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NOTICE

This printing is released in response to a large number
of requests for this document 1n Spite-of the knowledge that
the Telemetry Working Group, IR1G, has under preparation a
revision which will update several important sections. How-
ever, the forthecowing revision is not the result of any basic
change in the standardization philosophy of the Working Group.
Hence; the present document may be used in the interim without

serious handicap.
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A standard in the field of telemetry for. guided missiles was eatsb~-

FOREWORD

lished in 1948 by the Committee on Guided Missiles of the Research and Deve~-
lopment Board (RDB), Department of Defense, and was theresfter revised and
extended s necessary ds a result of pericdic reviews of. the gtandard by the
Committee's Working Group on Telemetering of the Panel on Test Range Ihstiru-
mentation. The last officiel RDB revision of the standards was published es
RDB report MIRI 204/6 dated 8 November 1951. Since the termination of the
Research and Development Board, new stenderds have been prepared by the Inter-

Range Instrumeritation Group (

IRIG).

The Steering Committee representing IRICG

and the Department of Defense test ranges, has asslgned the task of promul-.
gating new or revised telemetry stendards to the Telemetry Working Group (TWG).
This publication comprises the current Combined Standsrds and supersedes the

following IRIG Standards.

IRIG Recommendation No.,

IRIG Recommendation No.
IRIG Recommendation No.
JTRIG Recdommendation No.

IRIG Recommendation No.

JRIG Recommendation No.

101-55

101-57

101260

102-55

102~59

103~56

Testing for Speed Errors in Instrumentat-
ion Type Mzgnetic Tape Recorders

Magnetic Recorder/Reproducer Standards
Maghetic Recorder/Reproducer Standards
Telemetyy Standards for Guided Missiles

Standards. for Pulse Code Modulation (PCM)
Telemetry

Revised Telemetry Standards for Guided
Missiles

Also included are a glossary of terms used in these standards and
the Frequency Coordination Working Group (FCWG) "Telemetry Frequency Utiliz-

ation Parameters and Criteria",

The Standards have been generated to further compatibility of air-

IRIG Docuiient # 101-59 revised.

horne trensmitting equipments and ground recelving end data handling equip-

ments at the test renges. To this end, it is the recommendation of the Inter-

Range Instrumentation Group Steering Committee that Telemetry eqpipment at the
test ranges conform to these standards.



The gquality of terminal equipment, generally, will be raised by
concentration of development on a minimum number of system types. However,
it is intended that research should be continued in telemetry systems that
may offer substential improvements over those described in these standards.

Agencles proposing to use equipment deviating from these standards
shall be required to show that the use of auch eqyipment is both technically
required and economicailly feasible.

To insure current standards, they wlll be reviewed at every Tele-
metry Working Group (TWG) meeting =nd will be revised if necessary, amnually
from date of. issue.



2.1

2.2

PART-1 RADICO FREQUENCIES
Detailed information on frequency usage 1s found in. IRIG
Recommendation No. 101-59 Rev;sed "Telemetry Freguency Utilization
Pargueters and Criteria", which is included in these standards as
Appendix 1, page 56.
PART-2 FM/FM or FM/PM STANDARDS
General - T - -

These telemetry systems are of the frequency division

multiplex type. - That is, a radio freguency carrier is modulated by

a group of subcarriers, each of a different frequency. The subcarriers
are frequency medulated in a msnner determined by the intelligence to
be trapsmitted. Ope or more of the subcarriers may be modulated by a
time division muliiplex scheme (commutation) in order to increase
considerably the mumber of individual data channels availsble in the
system. The modulation of the radio frequency carrier may be by either —
of two methods: frequency modulation orphase modulation.

Sub-Carrier Bands ~

Eighteen standard sub-carrier band center. frequenciles with
accompanylng information on frequency deviation and nominal intelligence
frequency response are specified in Table I, It is intended that the
standard PM/FM receiving stations at the test ranges be capsble of . .
simultanecusly demodulating a minimum of any twelve of these sub=-carrier __ __
signals.

The nominal frequency response listed for each band is com-
puted on a basis of maximum deviation and & deviation ratic of five, and
it 1s intended that the standard receiving station be capable of demodul -
ating data with these frequency responsess - However, it should bhe re-
membered that the actual frequency response obtainable is dependent on
many things, such as the actusl deviation used, the characteristics of
filters, etc. The primary reason for speclifying a frequency response
is to insure that elements in the receiving station such as filters and
recording oscillographs provide the freguency responses shown in Table I.

2.2.1 1. While deviation ratios of 5 are recommended, deviation ratiocs
as loy 88 one or less may beé used, but low signal-to-noise ratios, possible
increased harmonic distortion and cross-talk must be expected.

2.2.2 . : The eighteen bands were chosen to make the best use of pre-
sent equipment and the freguency spectrum. There 1s a ratio of approx-.
imately 1.3 : 1 between center fregquencies of adjacent bands except
between 14.5 kilocycles and 22 kilocycles, where a larger gap was left to
provide for compensation tone for magnetic tape recording.




The deviation has been kept at £ 7.5 percent for all bands with the
option of % 15 percent deviation on the five higher bands to provide
for transmission of higher frequency data. When this option is ex-
ercised on any of these five bands, certain adjacent bands cannot be
used, as listed in the footnote. to Table I.

2.2.3 . It is likely that certain applications will make smplitude
pre-emphasis of soame subcerrier signals desireble, and it is recommend-
ed that the ground equipment be capable of accomodating this pre-~
emphasized signal. A de-emphasis capability of up to 9 db per octave
may be required.




Center
Band Frequency
(cps)
1 koo
2 560
) 3 730
. L 960
5 1,300
6 1,700
T 2, 300
8 3,000 .
S 3,900
10 5, ko0
11 7,350
12 10,500
13 14,500
14 22,000
15 30,000 7
16 Lo, 000
a7 52, 500
v 18 70,000
y A% 22,000
B. 30, 000
C. 40, 000
D. 52, 500
E. 70, 000

TABLE I SUBCARRIER BANDS

Lover
Limit
(cps)

370
518

675

888 .

1,202

1,572

2,127

2,775

3,607

k, 995
6,799
9,712
13,412

20,350

27,750
37,000
48,562
64,750

18,700
25,500

34,000

4h, 625

29,3500

Upper
Limit
(cps)
430
602
785
1,032

1,398

1,828 . .

2,473
3,225

- h,193

5,805

7,90L
11,288 .

15,588 ..

23,650
32,250
43,000
56,438
75,250

25,300
34,500
46, 000

60,375
80, 500

Maximum
Devlation
(percent)

7.5

"
1]

H

Frequency*
Response

(cps)
6.0
8.k

11,
1k,
20.
25.
35.
45
59.
81.
110.
160,
220
330
k50
600
790
1,050

660.

900,
1,200,
1,600

2,100

¥Frequency response given is based on maximum deviation and deviation
ratioc of five (See text for discussion).
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**% Bands A through E are optional and may be used by omitting adjacent
beands as follows:

Band Used Omit Bands
A 13, 15 and B
B 1k, 16, A and C
c 15, 17, B and D

16, 18, C and E

H O

1T end D

NOTE:

In the process of megnetic tape recording of the above listed sub-
carriers at a receiving station, provision may aslsc be made to record
a tape speed control tone and tape speed error compensation signals
as specified in part (6) of these standards. '



2.3 Automatic Correction of Subcarrier Zero and Sensitivity Drift
2 3.1 Genersal

In some cases it is found necessary to automatically correct
for subcarrier zerc asnd sensitivity drift during the course of a test.
To provide for such corrections calibration signals are applied to the
subcarrier ogscillators which must have such correction by an in-flight
calibrator. In addition, a signal 1s required to arm and actuate the
avtomatic correetion equipment in the receiving or data playback station.
Automatic correction command snd calibration signals, when employed.
*shall conform to the following stendards:

2.3.2 Auvtomatic Correction Command

A standard. IRIG subcarrier band multiplexed with the data
subcarrierg shall be employed to transmit the correction commands. Mod=-
ulation of the command subcarrier shall be as Tollows: '

2.3.2.1 Command Séquence
The command sequence shall be: "data,"” "correct for zero
drift, " "correct for sensitivity drift," "data."

2.3.2.2 Command Subcarrier Modulation

2.3.2.2,1 The "data" command is indicated by the command subcarrier
operating at its nominal center frequency *.0.75% of fg.

2.3.2.2.2 The "correct for zero drift" command ie indicated by a dis~
placement of the command subcarrler upward in frequency to f, plus
(6.75% £, * 0.75% f,). This command shall occupy 50 percent of the
total cafibration time interval.

2.3.2.2.3 The "correct for sensitivity drift" command is indicated by
& Glsplacement of the command subearrier downward in frequency to

£ minus (6.75% f, * 0.75% fc)- This command shall occupy 50 percent
of the total calibration time interval.

2.3.3 Data Subcarrier Celibration
£.3.3.1 Celibration Seguence

The calibration sequence.shall be; "data,"” "center frequency, "

"80 percent of full scale,” "data."
2.3.3.2 Subcarrier Modulstion (Ref. Fig. 1)

2.3.3.2.1 The "date" position is the subcarrier connected to its normal
data source (transducer, commutator, etec.).




2.3.3.2.2 The "center frequency"” position is the subcarrier con=
nected to a signal sofirce which would result in the nominal sub-
carrier center freguepcy if no zero or sensitivity drift has occurred.
The subcarrier shall remain at this. positron for 50 percent of the
calibration Interval.

2,3.3.2.3  The "80 percent of full_scale" position is the. subearrier
connected to a signal source .which would result.in a frequency

f, * 30% of full scale bandwidth if no zero or sensitivity drift had
occurred. The subcarrier shall remain at thais position for 50 per~
cent of the calibration interval.

2,3.3.3 Phasing of Calibration Signal

The data subcarrier calibration signals shall lag the
command signals by 200 milliseconds minus zero, plus 50 milliseconds
(Ref. Fig. 1).

2.3.4 Correction Capability

Autometic correction eguipment shall be capable of correct-
ing zero and sensitivity drift errors of up to & 10 percent of full
scale subcarrier bandwidth per calibrate cycle..

2.3.4.1 Calibration Duration

For meximum (2 10%) zero and sensitivity drift correction
the calibrate intervasl shall be 5 seconds. Where maximum corrections
per calibrate cycle are not required the calibration interval may be
correspondingly reduced.



Correct for Correct for

Zero Drift Sensitivity Drift
fo # 6.75% fo fo =6.75% f¢
+ 0.75% fc * 0.75% fc

Cormand
Band o

para ~Lo ] DATA

—

Data DATA DATA Full-Scale
Bands e\ - - }P/\/\ Subcarrier

L T Bandwidth

> 5 7 J_
Center Fregquency—/ L..80 % of Full Scale

t = 200 milliseconds, #£ 50, — O ms

T =5 seconds for 1 10% corrections
per calibrate cycle

Fig. 1 - Automatic zero and sensitivity drift calibration commend and
data channel signals, ,




2.4 PAM/FM/PM Conmutation

Commutation (time division multiplexing) may be used in one or
more subcarrier bands. A nearly limitless variety of commutation schemes
could be devised, but a few relatively simple methods will satisfy most
telemetry needs. The specifications listed below for commutetion were cho-
gen to give a maximum flexibility consistent with presently available equip-
ment and techniques, and it is intended that, in order to limit the varieties
which must be handled at test renges, the following restrictions on commut-
ation be ocbserved:

2.4.1 Commutation rates as listed in Table II shall not be exceeded on
each subcarrier.

Maximum Deviation—— -ra—Frame Meaximum Signal
Sync Pulse
r__.._M:Lnimum Signal
o Time r
— i — e — —_— e e
|| ~>{tr‘-— —-{ }g-On‘I‘ime
__ Center }_ | " . e
Frequency 1 !
AN S AN A R RS n A
. .. N S —_ _ —- — — - —_— — — .

