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Chapter 1
FREQUENCY DIVISION MULTIPLEX (FDM) TEST PROCEDURES

1.0 General

The following test evaluates system performance characteristics. The
end product of the frequency division multiplex (FDM) test is a plot or
tabulation of §§ﬁ ratios vs. the equivalent received power flux {Ja) at
the surface of the receiving antenna for selected notch frequencies. It
is assumed that prior to conducting the FDM system test, the prerequisite
tests for determining Ja have been completed.

1.1 Noise Power Ratio (NPR) Test

1.1.1 Purpose - This test determines the ratio of noise in the test
channel when all channels are loaded with white noise, to noise in the
test channel when all channels, except the test channel, are fully noise
Toaded.

1.1.2 Test £quipment:

Noise source

Noise receijver

Band reject filters
Band-pass filters

1.1.3 Test Method:

1.1.3.1 Setup - Connect the test equipment as shown in figure 1.1-1 to
apply the general NPR procedure illustrated in figure 1.1-2.

1.1.3.2 Conditions - The test equipment used and test conditions em-
ployed should meet the following criteria: -

1.1.3.2.1 The notch frequencies shall include 14, 34, 70, 105, 152, and
185 kHz. The capability shall be provided for additional notches at
higher and lower notch frequencies as required.

1.1.3.2.2 Base-band frequencies shall include 12-108 kHz, 12-156 kHz and
12-204 kHz.

1.1.3.2.3 The notch filter shall be down at least 70 dB over a bandwidth

of at least 3 kHz. The change in power between notch in and notch out
shall be less than 1 dB for all base bands listed in subparagraph 1.1.3.2.2.
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1.1.3.2.4 The effective bandwidth of the band-pass filter shall be
1 kHz.

1.1.3.2.5 The back-to-back {S+N)/N of the notch noise tester shall be
at Teast 65 dB for all notch freqguencies.

1.1.3.2.6 With the test RF-FM signal generator and the test FM re- -
ceiver, the (S+N)}/N shall be at Teast 50 dB for all notch frequencies
under the following conditions:

1.1.3.2.6.1 The base-band signal shall be contained between 12 kHz and
200 kHz with flat taper.

1.1.3.2.6.2 The rms carrier deviation shall ba at least 150 kHz rms.

1.1.3.2.6.3 A large SNR {40 dB or more) shall be in the receiver IF.
The signal generator shall cover the telemetry band of interest with a
frequency stability consistent with RCC Document, IRIG 106, "Telemetry
tandards.”

1.1.3.2.6.4 The scale resolutions for all {S+N)/N measurements shall be
lass than 1 dB.

1.1.3.3 Procedure - The following example demonstrates the procedure
used for this test.

1.1.3.3.1 The signal generator output level was set to produce an SHR
of 20 dB in the intermediate frequency amplifier. In simulating a
mission format for this test, the rms carrier deviation was set to

93 kHz, and the base band used was 108 kHz.

1.1.3.3.2 The NPR observed in the various notches is shown in
figure 1.1-3 a. and figure 1.1-3 b.

1.1.3.4 Data Reduction - Plot or tabulata NPR as the ordinate and notch
frequency as the abscissa for each IF SNR. Refer to figure 1.1-4.
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Chapter 2
TIME DIVISION MULTIPLEX (TDM) SYSTEMS

2.0 General

2.0.1 System tests are those that include the entire telemetry ground
station from the input to the antenna to the output of the system. More
specificaily, time division multiplex (TDM) system tests test the ground
system to characterize its performance when the telemetry data format is
a TDM format. The performance of the TDM system is piotted against the
equivalent received power flux density falling at the surface of the
receiving antenna. Since no single test may completely describe the
performance of the ground system in support of a specific TDM format,
several tests may be necessary as is the case in pulse code modulation
(PCM).

2.0.2 System tests involve carrier modulated signals which are gen-
erally frequency or phase modulated although other types of moduiation
can also be used. Specific test signals are either pulse code modu-
lation (PCM) or pulse amplitude modulation (PAM). It is assumed that
prior to conducting TDM system tests, the prerequisite tests for de-
termining J,, the power flux density (watts/m2) at the surface of the
receiving antenna, have been completed.

2.0.3 The RF test equipment for generating frequency {(or phase) mod-
ulated TOM signals should cover the telemetry band of interest and
should provide the.capability to satisify the mission requirements.
Suggested test equipment requirements are:

2.0.3.1 Base-band response from d.c. to 1 MHz flat to 2 dB.

2.0.3.2 Peak-to-peak frequency modulation capability adjustable from
700 Hz to 7 MHz.

2.0.3.3 Peak frequency deviation meter to cover this range with an
error not more than 10 percent of the meter reading.

2.0.3.4 Peak-to-peak carrier phase modulation from n/2 to = radians
continuously adjustable.

2.0.3.5 Peak phase deviation meter to cover this range with not more
than 3 percent error.

2.1 PCM Testing
2.1.1 Bit Error Probability (BEP) Tests

2.1.1.1 BEP vs. Equivalent Received Power Flux (J,)

2.1.1.1.1 Purpose - This test characterizes the performance of a telem-
etry receiving system when the signal data is PCM. It also involves the
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measurement of BEP vs. J,. Three separate test configurations apply to
measuring BEP. They are test conditions A, B and C and are presented in
subparagraphs 2.1.1.2, 2.1.1.3 and 2.1.1.4, respectively.

2.1.1.1.2 Test Equipment:

RF signal generator - employ the same generator used in the cal-
culation of a in RF systems’' tests described in IRIG 118-79, Volume II.
Only the moduiation signal needs to be changed.

BEP measuring equipment - refer to test configuration A, B or C.

2.1.1.1.3 Test Method:

2.1.1.1.3.1 Setup - none
2.1.1.1.3.2 Conditions - Refer to subparagraph 2.0.3.
2.1.1.1.3.3 Procedure:

2.1.1.1.3.3.1 Determine the carrier predetection bandwidth, PCM wave-
form test patterns, type and depth of modulation, bit rate, and range of
BEP values to be »ested.

2.1.1.1.3.3.2 Point the antenna at the quiet sky and at least 3-antenna
beamwidths from any radio sources and set uyp in the mission configuration.

2.1.1.1.3.3.3 Vary the output (Pg) of the RF tast signal generator

using the ¢ determined by the RF systems' tast procedurs. Tabulate BEP
vs. Pg vs. Jj.

2.1.1.1.3.4 Data Reduction - Tabulate and plot BEP and Pg. Calculate
and plot J; as shown in the following sample.
{Caiculated)
BEP P, {(dBw) J, watts/m? (dB)
10-1 -102 -139.5
10-2 -g97 -134.5
10-3 -4y4 -131.5
10-% «92.5 -130.0
1073 ~91 -128.5

The third colum is calculated using o as determined in IRIG 718-79,
Volume I, Appendix [-A. A plot is made of BEP vs. Ja in d8 {watts m~2)
as shown in figure 2.1.1.1-1. A data sheet can be easily prepared as

shown above with plotting done on standard S-cycle semi-logarithmic
papar.
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2.1.1.2 BEP Test Configuration A

2.1.1.2.1 Purpose - This test measures BEP using a PCM simulator.
2.1.1.2.2 Test Equipment:

PCM pattern simulator
Low-pass filter

RF signal generator
Error comparator
Error counter

2.1.1.2.3 Test Method:

2.1.1.2.3.1 Setup - Connect the test equipment as shown in either
figure 2.1.1.2-1 or 2.1.1.2-2.

2.1.1.2.3.2 Conditions - Refer tc subparagraph 2.0.3.
2.1.1.2.3.3 Procedure:

This test is used in stations where a PCM simulator, bit synchronizer,
error comparator, and error counter exist. Two variations of this test
can be run, j.e., real time as shown in figure 2.1.1.2-1 or post time as
shown in figure 2.1.1.2-2, using a recorded pattern. Both variations
allow closed~loop testing of the system. If the PCM test pattarn is
pre- or postdetection recorded on magnetic tape and played back through
the system bit synchronizer as shown in figure 2.1.1.2-2, a pattern
regenerator should be utilized. This regenerator could be the same PCM
simylator utilized for generating the PCM test pattern, provided that a
clock input and frame synchronization input to the simulator are avaii-
able for loading and synchronization purposes.

2.1.1.2.3.4 Data Reduction - Use the same data sheets discussed in
subparagraph 2.1.1.7.3.4. Tabulate BEP and Pg. Calculate Ja and tab-
ulate along with BEP and Bg. Plot BEP vs. J;.

2.1.1.3 BEP Test Configuration B

2.1.1.3.1 Purpose - This tast measures BEP using a pseudo noise {PN)
test pattern generated by a maximal iength shift register.

2.1.1.3.2 Test Equipment - Configure an 11-position shift register for
maximal length operation as shown in figure 2.1.1.3-1. Use the
resistor with an external clock as the PN test pattern source.

2.1.1.3.3 Test Method:

2.1.1.3.3.17 Setup - Connect the test equipment as shown in figure 2.1.1.3-2.

IV-2-4




‘(BWLL |B3Y) POYIdW JOIE[RULS KId

(-2 (12 94nbBt4

0123130 W0123130 QNY
YOLVHYJHOD ¥3IINNOD
NO ) 1Y INOH Y37 INOYHINAS
43 118Y) Llg P HOYY3 OCE
¥O1Y2 (N1
fiionauls ois
YADY
Y01YY3INIY YOLYINKIS
— ¥31dN0D  fag—]  wNDIS | i NY3L1Vd
YA WNOILD3%1a 4y
YNNI LNY

1v-2-5




431NNGD
HOHYH]

oot

"(swri 1sod) poylal Jolepmus Wid Z-2°L°L°Z d4nbLy

HOIVYINID Y

Nd1llvd WId

A301]

YOLVHV4HOD
Houy 3

LENENRER]

INve
)
‘ =35va

40123130 gnv
Y3IZ INOYHINAS
Lig

DA A

40133130
NGO LYINgoH
43144¥v3

YAJH

SHOLYISNYYL
dn

4304023y
NO113313¢3ud

5
o
]
=
[




HI1NNOI
4oyy3

* 19Z LUCAYIUAS WId-Nd Iu9JayoIuoN

100 Wld ZuN

3¥201]

¥Y0133130 NV
JINAS 114

[-£ 11" 34nbty

i

N1 HYO43AVA Nd 0301A

307D

Hld ZYN

O

avel

et

Iv-2-7



.- .. .

-poylaW uoile|addod0iny Z-f°| 7|2 24nbiy

HOVLYZINOYHINAS LN3YIKOINON NJ 3Isn ¢
HOLLYZENONMINAS 1N IN0T NI 3sn

HOL1Yd3INDDIY NY3Livd
1531 WId-Hd AIZITHOYHNIAS

l Nar M/w
%2013
¥017313¢ yo133130 gny | 1% ] volvavawod LNNG)
NO 1 LY TNQ0M

HHTETILIG G ANvE3SvE |

430400 T 4304023y _

! YIZ INOYHINAS LULLE ] YOYY3
43 1¥4Y) 118 Viva
[+ 4]
1
o
]
=
401V 1GM]
HIINTYLS 91S
¥ADY ‘
¥O1VHINID
< ¥31dn02 HOLVY INID N¥3LLVd
HAJY e——] W01 113810 [ NS 3 347 1531
e Nd -~ HId

VYHRILNY




2.1.1.3.3.2 Conditions - Refer to subparagraph 2.0.3.
2.1.1.3.3.3 Procedure:

2.1.1.3.3.3.1 It is recommended that a PN test pattern be utilized
whenever possible. One reason for this is that a PN sequence can be
generated and synchronized economically by a shift register with feed-
back configured for a maximum length sequence. The number of positions
in the shift register and the feedback connections uniguely determine
the test pattern which has been adopted by ranges and users and allows
the exchange of test data without ambiguity. In this connection an 11-
position shift register is recommended with feedback summed modulo two
from positions 9 and 11. The seguence will be 2047 bits long which
corresponds roughly to the frame lengths used for nonreturn to zero
(NRZ) and exercises the low-frequency response-of elements of the system.
This is important because with NRZ the Tack of d.c. response causes zero
wander of the bit stream in accordance with the fractional amount of
near-d.c. power lost. In addition, the sequence will contain 11 binary
1s followed by 9 binary Os, thus exercising the bit synchronizer with
only 1 NRZ transition in 19 bits, 3 in 29 bits, 5 in 39 bits, 7 in 49
bits, etc.

2.1.1.3.3.3.2 The synchronization of the PN-PCM test pattern regenera-
tor shown in figure 2.1.1.3-1 is discussed in the reference. Bacause of
the autocorrelation properties of a PN sequence, it is possible to
synchronize a slave shift register to an incoming PN bit stream (plus
noise) by cross correlation. This is carried out by coherent or non-
coherent methods. The test data given in the reference indicate that the
noncoherent method is adequate for tests in which the BEP is less than 0.01.

2.1.1.3.3.3.3 The noncoherent method of synchronization makes use of
the clock from a data bit synchronizer. Since data bit transitions
occur at random, a nonlinear operation is required in the data bit
synchronizer to generate discrete frequency components at the bit rate
and its harmonic. Figure 2.1.1.3-1 is a schematic of the noncoherent PN
synchronizer. The clock from the bit synchronizer is used to drive the
shift register and the NRZ bit stream out of the bit detector, and is
used to Toad the shift register by throwing the switch to the load
position. The switch is then thrown to the feedback position, and, if
there are no errors in the loaded bits, the shift register is in lock
with the input PN waveform. It will stay in lock until bit slippage
occurs in the bit synchronizer. If one or more errors are loaded into
the register, the shift register is not locked, and because of the
autocorrelation properties of the PN sequence, the error rate is nearly
50 percent. If the error rate for example is 10-2, the register is
locked. If it is not locked, (error rate approximately 0.5), the switch
is returned to the load position and the procass repeated until lock is
obtained. In operational hardware, the whole loading operation can be
done automatically.
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2.1.1.3.3.4 Data Reduction - Use the same data sheets discussed in
subparagraph 2.1.1.1.3.4. Tabulate BEP and Pg. Calculate Ja and tabulate
along with BEP and P.. Plot BEP vs. Ja.

2.1.1.4 BEP Tast Configuration C

2.1.1.4.1 Purpose - This test measures BEP using operational hardware, -
i.e.,

4.1
a PCM test sat.

2.1.1.4.2 Test Equipment: -

PCM test set
2.1.1.4.3 Test Method:

2.1.1.4.3.1 Setup - Connect the test equipment as shown in figure 2.1.1.3-2.
The test set transmitter portion in this case will serve as the PCM/PN

test pattern generator and the test set receiver portion will serve as

the synchronized PN-PCM test pattarn regensrator.

2.1.1.4.3.2 Conditions - Refer to subparagraph 2.0.3. In addition, PCM
test sets which utilize PR autocorrelation methods with either coherent
or noncoherent synchronization should have the following characteristics:

2.1.1.4.3.2.1 The test PN sequence shall be 2047 bits in length.

2.1.1.4.3.2.2 The PN generator shall include an internal clock con-
tinuously variable over the range of 10 bits/sec to 10° bits/sec. The
stability shall conform to IRIG Standards for PCM which are contained in
IRI? Standard 106. Provisions for acceptance of externmal clock shall be
included.

2.1.1.4.3.2.3 Provision shall be made for including in the test format
an arbitrary word of not more than 33 bits at selectable integer mui-
tiples of the PN sequence period.

2.1.1.4.3.2.4 Two bit pulse waveforms shall be selectabie; namely, NRZ
and split phase.

2.1.1.4.3.2.5 The PN test receiver shall include a PN sequence synchro-

nizer, error comparator and error counter with a capacity for at least
1000 errors.

2.1.1.4.3.2.6 The PN test receiver shall provide PN sequence pattern
and bit clock outputs.

2.1.1.4.3.2.7 The PN test receiver shall employ an integrate-and-dump
Dit detector using the bit clock output from subparagraph 2.1.1.4.3.2.6.
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2.1.1.4.3.2.8 The PN receiver shift register clock shall be derived by
efficient utilization of the autocorrelation of the PN waveform.

2.1.1.4.3.2.9 Provisions shall be made to indicate the time required to
accumulate the bit error count.

2.1.1.4.3.3 Procadure - N/A

2.1.1.4.3.4 Data Reduction - Use the same data sheets discussed in
subparagraph 2.1.1.1.3.4. Tabulate BEP and P;. Calculate dy and tabulate
along with BEP and P,. Plot BEP vs. J,.

2.1.2 0Qther PCM System Tests

2.1.2.1 In addition to BEP system testing, other tests may be conducted
using similar test methods. The use of the PCM test set is recommended
for conducting bit slippage probability tests, bit synchronization ac-
quisition tests and bit jitter tests.

2.1.2.2 The test set pattern generator shall be used in conjunction
with the same RF generator used in the determination of « and Jy- The
major difference between system testing and component testing using PCM
test sets is that system testing uses the recejved signal power flux
density (Jz) as the independent variable and component testing uses the
predetectea IF SNR as the independent variable.

2.1.2.3 It may be necessary to conduct all of the tests mentioned in
subparagraph 2.1.2.1 as system tests. For any given ground station
configured in support of a PCM format, it may be advantageous to conduct
only BEP tests with the option of introducing base-line wander and AM
effects to create a more realistic situation. Refer to chapter 4 of
this volume for the test procedures for bit synchronizers which use PCM
test sets.

2.2 PAM Testing

2.2.1 Test methods for PAM systems have not been established but may be
included in later revisions of Document 118. Test sets such as those
used for PCM systems are not readily available for PAM systems.

2.2.2 Some of the problems which can occur in PAM systems due to signal
degradation include noise on the analog outputs, drift of the reference
levels and loss of frame synchronization. As a minimum test, the per-

formance of the PAM decommutator should be monitored as input Tevels are
varied and noise is introduced.

REFERENCE

Lindsgy, W.C., "Bit Synchronization System Performance Characterization,
Mod9]1ng, and Tradeoff Study," Pacific Missile Test Center, Point Mugu,
California, Technical Publication, TP-73-18, 4 September 1973.
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Chapter 3
SUBCARRIER OSCILLATORS
3.0 General

3.0.1 The purpose of subcarrier oscillator (SCO) evaluation is the
acquisition and distribution of performance information that will be
useful to groups engaged in telemetry and missile instrumentation
activities. To be of maximum benefit, published performance information
on a given model should be in a form that can be readily compared with
information on othar SCO models which may have been tested by other
groups. Uniformity of test procedures used by testing groups is im-
portant for obtaining valid comparisons of SC0 performance and for
performing periodic checks on installed equipment, or acceptance tests
on new equipment. The SCOs to be evaluated by this procedure are used
for myltiplexing data within a telemetry ground station.

