record or playback head winding sense. 

For purposes of head replacement it is necessa ry that these 
tape or off-ta Pe will not occur after heads are replaced. 

Parameters be determined so that an unsuspected polarity inversion on- 

B.3 Record level (see 5.1.3.4) 

Normal record level is established as the level of a sinusoidal Signal of 0,l upper band edge frequency which, when recorded, results in 
an output Signal having 1 % third harmonic distortion. This level will Seidorn be Optimum for data recording. Signals having noise-like 
spectral distribution, such as FM/FM telemetry Signals, contain high crest factors and should be recorded well below the 0 dB normal 
record level. Other Signals may have to be recorded above the normal record level to give Optimum Performance in the data System. 

Crossplay of tapes from older low- and intermediate-band DR machines on wide-ba nd DR 
to the hig her resol ution of the wide-band reproduce hea ds a nd the relatively low bias fr 

B.4 Tape crossplay considerations (wide-band DR) (see 5.1.3.3) 

machines 
‘equencies 

will exhibit 
employed. 

bias Signal output due 

Figure 40 illustrates the typical departure from Optimum frequency response that may result when crossplaying wide-band tapes 
which were recorded with heads employing different record head gap lengths. Line AA is the idealized output versus frequency plot of 
a machine running with wide-band 1,5 MHz DR response at 3 048 mm/s (120 in/s). Record bias and record level were set up per this 
International Standard, using a 3 Pm (120 Pin) record head gap length and a 1 Pm (40 Pin) reproduce head gap length. Lines BB and 
CC represent the output response curves of the same tapes recorded on machines with 5 Fm (200 Pin) and 1,25 Pm (50 Pin) record 
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head gap lengths, respectively. Esch 
reproduced on the machine having a 

of these recorders was set up individually per this International Standard. The tapes were 
Pm (40 Pin) reprodu ce head gap length wi thout readjusting its reproduce equalization. 

then 

The output curves have been normalized to zero decibels at the 1 /lOth upper band-edge frequency for the purpose of clarity. The nor- 
malized curves may be expected to exhibit a plus or minus 2 dB variance in relative output over the pass band. The tape recorded with 
the shortest gap length heads will provide the greatest relative output at the upper band-edge. 

Because of the fact that the recorder/reproducer setup procedures do not establish a uniform recorded flux densi ty on 
different heads , it is recommended that crossplay of tapes between different machines be undertaken with great care. 

the tape for 

One method of normalizing the record-playback transfer function is to record a calibration Signal sequence on each tape leader so that 
equalization and gain of the reproduce amplifiers may be properly adjusted during the reproduce process. First, an upper band-edge 
sinusoidal Signal should be recorded on at least one odd-numbered and one even-numbered track for adjustment of reproduce-head 
azimuth. Then it is recommended that a 1 /IO upper band-edge sinusoidal Signal set at normal record level followed by a band-limited 
white noise Signal set 6 dB below normal record Ievel be recorded on each track. Gain is adjusted using the sinusoidal Signal and 
equalization is adjusted with the recorded white noise. lt is important that the noise generator Signal be low-pass filtered at the upper 
band-edge of the recorder/reproducer response being employed. Most reproduce amplifier inputs are not band-limited, and out-of- 
band noise contributes to front end Saturation or overload effects which will result in excessive intermodulation noise in the desired 
pass band. 
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