_"’Tl"' —t-| - OFf Time

20 to 25% of deviation range reserved
for channel sychronization.

t
T

PAM Pulse Train Waveform

— Duty Cycle

Figure 2
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TABLE II. COMMUTATION RATES - UNSEPARATED DATA

Band Center Sample Duration Commutation Rate
Frequency {milliseconds) (samples per second)

wumber  (ops.) e aLuen. e etues
1 400 170 6.0
2 560 120 8.4
3. 730 91 11

b 960 70 1

5 1,300 51 20

6 1,700 39 25

7 2,300 29 35

8 3,000 22 , 45

9 3,900 17 59
10 5,400 12 81
11 7,350 . 9.1 110
12 10,500 6.4 160
13 14,500 4.6 220
14 22,000 3.0 330
15 30, 000 2.2 450
16 ko, 000 1.7 600
17 52,500 1.3 190
18 70, 000 0.95 1,050

A 22,000 1.5 660

B 30, 000 1.1 900

c 40, 000 0.83 1,200

D 52,500 0.63 1,600

E 70, 060 0.48 2,100

- 1L -




2.5

2.4.3 Recommended Semple Rates™ - =

Recommended cdmmutation rates ligted in Teble II require
the use of discriminator cqutput lov pass filters with cut off fre-
quencies equal .to 4 timeg the specified commutation rate,

2.4.4 BSeparated Data .

Where required, automatic channel separation (decommutation)
equipment shall be provided in the receiving station o process commub-
ated signals that conform to the following characteristics, (See Fig. 2
and Table III).

2.4, 4.1 -The total number of samples per frame (pumber of segments
of a mecHanical commutator) and the frame rates shall be one of the
combinations shown in Table TIT. If .a higher commutetion rate is re-
quired for certain information, two or more samples per frame (eqpally
spaced in time) can be used to represent one telemetered function at
the expense of the total number of information chennels. This process
is referred to as cross-strapping or super-commutetion,

2.4, 4h.2 .The commutetion pattern in the subcarrier frequency vs.
time damain, shall be as shown in Flgure 2, ’

2.4.4.3 A freame synchronizing pulse of full scale amplitude and
duration equal to two "on" periods plue one "off" period shall be
provided once every frame, as shown in Figure 2.

2 L. 4.0 The commutator speed {or freme rate) shall not vary more
than plus 5. O_Qercent Yo mlnus 15 percent from the nominal values glven
in Table III,

2.4.4.5 - The duty cycle shall be Lo% to 65%.

2.4.4.6 A channel sychronization pedestal 1s required for automatic
deconmutation, (See Figure 2).

Jn Flight Zero and Full Scale Calibration

On a1l PAM commutators, channels one and two, following the
synchronizing pulse are recommended for zero and full scale calibration
respectively.

- 12 -




TABLE III. COMMUTATION SPECIFICATION
FOR AUTOMATIC DECOMMUTATION

No. of Frame Rate .Commutation : . lovwest
Samples Frames Rate %* Recommended
Per (Per (Samples ~8ubcarrier bands
Frame* : Second ) Per Second) (cps)
18 5 L. 90 1k,500
18 10 180 22,000 5115%) or
30,000 (£7.5%)
18 25 - 450 30,000 Eﬂs%) or
70,000 (£7.5%)
30 : 2.5 T5 © 10,500
30 5 150 ~ T 22,000 (£7.5%)
30 10 300 T 22,000 {ﬂs%) or
40,000 (£7.5%)
30 20 600 40,000 (£15%)
30 30 900 . 70,000 (15%)

* The number of samples per frame available to carry information is two
less than the number indicated, because the equivalent of two samples
1s used in generating the frame synchronizing pulsa.

**Frame rate times number of samples per frame.

- 13 -




PART 3.0 PDM/FM or PDM/PM or PDM/IM/FM STANDARD

3.1 General

The pulse duration modulation (PDM) systems are intended
for use where 8 strictly time division multiplex system can meet the
bulk of the telemetry reguirements of a given spplication. A relat-
ively large number of information channels can be accommodated but a
relatively low frequency response capability in comparison with the
subcarrier channels of the TM/FPM system.

3.2 PDM/FM or PDM/PM

The followlng are the specifications for the pulse dur-
ation moduleted signsal: ' ' :

Number of samples per Fframe¥ 30 4s 60 90
Frame rate (frames/sec. ) 30 20 15 10
Commutation rate (Samples/sec.)** 900 900 Q00 Q00

The amplitude of the measurands belng transmitted in each
channel shall determine the duration of the corresponding pulsea. The
relation between measurands and pulse duration should, In general, be
linear,

Minimum pulse duration (zero level _—
information ): 90.% 30 microseconds

Maximum pulse duration {maximum
level information): : 700 1 50 microseconds

Pulse rise and decay time (measured

between 10% and 90% levels): 10 to 20 microseconds
(constant to * 1 micro-
seconds for a given
transmitting set).

* The number of samples per frame available to carry information is two
less than the number indicated because the equivalent of two samples is
used in generating the frame synchronizing pulse..

**Commutation rate is equal to the freme rate multiplied by the number
of gamples per freme.

- 14 -
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3.2.1 - - The time interval between the leading edges of successive
pulses within a fresme shall be uniform from interval to intervsl with-
in plus or minus 25 microseconds. This time interval shall have a
nominal period equel to one divided by the total sampling rate.

3.2.2 The commutator speed or frame rate shall not vary more
than plus 5.0 percent to minus 15.0 perceht from honiinal.

A freme synchronizing interval equal to two successive
pulse time intervals shall exist in the train of pulses transmitted,
to be used for synchronization of the commutator and the. decommutsator.
A representation of the pulse train waveform is shown in Figure 3.

tw—wl—— Pulse Duration (Varisble) .

la— Frame ——
Synchronization
Interval

— meran ra— —

R R R R

R=Ccommutetion Rate

PDM Pulse Train Waveform
FIGURE 3

3.3 PDM/TM/PM-

Pulse duration modulation (PDM) systems may also be employed
on the :JLS% deviation channels of the standard FM/FM multiplex systems.
When so used they are designated_as_PDM/FM/FM Telemetry. It should be
recognized that this spplication of PDM is wasteful of bandwidith snd
that it places three wide band modulation systefis in cascade. Gaussian
type output low pass filters should be used at the discriminator outputs
for this epplication. .

3.3.1 The recommended subcarrier channels for this application are .. __ .

bands B, C, D or E. Operating criteria for use of these specific bands
are specified In Table IV,

..-;]_5_




TABLE IV PDM MODULATION OF FM/FM SUB-CARRIER CHANNELS

Ssmples Channel . FM/MM " Deviation _ Recommended
Value of Min.
Per Second  ~.Allocation  Chemmel =~ . . Utilized . Pulse Length
900 B 30.0 keps t 7.5% 200 plus 30. Micro- .
seconde minus None
900 S A 40,0 keps % T.5% 170 plus 30. Micro-
seconds minus None
900 N 52.5 kcp§ t 7.5% 150 plus 30. Microw
' seconds minus None
900 _E 0.0 keps’ +7.5% 110 plus 30. Micro-

seconds minus Nope

Satisfactory performance ls contingent upon use c¢f opiimum
output_low pass filters.

Reference: '"The transmission of Pulse Width Modulated Signels over Restricted
Bandwidth Systems," .
IRE Transactions on Telemetry and Remote Conmtrol.
Volume TRC-3, No. 1 April 1957.

3.3.2 Time interval variation between leading edges of successive
pulses. Section 3.2.1 shall apply. '

3+3.3 Camutatlon Speed

Section 3.2.2 shall apply.

3.4 In-Flight Zero and Full Scale Calibration

On all PDM commutators, chennels one and two, following the
synchronizing pulse, are recomuended for zero and full scale calibration
respectively.

- 16 -



PART-4 PAM/FM or PAM/FM STANDARD

RESERVED FOR INCLUSION OF THE PAM/FM or PAM/PM STANDARDS AT A LATER DATE.

- 17 -
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5.1

5.2

PART-5 PCM STANDARDS
General

Pulse code modulation (PCM) data specified in these
standards shall be transmi‘ted es serial binary coded, time
diviglon multiplexed samples.

Bit Rate Versus Recelvdr Intermediate Fregusncy (IF)1 Bendwidth
(3 db points)

Selectlone of bit rates and corresponding receiver
IF barndwidth shall be made from those listed dn Table VI below.
Only those discrete receiver IF bandwidths listed shall be used
(optionsl below 12,500 cps). The selections in Table.VI have been
chosen with the consideration that automatic tracking of radio
frequency (RF) carrier. drbfi or shift will be utilized in the
receiver.

TABLE VI L .
Bit Rate and Receiver IF Bandwidth (3 db points)

SYSTEM TYPE BIT RATE (bits per second)®  RECEIVER IF BANDWIDTH (cps )3

A 8,000 and lower. 12,500 (and as required for
lower bit rates)

B 8,000 Yo 65,000 25,0007 .~ 50,000 ~ 100,000

c 50,000 to 330,000 100,000 = 300,000 - 500,000

b 320,000 to 800,000 . = 500,000;1,000,000*-1,500,000*

*For use in 1435-1535 mes and 2200-2300 mes telemetry frequency bands only.

5.2.1 ‘It 1s recommended that for practical design considerations

a bit rate equal to the receiver IF bandwidth (3 db pointe) divided by a
factor ranging from 1.5 to 3.0 be used. The bandwidth - bit rate
relationships in Table VI were selectaed on this basis.

1. BSee (lossary of Terms.

2. ©See restrictions imposed by Part 6 "Magnetic Tape Recorder/Reproducer
Standards".

3. Bee restrictions imposed by Appendix I "Telemetry Frequency Utilization
Parameters and Criteria" :
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5.4

2.2

5.2.2 . TFor reference purposes, a recelver IF signal«to-nolse
ratio (power) of approximately 15 db will result in a bit error -
probability of about one bit in 10°. A two db chenge (incresse or
decrease) in this signal -to-noise ratio will result In an order

of magnltude chenge (107 or 102, respechively) in the bit error
probability.

5.2:3 It should be recognized that the range of factors

1.5 to 3.0 recamended in paragraph 5.2.1 may result.in a compatibility
problem when using current frequency modulation (FM) recelvers for
standard TRIG FM/PM and PDM/PM systems as well as PCM/PM systems
designed in accordance with the standard herein. Modifications may

be required to video smplifier stages and other circultry ss necessary.

Bit Rate Stability

The change in bit rate shall not exceed 1.0% of the nominal
bit rate. It is recommended that rate of change of bit rete not excesd
0.1% of the nominal bit rate per second. (The above valueg are tentabive
and subject to change.)

Word and Frame Structure

The number of bits per frame shall not exceed 2048 including
those used for freme synchronization. The frame length selected for a
particular mission shall be kept constant. Word length for any given
channel can range from 6 to 6k bits but shall be kept constant for any
glven channel, for a particular mission. It is recommended that an odd
parity bit be included where & higher order of confidence in bit trans-~
mission 1s desired. :

Synchronizsetion..

5.5.1 Frames shsall he identified by a unique frame synchronization
word. The length of word should be proporiionazl to the length of the-
freme, since longer frames require longer synchronization patiterns in

order to provide adequate pro Bability'of acquisition. It is recommended,
that a repeated 11-bit Barker™ code word be utilized with minimum length
11-bit plus (complement 11-bit), end meximum length 11-bit plus {complement
11-bit) plus (complement 11-bit). Patterns less than maximum length may

be formed by progressively deleting the latter bits of the second.complement
11-bit word. The 11-bit Barker code is 11100010010 and 1its complement is
00011101101, ' o : :

4, Bee Glossary of Terms.




5.6

5.7

5-8

5.5.,2 - -To facilitate rapid bit synchronization, it is
recommended that, for a Non-Return-tosZero (NRZ) code, a change

in state occur at least once every 64 bits.  Such change in state
may be provided by odd parity, fixed programming, the guarantee
that all dats will not simultaneously go to zero or full-scale, etc,

Super-Commutation and Subcommutation S

5.6,1  ~Super-commutation and subcommutation are acceptable

methods for.exchanging the number of measurands and sampling rate.

A selected coded word shall be used to_indicate the beginning of

the subcommutator segquence. It is recommended that a repeated T-blt
Barker code word be utilized with minimumm length 7-bit plus {complement
7~bit), and maximum length T-bit plus (complement 7-bit) plus
(complement 7-bit)., Patterns lese then maximum length may be formed
by progressively deleting the latter blts of-the second complement
7-bit word.  The T-bit Barker code. is 1110010 and its complement is
QOO110L. ' : :

56,2 © The number of bits per subcammutastion frame shall not

exceed 2048 including those used for subcommutation frame synchronization.
The number of channels in a subcommutation frame shall not exceed 130
including that used for subcammutation frame synchronization.