3.0.2 Performance tests are recommended for all IRIG subcarrier bands
intended for use in the particular application. To minimize measurement
errors, energize the test equipment from a regulated Tine and conduct
the tests in a room where ambient temperature variations are small.

When tests require the measurement of voltages or currents with a nigh
order of precision or when the measurement of low-level voltages or
currents is required, particular care should be given to the design of
the test setup to avoid the error-producing effects of ground-Tloop
currents. The use of an isolation power transformer is desirable.
Observe the practice of bringing all ground leads to one common point.

3.0.3 To assure uniformity of testing, the following setup procedures
and preliminary adjustments should be completed before the individual
tests are conducted.

3.0.3.1 Place the SCOs under test in a temperature-controlled chamber,
and maintain the chamber at 30°Cz1°C (303.2K:z1K) uniess otherwise in-
dicated in the test procedure. If a temperature chamber.is not avail-
able, ambient temperature variations must be kept as small as possible

so that the effects of controiled test parameter variations are not
influenced by temperature fluctuations. For similar reasons, the supply
voltages for the SCOs under test must be carefully adjusted and regulated.

3.0.3.2 Adjust the supply voltage(s) to the level(s) recommended by the
manufacturer and allow a2 15-minute warmup. Adjust the appropriate
controls on the SCO so that the input signal voltage level and excursion
recommended by the manufacturer will produce full IRIG bandwidth cutput
frequency excursion centered within the band. Also adjust the amplitude
control to produce the maximum output signal amplitude. Apply the
maximum output load comparable to the appliication.

IV.3-1




3.0.4 Make certain the test equipment selected for each test is
commensurate with the range, precision and input and/or load impedance
requirements, and the SCO manufacturer's specifications. The input
signal source output impedance is especially important when testing SCOs
employing solid-state design, where reverse leakage currents may be
present at the input terminais.

3.0.5 Recommended formats for publishing and reporting the results of
telemetry SCO performance measurements are shown under each test. The
primary purpose of the formats is to provide uniform methods of pre-
senting measurement data. The validity of performance characteristics
such as Tinearity are consistently presented in the same style and may
be found in approximately the same part of the report, regardless of the
source of publication. Data Sheet 3.0.1 provides space for a brief
description of the model under test along with definitions of test
proceduras. The formats were designed to make maximum use of graphical
and tabular data presentations. Supplementary notes appear when re-
quired to explain data irrequiarities or te provide additional perform-
ance information. ' '
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DATA SHEET 3.0.1 SCO PERFORMANCE EVALUATION

| {Report Number)

A. EQUIPMENT TESTED
1. DESCRIPTION
TYPE - MODEL SERIAL HUMBENR (1)
(Telemetry Subcarrier Oscillator) (3o00000) (oo xx)
MANUFACTURER HOW PROCURED
(Company Name) {Contract? Ioan? Other?)
nic wEIGHT
| (8 x wxd) (Dimensions in cm (in))
TRETALLATION

(What type of mounting? How many units does mounting adapter or subchassis
accommodate? What are the dimensions of the mounting adapter of subcbassis?)

2. CHARACT ERISTICS
NEUY RANGE
< {Required input voltage excurslon for band-edge-to-bandedge subcarrier
excursion. Imput voltage corresponding to center frequency (reference level).
Single-ended or differential irput? Input impedance?)

SUTRUYRANGE™ ) e all IRIG bands available? Output smplitude adjustmenta? Output
impedance? Sense: does qutput frequency increase or decrease with positive.going
input voltage? Note: Differential input will require more definition.)

CIRCWTAY (35)id-state? Vacuum tube?
Bybrid?)

OSCILLATOR TYPE (Maltivibrator? T -

Slzcuit? Qther?)
UTPUT FILTER

low-pass? Band-pass? HNone?)

R REUUVIREMENTS

(Voltage and current requirements? Does SCO include regulator? If regulator is not
incluged, what are regulation requirements of external power source?)

8. TEST CONDITIONS

(Tests are conducted in IRIG bands &(2,3kHztT7,5%), l{(22kHz%7T,5%), A(22kHzl5%),
and E(70 kc #15%). Unless otherwise indicated, the following atandard itest conditious

were observed in each performance measursment.)

[NFUT EXCURSION
G uxc;: " N ) % (IRIG Standerds: t7,5%
x.x velta -to=peak or x1 ag ropriat
UTPUT AN UDE CONTR Uﬂ'l"ﬂ!ﬁl:jom P2 e)
(Set to maximum position)
WARMU TUFALY VBLYXaT —
| (y,yvolts with z% regulation)

AMBIENT TEMFPERATURE
| (xx K) (xx9¢)
REMARKS
(General information. Test conditions or circumstances which are not
described elsewhere in the report)
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3.1 Control Range(s)

3.1.1 Purpose - This test determines the ranges of controls which are
provided to adjust deviation sensitivity, reference frequency and output
level,

3.1.1.1 The sensitivity control adjusts the magnitude of input voltage
excursion required to produce full IRIG bandwidth output frequency
excursion. The reference frequency control adjusts the output frequency
which is produced when the input signal terminals are shorted. De-
pending upon the manufacturer's design, the nominal reference frequency
may correspond to the center of the band or to either of the band edges.
The output level control adjusts the amplitude of the subcarrier output
signal.

3.1.1.2 Certain models may feature all three of the controls, while

other models may have only one or two controls. 3Still other models may
have a control to adjust each of the band-edge frequencies but no reference
frequency control. The following test procedure applies to models which
include the three controls 1isted in subparagraph 3.1.1.

3.1.2 Test Equipment:

D.C. signal source

D.C. voltmeter

Frequency counter

A. C. voitmeter (true rms}

3.1.3 Test Method:

3.1.3.1 Setup - Connect the test equipment as shown in figure 3.1-1.

0.C. 3J1O9NAL SUBCARRIER I'I;E'C;:‘ltn:;:
SQURCE o
QICILLATOR COUNTER
' y
D.C. A.C,
VOLTWETER VOLTMETIR

Figure 3.1-1 Control Range(s).
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3.1.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.

3.1.3.3 Procedure:

3.1.3.3.1 Measure the input voltage excursion required to produce a

full bandwidth output frequency excursion with the sensitivity control

set first to the maximum mechanical position and then to the minimun

mechanical position. .

3.1.3.3.2 Short-circuit the input terminals and measure both the min-
imum and maximum frequency produced by adjusting the reference frequency
control through its full mechanical range.

3.1.3.3.3 Apply a d.c. input voltage to produce an output frequency
corresponding to the band center. Measure both the minimum and maximum
output signal amplitude for both minimum and maximum settings of the
output level control.

3.1.3.3.4 Record data on Data Sheet 3.1.1.
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DATA SHEET 3.1.1

CONTROL RANGE

CONTROL RAMGES

. SENSITIVITY REFERENCE FREQUENCY OUTPUT AMPLITUDE
BAND!  (VOLTSp.o/BANDWIOTH) (Hs) (VOLTS RMS)
MA XIMUIM [ MINIMUM MA XTLIM MENIMUM A XIMUM MiMIMUM
- 7
14
A
£
NOTE
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3.2 Linearity

3.2.1 Purpose - This test determines the deviation of the output
frequency vs. the input voltage characteristics from a straight line
drawn through the end points (band edges).

3.2.2 Test Equipment:

Yariable d.c. source
Pracision voltmeter
Electronic frequency counter

3.2.2.1 Setup - Connect the test equipment as shown in figure 3.2-1.

VARIABLE . PRECISION
0,C. VOLTAGE YOLTMETER
9
ELECTRONIC
3u RRIER
s’c‘ € FREQUENCY
QS3CILLATOR COUNTER

Figure 3.2-1 Linearity Measurement.

3.2.2.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.2.2.3 Procedure:

3.2.2.3.1 Measure the input voltages required to produce 11 equally
spaced output frequencies covering the subcarrier band by using the pre-
cision voltmeter and the frequency counter.

3.2.3.3.2 The measured data can be plotted on a scale with greatly
increased resolution if an arbitrary slope (approximating the data
slope} is first subtracted from the data. A straight 1ine can then be
passed through the end points and the deviation of each data point from
the straight 1ine can be determined with much higher resolution.

3.2.3.3.3 Express deviation from linearity as a percentage of bandwidth.
Give such deviation a positive sign when, for a selected input voltage
level, the output frequency is greater than the corresponding point on
the T1ine through the end points.

3.2.3.3.4 Record data on Data Sheet 3.2.1.
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DATA SHEET 3.2.1 LINEARITY

——
2. LINEARITY
BANMD 7
8AND 14
g
I
=
T
u
z
-
x
8
= BAND A
&
B
:
a
BAND E
-0 wdl -3 -0 =10 [ +10 +20 +30 ‘40
SUBCARRLIER DEVIATION FROM BAND CENTER (% OF BANDWIDTH)
NOTE
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3.3 Amplitude Modulation {AM)

3.3.1 Purpose - This test determines the change of output signail
amplitude as the subcarrier frequency is changed through the band from
one band edge to the other.

3.3.2 Test Equipment:

D.C. signal source
Electronic frequency counter
A.C. voltmeter (true rms)

3.3.3 Test Method:

3.3.3.1 Setup - Connect the test equipment as shown in figure 3.3-1.

[ —————————

0.C. SIGNAL SUBCARRIER ELECTRONIC
OSCILLATOR FREQUENCY
ounet COUNTER
]
AC.
VOLTMETER
S —————— e —

Figure 3.3-1 Amplitude Modulation.

3.3.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.3.3.3 Procedure:

3.3.3.3.1 With the input amplitude adjustment set at maximum, vary the
d.c. input signal to cause the output frequency to cover the full ex-
cursion from one band edge to the other and measure the minimum and the
maximum output signal amplitudes within the band.

3.3.3.3.2 Calculate percent AM from the equation:

» AM = ({Epax-Emin)/ (Emax*Emin))x 100
3.3.3.3.3 Adjust the output frequency to band center and reduce the
output signal amplitude to 70 percent of its former value. Repeat the
measurements of AM as outlined above.

3.3.3.3.4 Record data on Data Sheet 3.3.7.
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DATA SHEET 3.3.1 AMPLITUDE MODULATION

AMPLITUDE MODULATIGN

8AND

AMPLITUDE MOQDUL ATION (%)

AT MAXIMUM AT 707
QUTPUT AMPLITUDE QUTPUT AMPLITUDE

Kove
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3.4 Qutput Distortion

3.4.1 Purpose - This test determines the distortion of the output sub-
carrier waveform at selected output amplitudes and output loads (sine-
wave outputs only). Use either a distortion analyzer or a wave analyzer
to measure output distortion. If a distortion analyzer is used, the
effects of all of the distortion producing components {within the band-
width of the test instrument) are Tumped together. If a wave analyzer
is used, it is necessary to search for and measure the amplitude of the
individual distortion components and then calculate the distortion.

This test may be conducted concurrently with measurement of output
loading, test 3.7.

3.4.2 Test Equipment:

D.C. signal source
Electronic fregquency counter
Distortion analyzer or wave analyzer

3.4.3 Test Method:

3.4.3.1 Setup - Connect the test equipment as shown in figure 3.4-1.

ELECTRONIC
D.C. SIGNAL SUSCARRILR
FREQUENCY
SOURCE ORCILLATOR
COUNTER

DISTORTION ANALYZIER
oR
WAVE ANALYZER

Figure 3.4-1 Qutput Distortion.

NOTE

In making these measurements, care should be taken
to use short, unshielded leads between the output
terminal and the measuring inStruments, since
capacitive loading is one of the test

parameters. Terminate the oseillator with

a 2kQ resistive load or lower, depending

on its applieation.
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3.4.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.3.

3.4.3.3 Procedure:

3.4.3.3.17 With the output amplitude adjustment set at maximum, apply

d.c. input voltages to produce output frequencies corresponding to band

center, lower band edge and upper band edge, respectively. Measure the -
output distortion at sach of thase freguencies.

3.4.3.3.2 Reduce the output subcarrfer.amp1itude to 70 percent of
maximum amplitude and repsat the measurements outiined in step 3.4.3.3.7.

3.4.3.3.3 Readjust the output amplitude to maximum and apply a nominal
capacitive Toad to the output terminals {in addition to the resistive
Toad) consistent with the intended application.

3.4.3.3.4 Perform distortion measurements at the 3 frequencies corre-
sponding to band center, lower band edge and upper band edge.

3.4.3.3.5 In the same manner, make distortion measurements with capac-
itive loads above and below the nominal value selected in subparagraph
3.4.3.3.3.

3.4.3.3.4 Record data on Data Sheet 3.4.1.
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DATA SHEET 3.4.1

OUTPUT DISTORTION

QUTPUT DISTORTION

QUIPUT RESISTIVE CAPACITIVE OUTPUT DISTORTION (%)
AMPLITUDE LOAD LOAD BAND
(% OF MAX.) (OHMS) (pF) £ | A I 14

(AT BAND CENTER)
100 0
10 0
100 loo
100 500
100 1000
(AT UPPER BANC £0GE)
100 0
70 0
100 100
100 500
100 1000
(AT LOWER BAND EDGE)
100 0
70 0
100 130
100 500
100 1000
NOTE
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3.5 Effect of Source Impedance

3.5.1 Purpose:

3.5.1.1 This test determines the change of output frequency as a
function of source impedance variations and determines the current that
is fed back from the input terminals into the source.

3.5.1.2 This test is particularly important on soiid-state models which
receive input signals from variable-resistance transducers. Evaluation
groups may aiso wish to conduct tests at temperatures which simulate
selected systems applications in addition to room temperature tests.

3.5.2 Test Equipment:

Resistance decade box
Electronic frequency counter
D.C. null voltmeter

3.5.3 Test Method:

3.5.3.1 Setup - Connect the test equipment as shown in figure 3.5-1.

RESISTANCE SUBCARRIER ELECTRONIC
DECADE OSGILLATOR FREQUENCY
COUNTER

0.G. NULL

VOLTMETER

Figure 3.5-1 Effect of Source Impedance.

3.5.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.5.3.3 Procedure:

3.5.3.3.1 Short the input terminals and measure the output frequency.
3.5.3.3.2 Adjust the variable resistance decade to 1002. Measure the

voltage appearing at the SCO input terminals (use a null voltmeter) and
measure the output frequency.
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3.5.3.3.3 In the same manner, measure the input voltages and output
frequencies with the following resistance values applied to the input:
Tk, 10ka, 100ka, 1Me and 10Ma.

3.5.3.3.4 Use the frequency measured with the input shorted as a
reference for calculations and express frequency changes in percent of
bandwidth. Calculate the feedback current for each of the input re-
sistance Tevels.

3.5.3.3.5 Record data on Data Sheet 3.5.1.
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DATA SHEET 3.5.1

EFFECT OF SOQURCE IMPEDANCE

EFFECT OF SOURCE 1aPEDANCE

NOTE

DUTPUT FREQUENCY

CHANGE (X of DY)}

CURRENT FEEDDACK

o.l Amps}

102 103 104
SOURCE IMPEDANGCE (OHMS)
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3.6 Effect of Grounding Input (Differential-input Models Only)

l 3.6.1 Purpose - This test measures the effects of grounding the input
terminals on the subcarrier output frequency and amplitude.

NOTE

In making these measurements, care should be taken
to use short, unshielded leads between the output
terminals and the measuring ingtruments, since
ecapacitive Loading is one of the test parameters.

3.6.2 Test Equipment:

D.C. signal source

D.C. voltmetar

Electronic frequency counter
A.C. voltmeter (true rms)

3.6.3 Test Method:

3.6.3.1 Setup - Connect the test equipment as shown in figure 3.6-1.

D
0.C. SHINAL ® st;nc.nw;s: ELECTRONIC
SOURCE O3CILLATD EREQUENCY
COUNTER
0.6, 5 A.C.
VOLTMETER = VOLTMETER

Figure 3.6-1 Effect of Grounding Input.

3.6.3.2 (Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.6.3.3 Procedure:

3.6.3.3.1 Ground the chassis of the SCO.

3.6.3.3:2 Apply thg input voltages recommended by the manufacturer for
subcarrier frequencies corresponding to lower band edge, band center and
upper band edge. Do not ground input terminals. Measure the output

§ubcarrier frequencies and amplitudes corresponding to each of these
inputs.
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3.6.3.3.3 Ground inout terminal number 1 and apply the same input

voltages used in step 3.6.3.3.2 and again measure the output frequencies .
and amplitudes.

3.6.3.3.4 Repeat step 3.6.3.3.3 with input terminal number 2 grounded
rather than input terminal number 1.

3.6.3.3.5 Using the frequencies and amplitudes measured in step 3.6.3.3.2

as references for calculations, express tha frequency changes as per-

centages of IRIG bandwidth and express amplitude changes directly in
percent.

3.6.3.3.6 Record data on Data Sheet 3.6.1.
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DATA SHEET 3.6.1

EFFECT OF GROUNDING INPUT

EFFECTS OF GROUNDING INPUT (Differenticl-input Madeis Only)

NOTE

OUTPUT FREQUENCY CHANGE

OUTPUT AMPLITUDE CHANGE

BAND {% of BW) (%)
LOWER SBAND UPPER BAND LOWER BAND UPPER BAND
BAND CENTER BAND CENTER
E£DGE eoGE EDGE EDGE
INPUT NUMBER 1 GROUNDED
?
Id
A
E
INPUT NUMBER 2 GROUNDED
7
14
A

ni
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3.7 Effect of Qutput Loading

3.7.1 Purpose - This test determines the effects of output loading
(both resistive and capacitive) on the amplitude and frequency of the
output signal. This test may be conducted concurrently with measurement
of output distortion, test 3.4.

3.7.2 Test Equipment:

D.C. signal source

0.C. voltmeter

Resistance decade
Capacitance decade
Electronic frequency counter

3.7.3 Test Method:

3.7.3.1 Setup - Connect the test equipment as shown in figure 3.7-1.

0. €, SIG TUNCARRIEA ELECTRONIC
. €, SIGNAL
S0URCE OSCILLATOR FREGUENCY
COUNTER
9 r
0.8. RESISTANCE

VOLTMETER DECADE | !
CAPACITANCE
DECAQE

Figure 3.7-1 Effect of Qutput Loading.