Pre-Moduwlation Filtering )

A low pass filter with cutoff frequency (3 db) equal to
one-half the nominal bit rate shall be used before the trapsmitter
modulator, - The use of a maximally linear phase response type filter
with a final slope of 36 db per octave is recommended.

RF Carrier Modulatiom . . __

5.8.1 'The Rf carrier modulation method shall be frequency
modulation (MM). Since frequency-shift-keying (FSK}, vhere modulation.
is accomplished by switching from one discrete frequency to another,

is not compatible with pre-modulation filtering, it is not acceptable.
Other modulation methods spplicable to ECM (NRZ) tremsmission have

not been proven and -therefore are not included at this time.

5.8.2 _. Frequency modulstion of-the carrier shall be of the
type wheres .

The carrier is deviated to the higher frequency deviation
1imit to transmit a "one" and to the lower frequency deviation limit
6 transmit a.zero”. Once & frequency deviation limit is reached
for either a "one" or a "zero", the resulting frequency remeins constant
for comnsecutive like bits.
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6.1

6.2

6.3

PART-6 MAGNETIC TAPE RECORDER/REPRODUCER STANDARDS
Scope

These standards define terminology and specify the con-
figuration and operating characteristics of megnetic tape recording/
reproducing devices used for telemetry and airborne data collection
applications at the various missile ranges. Also included are stan-
dards applying to magnetic tapes used by magnetic tape recording/
reproducing devices.

Although intended primarily for telemetry data recording
and reproducing purposes, 1t 1s intended that these standards also
gerve as a guide in the procurement of airborne magnetic tepe record- -
ing equipment. Compatibility of airborne recording equipment is desir-
Bbhle  In order to utilize standard reproducing equipment on the
groud for playback purposes.

Because the magnetic tape is the only cammon element be-
‘tween the record and reproduce device, configuration of these devices
is referenced where applicable, to the magnetic tape,

Requlrements
6.2.1 General

Magnetic tape recording and reproduction of telemetry signals
is used throughout all of the various missile ranges. To provide the
maximum utilization of the. potential of the variocus activities doing the
Job of telemetry recording it is desirable that the maximum Interchange=~
gbility of recording information and equipment should he obtained. These
standards are to be used to obtain this result. It is guite possible
that at any one establishment, or even during a single operation, one
or more of the several methods of 1nformation storage set forth in ithis
standard, may be used simultaneocusly.

Direct Recording

The method of direct recording is used for the recording
of TM/PM derived telemetry data and also for such applications as air-
borne recording in which the data has not been telemetered, but 1s of
the same general form as FM/FM telemetered data at the output of the
ground receiver. Standards for this type of telemetry data are set forth
in part 2 of these Standards.

6.3.1 Tape
60301.1 Tape Widths

The standard tape widths are 4 inch, % inch and 1 inch, with
tolerances on all widths bsing plus 0.000 inch, minus 0,004 inch. The
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preferred tape width for radio telemetry is 5 inch and should be used
whenever compatible with progrem requirements.

£.3.1,2 “Tape Thickness

The over-all thickness .(bage plus coating) of the tape
used for telemetry applications will be within the limits 1.0 to .
2.2 mils, depending ory the type of base . md coating used. Federal
specification MIL-T-21029 A (ships) sets forth the requirements for
instrumentetion quality megnetic tape as a function of tape thickness.
A standerd recorder/reproducer must bhe_capasble of handling or utiliz~-
ing any of the tapes qualified under this specification without de-
gradation of the specified recorder/reproducer system characteristics.

6.3.1.3 Track Geometry ) " (see Figure 4)
6.3.1.3. 1 Track Width

The track width for multiple track recording shall be
0.050 inch * 0.005 inch,. Track width.is defined as the physical width
of the head which would be used to record or reproduce any given track,
although the actual width of the recorded track may be somewhat great-
er becguse of the magnetic fringing effect around each record head.

6.3.1.3.2 'Track Spacing.

Tracks shall be spaced 0.070 inch c¢enter-to-center across
the tape end, as a group, shall be.centered on the width of the tape.
Therefore, the preéferred width of tape (a 1nch) would contain seven
tracks with one ‘track located .at the center of the. tape.

6.3.1.3.3 Track Nypbering

The tracks on a tape shall he numbered consecutively, start-
ing with track number “one", from top to bottom when viewing the oxide
coated side of a tape with the earlier portion of the recorded signal
to the obsexver's right.

6.3.2 Head and Head Stack Configuration (see Figure 5)
6.3.2.1 Head Placement

The standard head placement is to locate the heads (both
record snd playback) for alternate tracks. in geparate head stacks.
Thus to record lm all tracks of a standard width tape, two record head

stacks will be used, and to reproduce all tracks of .a standard width
tape, two playback head stacks will be used,
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6.3.2.2 Head Stack Placement

The two'stacks of a pair (record or reproduce) shall be
mounted in a manmer such that the center lines through the head gaps
of each stack are parallel and shall be spaced 1,500 inches, 10,001
inch, apart as measured along the tape path.

6.3.2.3 Head Stack Numbering

Head stack number "one" of a pair of stacks (record or
reproduce) is the first stack over which an element of tape passes
when moving in the nomal record or reproduce direction.

6.3.2.4 Head and Stack Numbering

Heads, both record and reproduce, shall be numbered to
corregpond to the track on the magnetic tape which they normally re-
cord or. reproduce. Stack number "one" of a palr will contain all odd
number heads, while stack number "two" will. contain all even num=~
bered heads. Where only a single stack is needed, stack number "one"
shall be used, - :

6.3.2.5 Individual Gap Azimuth Alignment
The alignment of individual gaps within a head stack shall
be within * 1 minute of arc referenced to & straight line which is per-

pendicular to the direction of tape travel. and in the plane of the
tape.

6.3.2.6 Head Stack Tilt .. . S

The plane tangent to the frout surface of the hesd stack
at the center line of the head gaps shall be perpendicular to the head
mounting plate within # 3 minutes of arc. - . .
6.3.2.7 Gap Scatter -

Bhall be 0,0001L inch or less.
6.3.2.8 Head Location

The location of any head in a stack shall be within
1 0.002 inch of the nominsl position required to match the track loca-
tion set forth in paragraph 6.3.1.3.

6.3.2.9 Head Interchangeability
Where rapid interchangeabllity of heads is specified, the
method of head mounting, locating and securing shall insure that all

alignment and location requirements are satisfled without shimming or
mechanilcal adjustment.
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6.3.3 _ Head Polarity
6.3.3.1 Record Head

Each record head winding shall be connected to its
respectlve amplifier in such & menner that a positive going pulse,
with respect to system ground, at the emplifier input, will result
in the generation of a ‘specific magnetic pattern on a segment of
tape pessing the record head in the norma) direction of tape
motion., The resulting magnetlc pattern shall consist of a polarity
sequencr of south-north-north-south,

6+3.3.2 Reproduce Head

Each reproduce head winding shall be connected to its
reapective amplifier in such a manner that a segment of tape exhib-
iting a south-north-north~south magnetic pattern will produce a

positive going pulese, with respect to system ground, at the output
of the reproduce mmplifier, : T

6:3.4 Tape Guiding
6.3.4,1 Tape Guiding

The tape gulding which determines the position of the
tape relative to the head stacks shall not in ahy way contribute to
deterioration of machine performance and shall not pernit vertical

movement of the tape relative to the head mounting plate and/or
misalignment of the tracks to exceed *-0.003 inch,

6+3.5 Record/Reproduce Parameters

6-3-5.1 Bias

The high frequency bias slgnal shall be of & frequency
greater than 3 times the highest data frequency for which the machine
ia designed and shall not be less than 50,000 cps.

6.3.5.2 PFreguency Response

The nominal frequency response or pass band of direct
recorded data 18 a function of tape Bspeed 88 glven in Tgble V.

603-503- Tape Speed
The nominal tape speeds shall be those listed in Table V.
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6.3.5.4 Record Amplifier
6.3.5.4.1 ' Input Impedance

20,000 ohms minimum, with or without meter.
6.3.5.4.2 Nominal Input Level

1.0 volt. rms.
6.3.5.4.3 Trensfer Characteristics

The record amplifier. shall provide a transfer character-
istic (determined by a direct gap flux messuremént) which is basically
8 constant current versus frequency characteristic upon which is super-

imposed & pre-emphasis characteristic to correct for loss of record
head efficiency with frequency. :

6.3.5.4.4 Record Bias. Setting

For opiimum record characteristics the amplitude of the
blas current shall be adjusted for maximum reproduced signal while
recording signale of the frequency set forth in Table V.

6.3.5.4.5 Record Level Setting

. The level of recording shall be Bet at a value vhich
yields 1% third harmonic signal content on playback. This level shall
be set while recording a signal of Nominal Input Level and of the fre=-
quency Iindicated in Table V.

TABLE V
DIRECT RECORD PARAMETERS
Record Bias Record Level
Tape Speed .. *3 @b Pdss Band Set Frequency Set Frequency
(inches/second ) (cycles/second) - (eycles/second) . . (cycles/second)

60 - 100 - 100,000 20,000 * 10% 1000 % 10%

30 ' 100 - 50,000 10,000 10% 1000 % 10%

15 ~ 100 - 25,000 10,000 + 10% 1000 % 10%
T-1/2 5¢ - 12,000 500 + 10% 500 * 10%
3-3/4 50 - 6,000 . _ 500 t 10% 500 % 10%
1-7/8 50 - 3,000 ~ 777500 £.10% 500 & 10%




6.3.6 BSpeed Control and Compensation
6.3.6.1 Speed Control
6.3.6.1.1 BSpeed Control Signal

The speed control signel is an amplitude modulated
slgnal with the following characteristics:

Subcarrier Frequency 17.0 ke 0.5%

Modulating Fregquency 60 cps 0.02%

Percentage Modulation 45 —'55 ’

Operating Level - 10 db, * 0.5 db, below normal
record level.

6.3.6.1.2 Record Speed

All tape shall be recorded at a tape speed within
$0.5% of the nominal standard speed.

6.3.6.1.3 Playback .Speed
Tape playback spesd without external speed control
shall be within 0.5% of the nominal stendard speed. With external -

speed control the tape playback speed shall be within 20.25% of the
record Bpeed.

6.3.6.2 Compensation

Compensation signals o be used for dorrection of tape
speed error effects are a function of tape speed as follows:

Tape Speed . Compensation Tone Frequency
15 in/sec. - . 25 ke % 0.01%
30 in/sec. . . 50 ke * .0.01%
60 in/sec. o 100 kc % 0.01%

6.3.7 Reproduce Amplifier
6.3.7.1 Output Impedance

100 ohme meximum within the pass bands specified in
Table V.

6.3.7.2 - Nominal Output Lewvel

1.0 volts mms.
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6.3.7.3 'Transfer Characteristic

The reproduce'amplifier shall provide signal equalizestion
as a fundétion of frequency,’ considering the nature of the recorded
signal as set forth im paragraph 6.3.5.4.3, head to tape, tape, and
tape to head transfer characteristics, which will provide the oversll
recorder/reproducer system frequency response within the pass band
requiresents set forth in Table V.

FIM Recording

PDM recording is accomplished by differentiating the in-
put, duration modulated, rectangulsr waveform end driving the record
head with the resulting positive and negsgtive spikes which correspond
in time to the leading and tralling edges of the input pulses. The
tape is thereby magnetically marked in such a manner that the pulses
during the reproduce process may be used to trigger pulse reconstruct-
ion circuitry. Although recorded PDM data may be reproduced through a
direct recorded data reproduce smplifier and pulse reconstruction per-
formed later, the PIM reproduce emplifier reconstructs the original,
duration modulated, rectangular waveform.

6.4.1 Tape

Standards for tape used in FPIM Recording are the same as
for Direct Recording (paragraph 6.3.1).

6.4.2 Hesd and Head Stack Configuration

Stapdards for PDM recording are 'the same-as for Direct Re-
cording (peragraph 6.3.2).

6.4,3 Head Polarity

Standerds for PIM Recording are the same as for Direct
Recording (paragraph 6.3.3).

6.4.4 Tape Guiding

Stendards for PDM Recording are the ssme as for Direct .
Recording (paragrsph 6.3.4).

6.4.5 Record/Reproduce Parsmeters
6.4,5.1 Recorder/Reproducer Performance
The Pecord/reproduce system shall be capable of recording

and subsequently:reproducing and reconstrpcting pulses whose minimum
duration a8 a function of tape speed are given in Table VI.

- 29 -




sequently reproducing and reconstructing pulses with time errors, as
a function of tape speed, not to exceed the values glven in Table VI.
The maximum pulse jitter measured at the half amplitude point of the
leading edge of the pulse shall not exceed 2 microseconds.

TABLE VI

PDM RECORD PARAMETERS

Tape Speed Minimum Pulse Duration Accurscy
(inches/second) (microseconds )} (microseconds)
60 75 2
30 75 ‘ 2
15 _ _ 00 . L t3

6.4.6 Record Amplifier .. ... . __
6.4.6.1. Input Impedance

20,000 chms minimum.
6.4.6.2 Normal Input Level

1.0 volt pesk to pesmk.
6.4.6.3 Transfer Characteristic .

The record amplifier shell drive the record head with a
pulse signal which is obtained by differentiastion of the input, dura-
tion modulated, rectangular wave pulse train. The time constant of the
differentiation .shall be 10 microseconds.
6.4.7 Reproduce Amplifier _ . L
6.4.7.1 Function

The PDM reproduce asmplifier will amplify the pulse output
of the reproduce head and reconsiruct the basic, duration modulated,
rectangular pulse wave train.
6.4.7.2 Output Impedance

100 ohm meximum.
6.4.7.3 Nominal Output Level

20 volts pesk-to-peak across. 1000 ohms resistance.
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6.5

6.4.7.4 Pulse Rise Time

. Rise and decay time of .the output rectangular pulses
shall be less than 2 microseconds from 10% %o 90% amplitude levels.

6.4.7.5 Missing Pulse Protection o

The repreduce amplifier shall incorporate circuitry to
detect defective pulses during the reproduce process amd provide
automatic resetting to preclude loss ¢f subsequent data.

PCM Recording

The recording of PCM data may be accomplished in several
ways., Tlie signal to be recorded (either in the alr or on the ground
at the output of the receiver) will be in serial form. This serial
data may be recorded directly in serial form, utilizing direct re- ..
cording technique or saturation recording technilgues with adeguate
handwidth, or it _may be converied into a parsllel form and recorded
in parallel on a multitrack tape recorder. Another method for re-
cording PCM data is the use of predetection recording. Because ser-
ial or predetection recording of PCM data involves no special techni-
gues Bbove those required for recording any other type of data, this
section will deal specilically with the standards for the recording of
PCM data on tape in parallel form. Standards for recording PCM data in
other forms are as given in the sechions on video and predetection re-
cording. - There are two Standard Systems; a 16 track system and a 31
track system. The 31 track system consists of interleaved 16 track
and 15 track stacks. The two stacks are employed as independent re-
cord/reproduce systeéms. Track spacing and location of tracks 1-16
in the 31 track system are ideontical to the 16 track system. Addition-
al. optional tracks A and B with “rack spacing and track width ident-
ical to tracks 1 through 31 and located beyond tracks 1 and 16 may
be used with the. 31 track configuration. Performence standards speci-
fied herein shall rnot apply to the optional tracks.

6.5.1 Tape
6.5.1.1 Tape Width

The standard tepe width is a nominal 1 inch. BStandard tape
width sheall be 0,997 inch £ 0,001 inch.

6.5.1.2 Tape Type

Tape for PCM use shall have physical and electrical
characteristics equal to or better than the polyester base.

6.5.1.3 Tape Thickness

Paragraph 6.3.1.2 ghall apply. .



6.5.2 'Track Geometry (see Figure 6)
6.5.2.1 Track Width
6,5.2.1.1 Sixteen Track Systems

Track width for 16 track systems shall be 0.025 inch
20,002 inch. Track width is defined as the physical width of the
head vhich would be used to reecord or reproduce any given track
although the actusl width of the recorded track may be somewhat
greater because of the megnetic fringing effect around each re-
cord head,

6.5.2,1.2. Thirty-one Track System

Track width for .31 track systems shall be 0.020 inch
#0,00) inch. Track width is defined as the physical width of the
head which would be used to record or.reproduce any given track,
although the actusl width of the recorded track may be somewhatb

greater because of the magnetic fringing effect around each record ..

head.
6.5.2.2 Track Spacing
6.5.2.2.,1 BSixteen Track System

Spacing between track centers on 16 track systems shall
be 0,060 inch,

6.5.2.2,2 Thirty-one Track Systems

Spacing between track centers on 31 track systems shall
be 0.030 inch.

6¢5.2.3 Track Location
6.5.2+3.1 Sixteen Track Systems

On 16 track systems the center of the tape shall be
centered between tracks 8 and 9.

6.5.2.3.2 Thirty-one Track Systems

On 31 track systems the center of the tape shall be
centered on track 24 centerline,
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6.5.2. 4 Track Numbering (see Figure 6)
6.5.2.4,1 Bixteen Track Systems

For 16 track systems. Paragraph 6.3.1.3.3 shall apply.
645.2.4,2 Thirty-one Track Systems

Paragraph 6.3.1.3.3 shall apply except that the number-
ing from top to bottom shall be A (optional) 1, 17, 2, 18, 3, 19,
----- 31, 16, B (optional).
6.5.3 Head and Head Stack Configuration
6.5.3.1 Head Stack Placement (31 Track Systems).

Parsgraph 6.3.2.2 shall apply.
6.5.3.2 Head Stack Numbering (31 Track System).

Paragraph 6.3.2.3 shall apply.
6.5.3.3 Head and Stack Numbering

Heads shall be numbered to correspond to the track on the
tape which they normally record or reproduce. Stack number one of a
peir will contain heads numbered “one" through “"sixteen" and stack
anumber "two" will contain heads mumbered "seventeen" through "thirty-
one" and, optionally, tracks A and B.
6+5¢3.4 Individual Gap Azimuth Alignment

Paragraph 6.3.2.5 shall apply.
6.5.3:5 Mean Gap Azimuth Alignment

Mean gap azimuth error shall not exceed * 1/3 minute of
arca

6.5.3.6 Head Stack Tilt
Paragraph 6.3.2.6 shall apply.
6-503'7 Gap Scatber

Paragraph 6.3.2.7 shall apply,
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6.5.3.8 Head ILocation in Stack
The location of any head in s stack shall be within

$0,001 inch nonaccumulative of the nominal position reguired to
match the track location as set forth in paragraphs 6.5,2.1.1,

6+502.102, 6.5.2.2,1, and 6.5.2.2.2,
6.5.4 Head Polarity

Section 6.3.3 shall apply.
6.5.5 Tape Guiding
6-50501 Tape Guiding

Tape guiding which determines the position of the tape
relative to ‘the head stacks shall not in any way contribute to de-
terioration of machine performance and shall not permit transverse
movement of the tape relative to the head mounting plate and/or
misalignment of the tracks to exceed 0.0025 inch, including tape
slitting tolerance.
6.5.6 Tape Speeds

Tape speeds for PCM recording shall be 1-7/8, 3-3/h,
“7-1/2, 15, 30, and 60 inches per second. S

6.5.7 Bit Packing Density

The playback device shall be capable of playing back data
recorded at bit packing densities of up to at least 1000 bits per '
linear inch per track. The nominal maximum bit packing density at the
test ranges shall be 1000 bits.per lineay inch per track.
6.5.8 Crosstalk and Transverse Sensitivity

Crosstalk between any two chamnels and transverse sen-
sitivity between any two tracks shall be less than 25 db for 16 track.
systems snd 20 db for 3L track systems.
6.5.9 Record/Reproduce Reliability

The maximum allowable eérror shall be one bit in 100,000.
6,5.10 Bkew and Differential Flutter

Shall not exceed 125 microinch peak-~to-peak.
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6.5.11 Type of Recording

Non-returr-to-zaro (NRZ) recording shall be employed
wherein a'positive stete of saturation 15 assigned for recording
the digit "one" and a negative state of saturation indicates a
"0", Once a saturation level Zs reached for éither a "one" or a
"o", the resulting flux level remeins comstant for consecutive
like bits.

Track 16 shall be reserved for range timing.
6.5.13 Electronic Test of Mechanical Tolerances

It is suggested that the mechanical tolerances of a
record/reproduce system cen be checked electronically. This test
1s made by recording on all tracks simultaneously at 15 inches per
second and noting, durlag reproduciion at 15 inches per second,
the time displacement of the aignal on each track when referenced
to any one track (the chosen retference track)., When the recovered
signals are viewed on an oséliloscope the gap scatbter appesrs as &
fixed time displacement, while other sources of error such as
Jitter and skew appear as constently varying displacements which
can be averaged oubt by the operator.. . This measurement shall be
made while running the tape through in the normal manner and re-
versed (upside down and backwurds) at 15 inches per second. The
fixed time displacement for these teats should not exceed 30 mlcro-
seconds.

6.5.14 Recorder Input Characteristics
6.5.14.1 Input Impedance

20,000 ohms minimum.
6.5.14.,2 Input Voltage

2 to 20 volts plus or minus, balanced or unbalanced and
polarity selectable. . ,

6.5,1%.3 Input Format
Parallel input. Non-return-to-zero.
6.5.15 Output Characteristics
6.5.15.1 Reproduce Cutput Format
Parellel output. HNon-return=-to-zeroc. Reproducer output
shall campensate for all recorder/reproducer induced time displacement

errors to within 5% of the word interval, or 1.6 microseconds, which-
eyer is gresater,
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6.6

6.5.15.2 Output Impedance

100 ohms‘maxﬂnmm.
6.5.15.3 UOutput Voltage

20 voltes peak-to-peak minimum. One polarity for
opposite polarity for "O", selectable polarity.
Single Carrier ™M (not including video).
6.6.l Tape
6.6.1.1 Tape Widths

Paragraph 6.3.1.1 shell apply.
6.6.1.2 Tape Thickness

Paragraph 6.,3.1.2 shall apply.
6.6.1,3 Track Geometry = 7
6.6.1.3.1 Track Width

Paragraph 6.3;1;3.l shall apply.
6.6.1.3.2 Track Spacing

Paragraph 6.3.1.3.2 shall apply.
6.6.1.3.3 Track Numbering

Paragraph 6.3.1.3.3 shall apply.
6.6.2 Head and Head Stack Configuration
6.6.2.1 Head Placement

Paragrapﬁ 6.3.2.1 ehall apply.
6.6.2.2 Head Stack Flacement

Paragraph 6.3.2.2 shall apply.
6.6.2.3 Head Stack Numbering

Paragraph 6.3.2.3 shall apply. .
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6,6.2.% Head and Stack Numbering
+ Paragraph 6.3.2,4 shall apply.
6.6.2,5 Individual Gap Azimuth Aligmment
Paragraph 6,3.2.5 shall apply.
6.6.2.6 Head Btack Tilt
Paragraph 6.3.2.6 shall apply.
6.6.2.7 Gap Scatter
Paragraph 6.3.2.7 shall apply.
6.,6.2.8 Head Location
‘Paragraph 6.3.2.8 shall apply.
6.6.2.9 Head Interchangesbility
Paragraph 6.3.2.9 shall apply.
6.6.3 Tape Guiding
Paragraph 6.3.4.1 shall apply.
6.6.4 Tape Speeds
6.6.4.1 Table VII (Input 1.4 volts DC Nominal }
(Deviation direction vs. voltage
not specified)

Tape Speed _ -~ Carrier . - Carrier - _Carrier
inches per second Center Frequency plug deviation minus deviation

1-7/8 1,688 cps 2,363 cps - 1,012 cps
3-3/k . 3,375 cps - h,725 eps 2,025 cps
7-1/2 6,750 cps 9,450 cps 4,050 cps
15 13,500 cps 18,900 eps 8,100 cps
30 27,000 cps 37,800 cps 16,200 &bs
60 . 54,000 cps © 75,600 cps 32,400 cps

6.6.5 :General Requirements
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6.7

6.6.5.1 TFrequency Drift

Maximum center frequency drift during any 15 minute
period after 30 minutes warm-up shall not exceed 0.5% of peak-
to-peak deviation.
6.6.5.2 Modulation Frequency

f

Maximum modulation frequency shall be 20% of the
carrier center frequency.
Video Recording
6.7.1 Statlonary Heed Video Recording
6.7.1.1 Tape Widths

Paragraph 6.3.1.1 shall apply.
6.7.1.2 Tape Thickness

The preferred overall thickness of tape (vese plus
coating) shall be 1.0 mil.

6.7.1.3 Tape Type

The preferred tepe shall have physical end electrical
characteristics egqual to or better than the polyester base.