3.7.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.7.3.3 Procedure:

3.7.3.3.1 Adjust the d.c. input signal to a level that will produce an
output frequency corresponding to band center.

3.7.3.3.2 Measure the frequency and amplitude of the output signal with
no load applied to the output.

3.7.3.3.3 Use the same input level applied in step 3.7.3.3.1 to measure
the output frequencies and amplitudes for the resistive output loads
selected in subparagraph 3.4.3.3 or others consistent with the intended
applications.
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3.7.3.3.4 Remove the resistive load and recheck the output freguency
and amplitude and readjust the d.c. input signal, if necessary, to .
produce band-center frequency.

3.7.3.3.5 Using the same input level applied in subparagraph 3.7.3.3.4,

measure the output frequencies and amplitudes for capacitive output

loads selected in subparagraph 3.4.3.3.

3.7.3.3.6 Use the frequencies and amplitudes measured under no-load
conditions as references for calculations and express freguency changes
in percent of bandwidth and express amplitude changes directly in
percent.

3.7.3.3.7 Record data on Data Sheet 3.7.1.
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QUTPUT LOADING

DATA SHEET 3.7.1

QUTAUT LOADING

- o

-
-
-

{1aaa") pooy-oN jo %)
JONYHD 3001 1TdMY

(yip1mpuog jo %)
JONYHD ADNINDIHA

OUTPUT LOAD (& OHMS)

(19797 pooY-ON 4O %)}
IONYHD 3aQNLTdNY

{{pimpurg jo x}
3ONYHD ADN3IND3N

OUTPUT LDAD ¢ pF)
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3.8 Modulation Feedthrough

3.8.1. Purpose - This test determines the amplitude of the modulation-
frequency component appearing at the SCO output.

3.8.2 Test Equipment:

A.C. signal source
Electronic frequency counter
A.C. voltmeter (true rms)
Wave analyzer

3.8.3 Test Method:

3.8.3.1 Setup - Connect the test equipment as shown in figure 3.8-1.

ELECTRONIC
FREQUENCY
COUNTER

A\C. SISNAL SUBRCARRIER WAVE
SOURCE O3CILLATOR ANALYZIER

A.C.
VOLTMETER

Figure 3.8-1 Modulation Feedthrough.

3.8.3.2 Conditions - Refer to éubparagraphs 3.0.2 through 3.0.4.
3.8.3.3 Procedure:

3.8.3.3.1 Adjust the frequency of the signal source to correspond to
the maximum modulation frequency for a modulation index of 1. Adjust
the peak-to-peak amplitude for the a.c. signal to produce full bandwidth
subcarrier deviation.

3.8.3.3.2 Measure the amplitude of the modutation frequency component

appearing at the SCO output terminals using a wave analyzer or similar
frequency-selective voltmeter.

Iv-3-33




3.8.3.3.3 Repeat step 3.8.3.3
of that selected in step 3.8.3
frequency one-tenth of that se

.2 a3t a modulation freguency of one-half
.3.1 and then repeat step 3.8.3.3.2 at a .
Tected in step 3.8.3.3.1.

3.8.3.3.4 Modulation feedthrougn is expressed in dB below the sub-

carrier and is calculated from the ratio of subcarrier component to the

modulation component appearing at the output terminals.

3.8.3.3.5 Record data on Data Sheet 3.8.1.
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DATA SHEET 3.8.1

MODULATION FEEDTHROUGH

MODUL ATION FEEDOTHROUSH

NOTE

MODULATION FEEDTHRCUGH
{dB below subcarrier)
BAND
{ly = mad freq far duviation retie = 1}
h 0,50 l 0,14,
7
14
A
g
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3.9 Long-Term Stability Vs. Time

3.9.1 Purpose - This test determines warmup, reference frequency
variations and sensitivity variations as a function of time.

3.9.7.1 Sensitivity instabiiity is defined as the variation of full-
scale output frequency excursion (resulting from full-scale input
voltage excursion) expressed as a percentage of full-scale output
excursion measured at an elapsed time of 30 minutes.

3.9.1.2 Reference frequency shift is defined as the variation of output
frequency for 0 input expressed as a percentage of full-scale output
frequency excursion measured at an elapsed time of 30 minutes.

3.9.1.3 Sensitivity change is given a positive sign when full-scale
output excursion is greater than that measured at the reference time of
30 minutes.

3.9.1.4 Reference frequency shift is given a positive sign when the
output frequency is greater than that measured at the reference time of
30 minutes.

3.9.2 Test Equipment:

Reference voltage source
Programmer {optional)
Eiectronic frequency counter
Printar

The block diagram (figure 3.9-1) includes a programmer which switches
the SCO input voltages and provides a count command to the electronic
counter. A printer is also shown associated with the counter. Although
the test can be conducted without these two items of test equipment,
they are included for convenience.

3.9.3 Test Method:

3.9.3.1 Setup - Connect the test equipment as shown in figure 3.9-1.

R __"\'\__ SUBCARRIER
voLTAGES — 1 OSCILLATOR
|
|
b
count command TLECTRONIC
PROSRANMER FREQUENCY PRINTIR
COUNTER

Figure 3.9«1 Stability versus Time,

Iv-3-37



3.9.3.2 Conditions - Measurements are conducted over a period of 8
hours and elapsed time is measured from cold start. Nominal settings of
the sensitivity control and the reference frequency control should
approximate those which will produce full bandwidth output frequency
excursion, centered within the band, after 30 minutes or more of op-
eration. Additional test conditions are contained in subpara-

graphs 3.0.2 through 3.0.4.

3.9.3.3 Procedure:

3.9.3.3.1 Adjust the reference voltages to the preselected levels for
output frequencies corresponding to the Tower band edge, band center and
upper band edge.

3.9.3.3.2 Energize the SCO and measure the output frequencies for each
of the 3 input voltages at an elapsed time of 1 minute. Make similar
measurements at 1-minute intervals for the first 10 minutes.

3.9.3.3.3 After 10 minutes, make measurements at 5-minute intervals
until 1 hour has elapsed.

3.9.3.3.4 After 1 hour, make measurements at 30-minute intervals until 8
hours have elapsed.

3.9.3.3.5 Record data on Data Sheet 3.9.1.
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. DATA SHEET 3.9.1 STABILITY VERSUS TIME
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3.10 Effect of Supply Voltage Variation and Ripple

. 3.10.1 Purpose - This test determines the effect of supply voltage
changes and ripple on output frequency and amplitude.

3.10.2 Test Equipment:

- D.C. voltage source
B.C. voltmeter
A.C. supply

. Ripple source
ETectronic frequency counter
Subcarrier discriminator
A.C. voltmeter (true rms)

3.710.3 Test Method:

3.10.3.1 Setup - Connect the test equipment as shown in figure 3.10-1.

D.C. YOLTARK SUBSCARRIER ELECTRONIC
oUREE » FREQUENCY
3 OICILLATON COUNTER
Oy 1
0.6 BUPPLY SUSCARRIER
. VOLTNETER VOLTASE DISCRIMINATOR
)
RIPPFLE A.C,
0UACeE VOLTMETER

Figure 3.10-1 Effect of Supply Voltage Variation and Ripple.

3.10.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
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3.10.3.3 Procedure: .

3.10.3.3.1 Adjust the supply volitage te the nominal vaiue recommended
by the manufacturer (do not apply a ripple voltage).

3.10.3.3.2 Adjust the d.c. input signal to the SCO0 to produce first the

lower band-edge frequency, then band center and finally upper band edge. -
Measure the subcarrier output frequencies and ampliitudes at each of

thase voltage settings. (Note the input voltages required to produce

each of the 3 output frequencies.)

3.10.3.3.3 Reduce the supply voltage by 10 percent of the nominal level
and again measure the cutput frequencies and ampiitudes for each of the
3 input signal voltage levels used in the previous measurement.

3.10.3.3.4 Make similar measurements with the supply voltages changed
by -5 percent, +5 percent, +10 percent, and back to nominal level again.
(The measurement range may be expanded to simulate selacted system
applications.)

3.10.3.3.5 Use the frequencies and amplitudes measured in step 3.10.3.3.2
as references to calculate the frequency changes in percent of bandwidth
and calculate the amplitude changes directly in percent. These changes
will be given a positive sign when they represent an increase in
magnitude.

3.10.3.3.6 Apply nominal supply voltage to the SCO, adjust the d.c. .
input signal to produce center frequency output and superimpose sin-

usoidal signals of appropriate ripple frequencies on the supply voltage.

Adjust the rms value of the ripple to 2 percent of the nominal supply

voltage and measure the frequency deviation of the SCO (the cutput

excursion of the SCC is proportional to the SCO deviation).

3.10.3.3.7 Express the peak-to-peak frequency deviations as percentages
of bandwidth.

3.10.3.3.8 Record data on Data Sheat 3.10.1.
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DATA SHEET 3.10.1

EFFECT OF SUPPLY VOLTAGE VARIATION

EEFECT OF SUPPLY YOLTAGE VARIATION

LEGEND:

BENSITIVITY
REF FRAQ e

FREQUENCY
CHANGE (% of 8W)

=10 - 2 R ¢ ] +1Q
SUPPLY VOLTAGE CHANGE (% OF NOMINAL)

MNOTE

LEGEND:

BANG CENTEA e
HIGH BAND EDGE - — — —-
LOW BAMD EDGE . 4 ¢4 »+

OUTPUT
AMPLITUDE

CHANGE (%)

=10 -8 o +H +10
SUPPLY VOLTAGE CHANGE (% OF NOMINAL)

INCIDENTAL FM
[+ 1 Bl'-’l

] 00 400

RIPPLE FREQUENCY (Hz)

NOTE
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3.11 Common-Mode Rejection {For Differential-Ilnput Models Only)

Common-mode rejection is the ratioc of subcarrier bandwidth to subcarrier
deviations, expressed in dB.

3.11.1 Purpose - This test determines the effect on output freguency
resulting from application of a common signal to both input terminals.

3.11.2 Test Equipment:

A.C. signal source

A.C. voltmeter (true rms)

D.C. signal source

D.C. voltmeter

Low-noise subcarrier discriminator -
Electronic frequency counter

3.11.3 Test Method:

3.11.3.1 Setup - Connect the test equipment as shown in figure 3.11-1.

- N
ALC/D C. SIGNAL Lo GISE
SOURCE SUBCARRIER
! DISCRIMINATQR

SUBCARRIER

P 4 OSCILLATOR
UNDER TEST

ALCSD. € ELECTRONIC
 CMETE FREQUENC
VOLTMETER QuENCYy
COUNTER

Figure 3.11-1 Common-Mode Rejection.

3.11.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.11.3.3 Procedure:

3.11.3.3.1 With the SCO terminals shorted together and connected to
ground, measure the subcarrier output frequency.

3.11.3.3.2 Remove the ground applied in subparagraph 3.11.3.3.1 and
connect the shorted input terminals to a d.c. voltage (reference to
ground) and adjust the d.c. voltage to equal the magnitude of the full-
scale differential input recommended by the manufacturer.
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3.11.3.3.3 Measure the subcarrier output freguency, first with a
positive polarity applied to the input and then with a negative polarity
applied to the input.

3.11.3.3.4 Connect an a.c. voltage source to the shorted input term-
inals and adjust the peak-to-peak amplitude of the a.c. signal to equal
the magnitude of the full-scale differential input recommended by the
manufacturer,

3.11.3.3.5 Adjust the frequency of the a.c. input signal to that which
produces a deviation ratio of 1 for the band under test. Use a low-
noise subcarrier discriminator to measure the fregquency deviation of the
SCO output caused by the common-mode signal. Repeat the measurement at
frequencies of 60 Hz and 400 Hz if thase frequencies fall within the
modulation-frequency range of the SCO under test. The discriminator must
be calibrated at each of the modulation frequencies.

3.11.3.3.6 Compare the frequencies measured in step 3.11.3.3.3 with
that measured in step 3.11.3.3.1 and calculate the output frequency
deviations. Frequency deviations in subparagraph 3.11.3.3.5 are ob-
tained from measuring the output of the calibrated discriminator.

3.11.3.3.8 Record data on Data Sheet 3.11.7.
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DATA SHEET 3.11.1 COMMON-MODE REJECTION

T OmMON MODE REJLCTION

COMMON-MOGE REJECTION {dB)
BANG D.C. A
+ 0-C. - D-C. ORI oM 6oHz | 400H:z
7
14
A
€

NOTE
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3.12 Stability Vs. Temperature

3.12.1 Purpose - This test determines reference-frequency shift, sensi-
tivity variations and output amplitude changes as a function of temperature.

3.12.2 Test Equipment:

D.C. signal source

D.C. voltmeter

Temperature chamber

A.C. voltmeter (true rms)
Electronic frequency counter

3.12.3 Test Method:

3.12.3.1 Setup - Connect the test equipment as shown in figure 3.12-1.

femperdatfure chamber

| |
B.C. SIGNAL | SUBCARRIER | !'I-.IE:TUI‘:ICI:
SOURCE
{ OSCILLATOR } COUNTER
4 = — _I 4
[ N - AL,
VOLTMETER . VOLTMETER

Figure 3.12-1 Stability versus Temperature.

3.12.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.12.3.3 Procedure:

3.12.3.3.1 Adjust the temperature chamber to 30°C {303.2K) and allow
the SCO to stabilize for not less than 15 minutes.

3.12.3.3.2 Apply the input voltages recommended by the manufacturer to
produce output frequencies corresponding to lower band edge, band center
and upper band edge. Measure the output frequencies and amplitudes
corresponding to each of these inputs.

3.12.3.3.3 Using the same inputs which were applied in step 3.12.3.3.2,
repeat the measurements at chamber temperatures corresponding to the
appropriate temperature extremes. Allow sufficient time at each temper-
ature for the unit to stabilize before mesurements are made.
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3.12.3.3.4 Use the frequencies and amplitudes measured at 30°C
(303.2 K) as references for calculations and express frequency changes in .
paercent of bandwidth and amplitude changes directly 1in percent.

3.12.3.3.5 Calculate the reference frequency shift and sensitivity
changes. Reference freguency shift is given a positive sign when the
output frequency is greater than that measured at the temperature of
30°C (303.2 K). Sensitivity change is given a positive sign when full-
scale output excursion is greater than that measured at 30°C (303.2 X).

3.12.3.3.6 Record data on Data Sheet 3.12.1.
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DATA

SHEET 3.12.1 STABILITY VERSUS TEMPERATURE

STABILITY vs TEMPERATURE

QUTPUT AMPLITUDE
INSTABILITY (%)

NGTE

REFERENCE FREQUENCY

INSTAMLITY (%)

SERSITIVITY IMSTABILITY (%)

- ] +28 a8
AMBIENT TEMPERATURE K {°C)
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3.13 Effect of Vibration

3.13.1 Purpose - This test determines the effect of vibration on output
frequency and output amplitude.

3.13.2 Test Equipment:

D.C. signal source

Subcarrier discriminator

Electronic frequency counter

Vibration facility capable of providing the vibration amplitude/
acceleration levels gver the frequency ranges specified for the intended
application.

3.13.3 Test Method:

3.13.3.1 Setup - Connect the test equipment as shown in figure 3.13-1.
The SCO should be securely mounted to the vibrator in a properly de-
signed test fixture which will not impart vibration amplifications to
the SCO. If a companion modular rack adapter is used for mounting the
SCO in the actual application, the adapter should be included in the
vibration setup.

SUBCARRIER
DISCRIMINATOR

D.C. SIGNAL SUBCARRIER i}E°7'°"'°
- REQUENCY
SOURCE OSCILLATOR
COUNTER
A C.
VOLTMETER

Figure 3.13-1 Effect of Vibration.
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3.13.3.2 Conditions - An environment should be selected which is
representative of the intended application. This environment could be
selected from a standard such as MIL-5TD-810. In addition, refer to
subparagraphs 3.0.2 through 3.0.4.

3.13.3.3 Procedure:

3.13.3.3.1 Conduct a resonant search in accordance with MIL-STD-810,
Method 514.2, to determine the vibration frequencies at which the
greatest output frequency and amplitude changes occur.

3.13.3.3.2 Adjust the d.c. signal source to produce band-center fre-

quency. Adjust the output amplitude to maximum and record the amplitude.

3.13.3.3.3 Conduct a resonant dwell in accordance with MIL-STD-810,
Method 514.2.

3.13.3.3.4 (Observe the output of the subcarrier discriminator to
determine the fncidental FM causad by vibration.

3.13.3.3.5 Stop the vibration and measure the output frequency and
output ampiitude. Compare these measurements with those made in
subparagraph 3.13.3.3.2 to determine frequency shift and amplitude
change. Express frequency changes in percent of bandwidth and express
amplitude changes in percent of original amplitude.

3.13.3.3.6 Record data on Data Sheet 3.13.1.
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DATA SHEET 3.13.1

EFFECT OF VIBRATION

13, EFFECT OF VIBRATION

——
. VISRATION TREQUENCY AMPLITUDE
panD | FREQuEncy | NCIDENTAL SHIFT CHANGE
FM (%)

(Ha) (%) (%) !

. 1
7
14
A
£

NOTE
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Chapter 4

BIT SYNCHRONIZERS
4.0 General

In the series of test procedures which follow, the PCM test set is the
central feature of the test setups. Commercially available telemetry
PCM test sets usually incorporate the IRIG Standard PN sequence with
self-synchronized PN receiver function. These sets vary somewhat as to
criteria for receiver PN lock, the restart function, and such special
functions as addition of base-band noise and offset, frequency modu-
lation of internal clock, variable delay of clock and bit stream, phase
comparison of input and output bit clocks, etc. Depending upon which
PCM test set is available, certain external functions such as gating and
delay may be required for the bit slippage and acquisition tests.
Detailed circuits. for these functions are given in appendixes IV-B and
[V-C. Fiqure 4.0-1 is a generalized block diagram of functions which
can be utiiized to perform the tests herein.

NOTE

Jinee, uas stated above, not all commercial models
tneorporate all of the functions intermally, it may
Lbe necessary to perform some of these funetions

by the use of peripheral equipment.

Because the full capability of the test set will not be required in any
single test procedure, the full functional block diagram (figure 4.0-1)
will not be reneated; only simplified block diagrams will be included
with each individual test procedure. [t may not be necessary to conduct
all of the tests described in this chapter for any one bit synchronizer
if it is used for a specific application. The test procedures are
presented in two parts: Part [, Testing with Gaussian Noise; and Part
I, PCM/FM Testing. Definitions for bit slippage probability (BSP) and
acquisition testing are given in appendix IV-C.

4.0.1 Standard Test Conditions for Testing with Gaussian Noise

The following discussion applies to preparing standard test conditions
for Part I, Testing with Gaussian Noise. Regardless of the test approach
used, it is important to preserve uniformity of testing so that valid
comparisons and evaluations of a wide range of system designs may be
accomplished. Therefore, the following standard test conditions should
be determined for the following parameters and shouid be observed uniess
the individual test description requires otherwise. It is assumed that
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the instruction manual for the test set is available, therefora, in-
structions for operating the test set will not be repeated in the
individual test procedures.

4.0.1.1 Bit Synchronizer:

PCM signal input level

Bit rate

Loop width

Tracking bandwidth

Bit detector type of clock (internal)
Input code

4.0.1.2 PCM Test Set:

Offset

FM input

Code

Pattern Pseudo random:
Use of the 2047-bit maximal length sequence is
recommended. See Chapter 2, subparagraph 2.1.1.3.2
for details.

NOTE

Testing with fized patterms may be nec-
essary for specific applications.

Bit rate clock

NoTE

4 PCM test cel may possess two crnardcteristies which
must be checked before conduccing bit sumchronizer per-
formanee tests. The internal reference clock may con-
tain excessive jitter components and the aceuracy of
the bit rate switch setiings may be inadequate. when
xeessive clock jitter exists, it is recommended that
an external reference clock be used; particularly
when testing bit synchronizers with narrow loop
bandwidth setiings. The bit rate of the PCM out-

put may be adjusted using one of the following
methods :
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METHOD 1:

Connvet a variable d.¢. voltage source to the FM
input of tne PCM tesi set and adjust the voltage
until the regquired bit rate is obtained.

METHOD Z:

Adjust the bit vate on the PCM test aet wuntil the o -
sired bit rate i3 indicated om a frequency counter.
Disregard the bit rate itndicated by the PCM test set
display when using this method.

METROD 3:

Connect an extermal clock gemerator to the external
elock input of the PUM test set. Measure the bit
rate at the cloek ocutput of the PCM test set wich a
Ffrequency counter.

NOTE

Measures should be taken to assure that phase
errors are not introduced by the test setup, e.g.,
when the setup ineludes a premodulation filter.
Meacurement Jdifficultics may ocoun when detection
eircultry 16 pnase sensitive.

4.0.1.3 Premodulation Filter

Filter type - Tinear-phase, low-pass
Cutoff frequency (-3 dB) - 0.75 times the bit rate, or as
required
4.0.1.4 Noise Signal - gaussian
4.0.1.5 MNoise Signal Filter:
Type - constant amplitude (> 4 pole)

Cutoff frequency (-3 dB)
for calibration

aqual to the bit rate

Standard Test Conditions for PCM/FM Testing

The following parameters must be added to the standard test conditions
in subparagraph 4.0.1 for preparing the standard test conditions for
Part II, PCM/FM testing.
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4.0.2.1 FM Test Link:

Frequency deviation - Peak-tojpeak
Predetection (IF) bandwidth - 3-dB points, kHz
Post detection bandwidth - 3-dB points, kHz

4.0.2.2 Figures 4.0.2-1 and 4.0.2-2 are block diagrams of the PCM/FM
test setup. Two options are shown. Figure 4.0.2-1 makes use of equip-
ment normally used in connection with predetection recording. The band-
pass filter (BPF)} shown in figure 4.0.2-1 is used to confine the noise
bandwidth to the neighborhood of the predetection band of the discrim-
inator to prevent overloading the input circuits. The bandwidth of the
BPF should be set to approximately twice the bandwidth of the discrim-
inator and centered on the band of the discriminator. Figure 4.0.2-2
makes use of RF equipment.

4.1 Part 1. Testing with Gaussian Noise

Part I describes the test procedures to be used -to determine if a
sefected bit synchronizer has the required characteristics essential for
telemetry applications when the input signal contains additive gaussian
noise.

4.1.1 PCM Test Set Calibration

4.1.1.1 Purpose - The SNR is an important parameter in many of the per-
formance tests conducted on PCM bit synchronizers. Calibration of the
PCM test set is necessary for obtaining an accurate SNR to allow com-
parison of performance in satisfying performance specifications or
evaluating competing designs.

4.1.1.2 Test Eguipment:

4.1.1.2.1 Procedure 1:

Noise source - a flat frequency response from d.c. to > five times
the bit rate

Premodulation filter - as required

Low-pass filter - cutoff frequency setabie to the bit rate
True rms voltmeter

Oscilloscope

Frequency counter

Stable oscillator - as required

PCM test set

4.1.1.2.2 Procedure 2 - Same as Procedure 1 test equipment except
replace PCM test set with summing amplifier and calibrated attenuator.
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4.1.1.3 Test Method:

4.1.1.3.1 Procedura 1 - Internal Noise Attenuator

4.1.1.3.1.1 Setup - Connect the test equipment as shown in figure 4.1.1-1.

NCT=

Refor to subparuagraph 4.0.1 for standard test con-
Jditions for tecting with gaussian noise.

4.1.1.3.1.2 Make the follewing adjustments on the PCM test set to set
the PCM level:

a. Set output signal for PCM only

b. Turn off noise source

c. Bypass or disconnect premodulation filter

d. Adjust the PCM amplitude with an oscilioscope or true rms
voltmeter until the required peak-to-peak signal voltage is measured at
the PCM output of the test set.

4.1.1.3.1.3 Connect the premodulation filter into the test setup.
Observe the peak-to-peak amplitude of the filtered PCM bit stream with
an oscilloscope. Adjust the output level control on the tunable filter
to maintain the peak-to-peak voltage of the signal as established in
step 4.1.1.3.1.2 d.

4.1.1.3.1.4 Make the following adjustments on the PCM test set to
obtain the noise Tevel:

a. Turn off the PCM signal

b. Turn on the noise source to the PCM test set

c. Set the noise source for a cutoff frequency equal to five times
tha bit rate selected.

d. Select the 0-dB SNR setting.

e. Monitor the input noise signal and the PCM output of the test
set on an oscilloscope.

f. Set the noise source output level control to maximum. If noise
amplitude 1imiting exists, reduce the output of the noise source until
the noise signal is not 1imited in amplitude at either monitoring point
as referenced in step 4.1.1.3.1.4 e.

'g. Perform the noise amplitude limiting test for each bit rate
selected.

h. Set the cutoff frequency of the noisa source low-pass filter to
& value which is equal to the selected PCM bit rate, e.g., a 100 kb/s
bit rate would require a 100-kHz low-pass filter setting.
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i. Adjust the noise input variable attenuator of the PCM test set
until an rms voltage equal to the rms voltage of the unfiltered PCM bit .
stream is measured at the tunable filter output.

j. Observe the signal at the PCM output of the PCM test set with
an oscilloscope. The noise signal must not be amplitude limited. If
limiting is present, repeat all calibration steps in subpara-
graph 4.1.1.3.1.4.

4.1.1.3.1.5 Turn on the PCM signal. SNR calibration is complete.
4.1.1.3.2 Procedure 2 - External Noise Attenuator

4.1.1.3.2.1 Setup - Connect the test equipment as shown in
figure 4.1.1-2.

NOTE
Refer to subparagraph 4.0.1 for standard test com-
ditions for tectiang with jaussian noise.

4.1.1.3.2.2 Select the desired logic at the output of the transmitter
PN generator, i.e., transistor-transistor logic (TTL), balanced, etc.,
and set the desired premodulation filter cutoff frequency and output
amplitude.

4.1.1.3.2.3 Set the cutoff frequency of the noise filter to produce a
noise bandwidth (B,) of approximately five times the bit rate. (A
Butterworth type of filter with sharp rolloff can be used, in which case
the noise bandwidth is approximately 3 dB.)

4.1.1.3.2.4 Set the maximum attenuation in the calibrated noise
attenuator (should be at least 40 dB below the PCM output)}. Measure the
true rms value of the PCM at the output of the summing ampiifier.

4;1.1.3.2.5 Decrease the noise attenuation until the true rms voltmeter
reading increases 3 dB. At this point, the SNR in Bp is 0 dB. Record

the noise attenuator setting. The level should be set so that the noise
attenuator setting is about 10 dB.

NOTE

Unless the swmming amplifier ic an operational
amplifier, the output tmpedance levels of the
premodulation filter and the ealibrated noise
attenuator must remain constant.
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4.1.1.3.2.6 Observe the waveform at the output of the summing amplifier
to determine if 1imiting is occurring. If so, reduce the PCM level and
repeat the steps in subparagraphs 4.1.1.3.2.4 and 4.1.1.3.2:5. A fur-
ther check in linearity is carried out by the method given in subpara-
graph 4.2.1.3.1.5 for the calibration of predection SNR in the PCM/FM
tests.

4.1.1.3.2.7 The SNR in a bandwidth equal to the bit rate (fp) is given
in dB by

SNbe=SNRBn+]O 10910(Bn/fb)

For example, if Bn=5f,, then 7 dB must be added to SNRg to give SHR .

4.1.2 Bit Error Probability (BEP) Test

4.1.2.1 Purpose - This test determines the BEP characteristics of a bit
synchronizer as a function of the input SNR.

4.1.2.2 Test Equipment:

4.1.2.2.1 Test setup 1 - The following is used in the test setup shown
in figure 4.1.2-1. '

Noise source

Premoduiation filter

Freguency counter

PCM tast set (attenuator, PN sequence transmitter and receiver)

4.1.2.2.2 Test setup 2 (figure 4.1.2-2) - Same as test setup 1 test
equipment except replace PN PCM test set with summing amplifier and
calibrated attenuator.

4.1.2.3 Test Method:

NOTE
It may be neceuuary to repeat the calibration

procedure detatled in subparagraph 4.1.1 peri-
odically during this test.

4.1.2.3.1 Setup - Connect the test equipment as shown in figure 4.1.2-1
or figure 4.1.2-2.
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SR
Aofer to subparagrapr 40,1 Jor standard test
conlitions for hesting witi gausian noise.

4,1.2.3.2 Calibrate the test setup for output SNR in accordance with
the calibration instructions detailed in subparagraph 4.1.7.

4.1.2.3.3 Adjust the test set to measure bit errors in the measurement
intervals shown on Data Sheet 4.1.2.1.

4.1.2.3.4 Set the test setup for an output SNR of 0 dB and measure
total bit errors (sum of the 1s and Os in error}. It may be desirable
to individually measure the 1s in error and the 0s in arror to determine
the performance symmetry of the bit synchronjzer. Calculate and record
the BEP from the relationship:

_ Number of Bit Errors Measured
BEP= umber of Bits Transmitted During Measurement Interval

Repeat the measuremnt of bit errors and BEP calculations for the other
vatues of SNR shown on Data Sheet 4.1.2.1.

4.1.2.4 Data Reduction: - Record data on Data Sheet 4.1.2.71. An
example of Data Sheet 4.1.2.1 use is shown in figure 4.1.2-3 and a
corresponding sample data plot is shown in figure 4.1.2-4.
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DATA SHEET 4.1.2.1 BIT ERRCR PROBABILITY TEST
Test: 4.1.2 Bit Error Probability ﬁ;
Manufacturer g 0& ? \O‘\\S Serial No. _
Tested by SP‘J\?\% 06€0 ?\CP‘
Date —(O 6“1 5PE
NO'  oWE
aQ \©
EL Bilt Synchronizer Input Signal Conditions
Premodulation
PCM Signal Noise Signal (Caussian) Filter
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms) Cutoff Freq.
(kB/s) Vp-p) (kHz) (kz}
Xole; 1.0 NRz-Lj PR 100 0.5 75
Bit Synchronizer Setcings
Detector Loop B.W. Trackng Range

|___Type (% Bit Rare) | (% Bit Rate)

/8 Q.1 i.C l'F'

. . Measuremenf Interval *
SNR Bit Error Probabilirty (Period 105 Bics)
!
Total
@B | (1's + 0's) 1's 0's N
o | rixio- 5.3x%107%] 5.5%i0"2 5

+3 1 4.2%x107% | 20xi10°%|2.2xi072 5

+ | 8.7x10-3 40Y10°% | 47X 1072 5

+9 | 6.4x10"% 2.axio?| 3axio™? 6

+12 | 9.9x10"¢ 1.9 10" | 5.4v10-° 8

*Refer to Volume IV, Appendix IV~A for detailed explanation.

Figure 4.1.2-3 Sample of Data Sheet 4.1.2.1.
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BIT ERROR PROBABILITY
VERSUS
SIGMAL-TO-NOISE RATIO
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Figure 4.1.2-4 Sample Data Plot Presentation of Data Sheet 4.71.2.1.
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DATA SHEET 4.

1.2.1

BIT ERROR PROBABILITY TEST

Test: 4.1.2 Bit Error Probability Test
Manufacturer Model Serial No.
Tested by ,
Date
Bit Synchronizer Input Signal Conditions
Premodulatieon
PCM Signal Noise Signal (Gaussian) Filter
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms) Cutoff Freq.
8/s) | (Yp-p) (kHz) (kHz)
Bit Synchronizer Settings
Detector Loop B.W. ] Trackng Range
Type % Bit Rate) | {% Bit Rate)
Measurement Interval *
SNR Bit Error Probabilit
° ° Ly {Period 10 Bits)
Total
(dB) (1's + Q0's) 1l's 0's N
0 5
+3 5
+6 5
+9 6
+12 8

*Refer to Volume IV, Appendix IV-A for

IV-4-19

detailed explanation.




4.1,3 Bit Slippage Probabijlity (BSP) Test

4.1.3.1 Purpose - This test determines the BSP characteristics of a bit
synchronizer as a function of the input SNR. There are two basic
proceduras given here for this test. Laboratory tests comparing the two
procedures indicate that both agree to within the limits of measurement
error. The choice of procedure will depend primarily on the test
equipment available. Procedure 1 compares the phase of the reference
clock with the phase of the bit synchronizer output clock. If the phase
difference exceeds +360°, bit slippage has occurred.

NOTE

In rome commereially avatlable PCM test sets which
are internally mechanized for this test, the eri-
terion is £180°., Although it is possible for the
instantaneous pnase o exceed 180° and then, be-
cause of additional perturbation, o pull back
without slippage, tests have showm that the phase
is most likely to subsequently exeeced +360°, thus
producing bit slippage.

Procedure 2 uses the loss of PCM test set synchronization to indicate
s1ippage.

4.1.3.2 Test Equipment:

4.1.3.2.1 Procedure 1:

Noise scurce
Premodualtion filter
Frequency counter
PCM test set

4.1.3.2.2 Procedure 2:

Noise source

Noise attenuator

Premodulation filter

Summing amplifier

PN sequence transmitter/receiver

4.1.3.3 Test Method:

4.1.3.3.1 Procedure 1:

4.1.3.3.1.1 Setup - Connect the test equipment as shown in figure 4.1.3-1.
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4.1.3.3.1.2 Calibrate the PCM test set for an output SNR in accordance
with the calibration instructions detailed in subparagraph 4.1.1.

4.1.3.3.1.3 Adjust the PCM test set to measure bit (clock) slips for
the measurement intervals shown on Data Sheet 4.1.3.1.

4.1.3.3.1.4 Set the PCM test set for an output SNR of 0 dB, and measure
the total number of bit (clock) slips (both plus and minus). It may be

desirable to individually measure the plus slips and the minus slips to

show performance trends. Most bit synchronizer designs exhibit a tend-

ency to slip only in one direction rather than randomly. Calculate the

BSP from the relationship:

BEP= Number of Bit Slips Measured i
Number of Bits Transmitted During Measurement Interval

4.1.3.3.1.5 Repeat the measurement of bit slips and calculation of BSP
for the other SNRs shown on Data Sheet 4.1.3.1.

4.1.3.3.2 Procedure 2:

4.1.3.3.2.1 Setup - Connect thé test equipment as shown in figure 4.1.3-2.
XorE

Refer to subparagrapn 4.0.1 for standard test con-
ditions for testing with gaussian noise.

4.1.3.3.2.2 Calibrate the test setup for output SNR in accordance with
the calibration instructions.

4.1.3.3.2.3 Adjust the test set to count the number of restarts in the
measurement intervals shown on Data Sheet 4.1.3.1. A restart is defined
as 8 valid resynchronization of the receiver PN generator to the data.

4.1.3.3.2.4 Set-the test setup for an SNR of 9 dB and count the number
of restarts. Calculate the BSP from the relationship:

BSP Number of Kestaris counced
Number of Bits Transmitted During Measurement Interval

I¥-4-23
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. 4.1.3.3.2.5 Repeat the count of restarts and ca'lcu'iatmn of BSP for the
other SNRs shown on Data Sheet 4.1.3.1.

NOTE

At nigh BEP, the number of restarts measured will
be too large because unsuccessful tries are counted
and because in some test sets it is also possible
for errors to trigger the restart without slippage.
The counts of synchronization reacquired will give
results closer to the true vqlue. Generally, the
"olus slips” and "minus slips” count is not a
reliable estimate of the number of restarts.

4.7.3.4 Data Reduction - Record data on Data Sheet 4.1.3.1. An example

of Data Sheet 4.1.3.1 use is shown in figure 4.1.3-3 and a corresponding
sample data plot is shown in figure 4.7.3-4,
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DATA SHEET 4.1.3.1

BIT SLIPPAGE PROBABILITY

Test: 4.1.3 Bit Stippage Prob=’ 0&1%0?\ O$6

Manufacturer

Tested by

@?

\,\‘,

.{
ec,\? O

Serial No.

Date O‘( \\1\‘3\\\
Y\ \)Q?
Qaﬁl
Bit Synchronizer Input Signal Conditions
Premodularcion
PCM Signal Noise Sienal (Gaussian) Filcer
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms) Cutoff Freq.
(kB/s) (Vp-p) (kHz) {kHz)
100 1.0 NEZ-L PR fol® 0.5 75
Bit Synchronizer Settings
Detector Locp EB.W. Trackng Range
Type (X Sit Rate) | (X Bit Rate)}
F/s 1.0 10.0
SKR Bit Slippage Probabilit Measuremeng Interval *
ppag Y (Period 10 Bits)
TOTAL
+ -
(d8) (+ and =) N
0 {907x%I0"" 3.0 %107 | q.0410°% 7
¥ | 291n0-2 48%10°% |2.90x2"2 7
+6 | 2.4z2Y10-5 &.0x10°7T | 2.0Ki0"% 7
+9 |<Cirio7? <ivrio~? j<inio7 7
+12 | <ixi10-7 |<|x|o-’ <1 o7 7
+15 1Ao7 <127 | <1107 7

*2A measurement interval of 1 x 107 bits will provide reliable data
measurement repeatability for BSP >1 x 10-S.