6.7.1.4 Track Geometry

Paragraphs 6.3.1.3.1, 6.3.1.3.2 and 6.3.1.3.3 shall
apply.

6.7.1.5 Head and Stack Configuration

Paragraphs 6.3.2.1, 6.3.2.2, 6.3.2.3; 6.3.2.4, 6. 3 2.5,
6.3.2.6, 6.3.2.7 end 6.3.2.8 shall apply. :

6.7-1.6 Head Polsrity

Paragraphs 6.3.3.1, 6.3.3.2 and 6.5.11 shall apply.
6.7.1.7 'Pape Guiding

Paragrsph 6.3.4.1 shall apply.

6.7.1.8 'Tape Speeds
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6.7.1.8.1 Teble VIII

! 3 @b Pass Band

Tape Speed .. .. , (cycles/sec)
60 in/sec Loo- 500,000
120 in/sec 400-1, 000, 000
240 in/sec 800-2, 000, 000

6.7.2 Rotating Head Video Recording

Rotating head video recording, although used for several
years, 1s new to the fleld of telemetry recording. This particular
area of recording may see rapid developments which will culminate in
nodification of these standards at a later date.
6.7.2.1 Tape
6.7.2.1.1 Tape Width

The standard tape width is 2 inches plus 0.000 inch end
minus 0.004% inch.

6.T7.2.1.2 Tape Thickness

The standard tape thickness in 1.5 mil (including base
and coating). Tape base shall have characteristics equal to.or bet-
ter than the polyester hase.
6.7.2.1..3 Tape Coating

The tape coating shall be oriented for transverse
(across the width) recording and be of:video type.

6.7.2.2 Track Geometry
6.7.2.2.1 Videc Track Width

The video track width is 0,010 inch plus 0.0005 inch
minus 0,00 inch.

6.7.2.2.2 Serve Control Track Width
The servo control track width is 0.050 inch % 0.0005 inch.
6.7.2.2.3 Cue Track Width

The cue %Hrack width is 0.020 inch.* 0.0005 inch.
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6.7.2.2.4 Low Frequency Track Width

The low frequency track width is 0.070 inch % 0.0005

inch.
6.7.2.2.5 'Track Placement (see Figure T)
TABLE IX
Distances Measured from Boltom Edge of Tape
Track , Minimum Maximum
Servo-Control Track .. -  (©0.00" . .. . 0.00 " g.Bottom
( o.045" 0.050" ) Top
Spotting Track ( 0.055" 0.060" } Bottom
( c.o5" 0.080" )} Top
Video Tracks = _ L ME_O.ossﬁ , .. 0.090" ) Bottom
1.905" 1.910" ) Top
Low Frequency Track 2 1.925" ... 1.930" ) Bottom
1.996" . 2.00." ). Top

6.7.2.2.6 Video Track Location

The video tracks lie across the width of the tape in a
series of parallel tracks. These tracks have a center to center
spacing of 0.0156 inch % 0.0001 inch.

6.7.2.2.7 Tape and Drum.Speeds

TABLE X
Single Channel FM = Direct Record Spotting
Tape Bpeed = Drum rpm Carrler Frequency Low Freq. Channel . Channel
15 inches 1k, 400 6 me 2 db 50 to t 3 db 50
per sec. 7 10,000 cps to 3,000 cps |

6.7.2.2.8 Head and Drum Configuration

The heads are mounted in & drum (disc) which 1s 2.069 .
inches * 0.002 inch in diemeter. The heads are mounted at 0%, 90°,
180°, and 270° around the periphery of the drum.




6.8

6.7.2.2.9 Genersl Requirements
6.7.2.2.9.1 T Cuarrier Deviation

The FM carrier shall be sniftzd & meximum of #35%
carrier center frequency at the maximum input level.

6.7.2.2.9.2 Maximum Input Level

The maximum input level shall be 1.4 volts peak-to-
pesk.

6.7.2.2.9.3 FM Carrier Identity

The M carrler shall increase in frequency for a
positive input signal.

6.T7.2.2.9. 4 Maximun Modulation Frequercy

The naximum modulation frequency shall be TO% of the
carrier frequency.

6.7.2.2.9.5 Speed Control

The drum speed shall be within * O*ODE% of the ncrinal
standard .speed.

6.7.2.2:9.6 Head Polarity

Paragraphs 6.3.3.1, 5.3.3.2 and 6.5.11 shall apply.

Predetection Recording

The advent of tape recorders whose upper 1limit of
frequency responsge is 8 mc has made possible the recording of
receiver IF signals. This type of recording is essentislly an
adaptation of systems already covered in these standards; how~
ever, certain areas for standardization can be covered even at
this carly date in the art of predetection recording.

6.8.1 Stationary Head Video Predetection Recording

6.8.1.1 Recommended I.F. Frequencies

TABLE XI
Information
Tape Speed Carrier Frequency Bandwidth
60 in/sec ) 350,000 cps ' 300,000 cps
120 in/sec 700,000 cps 600,000 cps
240 in/sec 1,400,000 cps 1,200,000 cps
-l -




6.9

6.8.2 Rotating Head Video Predetection

6.8.2.1 BRecammended I.F, Carrier Frequencies

TABLE XIX
Information
Tape Speed Carrier Frequency Bandwidth
15 in/sec 5,000,000 cps L, 000,000 cps

Tape Reels, Reel Centering, and Hold-Down
609-1 'l'ape Reels

The standard magnetic tape reel sizes are 10-} snd
14 inch dismeter reels. The preferred maschine shall handle stand-
grd flanged and flangelegss reel sizes. Dimensions and tolerances
or reel flanges and/or hubs shall be as specified by MIL-T-21029-A
(SHIPS) except as specified herein, The thicknesa of the hub shall

"be at least as great as the maximum thickness of the reel.

6.9.2 Tape Reel Positioning o

Positioning of the tape reels shall conform to the re-
quirements of paragraph 6.3.4.1.

6.9.3 Tape Reel Centering and Hold-Down Device

In the engaged position the reel centering and hold-
down device ghall not permit motion of the reel relative to the
reel spindle in any plane., Hold-down eccentricity shall not ex-
ceed 0.0l inch, _
6.9.4 Tape Wind .. = o o

Shall conform to MIL-T-21029-A (SHIPS) titled "Military

Specification Tapes, Sound Recording, ’I‘elemetering Instrumentation,
Magnetic Oxide Costed."
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Tel

PART-T7 STANDARDS FOR TESTING FOR SPEED ERRORS IN INSTRUMENTATION
TYPE MAGNETIC TAPE RECORDERS

Scope

This standard defines procedures to be used in testing for
speed errors in instrumentation type magnetic tape recorders.

Inasmuch as tape and recorder performasnce are Interrelated
thie standard attempts to insure that the effects of the tape on the
recorder measurements are minimized by the particular test procedure.

This standard defines procedures only. The actual per-
formance data will be entered by the tester on the Stapdard Performance
Sheet shown in Figure 9.

Test Definitions

Te2od Speed errors are defined as all distortions in recording
and playback which are exhibited as apparent frequency changes.

T2 Absolute speed is defined as the speed at vwhich the tape
moves by the heads. For the purpose of this standard, absolute tape
apeed is the average of five consecutive measurements taken in 1/12
second as described in Section T.4.l.

7:2.3 " Instentaneous Speed Error (without high frequency effects)

1s defined as the instantaneécus speed 8t which thé reécorder is repro-
ducing a tape with respect_to the speed at which. the tape was recorded

with all speed effects that oféur at rates in excess of 8. cycles/second
removed.

To2.4 Speed errors {(wow-and-flutter effecéts) are defined as the
cumulative sum of record snd reproduce speed errvors produced by Iin-~
stantaneous mechanical characteristics of _the recorder when recording
and reproducing are not performed simultaneously.

Test Conditions
Te3:l General

Fach of the error measurements must use a complebte reel of -
tape of the largest size the recorder nommally accommodates. If extension
ams are used to obtain greater capability, this must be stated and a test
made on esch glteration. The tape used shall be of random choice from
comercially available stock, snd the type and manufacturer shall be stated.
A complete set of measurements shall be made on one reel of tape, and then
repeated on a new reel of tape until flve complete tests have been run. The
results of these measurements, when averaged, give the final results to be
entered in the Standard Performance Sheet. All of the described tests are
with the recorder ajdjusted as stipulated by the recorder manufacturer, and
the recorder shall not be readjusted for respective testso
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7.3.2 Calibration

The following procedure determines the standard calibration
vhich is used to arrive at the percentage eérror figures. Connect the
audio oscillator directly to the frequency discriminator input (see
Figure 10) and adjust the audio oscillator for the discriminetor center R
frequency while monitoring it with a frequency meter. Display the dis-
eriminator output on the direct-coupled oscilloscope and observe the
gmount that the oscilloscope trace is displaced as the oscillator is
readjusted to produce a definite discriminetor deviation, e.g., plus 1%
of plus 10% of center frequency. The percent deviation of the discriminator S
eausing this displacement 1s called the Calibrated Deviation,

Test Procedures ~ =

T.4.1 Absolute speed (for Part 7) is the speed per second st which
the tape moves by the heads and will be measured in the following manner:

A precision 60 cycle/second scurce (0.02% or greamter accuracy)
ghall be used to generate a 60 cycle/second square wave. The square wave
at a tape speed of 60 IPS {see Figure 11). This signal shall be recorded
#t a minimum of three places (beginning, center, and end) on a full reel of
tape. The three récorded sections of tape will be removed and "developed”
with an iron oxide solution. The spacing between five consecutive recorded - - =
gplkes will be measured on a universal Telereader .or equivalent reader, S —
(See Figure 12).

T.h.2 .Instantaneous speed error (without high frequency effects) is

the speed at which the recorder is reproducing a tape with respect to the -
speed at which tape was recorded, and will be measured in the following :
manner: - : :

A complete reel of tape will be recorded with a constant fre-
quency (see Figure 13) (at normal record level) as specified in Table XIIT

TABLE XIII

Frequency Recommendatiocrs for Measurement of Instantanecus
Tape Speed Errors - o

60 IPS : 50 ke
30 25 ke
15 10 ke
T1/2 . , o 5.4 ke
3 3/4 2.3 ke .
17/8 1.3 ke

All frequencies will be crystal derived of 0.02% {or greater) stability.
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The tape will be reproduced with the recorder output signal
supplying a discriminator (EMR Model 67F or equivalent) (See Figure 14).
The diseriminetor will use a low ‘pess fillter of 8§ cps cutoff frequency.
The discriminator. output will be connected to. a DC. oscilloscope {(such
as Tektronix Model 535). The discriminator and oscilloscope will be
calibrated as. @ _unit so that a given frequency deviation, €.g. plus 1%
of plus 10% of center frequency will produce an oscilloscope deflection
of plus one centimeter., The oscilloscope sweep rate will be adjusted to.
five seconds per centimeter for visual,observatiOn or for'photographing
speed variations, (see Figure 14). .

Both of these tests must be performed before the recorder
speed performsnce can be determined.

7.4.3 Speed errors (wow-and-flutter) are the cumnlative sum of all
record and reproduce speed errors produced by inetantaneous mechanical
properties of the recorder when recording and reproducing are not per-
formed simultaneously, &nd will be measured in the following memner:

A complete reel of tape will be recorded (all channels) with
a constent 50 Xcps frequency (&t normal record. level)_for ‘tape speeds of
60 IPS and 30 IPS (see Figure 15). For measurements at otheér tape speeds,
the frequencles outlined in Tableé XITT, ‘Section 7. 4.2 are recommended. All
reference freguency sources will be cryetal derived of 0. 02% {or greater) . . ——
stablility. ’

The xecorded tape will be reproduced with the recorder output
signal (from the desired channel } supplying a discruninator (EMR 6TF or
equivalent). The discriminator output will be connected “to a DC oscillo- B} o
- gecope (such ss Tekbronix Model 535). The discriminatqr and oscilloscope will . .
be calibrated.as & unit (see Section 7.3.2) so thet a givern freguency -
deviation, e:g. plus 1% of plus 10% of center frequency will produce en .. e
oscilloscope deflection of plus one ceﬁtimeter {or & convenient deflection
for measurement being made). The oscilloscope sweep rate will be adjusted
_to five seconds per centimeter (minimum) in order to display both low
frequency (wow) and high frequency (flutter) effects. 'The discriminator
low pass filter will be selected to cover respective areas of interest.

Recommended low pass filters are: .

a. 0 - 450 cps
b. O - 2100 cps

c. 0 - 10000 éps ) o - : -

- 50 -



7.5

706

Various sections of the speed error (wow-and-flutter) spectrum
can be examined by use of a variable filter (such as SKL) supplied by the
discriminator output (with a discriminator 0-10000 cps low pass filter).
When using such an active varleble filter, the filter gain must be unity
in order to preserve the caldbration, and it must be recognized that the
DC to 20 eps (approximate) bandpass is also eliminated because of the AC
coupling used in the filter.

Equipment

Test equipment other than that specified below may be used
provided 1t will produce equivalent results.

7.5.1 Audio Oscillator:
Hewlett Packard Model 200-C,
T.5.2 TFrequency Discriminator:

Electro-Mechanlcal Research sub-carrier discriminstor Model
6TF with low-pass filter ms shown in Figure 10. B

7.5.3 Vacuum Tube Voltmeter:

Ballantine Model 320.
7.5.4 Frequency Meter:

Berkeley Model 554 or Hewlett Packard 524.
T-5.5 Oscilléscope:

Tektronlx Model 535.

Statement of Measurements

Test Results shall bée tabulated on 2 Standard Performance
Sheet, shown in Figure 9. The test results shall be fallowed by a
statement of the auxiliary equipment that was used when the measurements
were made. For example: an external mesns was used to control the speed;
extension arms for 4800-ft tape reels were used, etc. '
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STANDARD PERFORMANCE SHEET

Data entered in this form is the result of. the average of five tests made using
five rendomly chosen reels of magnetic recording tape. =

Tvype ) . _ Lot No.

Manufactured by

on & reel size of _ o -inech by , feet in length.

Average absolube speed error is % of recorded freguency.

Instantaneous relative reproduce speed error iz .. . . % of recorded frequency.

Wow~gnd-flutter erroxr is:

1

% peak-to-peak of recorded frequency at O - 450 eps bandpass

% peak~to-pesk of. recorded. frequency at O ~ 2100 cps bandpass

% peak-to-peak of recorded frequency at O = 10000 cps bandpass  _

Recorder Tested: _

- Model ) L ) Manuﬁactu;er } L

Tape Speed ~ — - -mw———— - .- - in/sec. Number of tracks

Track Tested = =~ =~ =

Auxiliary Equipment used In Test:

Test Equipment Used: _ . - Manufacturer: ~ Model: Serial:

Audio Oscillator . P . -

Frequency Discriminator . e

Vacuum Tube Voltmeter

Frequency Meter , -

Oscilloscope

Figure 9
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APPENDIX I

IRIG RECOMMENDATION NUMBER 101-59

TELEMETRY
FREQUENCY UTILIZATION
PARAMETERS AND CRITERIA
REVISED JULY 1960

Inter-Range Iristrumentetion Group
Of The
RANGE COMMANDERS® CONFERENCE

Alr Force Flight Test Center
Air Proving Ground Center
Atlantlc Missile Range
Kaval Ordnance Teat Station
Pacific Missile Range

White Sanda Missile Range
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IRIG Recommendation No. 101-59

TELEMETRY FREQUENCY UTILIZATION PARAMETERS AND CRITERIA
REVISED JULY 1960 -

Prepared by

Freguency Coordination Working Group

Recommendation Approved 22 January 1959

This revised document was issued September 1960.
Additional copies may be obtained from:

Secretariat
Inter-Range Instrumentation. Group
White Ssnds Misslle Range, New Mexlco

or B
Armed Services Technicsl Information Agency
Arlington Hall Station, Arlington 12, Virginia
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FREQUENCY UTILIZATION
PARAMETERS AND CRITERIA

(TELEMETRY FREQUENCY BANDS)

The enclosed parsmeters and criteria have been devised by the
Frequency Coordination Working Group of the Inter-Renge Instrumentation
Group, with the essistance of members of the Telemetry Working Group,
development groups of the three military services, and ailreraft indus-
tries. The purpose of these parameters is to provide development and
coordination asgencies with design specifications on which to base equlp-
ment development and modification in an effort to insure interference
free operation for all concerned snd effiaient utilization of the teleme-
try radio frequency spectrum.

It has long been recognized that the freguency spectrum is a limlited
entity, & rescurce which must be conserved. It has been further recog-
nized that frequency utilization is a system problem; the Lramsmitter-
receiver link must be considered as a system. Efficlency of spectrum
utilization should be a goal; susceptibility to interference should be
minimized.

Wasteful use of the spectrum by any system using electromagnetic
radiation and reception can have far-reaching effects in many phases of
military and civil activities. It is firmly believed that unless the
basic philosophy of spectrum conservation i1s recognized .and applied by
ell agencles in the electronlec field, (designers, manufacturers, testers
and users) serious consequences are inevitable.

It is emphasized that these parameters and criteria have been devised
for application at military test ranges where congestion of portions of
the usable frequency spectrum is a severe problem. It is hoped that,
where applicable, these same principles will be applied to other fields
outside the scope of instrumentation systems.

- Date of review: May 1962

» This supersedes thet portion of IRIG Document 102-66 which makes
reference to the 216-260 MCS telemetry band. -
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FREQUENCY PARAMETERS AND CRITERIA FOR DESIGN OF

TELEMETRY TRANSMITTER AND RECEIVER SYSTEMS

FREQUENCY BAND 216 - 260 MCS

i _ .
216-225 MCS - Channel spacing is based on 0.5 MCS separation on the
integral and one-half megacycle channels. Assigmments are made on
a non-interference basis to established services.

205-260 MCS - A total of 44 (500 KCB) channels, are allocated on a
protected basis until 1 Jenuary 1970.

A, Efficiency of Spectrum usage (216-26D MCS Rand):
1. TRANSMITTER SYSTEMS (FM/FM; POM/FM; PAM/FM; and PCM/FM)
a. Maximum r-f deviation: plus or minus 125 XCS.

b. Transmitter Freguency Tolerance: The transmitted r-f
carrier, including drift and all other variables, will
be within 0.01% of .the assigned carrisr frequency.

¢. Bsndwidth: The bhandwidth of the modulated carrier shall
not exceed 500 KCS. Carrier components appearing out-
side the 500 KCS beandwidth must meet the limits for
spurious and harmconic emissions as stated in paragraph
e. (1) below.

d., Power: 100 watts maximum, never more than absolutely
necessary.

e. Spurious and Harmonic Emissions:

(1) Spurious and harmonic emissions from the transmit-
ting antenna system are of primary importance
insofar as these criteria are concerned., Spurious
and harmonic outputs, antemna conducted (i.e.,
measured in antenna transmission line) ass well as
sntenna radiated (i.e., measured in free space},
shall be limited to the values derived from the
Formula: '

db (down fram carrier)}=355 + 10 'log;g Pt, where Pt
is the measured power output in watis.

Measurements to determine relative levels of »-f
pover shall be made under the followlng condition:
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(a) Transmitter to be operated into a matched
shielded dummy load.with 2 suitable coupling
‘device inserted in the antenna cable to sample
the transmitter r-f output. As an alternative,
the actual antenns can be substituted for the
dummy load with provisilons being made to remove
the fleld strength meter from the influence of
signals radiated from the antenna,

Trausmitter to be tested under conditions of
zero aund full normal modulation.

(v)

(c) Commercial, Category Class "I" Field Strength

Measuring Equipment, as listed in current :
MIL-I-6181 will be used.

(2) Sprulous, harmonic, and fundemental signals con-
ducted by power leads or radiated directly from

equipment units or cable (except antenna} shall be

6181.

E. TFlexibility of operation: ©Shall be capable of operating
- on any of the following frequencies without design modi-

fication.
216.5 MCS 223.0°MCS 20802 MCS 237.8 MC8 2h8.6 MCS
217.0 MCS 223.5 MCS  229,9 MCS 240.2 MCS 249,1 MCS
217.5 MCS 224,0 MCS  230.4 MCS ok1.5 MCS 249.9 MCS
218,0 MCS 224,5 MCS 230.9 MCS 2L2.0 MCS 250.7 MCS
218.5 MC8 231.4 MCS 243,8 MCS 251,.5 MCS
219.0 McS 231.9 MrS 2hl, 3 MCS 2524 MCS
219.5 MCS 232.4 MCUS 2h .8 MCS 253.1 MCS
220.0 MCS 225,00 MC3 232.9 MCS 245.3 MCS 253.8 MC3
220,5 MCS 225.7 MCS 234,0 MCS 245,8 MCS 255.1 MCS
221,0 MCS 226.2 MCS 235,0 MCS 2L6.3 MCS 256.2 MCS
221.5 MCS 226.T MCS 235,5 MCS 246.8 MCS 257.3 MCS
222,00 MCS 227.2 MCS 236.2 MCS 2h7.3 MC8 258.5 MC8
222.5 MCS 227.T MCS 237.0 MCS oL7.8 MCS 259.7 M8

NOTE: All telemetry assignments within the 225-260 MCS band shall conform
with the above assignmente. No change in asslgnments in the 216-225 MCS
band is contempleted. However, 1t should be kept in mind that telemetry
asgignments in the 216-225 MCS band are on a non-interi’erence basis to
other established users. ;
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2. RECEIVER SYSTEMS (FM/FM, PDM/FM; PAM/TM; and PCM/FM):
a. Maximum bandwidth between 60 db points: 600 KCS.
b. Receiver Stability: 0.005%

¢. Spurious receiver responses: More than 60 db below
fundamental frequency response.

d. Spurious emissions: Oscillator energy, either radiated
from the unit or antenna conducted, shall be within the -
limits specified in current MIL-I-6181.

e. Flexibility of Operation: _Shall operate on any of the
frequencies listed under PARA.I.A.IXI.T. without design
modification.

II. FREQUENCY BAND 1435 - 1535 MCS

Channel spacing of the 1435-1535 MCS band should be on increments
of 1 MCS.

The 1435-1485 MCS portion of the band should be reserved primarily
for use in connection with aeronsutical flight testing of manned
aircraft. : :

The 1486-1535 MCS portion of the band should be resérved primarily
for use in connection with aeronauticel flight testing of missile
and space vehicles.

A, Efficiency of Spectrum Usage
1. TRANSMITTER SYSTEMS (1435-1535 MCS Band)

8. Transmitter freguency tolerance: The transmitter r-f
carrier, Including drift and all other wariables, shall
be within n005% of the assigned carrier frequency.

b. Power: As dictated by intended use, never more than
gbsolutely necessary.

c. BSpurlous and Harmonic Emisslions: Spurious and harmonie -
emigsions from the tranemltilng antenna system are of
primary importance ilnsofar ms these criterla sre con«
cerned. Spurious and harmonic outputs, antenna conducted -
(i.e., measured in antenna transmission line) as well asg
antenna radiated,(i.e., measured in free.space), shall
be Llimited to the values derived from the formula:
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2.

d.

e.

f.

db (down from carrier)=55 plus 10 logyoPt, where Pt is
the messured power output in watts

Spurious,:hamonic, and fundemental signals conducted

--by power leads or radiated dilrectly from eguipment

units or cables (except antenna) shall be within the
limits specified in the current MIL-I-6181 specifi-
cations.

Measurements to determine relative levels of spurious
and harmonic signals shall be made under the following
conditions:

(1) Trensmitter to be operated into a matched shielded
dummy load with a suitable coupling device inserted
in the antenna cable to sample the transmitter r-f
output. As an alternative, the actual antenra cen
be substituted for the dummy load with provisions
being made to remove the field strength meter from
the influence of signals radiated from the antennsa.

(2) ‘Pransmitter to be tested under conditions of zero
and full normal modulation.

(3) Commercial, Category Class "I" Field Strength
Measuring Equipment, as_ 1isted in current MIL-I-
6181, will be used.

Flexibility of Operation: The r-f transmitter shall be
capable of operating throughout the entire frequency
band 1435-1535 MCS without design modification.

RECEIVER SYSTEMS (1435 - 1535 MCS B&nd)

Bl

b,

Co

Receiver stebility: .001%

Spurious receilver responses: More than 60 db below
fundamental freguencies. ]

Spuricus Emissions: Oscilllator energy elther radlated
from the unit or sntenna conducted shall be within the
limits specified. in the current MIL-I-6181.

Flexibility of operation: Tunsble over the entire

1435-1535 MCS band without design modification and
with variable bandwldth selection.
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3., BANDWIDTHS

He.

b.