NOTE:

Additional measurements

abruptlu.

Figure 4.1.3-3 Sample of Data Sheet 4.1.3.1.
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DATA SIHEET 4.1.3.1 BIT SILIPPAGE PROBABILITY
Test: 4.1.3 Bit Slipg,.age Probability
Manufacturer Model Serial No.
Tested by »
Date

Bir Synchronizer Input Signal Conditions

Premodulation
PCM Signal Noise Siegnal (Gaussian) Filter

Bit Rate | Amplitude | Code Word Pactern Cal. B.W. Cal. (V rms) Cutoff Freq.
(xB/s) (Vp-p) (kHz) (kHz)

Bit Synchronizer Settings

Detector Loop B.W. Trackng Range

Type (% Bit Rate) | (7 Bit Rate)
SNR Bit Slippage Probability ?;::;Z:migﬁ ;:E:;val *

TOTAL
(dB) (+ and =) * B N
0 7

+3 7
+6 7
+9 7
+12 7
+15 7

*A measurement interval of 1 x 107 bits will rrovide reliable data
measurement repeatability for BSP >1 x 10-6,

NOTE:

abruptly.

1v-4-29
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4,1.4 Acquisition Test

4.1.4.1 Purpose - This test determines the average number of bit
periods regquired to achieve ciock synchronization (ACQ) from the time
data is applied. There are two procedures given for this test. Lab-
oratory tests have shown that the results obtained using either pro-
cedure are in agreement to within the error bounds. The choice of
procedure will depend mainly on the test equipment available. Procedure
1 compares the phase of the reference clock with the phase of the bit
synchronizer output clock. When the phase difference remains within a
range, such as =90°, acquisition is achieved. Procedure 2 uses the drop
of BEP from 0.5 to the value characteristic of the input SNR.

4.1.4.2 Test Equipment:

4.1.4.2.1 Procedure 1:

Noise source
Premodulation filter
Frequency counter
PCM taest set

4.1.4.2.2 Procedure 2:

Noise source

Summing amplifier

PCM data

Digital delay

Oscilloscope

PN sequence transmitter/receiver

4.1,4.3 Test Method:

4.1.4.3.1 Procedure 1:

4.1.4.3.1.1 Setup - Connect the test equipment as shown in figure 4.1.4-1.

NOTE

Refer to subparagraph ¢.0.1 for stundard test con-
ditions for testing with gaussian noise,

4.1.4.3.1.2 Calibrate the PCM test set for an output SNR in accordance
with the calibration instructions detailed in subparagraph 4.1.1.

[V-4-31
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4.1.4.3.1.3 Set the PCM output SNR to 0 dB and set the PCM test set to
measure the number of bit periods required to achieve ACQ.

JOTE

Measures snould be taken ko assure thai phase errors
are not introduced by the test setup, €.g., when the
setup includes u premodulation [ilter. Measurement
difficulties may occur when deteciion circuiiry is
phase sensitive. :

4.1.4.3.1.4 Monitor the clock output of the PCM test set with a counter
to assure that the bit rate is correct. If the bit rate is not within
the desired accuracy limit, use one of the methods contained in subpara-
graph 4.0.7.2 to adjust the bit rate.

4.1.4.3.1.5 Repeat measurements of the number of bit periods required
to achieve ACQ for other SNR settings shown on Data Sheet 4.1.4.1.

4.1.4.3.1.6 Measure acquisition bit periods at selected SNRs for the bit
rate offsets shown on Data Sheet 4.1.4.2. Note that the premodulation
filter is not used during acgquisition tests with bit rate gffsets.

4.1.4.3.2 Procedure 2

4.1.4.3.2.1 Setup - Connect the test equipment as shown_in figure 4.1.4-2.

JOTE

Refur to subparagraph 4.0.1 for standard Eest con-
Jitions for tecting with gquussian noise.

4.1.4.3.2.2 Calibrate the test setup for output SNR in accordance with
the calibration instructions detailed in subparagraph 4.1.1.

4.1.4.3.2.3 Use an oscilloscope to compare the phase of the.transmitter
PN generator clock with large SNR to the phase of the bit synchronizer
clock output. Select the phase of the output bit clock of the bit
synchronizer which is within £45° of the transmitter clock.

4.1.4.3.2.4 Set the PCM output SNR to the minimum SNR indicated on Data

Sheet 4.1.4.1 which can be acquired by the bit synchronizer. Note
setting of noise attenuator.
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NOISE

SOURCE SATA
BIT
SYNCHRONIZER
XMTR PN | p PCM l | J ’ y
GENERATOR GATE :
t g DELAY
BIT CLOCK PHASE SELECTOR
0%, 90°, 180°, 270°
COMMAND
CLOCK BATA |
TRIGGER " i
RCVR PN
ERROR - GENERATOR,

i§—————] SYNCHRONIZER
(:::) AND ERROR
DETECTOR

0SCILLOSCOPE WITH
STORAGE TUBE,
PERSISTENT PHOSPHOR
OR CAMERA

Figure 4.1.4-2 Acquisition Test Setup for Procedure 2.
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4.1.4.3.2.5 To obtain initial synchronization of the recejver PN
generator, increase noise attenuation to give a 1argg SNR. Turn on the
PCM gate to let the bit stream pass through. This will lock the re-
ceiver PN generator. It will stay in lock regardless of PCM input
because the transmitter PN generator clock is fed directly to the re~
ceiver PN generator.

4.1.4.3.2.6 Disable the automatic restart function in the receiver PN
generator.

VOTE

inece some PCM Lest sets Jdo not ineorporaite &
isable switch, it 1s necessary to install a
switeh to break the automatic restart command
Junction. Cemerally, the manual "reset' button
zlso relocds anld starts the PN generator on
make or break.

5
:
d

4.1.4.3.2.7 Turn off the PCM gate.

4.1.4.3.2.8 Set the oscilloscope for single sweep and adjust the sweep
rate for display of acquisition. (See appendix IV-C.)

4.1.4.3.2.9 Set noise attenuator to the value given in stép 4.1.4.3.2.4.
Turn on the PCM gate. Observe time of acquisition from the oscilloscope
display and record in terms of the number of bits on Data Sheet 4.1.4.1.

4.1.4.3.2.10 Repeat step 4.1.4.3.2.9 for the other SNR settings shown
on Data Sheet 4.1.4.1.

4.1.4.3.2.117 Measure acquisition bit periods at selected SNRs for the
bit rate offsets shown on Data Sheet 4.1.4.2,.

NOTE
By using a lLinear gate for the noise source in
Slgure 4.1.4-2 and bypassing the PCM gate, the

eilroutt can be used to measure BSP.

4.1.4.3.3 Data Reduction - Record data on Data Sheet 4.1.4.1 or 4.1.4.2
as appropriate. Exampies of inputs to Data Sheets 4.7.4.1 and 4.1.4.2
are shown in figures 4.1.4-3 and 4.1.4-4 respectively. Corresponding
sample data plots are shown in figures 4.1.4-5 and 4.1.4-6.
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PATA SHEET 4.1.4.1 ACQUISITION TEST

Test: 4.1.4 Acqguisition Test
. 0555& a WS
M < O™ \O
anufacturer ?\’v 6€0 ?\C/p' -v1al No.
Tested by __ sﬁﬁg 6‘?’ \J 5?‘6(,\
Date 0“{ < N\EV\’(
N \¢
gQv
Bit Synchronizer Input Signal Conditilons
Premodulation
PCM Signal Noise Signal (Gausaian) Filter
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms} Curtnf{ Freg.
(kB/s) Mp-p (kHz) (kiiz)
100 .O NRE-L PR 100 Q.5 75
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (% Bit Rate)
/8 0.l 1. C
SNR ACQUISITION BITS
Total Bits
(dB) (avg)* 1. 2. 3. 4. 5. 6. 7. 8. g. 10. ,
o l‘f.qYD"‘*n- L3R N JEC i | %% - ¥ ¥ % - ¥ ¥ % Ne e ’
3 19K wx fawe | wk [ ux [ | ww | wv |l un lew | o ww |2
+6 | 8.4XI10° 5418 |70 | e udlarx 10 |4 g 10% |50 003 B.5uicd |91 115" le.2x10° Jon 1ot
+9 526 567 1374|570 137 | 60B | 545 {227 | 393 | 620 |572
+12 g~y 310 |4l |495 ) © |20l o 54 {171 {401 '8
+15 196 3451 0 (182t O (1412 | 24 Q | 276 {4/0 | 190
PCh only 23 2044130 0 | 21 |91 Q {182 | 41 170 1474
! I
] l
!
| ] |

*Record the calculated average for 10 discrete measurements.,
**Limit of test set readout.

NOTE: Additional measurements may be required where the slope of the
data changes cbruptly.

Figure 4.1.4-3 Sample of Data Sheet 4.1.4.1,
1V-4-36 .




DALA IIELT 4.1.4.2 ACQUISITION TEST
fest: 4.1.4  Acquisition Test pﬁp‘ ?\ “5
. e ?O p:(\g-;al No
Manufacturer ?\’ €O ?\C,
PN ¢ WO 5e0
Tested by S 6€ 5?
.( '(() ?S‘
Pate _ \QF) \JfE—
W\®
<Q
! Bit Synchronizer Input Signal Conditions
_ PCM Signal Noise Signal (Gaussian) ii:i‘:ﬁ SNR
Rit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal (V rms)| Cutoff dEB
__(kB/s) (Vo-p) {kHz) Freq (kHz)
00 i.O NRZ-L PK 100 o.5 None 5
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
| . Type (% Bit Rate} | (% Bit Rate)
F/s 0.1 1.0
Bit Rate Acquisiction Bits 7
O fzet
Toral bits
(% Trackmg | ey s | 1. bo2o | o3| e s. | e 7.0 s | o lro
Range)
+00Z  19.9%10% #% |onyipdleoxidqanid] # % | %% | %% | e | %% | %% | &%
+80% 6.7%10° 6% 6.6 107680103 |62x10° |s.8x10% lesxoMer10® [6xi03 (67x10% |eoxi0®
+60% 37xio? 370 [anxiot|aenid [4.2010° [s7wic® [37mi0® [s.5v10% {3000 | 1.ovr0® hswn?
+40% L7x10° 1300* [1L.axie® [Lsxi0? flanio? o L id s xic® | 18x%102 e xio® 1.8y 10°
+303 l.2xo* L4003 [q44 | g41 | 929 jL2ue* e |Laio 1.zxie? axio3 f1.2x0?
+20% 5¢4 456 | 440 |A56 {438 | 533 | 7130 |44 | 874 495 374
l +10% 59 (&) 33 56 o (o] N3 147 50 iBg o
0% 78 156G o o o © 7] 149 141 32 131
-10% 70 0 O O] 204 035D o O 70 B84
-20% 94 0 0 ol le2 O} 446 282 o (o} 54
] -30% 58 as O] 258 (o] (0] Ol 201 83 o (8]
| -eoz 62 o) 811244 78] 0| o| o} 74| 15a] o
-60Z 700 370 | 110> 922 | 779 {797 618 |c10 | 829 | B39 | 734
| -80% LIRO? [Lexio? Lexie®|tanio® 1o rexio® {i.axio® 1. avi0® L0 Nlaxio?® |rexio®
L ~1002 [ 3.7X10% l3owpd{s.exitleaxidlz. o randth.cncle mo® 59103 hoo® 2.0x,03

*Record the calculated average for 10 discrete measurements.
**x1,imit of test set readout,

NOTE:

Additional meagsurements

data changes abruptly.
Figure 4.1.4-4 Sample of Data Sheet 4.1.4.2
1v-4-37
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Figure 4.1.4-5 Sample Plot Presentation of Data Sheet 4.1.4.1. .
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Figure 4.1.4-6 Sample Plot Presentation of Data Sheet 4,1.4.2.
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PATA SUHEET 4.1.4.1 ACQUISITION TEST

Test: 4.1.4 Acquisition Test

Manufacturer Model Serial No.

Tested by ’

Date

Bit Svnchronizer Input Signal Conditions

PCM Signal Noise Signal (Gaussian)

Premodulation
Filter

Code Cal. B.W.

(kEz)

Bit Rate Word Pattern Cal.

(kB/s)

Amplicude
(Vo-p)

(V rms)

Cutoff Freq.
{kHz)

Bit Synchronizer Settings

Loop B.W.
(% Bit Rate)

Detector
Type

Trackng Range
(% Bit Rate)

SNR ACQUISITION BITS

Toral Bits

{(dB) (avg)* 5. 6. 7.

10.

+3

+6

+9

+12

+15

PCHM only

L

*Record the calculated average for 10 discrete measurements.

NOTE: Addivional measurements muy be required where the slope of the

data changes abruptly.
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DATA SHLET 4.1.4.2

Test: 40101
Manufacturer

Tested by

Acguinition Test (with Bit Rate Offset)

Model

Serial_No.

ACQUISITION TEST (WITH BIT RATE OFFSET)

Date _

Bit Synchronizer Input Signal Conditions

PCM Signal

Noise Signal (Gaussian)

Premod
Filter

SKR

Bitc Rate
{kB/s)

Amplitude
(Yp-p)

Code

Word Pactern

Cal. B.W,
(kHz)

Cal (V rms)

Cutoff
Freq (kHz)

dB

None

Bit Synchronizer Settings

Decector
Type

Loop B.W.
{% Bit Rate)

Trackng Range
(% Bit Rate)

Bit Rate

Acquisition Bits

Offset
(% Trackng
Range)

Total bits
(avg) * 1.

4, 5.

6.

7. 8.

10.

+100%

+80%Z

+60%

+40%

+30%

+20%

+10%

0%

-10%

=207

=-30%

-40%

-607%

~-807

~-100%

f

*Record the calculated average for 10 discrete measurements.

NOTE:

Additional measurements may
data changes abruptly.
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4.1.5 Jitter Test

4.1.5.1 Purpose - This test determines the effects of @it jitter on ACQ
in the bit synchronizer. The criterion of performance is the BSP.

4,1.5.2 Test Equipment:

4.1.5.2.1_ The following is used in the test setup shown in figure 4.1.5-1
(Method I}:

Noise source

Premodulation filter

Frequency counter

PCM test set

Signal generator

Noise source (jitter source)

4.1.5.2.2 The following is used in the test setup shown in figure 4.1.5-2
(Method I1):

Noise source

Premodulation filter

Frequency counter

Signal generator {jitter frequency source)

Signal generator (external clock source which can be frequency
modulated)

BER test set (transmitter and receiver)
Calibrated attenuator
Noise source (jitter source)

4.1.5.3 Test Method:

4.1.5.3.1 Setup -~ Connect the test equipment as shown in figure 4.1.5-1
or 4.1.5-2." (The test method is the same for either test setup.)

NOTE
Hefer to subparagrapn 4.0.1 for standard test con-
ditions for testing with gaussian noise.
4.1.5.3.2 Calibrate the test setup output of SNR in accordance with the

calibration instructions detailed in subparagraph 4.1.17.

4.1.5.3.3 Adjust the test setup to measure bit (clock) slips or re-
starts in the measurement intervals shown on Data Sheet 4.1.5.1.
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NOTE

Moo ol D beo taken Yo o Sl et
crepopn g ot Saeeodece ! Iy Bhe tecE netuy,
Veide, @i Pl cetng Dwebiclos o premodnd e fon
filtce. Measuesomerns S0l ios maeyy ooenr whie n
Jeteetion cirpuliry (§ phuse sensitioc.

4,1.5.3.4 Adjust the test setup for the desired SNR and measure the
total number of bit (clock) slips (both plus and minus).

NOTE

The stepe in subpareyraphs 4.1.5.3.3 and
4.1.5.3.0 Jdeseribe two methods which mau

be used to jictur the PCH output of the test
setup. The ezuipment setuy for each method
is showm tn figure ¢.1.5-3.

4.1.5.3.5 For Mathod I, make the following adjustments to obtain the
desired bit rate:

4.1.5.3.5.1 Connect the signal generator to the FM input of the PCM
test set and set the generator d.c. offset and output ampiitude to 0.

4.1.5.3.5.2 Monitor the clock output of the PCM test set with a fre-
quency counter,

4.1.5.3.5.3 Adjust the bit rate of the PCM test set until the counter
indicates the desired bit rate.

4.1.5.3.6 For Method II, make the Tollowing adjustments to obtain the
desired bit rate when using an external clock generator {(square-wave
signal):

4.1.5.3.6.1 Set the signal generator, d.c. offset and signal amplitude
to 0 and connect to the voltage control generator input of the external
clock generator.

4.1.5.3.6.2 Monitor the ciock cutput of the PCM test set with a fre-
guency counter.

4.1.5.3.6.3 Adjust the frequency coutrol o7 the external ¢lock generator

until the counter connected to the clock output of the PCM test set
indicates the required bit rate.
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Figure 4.1.5-3 Bit Rate Jitter (methods).
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2.1.5.3.7 Adjust the freguency of the signal generator for the desired
rate of jitter (fp). Measure f, accurately with the counter.

4.1.5.3.8 Adjust the amplitude of the signal generator output until the
peak deviation of the bit rate {sf) causes a BSP in the range of 1x10~%
to 1x710-%.

Total Bit Slips Measured
BSP=Rumber of Bits Transmitted During Measurement I[nterval

NOTE

The. Following mthod mey b used to determine 8
I, Adjust the oucpur amplitnde of the sipmal

gorerdtor b0 servo. . Aldjuast Bhe ool of et of Lhe
sigactl gquacratcy (weo o divect-coup innd o Llogeop)
b oegnal cne Pk amed Dtade of the waoejorm oil w
neadnee ! tie BOP Jusr meusuwred. S, Caleulate A
Foom the enange in the PUYM bect set eloek frequency.