In specifying bandwidths, the transmitter. and recelver
shall be considered as a system. Designer should be
required to adhere to rigld englneering design practices
to conserve freguency spectrum. Each system should be
subjected to a critical review as to the amount of infor-
mation contained in a given bandwidth versus type of
modulation. Designer should be required to demonstrate
and prove gystem design in order. to justify frequency
spectrum usage. B

As 8 general guldeline it is anticipated that for a
deviation of plus o¥ minus 125 KCS & meximum of 1 MCE
bandwidth as reference to the 60 db points will be
permitted. For a wide band system with a deviation of
plus or minus 1.4 MCS a maximum of 10 MCS as reference
to the 60 db points will be permitted. Also for PCM
systems signal bandwidth in CPF5 at 3 @b points can be
roughly calculated by 1.5 times the bit rate and the
bandwidth in CPS at the 60 db points can be calciulated
by 3.6 times the bit rate. It 18 anticipated the maxi-
mum bit rate will be 1 X 10 per second and the minimum
bit rate will be 50 X.103per second. Bandwidth for
telemetry systems in excess of 10 MCS as reference to
th 60 db pointe shall not be used. Bandwidth regquire-
ments for transmission of video (television) shall be
considered on a cese-to-case basis. For Turther infor-
matiow refer to IRIG Telemetry Standards.

III, FREQUENCY BAND 2200 - 2300 MCS

Channel spacing of the 2200~2300 MCS band shall be on increments

of 1 MCS.

A, Bfficiency of Spectrum Usage

1. TRANSMITTER SYSTEMS (2200 - 2300 MCS)

a.

b.

Cs

Transmitter Frequency Tolerance: The trensmitted r-f
carrier, including drift and all other varlables, shall
be within .005% of the assigned carrier frequency.

Power: As dictated by intended use, never more than
absolutely necessary.

Spurious and Harmonic Emisslons: ©Spurious and harmonic
emissions from the transmitting antenna system are of
primary importance lnsofar as these criteria are con~
cerned, Spurious and harmonic outputs, antenns
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2,

conducted (i.e., meassured in antenns trensmission line)
as well as antenns radiated (1.e., measured in free
space), shall be limited to the values derived from
the formula: :

db (down from carrier) = 55 plus 10 log,, Pt, where Pt is
the measured power output in watts.

d. Spurious, harmonic, and fundsmental signals conducted
by power leads or radiated directly from equipment
units or cable (except antenna) shall be within the
limits specified in the current MIL-I-6181l specifi- _
cations.

e. Measurements to determine relative levels of spurious
and harmoic signals shall be made under the follow-
Ing conditions:

(1) Trensmitter to be operated into a matched shielded
dummy load with e suitable coupling device in-
serted in the antenna cable to sample the trans~
mitter r-f output. ~As #n alternative, the actual
antenna can be substituted for the dummy loed
with provisions being made to remcve the field
strength meter from the influence of signals radi~
ated from the entenna. ' o

(2) Transmitter to be tested under conditions of zero
end full normal modulation.

(3) Commercial, Category Class "I" Field Strength
Measuring Equipment, as listed in current MIL~I-
6181, will be used.
£, Flexibility of. Operation: The r-f transmitter shall
be capable of operating throughout the entire frequency
band 2200~-2300 MCS without design modification.
RECEIVER SYSTEMS (2200 - 2300 MCS)
a. Receiver stability: .00L%

b. Spurious receiver response: More than 60 db below
fundamental frequencies.

¢. Spurious emissions: Oscillator engrgy either radiated

from the unit or antennms conducted shall be within the
limits'specified in the current .MIL-I-6181.
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d.

Flexibility of Operation: Tunable over.the entire
2200~2300 MCS band without design modification and
with variable handwidth selection.

3.  BANDWIDTHS

B

In specifying bandwidths the transmitter and receiver
shall be considered as a system. Designer should be
regulred to.adhere %o rigid engineering design prac-
tices to conserve frequency spectrum. Each system
should be subjected to a critical review as to the
smount of information contained in a given bandwidth
versus type of modulstion. Designer should be reguired
to demonstrate and prove system design in order to
Justify frequency spectrum usage.

As a general guideline it is anticipated that for &
deviation of plug or minus 125 KC3 amaximum of 1 MCS
bandwidth as reference to the 60 db points will be
permitted. For a wide bend system with a devistion of

+1.4 MCS a maximum of 10 MCS as referenced to the 60 db
points will be permitted. Also for PCM systems, sig-
nal bandwidth in CPS at 3 db points can be roughly
calculated by 1.5 times the bit rate and the bandwidth
in CPS at the 60 db points can be calculated by 3.6

times the bit rate. . It 18 anticipsted the maximum bhit
rate will be 1 x_106 per gecond and the minimum bit
rate will be 50 X 102 per second. "Bandwidth in excess
of 10 MCS for telemetry systems as reference to the
60 db points shall not be used. Bandwidth requirements

for transmission of video (television) shall be con-

gidered on a case-to-case basis. For further infomation

refer to.the IRIG Telemetry Standards.
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APPENDIX II

Glossary of Terms Used
in Telemetry Standards

Accuracy
Accuracy is & measure of conformity to a specified value.

Amplitude
A measure of the departure of a phencmenon from sny given reference.
Applied to vibratory conditions it pertains generally to the peak
magnitude of the acceleration applied.

Analog to Digital Conversion

A process by which a sample of amalog information is transformed in-
to a digital code.

Analog to Digital Converter (Also called Digitizer, ADC, and Encoder)

A device which will convert an analog voltage sample to an equivalent
digital code of some finite resclution.

Analog Voltage

& voltage that varies in a continuous fashion in accordance with the
magnitude of a measured variable. -

Attenustion

The relationship, in complex notation, between the input stimuius

and the output response of & system or device. As generally employed,
attenuation implies amplitude or power reduction and corresponding
phase chenge of a stimuwlus or Bignal between the input and output of
a system or device.

Automatic Zero snd Full Scale Calibration Correction
Zero and. sensitivity stabilization by utilization of electronic servos
for continuous comparison of demodulated "zerc" and full scale signals
with "zero" and full scale reference voltages.

Band

A bounded continucus portion of a freguency spectrum.
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Barker Code

A binary code suitable for PCM frame synchronization having optimal
correlation properties with the unique property, when decoded, of
relative immunity to phese displacement by random pulses lmmediately
adjacent to the psttern, and relative. immunity to phase displacement
by error-in the transmitted code. The Barker Codes are 3-bit: 110;
T-bit: 1110010; 1l-bit: 11100010010.° 7. . : —

Reference: Communication Theory; Willis Jackson; Academic Press Inc.,
London 1953; "Papers resd at a Symposium ‘Applications of Communication
Theory' held at Institution of Electrical Engineers, Iondon, September
22-23, 1952". :

Eias Set Frequency
In direct magnetic tepe recording, 8 specified recording frequency

employed during the adjustment of bias level for optimum record per-
formance. (Not the bias frequency).

Binary Code

A code composed of a combinastion of characters each of which can assume
one of two possible states and which is identifiable in time and space.

Binary Coded Decimal System

A system of pumber representation in which each of the decimal digits
is expressed by binary numbers.

Binary Number System
A number system which uses two symbols (usually denoted by "0" amd ™L.")

and therefore has 2 as its base, just as the decimal system uses ‘ten
symbols {0, 1, 2.....9) and has the base ten. -

Bit
A quantity of intelligence which is carried by an indentifiable entity and
which csn exist in either of two states (an abbreviation of binary digit)
Bit Rate — T T e

The frequency derived from the period of time required to transmit one bit
(leading edge to leading edge).

Blanking Level

Level of multiplexed signal between chanpel pulses.
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Carriler ___ _ __ . _ . _.

A wave suitable for being modwlated to tramsmit intelligence. The modulation

represents the informetion; the original wave is used only as a "carrier”
of the modulation.

Cerrier Frequency

In a periodic carrier, the reclprocal of its period. In a PCM system
the carrier frequency is the midpoint between the deviation limits.

Channel

The route required to convey the specified characteristic of & single
telemetric measurand.

Channel Interval
Time allocated to a channel including ON axd OFF time.
Channel Pulse Synchronization

Synchronization of local chennel rate oscillator by comparigon &nd phase-
lock with separate chammel synchronizing pulses.

Channel Sampling Rate’
Number of times per second individual chamnels are sampled.
Note: Use of "channel sampling rate" to designate commutation rate, or
commutator switching rate is not recommended because of likelihood of
confusion In terms.

Channel, Subearrier

The chennel required.-to convey telemetric information involving a sub-
carrier band.

Channel Treanslator
A device which converts individual separsted channel pulses or signals
derived therefrom to analog form for subsequent monitoring and/or record-

Ing. Alternate names for channel translator are channel demedulator,
channel decoder, information gate.

Clock Pulge © oo

A pulse used for timing purposes. In PUM systems, a timing pulse which
occurs at the bit repetition rate. : '

- 67 -




Cilosed Loop Telemetry

(1) A telemetry system which is used as the indiceting portion of a remote
control . system.

(2) A system used to check out test vehicle and/or telemetry performence
wilthout radiation of r-f energy.

Coda. . . e el
A system of characters and rules for representing information (IRE).
Commutation

Sequentlal sampling, on a repetitive time sharing vasls, of multiple data
sources for transmitting end/or recording on a single channel.

Commutation Duty Cycle.
Channel dwell period expressed as percent of channel Interval.
Commutation Frame Period

Time required for sequential szmpling of all.input signals. This period
would correspond to one revolution of a.simple multicontact rotary switch.

Commutation Hate
Number of commutetor inputs sampled per second. -
Commutator . .:-

A device used to amccomplish time division multiplexing by repetlitive
sequential swilitching.

Commutator Channel Dwell Period - . S ..
Channel ON time. T .
Commutator Segmeni - . . R
One of the stationary contacts of & mechanical commutator.
Compensation Signals

A compensation signal is a signal recorded on the tape, along with the data

and in the szme track as the data, which is used during the playback of.. = . .=

data to. electrically correct for the effects of tape speed eérrors.
Crogs Talk

Interference in a given transmitting or recording chamnel which has its
origin in emother channel. Often used as equivalent to. transverse sensitivity.
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Cycle

A cycle. 1s defined as a completed scheduled sequence of events, l.e., 8 frame
cycle would be the sequence ¢f samples from all the prime chennels.

Decopmutater . . ... . L. .
Equipment for separation, demodulation or demultiplexing commutated signals.
Deviation

In frequency modulation, the difference between the instantareous frequency
of the modulated wave and the carrier center frequency.

Deviation Ratio

Deviation Ratic 18 given by m= Af where AT is the maximum
T

o ,
frequency difference between the %Qdﬂiated carrier and the wmodulated e L

carrier md fipg, 1s the maximum modylstion frequency.
Differential Flutter  _

Speed change errors occurring at different magnitudes, frequencies or
phases across the width of the tape.

Digital . .

Expressing value in terms of. numbers. Measursble in discrete, discontinuous
steps.

Digital Magnetic Tape Recording
The method of recordlng binary coded Information using two discrete flux levels.
Digitel Remolutiom = __ _ B
The. value of the least significant digit in a digitally coded representation.
Digitizer

A device which converts snalog dsta into. numbers expressed in digits in a
gystem of notation. -

Direct Recording, Magnetic Tape -

The method of recording using high frequency bies in which the Input
(electrical)} signal is delivered to the recording heasd unsltered in form.

Dropout

Any discrete variation in signal level during the reproduction of recorded. ... _..____ ...

dats which resulte in a dats reduction error.
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Discriminator, M

A device which converts varilations in frequency to proporticnal
variations in voltage or current.

Error

The difference bhetween the indicated value and the true value
of the measurand.

M/ MM

fmplitude modulation of s carrler by subcarrier(s) which is {are)
frequency modulated by informatien.

FM/M

Frequency modulation of a carrier by subcarrier{s) which is (are)
frequency modulated by information.

M/FPM

Phase modulation of a carrier by subcarrier(s) vhich is (are)
frequency modulated by information,

¥M Discriminator (Subcarrier) S
A device which converts freguency variations to proportional
varlations in the amplitude of an electrical signal., Discrim-

inators may be of several basic types, such as: Pulse Averaging,
Foster Seely, Ratio Detector, Phase-Lock Correlation Detector.

Frame
In time division multiplexing, one complete commutator revolution.
In PCM systems, & recurring integral number of words which in-
cludes a single synchropizing signal.

Frame Freguency
The frequency derived from the period of one frame.

Frame Pulse Synchronization

Synchronization of locsl channel rate oscillator by comparison and
phase-lock with separated frame synchronizing pulses.
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Frame Rate
The frequenty derived from the period of one frame.

Frame Synchronization Signal

In PAM, uniquely coded pulse or interval to mark start of cammutation
frame perilod. In PCM, any signal used to ldentify a freme of data.

Frequency Division Multiplex

A system for the tranemission of information ebout two or more quantities
(measurends ) over a common channel by dividing the availsble frequency bends.
Amplitude, frequency or phase modulation of the subcarriers may be employed.

Frequency Response

The portion of the frequency spectrum which can be sensed by & device with-
in specifled limits of amplitude error.

F3K~Frequency Shift Keying

Modulation. acconplished by switching fram one discrete frequency to another
discrete freguency.

Gap Azimuth Aligrment

The azimuth i1s the aligmnment of the line through the gaps relative to a
line perpendicular to the precilsion-milled mounting pads in a plane .
parallel to the surface of the tape. -

Gap Scatter __ . - .

Gap scatter i1s defined as the distence which includes the trailing edges
of the gaps for a record head and the center lines of the gape for the
read head.

Head Stack

A group of two or more heads mounted in a single unit for the purpose of
obtaining multiple track recording or reproduction.

Head Stack Tilt o : -
The prependicularity aligmment of the front surface relative to the pre-.

cision-milled mounting pads in a plane perpendicular to the surface of.
the tape.
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High Frequency Bias
A sinusoidal signel which is mixed with the data signel during the
record process on magnetic tape for purpose of increasing the
linearity and dynemic range of the recorded signal. The bias fre-
quency ie usually 3 to 4 times the highest information frequency
which is to be recorded. . __ . -

I.F. Bandwidth
For this document, see Post Conversion Bandwidth.

Individual Gap Azimuth

The angle of a gap relative to a line perpendicular to the precision
milled mounting pads in & plane parallel to the surface of the tape:

Information Gate . __.
A device which, when triggered, allows information pulses to pass.
Inhibitor Gate

4 device which, when triggered, prevente information pulses from
passing.

Intermodulation

Modulation of .the components of a complex wave by each other, pro-
ducing new waves whose frequencles are equal to the sums and
differences of integral multiples of the component frequenciles of
the original complex wave.

Megnetic Tape

A magnetic-oxide costed plastic tape upon which signals are recorded
and stored in a magnetic recorder/reproducer sysiem.

A machine which converts electrical data signale to magnetic patterns

on 8 magnetic tape during a recording process and/or converts the
remanent magnetic patterns on a magnetic tape to electrical data signals
during a reproducing process.

Maximum Record Level~Direct Recording
Maximum record level is the level of record head current required to
produce ‘3% third harmonic distortion of the reproduced signal at the

record level set freguency, when the distortion is a function of magnetic
tape saturation and is not a function of electronic circultry.
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Mean Gap Azimuth

The angle between a line of leasst gap dispersiom and a line perpen~
dicular_to the base plate in'the plane of the tape.

Measurand - -
A physical quantity, force, property or condition being messured.
Modulaticon
The process of impressing Information on a carrier for transmission.
A Amplitude Modulstion
P Phase Modulation .
™ Frequency Modulation
Modulation Index
In sngle modulation with & sinusoidal moduleting wave, the modulation

index. is the ratio of the freguency deviation.to the frequency of the
modul ating wave.

Multiplexing
The simultaneous transmission of two or more signals within a single
chammel., The three.basic‘methods of multiplexing involve the sep-
aration of signals by time division, frequency division and phase
division,.

Noilse
Any unwanted disturbance or signal which degrades the desired data.

Nominal Bit Rate .
Bit rate established as a specific system deslgn center.

Normal Record Level
Normal record level is the level of record head current required to
produce 1% third harmonic distortion of the reproduced signal at the
Record Level Set Frequency when the distortion is a function of
megnetlc tape saturation and is not a function.of. electronic circultry.

Octave -

The intervel between two fregquencies having a retio of 2:1.
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PAM
Pulse Smplitude Modulation.
PAM/PM

Frequency modulation of a carrier by pulses which ere miplitude
modulated by information.

PAM/TM/PM

Frequency modulation of a carrier by subcarrier(s) which is (are)
modulated by pulses which are amplitude modulated by information.

Parallel Recording

Parallel recording i1s the technique of glmulianecusly energizing
heads 1n 8 head stack to record an ordered set of hite. '

Parameter
Any physical entity to be measured.

Parlty Bit
A bit added to a binary code group which is used to Indicate
whether or not the number of recorded "L's" or "O's" is even
or odd. ¢ R

Parity Check
A pelf-checking code employing binary digits in which the total
number of 1's {or O's) in each permissible code expression is
always even or always odd. A check may be made for either even
parity or odd parity. :

PCM
Pulse Code Modulation-Pulse modulation of a carrier by coded in-
formation. In PCM telemetry, information transmission by means of

a code representing & finite number of possible values of the in-
formation at the time of sampling.

PCM/FM

Frequency modulation of a carriler. by pulse code modulated in-
formation.




PCM/FM/ M

Frequency modulation of a carrier by subcarrier(s) which 1s (are)
frequency modulated by pulsé code modulated information.

PCM/PM

Phage modulation of & carrier by pulse code modulated information.
PDM (PWM)

Pulse Duration Modulation (Pulse Width Modulation. ).
PDM/T™M

Frequency medulation of a carrier by pulses which are modulated
in duration by information.

PDM/FPM/M
Frequency modulation of a carrier by subcarrier(s) which iz (are)
frequency modulated by pulses which are duration modulated by
information.

PDM/FM .

Phase modulation of a carrier by puilses which are duration mod-
ulated by information.

PDM Recording
The method of recording Pulse Duration Modulated telemetry data
in which the signsal delivered to the recording head is the 4iff-
erential of the input signel.

Pegk~To-Pesk

Pertaining to the maximum algebralc difference between two or more
stimull or signais.

Pedestal, PAM

An arbitrary minimum signal value.asslgned to provide for channel
synchronizetion and decommutetion.

Post Conversion Bandwidth .

The bandwidth predented to the detector.
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PPM
Pulse Position Modulation
PPM/AM

Amplitude modulation of a carrier by pulses which are position
modulated by information.

Predetection Recording
Recording of a receiver I.F¥. frequency.
Prime Channels

The channels which are sequentially sampled by the basic commu-
tatcr ¢f the system.

Prime Frame

A group of words resulting from a complete sempling of the prime
channel.

Quantization

The process of converting from continuous values of information
to 8 finite number of discrete values.

Quantization Error -

The difference betweern actual values of information and the
corresponding discrete values resulitlng from quentization.

Quantization Noise
Inherent noise resulting from quantization.
Radioc. Telemetry

Telemetry in which an r~f link is used as a portion of the trans-
mission path.

Range
The range iz the statement of the quantitstive limits of the sysiem.
Read

See Reproduce, Magnetic Tape.
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Record, (Magnetic Tape)
The prockss by which an eléctromagnetic transducer (record head)
and assoclated electronic. circultry coovert electrical data to
a magnetic flux petiern on a magnetic tape.

Record Head

An electromagnetic transducer used during the record process for
inducing magnetic patterns into the magnetic tape..

Reliability
A measure of the probsbility that an instrument will continue to
perform within specified limits of error for a specified length
of time under specified conditions. . -
Repeatabllity

The ability of a system to repeat a messurement of a fixed stimulus
to a specified accuracy.

Reproduce (Playback), Magnetic Tape .
The process by which an electromagnetic transducer (reproduce head)
and sssoclated electronic circultry convert the magnetic flux -
pattern on a magnetic tape to am electrical signal containing the
recorded Information.

Reproduce Head
An electromagnetic trensducer which converts the remasnent flux
patterns in a magnetic tape Into electrical signals during the
reproduce pProcess.

Serlal Recording, PCM
The technique of recording 8 train of bits on a single track.

Sdignal _. . . ..l . . . L
The output, or intelligence, emanating from a device.

Bignal Leskege
Interference in a given playback channel which has its origin In
the record system, shunting the tape. This interference occurs

during simultanecus record/reproduce and has a leading time dis=-
placement with reference to the signal on the tape.
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Hingle Carrier M Recording
The method of recording in which the input signal is frequency
modulated onto & carrier and the carrier is recorded on & single
track at saturation and without bias.

Skew

Tape motion characterized by an angular velocity between the gap
center line and a line perpendicular to the tape center line.

Speed Control Signal

A signel recorded for the control of tape speed during the play-
back process.

Standard
A value or & concept that has been established by suthority,
custom, or agreement, to serve as a model or rule in the measure~
ment of a quantity or in the establishment of & practice or procedure.
Standardization

The act or process of reducing something to, or comparing it with,
a standard.

Stimulus
The cause which produces change.
Subcarrier..

A carrier which is applied as a modulating wave to modulate
another. carrier or an intermediste subecsrrier.

Subearrier. Band

A band associated with & given subcarrier and specified in terms
of maximum subcarrier deviation.

Subcarrier Composite

Two or more subecarriers combined in & frequency division multiplex-
ing scheme,
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Subcommutation

Commutaiion of additicnal chamnels with output applied to in-
dividual channel of the primstry commutator. Subcommutation 1s
synchronous if its rate, 18 a submultiple of that of the primary
commupbator. Undque identification must be provided for the sub-
commutaticn freme pulse. _ )

Subcommutation Frame

In PCM systems, a recurring integral number of subcommutator

words which includes a single sSubcommutation freme synchroniza~
tion word. The number of subcommutator words in a subcommutation
frame 18 equal to an integral number of primary commutator frames.
The length of a subcommutation frame is equal to the total number
of words or blts generated as a direcht output of the.subcommutator.

Supercommutation
Commutation at a higher rate by connection of single dsta input
source to_equally spaced contacts of the commutator (cross-

patching). Corresponding crosspatching is required at the de-
commutator. .

Synchronizing Pulse Selecktor .. S

Unit for separating synchronizing pulses from commutated pulse
trains.

Tape Speed Errors = = - -~

Any variation of the tape speed from its nominal speed over the .
record or reproduce head regardless of cause.

Tape Speed Error Compensation
The process of correcting for tape speed errors electricelly.
Telemetering
A messurement asccomplished with.the. 81d of intermediste mesns
which gllows perception, recording or interpretation of data at
a dlstance from & primary sensor. _The widely employed interpretation
of telemetering restricting its significance to data trensmitted by

means of electromsgnetic propsgation is more properly called Radio
Telemetry.
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Telemetry

The science of measuring & quentity or quantities, transmitting
the results to a distant station, and there interpreting, in- S S
dicating end/or recording the quantities measured.

Time Division Multiplex

A gystem for the tramsmission of information about two or more
quantities (messurends) over a common channel by dividing _
availeble time intervals among the measurands to form a composite
pulse train. Information may be transmitted by variation of pulse
duratlon, pulse amplitude, pulse position, or by a pulse code.
Abbreviations used are PDM, PAM, PPM and PCM respectively. -«

q

Timing Signal

Any signal recorded simultanecusly with data to provide & time ... .. . .. - .
index.

Track
A portion of a magnetic tepe whose width and position on the
magnetic tape 1s specified. A track extends throughout the en=-
tire length of a reel of tape and always exlsts regerdless of its
state of magnetization.

Track Spacing o

The center to center distance hetween adjacent tracks on a
magnetic tape.

Transducer, Instrumentation

A device which responds to & phenomenon and produces a signal which
is a function of one or more characteristics of the phenomenon.

Transverse Recording

The technique of recording with rotating heads which are oriented. . . —
perpendicular to the edge and the surface of the tape. ®

Transverse Sensitivity, Tepe Recording -

Susceptibility of a track to interferemce from flux patterns gen-
erated by adjacent record heads.

Varisble-Erase Recording

The method of recording on magnetic tape by selective erasure of a i R
pre~recorded signal.
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Video Recording (Magnetic Tape)

The methods of recording information having a bandwidth in
excess of 100 kilocycles on a single track.

Word
An ordered set of bits processed as a unit.

Word Rate

The frequency derived from the elspsed period between the
beginning of transmission of one word and the beginning of
transmission of the next word. .

Write

See Record, Magnetic Tape.
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