4.1.5.3.9 Repeat the measurements for other combinations of fy and af
as desired.

4.1.5.3.10 Repeat the entire test for gther values of output SNR, if
needed.

4.1.5.3.11 For the noise jitter test, replace the signal generator
{a.c./d.c.) in figure 4.1.5-2 with a shaped noise source to simulate
jitter as required. (See appendix IV-C for suggested circuits.) Re-
place the freguency counter (for fyp) in figure 4.1.5-3 with a true rms
voitmeter. Use the calibration determined in subparagraph 4.1.5.3.8 to
calculate the percent of rms jitter of the bit clock. For example, Tet
Ydc=offset from the signal generator required to produce Af. Then the
Jitter is modulation sensitivity Sj=af/V(cHz per volt. The rms jitter

is then equal to SjVrmsHz, where Vemg is the voltage output of the
shaped noise generator as read by the true rms voltmeter. The per-
centage of jitter is given by 100 Serms/fb- where fy=bit rate.

NOTE

4 flutter meter can bLe ugsed to measure the percentadqu
ol jitter directly.

4.1.5.3.12 Adjust the rms voltage at the output of the shaped noise
generator to produce a BSP in the range of 10-% to 10-5 as in
step 4.1.5.3.8.
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4.1.5.3.14 Repeat the test for other values of the output SNR as
required.

. 4.1.5.4 Data Reduction - Record data on Data Sheet 4.1.5.1. An example
of Data Sneet 4.1.5.1 use is shown in figure 4.1.5-4 and a corresponding
sample data plot is shown in figure 4.1.5-5.
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DATA SHEET 4.1.5.1 JITTER TEST

S
Test: 4.1.5 Jitter Test 0652:0?\ ,(\()$
Manufacturer 6 QS) ?\C)P' Serial No.
WO e ®
Tested by p\ %6 6?
Date q;
St oW
AR\
ﬁO
Bit Synchronizer Input Signal Conditions
PCM Signal Noise Signal (Gaussian) i;:‘:’:‘: -
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cai (V rms)| Cutoff d3
(kB/s} (Vp-p) (kHz) Freq (kHz)
100 1.0 NRZ-L PR 100 C.5 T5 9
Bie Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (Z Bir Rate)
F/8 .2 3.0
Jitter BSP Measurement Interval * (Period 1.0?1 Bits)
£ Hold coanstant in range
© (Hz) Af (Hz) N
10> 2 psp 2 1078
0.} 2000 1410 % 6
.o 2000 Y 1o—< 6
10 2000 2Xx10-¢® 6
[ T20 3200 | 4xI0-© 6
230 2600 B EToned 6
50 1500 7 X10"¢ 6
100 a8lz 1 X10™% 6
e'le 446 IY10™*® 6
700 | 1000 I X100~ 6 N
1000 1700 (%1075 6
2000 | 2470 LX 1n- 7 6

*Measurement interval provides reliable repeatability for BSP >1 x 10-5_ .
NOTE: Additional measurements may be required where the slope of the data changes
abruptly.
Figure 4.1.5-4 Sample of Data Sheet 4.1.5.).
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DATA SHEET 4.1.5.1 * JITTER TEST
Test: 4.1.5 Jitter Test
. .anufacturer Model Serial No.
Tested by s
Date
Bit Svnchronizer Input Signal Conditions
PCM Signal Noise Signal (Gaussian) gii?:i SNR
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal (V rms)| Cutoff dB
(kB/s) (Vp-p) (kHz) Freq (kHz)

Bit Syachronizer Settings

dcasurement interval provides reliable repeatability for RBSP >1 x 10-%.
JOTE: Addiiional measurements may be required where the slope of

abruptly.
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the data changes

Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (% Bit Rate)

Jiteer BSP Measurement Interval * (Period 10N Bits)

Em (Hz) A (Hz) Hofg :onstazt in_range .

Q " —BSP — 10

6

6

6

6

6

6

‘ ) 6

6

6

6
- —

- -—




4.1.6 Bit Stream Base-Line Wander and AM Test

4.1.6.1 Purpose - This test determines the effects of bit stream base-
line wander and AM. Base-line wander results from passage of the bit
stream through devices lacking d.c. response, such as tape recorders and
capacity-coupled circuits, and from incidental PM or FM in transmitters.
A principal cause of bit stream AM is tape bounce.

4.1.6.2 Test Equipment:

4.,1.6.2.1 The following is used in the test setup shown in figure 4.1.6-1.

Noise source

Low-pass filter

Signal generator {for base-line input)
Signal generator {for AM input)
Amplitude modulator

Premodulation filter

True rms voltmeter

Frequency counter

PCM test set

4,1.6.2.2 The test setup shown in figure 4.1.6-2 uses the same eqyip-
ment lTisted in subparagraph 4.1.6.2.1 except it replaces the PCM test
set with a PCM BER test set, a calibrated noise attenuator and a summing
amplifier.

4.1.6.3 Test Procedures:

4.1.6.3.1 Setup - Connect the test equipment as shown in figure 4.1.6-1
or 4.1.6-2.

RorE
Refer to subparagraph 4.0.1 for standard test con-
ditions jor testing with gaussian noise.
4,1.6.3.2 Calibrate the PCM test set output SNR in accordance with the
calibration instructions detailed in subparagraph 4.1.1.
4.1.6.3.3 Adjust the frequency and amplitude of the oscillator feeding
the base-line input as required. Adjust the frequency and amplitude of

the oscilloscope feeding the AM modulator as required. Use the oscillo-
scope to verify that the requirements are met.
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Nl !f:n.'.'-

Popeons AN wnd Dase={ o wanlder are e s followe:

{Uregi Ampl. }=(Trough Anq@.{ v 100

(Crest Ampl.)+(Trough Ampi.)}

Percent AM

{r-p) Base-Line Wander Y 100

Pervent Base-Line Wender= - - — )
) (p-p) Bit Pulse Aeight

4.1.6.3.4 Perform the bit error test, the bit jitter test, the bit
slippage test and the acgquisition test.

4.1.6.4 Data Reduction - Record data on Data Sheets 4.1.6.1, 4.1.6.2, 4.1.56.3,
or 4.1.6.4 as appropriate. Examples of inputs to these data sheets are

shown in figures 4.1.6-3 through 4.1.6-6 and corresponding sample data

plots are shown in figures 4.1.6-7 through 4.1.6-10.

NOTE

The pesulis o) art 7 oan be interpretod direetly

in terms of kn/l PUM/EM with the carrier cohermtly
deteoted [f the SNR of Part [ g repluced with the
SN in u predetection bundwi ith equal to the bit race.
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DATA SHEET 4.1.6.1

BEP TEST WITH BIT STREAM AM

. Test: 4.1.6 Bit Stream Base-Line w»-!):(p.
Manufacturer ?\’a 0?’0 ?O\Cpﬁ\o Serial No.
Tested by SP&S\ 6?’ \)%?gc\?
- @]
Date _"““O“ “ N\QV\"
gao¥
N Bit Synchronizer Input Signal Conditions .~
PCM Signal FM Link Settings AM
Carrier Post
Premodulation Deviation IF Detection | % | Freq.
Bit Rate Filter Code Word | Peak-to- Bandwidth Filter % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate
kHz
100 oQ NRZE PR 140 |80 70 50 E-J
Bit Synchronizer Settings Sig. Gen. Mfg. DC S
Detect W. - .
etector Loop B.W Tracking Range Model GOV - & Serial No.94386
T % Bit Rat = Bi
. eres ( C‘; 3a ey | ¢ B_;t Rate) Revr. Mfg. EMR
’ -0 Model 4142 Serial No. 219
Carrier Freq. 450 KHz
IF Measurement Interval
SNR
BEP (Period 10N bits)
dB Perturhed Not Perturbed N
3 IXI0"%] qx\1p~? 5
6 2.5X10°%| 2.3 x 10°% 5
9 L7 X073 1.4 % (0-3 6
12 2.5 XI1I0”% 5% 10"@ 8
15 8

Figure 4.1.6-3 Sample of Data Sheet 4.1.6.1.
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DATA SHEET 4.1.6.2

BEP TEST WITH BASE-LINE WANDER ADDED 70 BIT STREAM

Test: 4.1.6 Bit Stream Base-Line W- ) S
F;‘ (fe‘ .( (j‘k ] ‘I'}
Manufacturer \’€ ?’0 \QP‘ ___Serial No. ___
Tested by ‘gQE’ < €5<??E§:6E
este
S
Date O’( &&ﬁ
A\ Q?
?’ Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings Bi_W
Carrier Post
Premodulation Deviation IF Detection ; % | Fr=qg.
Bit Rate Filter Cods Word | Peak-to- Bandwidth Filtar % nit
kB/s Bandwidth kHz Pattarn | Peak, kHz kHz Bandwidth Raze
kHz
100 o NRZ PR 70 160 70 501 0.5
Bit Synch i 3 i
D ynchronizer Settings Sig. Gen. Mfg. DLS
etector Logp B.W. T ki R
i : oop ) ;ac 1ng Range Model GOV- & Serial No. 74387
ype % Bit Rate % Bit Rate) -
FS = | — Revr. Mfg.  EMR
Model 4142 Serial No. 219
Carrier Freq. 450 KW=z
IF Measurement Interval
SNR BEP
(Period ION bits)
dB Perturbed Not Perturbed N
3 Je2xwt Lo xio™! 5
6 L5 X10"% {1.2 X 10™¢ 5
9 7.0 X107% | 4.5% 10~% 6
12 53%10°° | 1.TX 10°° 8
15 - 8
18 3

Figure :.1.6-4 Sample of Data Sheet 4.1.6.2.
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DATA SHEET 4.1.6.3

BEP TEST WITH BASE-LINE WANDER ADDED TO AM BIT STREAM

Test: 4.1.6 Bit Stream Base-Line W- I’A p,. Tact
Manufacturer N\P\’ DED FORNY\ONS Serial No.
S
Tested by sao BE USPEC\F'\
i Date VQCSY §A&£§¥‘
— eV
Bit Synchronizer Input Signal Conditions .
PCM Signal FM Link Settings BLW AM
Carrier Post
Premodulation Deviation IF Detection [% [Fre5 | % | Freg. .
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate Rate
kHz
Nors; oo NR2 PR 70 260 70 501 £0.25 |598f 0.02
[ - - -
Bit Synchronizer Settings Sig. fen. Mfg. 0CS
Netector Loop B.W. Tracking Range Model GOV-4- serial No. 34286
. 1 ype (% Bit Rate) (% Bit Rate) Revr. Mfg. EMR
3 H# 4
Model 4142 Serial Mo. 219
Carrier Freq. 450 kHz
IF Measurement Interval
SHR BEP (Period 107 bits)
dB Perturbed Not Perturbed N
3 5
6 5
9 2.0%10°3 | 4.5 \10~* 6
12 5.5%X10°5 | 1.7 x\0°° 8
15 .1 X 1075 |~ ) 8
18 1Y 107

Figure 4.1.6-5 Sample of Data Sheet 4.1.6.3.
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DATA SHEET 4.1.6.4 BIT ERROR PROBABILITY TEST WITH AM PLUS BASE-LINE
WANDER PLUS JITTER

\ .
O ??\Cpﬁ____ Serial No.

Manufacturer ?\’g €
p\& WO QC\
Tested by 5 0 9?’.‘ 5‘?
Date _ — 0“ ) N«’“
§& \SQ?
¢Q —
Bit Synchronizer Input Signal Conditions L
PCM Signai FM Link Settings BLW 3 AM
Carrier Post
Prempdulation Deviation IF Detection | ¥ | Freq % | Freq.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern| Peak, kHz kHz Bandwidth : Rate Rale
kHz [
100 oo NRZ PR 70 360 70 50_ 0.25 |50] D.02
Bit Synchronizar Settings Jitter Ji
0 4 2 iRer Jltter Sig. Gen. Mfg. DC S
etector | Loop BW|{Tracking| 6 dB % {rms) . .
Type {% Bit | Range Point | Bit Rate Model M Serial No. -?—4-'286
Rate) | (%Bit | {Bit Revr. Mfg, EMTR
Rate Rat
FS 3 4 — ) ;e) I Model 4147 serial Ho. 219
Carrier Freq. 450 KXHz
SﬁIJ; Measurement Interval
BEP
E (Period 10" bits)
dB Perturbed Not Perturbed N
3 5
6 5
9 O X10™2 | 4.3 % \10™% 6
12 te.00%0°% | 4.7 21079 8
15 L.BX 1075 8
18 2% 107%

Figure 4.1.6-6 Sample of Data Sheet 4.1.6.4,
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BIT ERROR PROBABILITY VERSUS IF
SIGNAL-TO-NOISE RATIO WITH FM LINK
AND AMPLITUDE MODULATED BIT STREAM

L - R S
'1:'::'7—?—|—+ 1-F r——r . e+ [

‘TTLE « N0 AM

il

N

5% of BIT RATE

ST

'ru_* ¥ {soz AM OF FREQUENCY
|

ﬂ'1f“*—f‘ﬁ;:'LT

o SAMPLE DATA
EEN! INTT- NOT TO BE USED FOR ]

T NEQUIPMENT SPECIFICATION

i
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Figure 4.1.6-7 Sample Plot Presentation of Data Sheet 4.1.6.7.
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46 6463

BEP

K.E SEM|-LOGARITHMIC 7 CYCLES X 80 DIVISIONS
KELFFEL & ESEEN CO  wif muis

BIT ERROR PROBABILITY VERSUS IF
SIGNAL-TO-NOISE RATIO WITH FM LINK
AND BLJ STREAM BASELINE WANDER

S A :
' T . {50% BL WANDER OF FREQUENCY
| ! 0.25% OF BIT RATE j
; L H ‘ ': ] mn
1o~ BLiidll X Lt [g j
i SAMPLE DATA
. HAN NOT TO BE USED FOR
\i,‘\ EQUIPMENT SPECIFICATIONS
10~ o e == T
; el i ama S REEEEEEER A
¥ i | RARETEEN
f (] ANEREANN
10'3i \ . | | ]H' i
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{1F) SNR (¢B) .

Figure 4.1.6-8 Sampie Plot Presentation of Data Sheet 4.31.6.2.
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SEMI.LCGARITHAIC 7 CYCLES X 0 I"IIVISIONS.
46 6463
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BEP

BIT ERROR PROBABILITY VERSUS LF
SIGNAL-TO-NOISE RATIO WITH FM LINK AND

BL WANDER OF AMPLITUDE

MODULATED BRIT STREAM
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Figure 4.1.6-9 Sample Plot Presentation of Data Sheet 4.1.6.3.
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45 6463
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DATA Sheet 4.1.6.1

BEP TEST WITH BIT STREAM AM

4.1.6 Bit Stream Base-lLine Wander and AM Test

Test:
Manufacturer Model Serial No.
Tested by ’
Date
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings AM
Carrier Post
Premodulation Deviation IF Detection | % | Freq.
Bit Rate Filter Code Word | Peak-to- [ Bandwidth Filter % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate
kHz
Bit Synchronizer Settings Sig. Gen. Mfg.
Detector Loop B.W. | Tracking Range Model Serial No.
Type (% Bit Rate) { (% Bit Rate) Rvr. Mfq.
Model Serial No.
Carrier Freq.
IF Measurement Interval
SNR BEP (Period 10V bits)
dB Perturbed Not Perturbed N
3 5
6 5
9 6
12 8
15 8
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DATA Sheet 4.31.6.2

BEP TEST WITH BASE-LINE WANNFR ADDED TO BIT STREAM

Test: 4.1.6 Bit Stream Base-Line Wander and AM Test
Manufacturer Model _ Serial No.
Tested by )
Date
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings BLW
Carrier Post
Premodulation Deviation IF Detection Freg.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter ¢ Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate
kHz
Bit Synchronizer Settings
- Y n9 Sig. Gen. Mfg.
Detector Loop B.W. | Tracking Range .
' Model Serial No.
Type (% Bit Rate) | (% Bit Rate) -
Rcvr. Mfg.
Model Serial No.

Carrier Freq.

IF
SNR

BEP

Measurement Interval

(Period 10" bits)

dB Perturbed

Not Perturbed

12

15

18

o]t | =&
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NDATA SHEET 4.1.6.3

. iest: 4.1.6 Bit Stream Base-Line Wander and AM Test

BEP TEST WITH BASE-LINE WANDER ADDED TO AM BIT STREAM

Manufacturer Model Serial No.
Tested by '
Date
Bit Synchronizer Input Signal Conditions ]
PCM Signal FM Link Settings BLW AM
farrier Post
Premodulation Deviation IF Detection | % | Freq Freg. ]
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate Rate
kHz
Bit Synchronizer Setti
ynchronizer Settings Sig. Gen. Mfg.
Detector Loop B.W. T i
. P racking Range Model Serial No.
.4 by .
Type % Bit Rate) | (% Bit Rate) Revr. Mfg.
Mode Serial No.

Carrier Fregq.

IF Measurement Interval
SNR BEP (Period 10" bits)
dB Perturbed Not Perturbed N

3 5

6 5

9 6

12 8

15 8
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. \TA SHEET 4.1.6.4 BEP TEST WITH AM PLUS BASE-LINE WANDER PLUS JITTER

Test: 4.1.6 Bit Stream Base-Line Wander and AM Test

Manufacturer Model Serial No.
Tested by ’
Date
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings BLW AM
Carrier Post
Premodulation Deviation IF Detection | % ] Freq | % | Freq.

Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit % Bit

kB/s Bandwidth kHz Pattern| Peak, kHz kHz Bandwidth Rate Rate

kHz

Bit Synchronizer Settings | Jitter| Jitter

Sig. Gen. Mfg.

Detector | Loop BW|{Tracking}] 6 dB % (rms) .
Type (¢ Bit | Range Point | Bit Rate Model ______ Serial No. ____
Rate) (%Bit (%Bit Revr. Mfg.

R
Rate) ate) ModeT Serial No.

X Carrier Freq.
IF Measurement Interval
SHR BEP (Period 10N bits)
dB Perturbed Not Perturbed N
3 5
6 5
9 6
12 8
o - :
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4.2 Part II. PCM/FM Testing

Part Il modifies the procedures of Part I and is to be used to determine
if a selected bit synchronizer has the required characteristics essential
for PCM/FM telemetry applications.

4.2.1 Test Setup Calibration for Predetection SNR

4.2.1.1 Purpose - The SNR is an important parameter in many of the
performance tests conducted on PCM bit synchronizers. Calibration of
the test setup is necessary for obtaining an accurate SNR to allow
evaluation of performance in satisfying specifications or for comparing
competing designs.

4.2.1.2 Test Equipment:

4.2.1.2.1 For procedure using test setup shown in figure 4.0.2-1:

BER test setup or PCM test set
Voltage controlled oscillator
Noise Source

Band-pass filter

Amplifier

Discriminator

True rms voltmeter

4.2.1.2.2 For procedure using test setup shown in figure 4.0.2-2:
BER test setup or PCM test set
RF signal generator
Receiver
True rms voltmeter

4.2.1.2 Test Method:

4.2.1.3.1 Procedure 1 (using setup in figure 4.0.2-1):

4.2.1.3.1.1 Setup - Connect the test equipment as shown in figure 4.0.2-1.

NOTE

Refer to subparagraphs 4.0.1 and 4.0.2 for stamdurd
test conditions.
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4.2.1.3.1.2 Set output attenuation on the noise source to -40 dB and .
set the variable output level control to its minimum value.

4.2.1.3.1.3 Set the output of the voltage controlled oscillator (VCO)
to a convenient level in the range of 0.1V to 0.3V rms as read on the
true rms voltmeter.

4.2.1.3.1.4 Set the output attenuator on the noise source to 5 dB and
adjust the variable level control so that the reading on the true rms
voltmeter increases 3 dB. [f the input circuits of the discriminator
are linear in the range selected, the signal power from the V(O is equal
to the noise power.

4.2.1.3.1.5 Check results against the following chart to test for
Tinearity.

Noise Source dB Increase on True RMS
Attenuator Qutput Power Voltmeter (relative to S)
40 dB ) -
Y 25 3
2 35 4.8
0 45 6

4.2.1.3.1.6 I[f the results do not check, reduce the output of the VCO
and repeat. Having found a linear range, SNR in the band-pass filter
(BPF)} output can be varied in 1-dB steps by the noise source output

attenuator. For example, when the noise source output attenuator is set
for 18 dB, SNR is 13 dB8 etc.

BPF Output SNR (dB)=noise generator cutput attenuator (dB)-. dB.

4.2.1.3.2 Procedure 2 (using setup in figure 4.0.2-2)

4.2.1.3.2.1 Setup - Connect the test equipment as shown in figure 4.0.2-2.

NOTE
fivfer Lo subparagraph: 400,10 und 4.0.50 for stantiom!
tunt comdition:.

-
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NOTE
ihre il notse dource Lo the BF scerion of the
peeyiver wileh aas a ixed wotse level. Thercolore,
(f Qs conrenlient to use the output attenualor ow
the HE signal pnerator.

4.2.1.3.2.2 Turn the output attenuator to -130 dBm or less.

4.2.1.3.2.3 Disable the receiver AGC and substitute a bias which pro-
vides linearity over the range N to 4N.

4.2.1.3.2.4 Increase the signal generator output power (PS) until the
true rms voltmeter reading increases 3 dB. Call this Pgj. If the
receiver IF is operating in a linear range, Pgi=N.

4.2.1.3.2.5 Test for linearity by checking results against the foliow-
ing chart.

Ps Output Power dB Increase (relative to N)
0 {or -130 dBm) N R
PSi 2N 3
ZPSi (Psi+3 ds) 3N 4.8
3PSi (Psi+4‘8 dB) 4N 6

4.2.1.3.2.6 1If the results do not coincide, reduce the IF gain (by
adjusting AGC bias) until a check is obtained. Restore AGC. The SNR in
the linear IF can be varied by setting the output attenuator of the
signal generator (assuming that its calibration is maintained).

4.2.1.3.2.7 Express the performance of the bit synchronizer in terms of
the SNR in a predetection bandwidth equal to the bit rate (fb). Let

the noise bandwidth of the IF be B, (approximately equal to the 3-dB
bandwidth}. Let the SNR in By be (SNR)g . Then,

Bn
(SNR)fb—?E (SNR)BH
or, in dB,

B
(SNR)¢, dB=(SHR)p dB+10 log o 7
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4.2.2 Frequency Modulation (FM) Sensitivity of the RF Signal Generator

4.2.2.1 Purpose - This test determines the modulation sensitivity of
the signal generator, whether it is at RF or [IF. The modulation sensi-
tivity is required so that the correct carrier deviation is utilized
during the performance tests.

4.2.2.2 Test Egquipment:

Signal generator (RF or IF}

Low fraquency signal genarator

True rms voltmetar

Spectrum analyzer (or internal receiver spectrum analyzer)

£.2.2.3 Test Method:

4.2.2.3.1 Setup - Connect the test equipment as shown in figure 4.2.2-1.

NOTE

Refer to subparagrahs 4.V.1 wwd 4.0.2 for standurd
test conditions.

4.2.2.3.2 Frequency modulate the carrier with a sinusoid of frequency
(fm) about half of the desired peak deviation.

4.2.2.3.3 Increase amplitude of the sinusoid until the first carrier
disappearance (as viewed on the receiver spectrum display) occurs.

4.2.2.3.4 The peak carrier deviation is then fg=2.4f.
4.2.2.3.5 Read the rms value of the sinusoid. Call this Vyps.

4.2.2.3.6 The modulation sensitivity is:

2.4,
sm_zvms HZ /VO] t

4.2.2.3.7 Example: If it is desired to modulate the carrier 0.7f
peak-to~peak, where fyp=bit rate; the peak-to-peak voltage (v) of the bit
stream is then:

v=-—-—5-n—1-12 volits
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4.2.3 Bit Synchronizer Tests

4.2.3.1 Purpose - These tests determine the performance of the bit .
synchronizer under test when the input ncoise 1s obtained at the output
of an FM receiver.

4.2.3.2 Test Equipment:

Test equipment required is described in subparagraph 4.2.1.2 plus
any additional equipment required by the specific test being conducted.

NOTE
Refer to subparagraph: £.0.1 and 4.0.2 for standard
test conditions.
4.2.3.3 Procedyre - Repeat the tests described in Part [ vs. prede-
tection SNR expressed in a bandwidth equal to the bit rate.
4.2.3.4 Data Reduction - Record data an Data Sheet 4.2.3.7. An example

of Data Sheet 4.2.3.1 use is shown in figure 4.2.3-1 and a corresponding
sample data plot is shown in figure 4.2.3-2.
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DATA SHEET 4.2.3.1

BIT SNYCHRONIZER TESTS

. -
Test: 4.2.3 B8it Synchronizer Tests \ % S
Manufacturer ’\5\9\’ 06@0 \? \C’ -t .
\
Tested by SP“( o gﬁ" 5«?‘?’(’
Date V\O“ ?\\;\‘\",\\\
gQ!
Bit Synchronizer Input Signal Conditions _
PCM Signal FM Link Settings
Carrier
Premodulation Deviation IF Post Detection
Bit Rate Filter Code Word Peak-to- Bandwidth kHz Filter
kB/s Bandwidth kHz Pattern | Peak, kHz Bandwidth kHz
100 oo NRkZ PR 70 180 70
Bit Synchronizer Settings Sig. Gen. Mfg. DCS
Detector Loop B.UW. | Tracking Range Model GOV - 4 Serial No. 74386
T;pe (% Bit Rate) | (% Bit Rate) Revr. Mfg. EMR
S 0. Model 4142 Serial No. 219
Carrier Freq. 450 ¥ H=z
IF Bit Error Probability Measurement Interval
SNR (Period 10 Bits)
Total
(dB) (1's + 0's) 1's 0's N
-|
0 1.8 %10 5
+3 b.b % 107¢ 5
+6 1.t X 10% 5
+9 4.3 %1074 6
+12 9 xi10~7 8
Figure 4.2.3-1 Sample of Data Sheet 4.2.3.1.
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Figure 4.2.3-2 Sample Plot Presentation of Data Sheet 4.2.3.1.
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DATA SHEET 4.2.3.]

BIT SNYCHRONIZER TESTS

Test: 4.2.3 Bit Synchronizer Tests
Manufacturer _ Model Serial No.
Tested by s
Date
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings
T Carrier
Premodulation Deviation IF Post Detection

Bit Rate Filter Code Word Peak-to- Bandwidth kHz Filter

kB/s Bandwidth kHz Pattern | Peak, kHz Bandwidth kHz

Bit Synchronizer Settings

Detector

Type

Loop B.W.

(¢ Bit Rate)

Tracking Range
(% Bit Rate)

Sig. Gen. Mfg.
Model
Revr. Mfg.
Mode1l

Carrier Freq.

Seriai

No.

Serial No.

IF
SNR

Bit Error Probability

Measurement IRterva1
(Period 10" Bits)

(dB)

Total
(1's + 0's)

+3

+6

+9

+12

@] nn | =
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Chapter 5

FM DISCRIMINATORS

5.0 General

5.0.1 The FM discriminator evaluation is the acquisition and
distribution of performance information that will be useful to
groups engaged in telemetry activities. To this end, uniformity
of test procedures used is important for obtaining valid
comparisons of performance and periodic checks on installed
egquipment or testing of new equipment.

5.0.2 Performance tests are recommended for all IRIG subcarrier
channels intended for use with the discriminators. Care should
be taken to establish known environmental conditions such as
temperature and humidity to minimize the uncertainty in
performance. In addition, the equipment should be energized from
a regulated line. Particular care should be taken in the test
setup design to avoid the error-producing effects of ground-loop
currents.

5.0.3 Definition of Terms
5.0.3.1 Band Pass Input Filter (BPIF) - The channel selection

filter centered at the channel center frequency and with a 3-dB
bandwidth corresponding to the channel bandwidth.

5.0.3.2 Center Frequency (f.) - The center freguency for a given
channel as defined in IRIG Standard 106-XX, Telemetyry Standards,
Appendix A, paragraph 5.4.

5.0.3.3 Deviation Ratio - The deviation ratioc of a channel is
defined as the ratio of one half the defined deviation bandwidth
to the cutoff fregquency of the discriminater low pass output
filter.

5.0.3.4 W q Fre ncy - The freguency which
corresponds to the lower deviation limit defined in table 3-1,
IRIG-106-XX, for a given channel.

5.0.3.5 Low Pass Output Filter (LPOF) - The output filter
contained in or plugged into the discriminator with its cutoff
frequency (3-dB point) defined as the maximum data frequency.

5.0.3.6 Modulation Index - In angle modulation with a sinuscidal
modulating wave, the ratio of the peak frequency deviation to the
fregquency of the modulating wave:

m= Af/f

max ’

where Af the maximum frequency difference between the

modulated carrier and the unmodulated carrier.

£ = the maximum modulating fregquency.
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5.0.3.7 Upper Band Edge Frecuency (UBE) - The frequency which

corresponds to the upper deviation limit defined in IRIG-106-XX,
subparagraph 7.2.25.

5.0.4 Standard Test Conditicons - To ensure uniformity of

testing, the following standard test conditions and preliminary
adjustments should be completed before individual tests are
conducted.

5.0.4.2 Input Signal level] - The standard input signal level for
the specified procedures is 0.3 Vrms, except as modified in a
specific procedure.

5.0.4.2 Output Load -~ The lcad placed on the discriminator shall
be the maximum load specified.

5.0.4.3 Warm-up

5.0.4.3.1 The discriminator under test shall be allowed to warm
up prior to the start of a test according to the performance
specification.

5.0.4.3.2 Test equipment used in test procedures shall be
allowed to warm up so that drifts and other variations caused by
the test equipment shall be minimized. Generally, a 30 minute
warm—up period is recommended.

5.0.4.4 Outpui Voltage - The output voltage shall be adjusted
prior to the start of a test to conform to the following
regquiremnents:

5.0.4.4.1 With the input signal set to the center fregquency of
the desired channel and unmodulated, the output voltage shall be
0+10 mvdc.

5.0.4.4.2 With the upper (lower) band edge frequency applied to
the discriminater input, the output voltage shall be +10(-10) Vdc
or the maximum specified for operation within +10 nvV dec.

5.0.4.5 Tolerances - The measurements which are identified in
the following test methods should be made with sufficient preci-
sion to satisfy the intended purpose. It is recommended that the
maximum tolerance used conform to the following:

Freguency 0.1% or 1 Hz whichever is smaller
Voltage +1.0 mV
aB +0.1 dB.

5.0.4.6 An oscilloscope is connected to the discriminator cutput
in most tests. It is used to observe glitches and to identify
anomalous behavior which may not be detected by other
instrumentation.
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5.1 vi Sensitivit d Static Li it

. 5.1.1 Purpose - This test determines the deviation sensitivity
and static linearity of an FM discriminator.

5.1.2 Tegt Egquipment

Signal generator
Frequency counter
Digital voltmeter (dc)

5.1.3 Test Method
5.1.3.1 Setup - Connect the test equipment as shown in figure 5.1.1.

5.1.3.2 gcongdjtions

5.1.3.2.1 Set the discriminator low pass output filter to cut
off frequency of interest.

5.1.3.2.2 Maximize cutput load according to specification.

5.1.3.3 Procedure

5.1.3.3.1 Set the signal generator frequency to center frequen-
cy and adjust output voltage to zero.

5.1.3.3.2 Set the input frequency to LBU and adjust output
I voltage to specified maximum output level.

5.1.3.3.3 Repeat steps 5.1.3.3.1 and 5.1.3.3.2 as necessary to
achieve desired accuracy.

5.1.3.3.4 The test may be performed with either 5 or 11 data
points. Generally the ll-step data collection is used for
acceptance testing, and the 5-step data collection is used for
rapid revalidation of discriminator performance.

5.1.3.3.5 Eleven Point Test - Record the input frequency and

output voltage for frequencies equivalent teo the LBE deviation
limit frequency £ =~ 0.8( Af), £ - 0.6( Af), £ = 0.4( af),

£, - 0.2( Af ), £, £+ 0.2( af), £ + 0.4( Af), £+ 0.6( Af),

£, + 0.8( Af) and UBE deviation linit freguency on data sheet

5.1.1, wherelf = f - LBE = UBE - f_.

5.1.3.3.6 Five Point Test - Record the input freguency and
ocoutput voltage for frequencies equivalent to the LBE deviation
limit, f. - 0.5( af), £ f. + 0.5( Af), UBE deviation limit on
data sheet 5.1.2.

cr
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FM DISCRIMINATORS
DATA SHEET 5.1.1

TEST Deviation Sensitivity and static Linearity (1] Point)
MANUFACTURER MODEL
SERTIAL NO. IRIG CHANNEL
CHANNEIL, SELECTOR SERIAL NO.____~ LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
1LOW PASS FILTER TYPE: IZica I"lep | " lother
TEST PERSONNEL DATE LOCATION
Calculate: Af = Center Freq - Lower Band Edge Freq = kHz
= Upper Band Edge Freg - Center Freq = kHz
Frequency

i Equation Calculated (kHz)

1 f- Af

2 £-0.8 Af

3 £.-0.6 Af

4 £-0.4 AL

5 f£,-0.2 Af

6 £,

7 £+40.2 af

8 f£+0.4 Af

9 £+0.6 Af

10 £.+0.8 Af

11 £+ Af

Record the actual input frequency and output voltage In the table
below and calculate the remaining information:

Input Output
Frequency Voltage Af, = £, - £_ (A f,)z Af; XV,
{kHz) (vdc)

f—l-

HRFOWOHB~IGOU & W
h
)

e

Add columns:lV, = IAE, = LA = Tif, X V, =
.LZA_filf__f__.__
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DATA SHEET 5,1.1 (Continued)

DEVIATION SENSITIVITYs=
11 11 11 .
11( T Af x V) ~(E vy r Af )
b = i=2 i=) ., i=1 = volts/kHz,
’ 11 ) 11 2
11( I ( A£DY) - ( I Afy)
i=1 i=3
and - .

ZERO OFFSET=

11 11

a=( IV, -bx ILf)/11 = volts.
i=1 i=1
Calculate the follewing:
. DEVIATICON FROM
LINEAR FIT
A £ a +b Af; \/ (a +b Af) -V,

RPOWO-ToaUid Wk

s
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FM DISCRIMINATORS

DATA SHEET 5.1.2

TEST Deviation Sensitivity and Static Linearity (5 Point)
MANUFACTURER MODEL
SERIAL NO. IRTIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kKHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTO¥F kHzZ
LOW PASS FILTER TYPE: " ica I~ lep I~ | other
TEST PERSONNEL DATE LOCATION
Calculate: Af = Center Freg - Lower Band Edge Freq = . KkHz
= Upper Band Edge Freg- Center Freq = kHz
Frequency
i Eguation Calculated{kHz)
1 £~ Af
2 f-0.5 Af
3 f,
4 f+0.5 Af
5 f + Af

(-

Record the actual input frequency and output voltage in the table
below and calculate the remaining information:

Input Output
Frequency Voltage Af.=f, - £ ( A:IE,)2 Af, x V,
(kHz) {Vdc)
L.
Add columns: IV.= LAf.= T {Af)= AL X V=
L T AL

IV-5-7




Calculate the following:

LY R SR

DATA SHEET 5.1.2 (Coptinued)

DEVIATYON SENSITIVITY=

5 5 5
5( L Af, % Vy) = ( E Y }( I &f )
b = =31 i=1 _i=1 = volts/kHz,
5 L)
S5( I ( Af; )% -~ ( zAf, )P
i=1 i=1
and
5 5
ZERO OFFSET= a = ( y V, -bx I Af )/5 = volts.
i=1 i=1

DEVIATION FROM
LINEAR FIT

Af, a +b Af, v, (a + b Af) -V,

IV-5-8




5.1.4 Data Reduction

5.1.4.1 [o} est. The best fit straight line is of
the form

a+b (f-1£f)=V

where a is the center frequency output voltage offset in volts,
and b is the deviation sensitivity in volts per kilohertz.
The coefficients a and b are obtained from the equations

11 11 11
1103 Af; X V) =( I Vi )( IAf)
b = i=1 i=1 i=]
11 . 11 2
11z (AL)%) = ( EALY)
i=1 i=1
and
11 11
a={g V. -bx g of )/11,
i=1 i=1
where Af; is the ith frequency difference (f,-f_)

V; is the ith output voltage.

The deviation sensitivity (b) and offset (a) should be compared
to the specified value. The difference between the actual output
voltage, V., and that calculated from the best fit curve defined
by the coefficients a and b should be compared toc the static
linearity specification (see data sheet 5.1.1 sample).

5.1.4.2 Ejve Point Test - The equations for determining a and b
are
5 5 5
5(f Af;xV,) - ( Z V,)( I &f)
b = i=1 i=1 i=1
5 ) 5 )
5( 1 ( af;)%) - ( 1 af;)
i=1 i=1
and '
5 5
a= ( IV, -bx IAaf )/5,
i=1 i=1

where a, b,4 f, and V, are defined in subparagraph 5.1.4.1. The
deviation sensitivity (b), offset (a) and the deviation from best
fit straight line should be compared to the specification as in
subparagraph 5.1.4.1 (see data sheet sample 5.1.2).
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FM DISCRIMINATORS
DATA SHEET 5.1.1 (Sample)
TEST viation Sensitivity and Static Linearity (

MANUFACT!RER_XYZ MODEIL_DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPFUT FILTER S/N
CENTER FREQUENCY___70. XHz =~ UPPER BAND EDGE 20.5 kHz
LOWER B&ND EDGE 59.5 kHz LOW PASS FILTER CUTOFF 2.1 kHEz
LOW PASS FILTER TYPE: iTlea IX!'cp |~ lother,
TEST PERSONNEL DATE LOCATION
Calculate: Af= Center Freg - Lower Band Edge Fregq = 10.5 kHz
= Upper Band Edge Freq- Center Fregq = 1Q.5 kHz
Freguency

i Equation Calculated (kHz)

1 £~ Af 59.5

2 f_-0.8 Af 61.1

3 £,~0.8 AF 63.7

4 £-0.4 Af 65.8

5 f£-0.2 Af 67.9_

6 £ 70.0

7  £40.2 Af 72,1

8 £+0.4 Af 74.2

9 £+0.6 Af 76.3

10 £.+0.8 Af 78.4

11 £+ Af 80.5

Record the actual input frequency and output voltage in the table
below and calculate the remaining information:

Input output

i Frequency Voltage Af,= £ - £, ( Afi}z Af, x V,
(kHz) {(Vde)

1 59,500 =10.0132 =10.5 —2l0:25 105,126
2 61.600 =3.010 ~8.4 70.56 67.284
3 63,7090 ~-6,009 6.3 33.69 37:8567
4 65.800 -4.007 4.2 17.64 16-8234
5 £7.900 ~2.006 SCWE) 4:41 —d.2326
6 £70.000 =0.006 0 0.00 Q:000
7 72-100 +1.585 221 4.4]1 4.%835
8 74.200 +3.996 4,2 17.64
9 76.300 +5.997 6.3 39.69 37.7811
10 78.400 +7,.998 8.4 70.65 67.1832
11 80,500 +9.997 10.5 110.25 104.9685

Add columns: LV.=-0.063 IAf,=0 _ M4 f°= LA, x V.=

_ 485.1 470.6142
{ ZA fil‘{z 0
Iv-5-10




DATA SHEET 5.1.] (Sample) (Continued)

DEVIATION SENSITIVITY=

11 11
11( I
i=1

Af, x V) (T Vi )(

11
T AL )
i=1 = 0,95282 volts/kHz,

11

1l

11( ¢ ( af)? - (T a£)?

i=1
and

ZERC OFFSET=
11 11
a=( IV, -bx I Af )/11
i=1 i=1

Calculate the following:

1=1

DEVIATION FROM

LINEAR FIT

i AT, a +b Af, v, . (a +b AL -V,
l -]0-5 ~10,010 =10.9012 0,002

2 -8.4 -8.009 -8.010 Q.0C)

3 -6.3 ~6,008 =6,009 0,00}

4 ~4.2 -4.008 =4.QQ7 =-0.00]

6 a =0,006 =0,006 Q

7 2:1 1.:9295 1.99% _ Q

10 B.4 7,998 7.998 Q
11 10.5 9.999 9.997 0.002
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FM DISCRIMINATORS
DATA SHEET 5.1.2 (Sample)

TEST vi 1.0 ensitivity d stati iz i 3 .

MANUFACTURER Xyz MODEL DEF
SERIAL NO. ABC IRTIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OQUTPUT FILTER S/N
CENTER FREQUENCY 80 _.KHz UPPER BAND EDGE 84 kHz
LOWER BAND EDGE___._. _ 76, ¥Hz I1OW PASS FILTER CUTOFF 1 kiz
LOW PASS FILTER TYPE: I"iea 1Xlep I lother
TEST PERSONNEL DATE LOCATION
Calculate: Af = Center Freg - Lower Band Edge Freg = 4 kHz
= Upper Band Edge Freg- Ceniter Fregq = 4 kHz
Frequency
i Equation Calculated (kHz2)
1 f- Af 76
2 f-0.5 Af 78
3 £, 80
4 fé+0.5 AE 82
5 £+ AP 84

Record the.actual 1nput freguency and output voltage in the table
below and calculate the remaining information:

Input i, Output . .
i Freguency i Vcltage Af= £, = £, (A f,)z AL, x Vv
(kHz) . (Vde) -
1 76 8,953 =4 16, 27 25
2 78 4.476 -2 4. =B.552
3 £. .80 0.001 Q 0,8 0,900
4 32 " =4.475 2 4.9 =8,950
5 84 ~8.951 4 16,0 ~35.804
Add columns: Lye=__ = (A L) = LI AL, X Vo=
. 0.004 0 40 —$3.218
{ %4in‘=
IV-5-12




DATA SHEET 5.l.2 (Sample) (Continued)

DEVIATION SENSITIVITY=

5 : 5 5
b = i=15, i=% i=1 = =2.238 volt/kHz,
S( L (af )% - ( paf)?
im] i=]
and
5 5
ZERO OFFSET= a = ( IV, -bx I Af, )/5=_0,001  volts.
i=1 i=]
Calculate the following:
DEVIATION FROM
LINEAR FIT
i AL, a +b Af; v, (a+b AL;) -V
1 -4 8,953 8,953 0
2 =2 4.477 4.476 0.003
3 Q 0.001 0,002 Q
4 2 -4 .47%5 -4.475 (1]
5 4 -8.951 -8,951 0
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5.2 Z2eryo and Band Edge Stability Test

5.2.1 Purpose - This test determines the zero and band- edge
stability of an FM discriminator over a one-hour period. .

5.2.2 Test Equipment

Signal generator with frequency stability of +10°%/day
Fregquency counter '

Digital veltmeter (dc)

Oscilloscope

5.2.3 Test Method

5.2.3.1 Setup - Connect the test equipment as shown in figure 5.2.1.
5.2.3.2+ Conditjions

5.2.3.2.1 Warm up all equipment according to specifications.

5.2.3:2.2  Set discriminator low pass output filter to cutoff
frequency of interest.

5.2.3.2.3 Meximize output load according to specificaticn.

5.2.3.3 Procedures

5.2.3.3,1 Adjust éignal-generator output level and discriminator
balance and output levels in accordance with paragraph 5.0 of
General Procedures. .

5.2.3.3.2 Apply LBE frequency to discriminator and record
time, input freguency, and output voltage on data sheet
5.2.1. Repeat procedure for center and UBE frequencies.

5.2.3.3.3 Repeat step 5.2.3.3.2 approximately one hour
later, using the same frequencies recorded earlier without
adjusting discriminator balance and output voltage levels.

5.2.4 Data Reduction - Compare change in discriminator
cutput voltages obtained at center and band edge frequencies
with specifications. Subtract voltage readings of second
test from first test and record in AV column on data sheet.
Calculate percentage change and record in percentage change
column (see data sheet 5.2.1 sample).

NOTE

If uniform change in discriminator output voltage is
noted between groups of data and this change can be
corrected by resetting zeroc cutput at center frequency
within drift specification, then discriminator is

operating normally.
IV-5-14 .
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DATA SHEET 5.2.1

M DISCRIMINATORS

TEST Zero_and Band Fdge Stability Test

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERTAL NO. . LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHZz UFPPER BAND EDGE kiiz
LOWER BAND EDGE kHz LOW PASS FILTER CUTQOFF kHz
LOW PASS FILTER TYPE: ‘"op '~ tep I~ iother
TEST PERSONNEL DATE LOCATION
Time:
Input Freguency Output
Fregquency (kHz) Voltage (Vdc)
Lower Band Edge . {LY
Center Freqg. :
Upper Band Edge ATY
Time:
Input Frequency cutput
Frequency (kHz) Voltage (Vdc) AV
Lower Band Edge : :
Center Freq.
Upper Band Edge
Percent Change {( AV x 100/(U-1.))
Lower Band Edge -
Center Freg.
Upper Band Edge
Iv-5-18




FM DISCRIMINATORS

DATA SHEET 5,2.1 (Sample)
TEST Zero and Bangd Edge Stability Test

MANUFACTURER

X2

MODEL REF

SERIAL NO.

70

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.

IOW PASS OQUTPUT FILTER S/N

CENTER FREQUENCY 70.0 kHz = UPPER BAND EDGE___80,5 KBz
LOWER BAND EDGE 59,5 kHz LOW PASS FILTER CUTOFF___ 2.1 kHz
LOW PASS FILTER TYPE: 1"lca 1ZXico i_lother
TEST PERSONNEL DATE LOCATION
Time: 1300
Input Fregquency output
Frequency (kHz) Voltage (Vdc)
Lower Band Edge 59,500 =
Center Fredq. 70,000 =0.008
Upper Band Edge 80,500 ~9,990 {1)
Time:_1400
Input Frequency Ooutput
Frequency (kHz) Voltage(Vdc) AV
Lower Band Edge 59,500 - 0,001
Center Freg. 70,000 =0.,008 0
Upper Band Edge 80,500 +9,989 0.001

Percent Change
Lower Band Edge
Center Freq.

Upper Band Edge

( AV x 100/(U =L))

0.005%

Q

0.005%
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5.3 ic Noise

5.3.1 Purpose - This test measures the amount of static noise at
the FM discriminator ocutput.

5.3.2 Test Equipment

Freguency counter:
Signal generator
Oscilloscope

True rms voltmeter
Digital voltmeter (dc)

5.3.3 Test Method
5.3.3.1 Setup -~ Connect the test equipment as shown in figure 5.3.1.

5.3.3.2 Conditions

5.3.3.2.1 Warm up all egquipment according to specifications.
5.3.3.2.2 Maximize output load'aqcording to specification.
5.3.3.3 Procedure

ROTE

Incidental phase or freguency modulation in signal
generator will affect test results. Generator used
should contribute less than 10 percent to parameter
being measured.

5.3.3.3.1 Place a low pass output filter in test discriminator
to reflect the deviation ratio at which the discriminator will
typically be used.

5.3.3.3.2 Adjust signal generator output level and discriminator
balance and output levels in accordance with paragraph 5.0 of
General Procedures.

5.3-3.3.3 Adjust signal generator to LBE freguency, measure
discriminator dc and rms output voltages and record on data sheet
5.3.1.

5.3.3.3.4 Repeat step 5.3.3.3.3 for center frequency and UBE
frequency.

5.3.3.3.5 Repeat steps 5.3.3.3.3 and 5.3.3.3.4 for other
deviation ratios as needed.

5.3.4 Data Reduction -~ Compare data obtained with specifications.

Calculate percent noise by dividing rms voltages by peak-to-peak
dc voltage and multiply by 100 (see data sheet 5.3.1 sample).
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FM DISCRIMINATORS
DATA SHEET 5.3.1
TEST Statig Nolse Test

MANUFACTURER MCDEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER 5/HN

CENTER FREQUENCY kKH2 UPPER BAND EDGE kHz
IOWER BAND EDGE kHz 10W PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: {—lca I"lcp | lother

TEST PERSONNEL DATE LOCATION

Specifications:

Dev. Ratjo LPOF Freqg. _Noise rnms Band Edge Vdc_ Filter S/N

Performance data:

Center Frequency= kKHz
Dev. Ratio BPIF BW LPOF dc Volts Nojge Vrms _% Nojse
Lower Band Edge Freguency (LBE) = kKH2
Dev. Ratio BPIF_BW LPOF V) ge-VdE Noise Vims _3 Noise
Upper Band Edge Frequency (UBE)} = kKHZ
Dev. Ratio BPIF BW LYOF Ve Vde __ HNoise Vims % Noise
I1v-5-20




DATA SHEET 5,3.1 (Continued)

Tc calculate % Noise use the following:

__Noise rms
- x 100.

! - |
! VUBE VLBE I

$ Noise =

. IV-5-21




FM DISCRIMINATORS

DAT2 SHEHEET 5.3.1 (Sample)
TEST Static Noige Test

MANUFACTURER X¥Z MODEL, DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.0 kHz UPPER BAND EDGE___B0.5 kHgz
LOWER BAND EDGE 59.5 XHz LOW PASS FILTER CUTOFF kHeg
LOW PASS FILTER TYPE: I"lca 'Xicp | lother
TEST PERSONNEL DATE LOCATION
Specifications:
Dev. Ratio LPOF Freq. _Noise rms Band Edge Vdc Filter S/N
3 10.5 kHg - -
5.25 kKHz
2.1 KHz

[ |

Performance data:

Center Frequency=__ 70.0 XKHz
Dev, Ratio BPIF BW LPOF dc Volts Noise VrIms % Noise
— 21 kH=z 10.5 kHz =0.004 0.007 0-.9035
2 23 5.25 —0.005 D.003 0.015
-5 21 2=3 ~-0.008 0.001 0.00>
Lower Band Edge Fregquency (LBE) = 59.5 KBz
Dev, Ratio BPIF BW LPOF V, geVdc Noise Vrps $ _Noise
o —k KHZ 10.5 kHz -10.000 D.0093 0,045
2 23 2.+ 25 =10.003 0. 004 .02
—— 21 2.1 -10.007 0.002 0.01
Upper Band Edge Frequency (UBE) =_80.5 kHz
Dev. Ratioc BPIF BW LPOF Vg Vde Noise Vims _3% Noise
. 21 kHZ 10.5 kHz +9,985 0.006 0.03
= 23 5.25 +9.956 0.004 0,02
= 23 2.1 +9,.989 0.002 0.01
IV-5-22
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DATA SHEET 5.3.1 (Sample) (Continued)

To calculate % Noise use the following:

Nojise rms

% Noise = X 100,

t - 1
| VUBE vLBE 1
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5.4 Harmonic Distortion

5.4.1 Purpose - This test measures the amount of harmonic
distortion present at the discriminator ocutput.

NOTE

This test does not discriminate between distortion
introduced in the signal source and distortion
introduced in the discriminator under test. One metheod
of verifying that the signal source is not introducing
appreciable distortion is to perform this test using
the same signal source settings and modulating signal
but using a wideband discriminator with excellent
linearity. If the distortion values from this test are
significantly lower than with the discriminator under
test, the signal source can be eliminated as a source
of distortion. 1If, however, the distortion is
sufficiently low with the discriminator under test,
there is no need to be concerned about the cause of the
distortiecn.

5.4.2 Test Eguipment

Audio oscillator with all harmonics at least 60 dB
below amplitude of fundamental output freguency

Signal generator or voltage controlled oscillator which
can be frequency mcdulated

Frequency counter

Distortion analyzer

Spectrum analyZer or wave analyzer

Digital voltmeter

5.4.3 Test Method

5.4.3.1 Setup - Connect the test equipment as shown in figure 5.4.1.

5.4.3.2 Conditions - Set the sighal generator to the fellowing (see
paragraph 5.0 for general test conditions):

Output frecuency - discriminator center freguency
Output amplitude - 0.3 Vrms
Peak deviation - discriminator band edge

The discriminator LPOF should be chosen to reflect a deviation ratio
of one, that is, egqual to peak deviation of discriminator. The audio
oscillator output should be a sine wave at a frequency of 0.1 times
the discriminator LPOF cutoff frequency.

1v-5-24
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5.4.3.3 Pregcedure

5.4.3.3.1 Set the unmodulated input signal to the input center
frequency and adjust discriminator output voltage to 0 V. Apply
modulation to signal generator to produce band edge peak deviation.
Adjust output gain to give maximum specified cutput voltage swing.

5.4.3.3.2 Measure total distortion using distortion analyzer and
record on data sheet 5.4.31. Measure output signal amplitude at
fundamental and second, third, fourth, and fifth harmonics using
spectrum analyzer or wave analyzer and record on data sheet 5.4.1.

5.4.4 Data Reductjon - Calculate distortion at second, third, fourth,
and fifth harmonics by subtracting amplitude (in dBm) at fundamental
from amplitude (in dBm) at each harmonic. Record these values on data
sheet 5.4.1. Calculate percent harmonic distortion from

% harmonic distortion = (lowm) x (100),
Where d = harmonic distortion in 4B.

(See data sheet 5.4.1 sample.)
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FM DISCRIMINATORS
DATA SHEET 5.4.1
TEST Harmeonic Distortion

MANUFACTURER ' MODEL,

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO._ _ LOW PASS OQUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHZ
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF . kHz
LOW PASS FILTER TYPE: 1" lca " 1cD |l other

TEST PERSONNEL DATE LOCATION

Modulating Frequency : Hz
Total Harmonic Distortion dB %
Fregquencgy Output Amplitude Distortion
Fundamental dBm

Second Harmonic dBm dB %

Third Harmonic dBm dB %

Fourth Harmonic dBm dB %

Fifth Harmonic dBm dB %
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M DISCRIMINATORS

DATA SHEET 5.4.1 (Sample)
TEST Harmonic Distortion

MANUFACTURER XV¥7 MODEL DREF
SERIAL NO. _ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.0 kHz UPPER BAND EDGE 80.5 kHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF___10.5 KkHz
LOW PASS FILTER TYPE: I"lca iX!cp 1" iother
TEST PERSONNEL DATE IOCATION
Modulating Frequency 1050 Hz
Total Harmonic Distortion =44 .4 an 0.6 %
Ereguency OQutput Amplitude Ristortion
Fundamental -3.1 dBm
Second Harmenic =51.4 dBm ~48.3 dB .38 %
Third Harmonic -50.9 dBm ~=47.8 dB 0.41 %
Fourth Harmonic - dBm _ ~. dB 0 i
Fifth Harmonic -55.8 dBm =52.7 4B 0.23 %
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5.5 Line Voltage Sensjitivity

5.5.1 Purpoese - This test determines the effect of variations in
ac line voltage on FM discriminator signal output.

5.5.2 Test Eguipment

Frequency counter
Voltmeter (ac)

Variable autotransformer
Oscilloscope

Voltmeter (dc)

Signal generator

5.5.3 Iest Method

5.5.3.1 gSetup - Connect test equipment as shown in figure 5.5.1.

5.5.3.2 conditions

5.5.3.2.1 Warm up all equipment according to specifications.
5.5.3.2.2 Maximize output load according to specification.

5.5.3.3 Procedure

5.5.3.3.1 Adjust signal generator output level and discriminator
balance and output levels in accordance with paragraph 5.0.

5.5.3.3.2 Set the input frequency to the LBE frequency.

5.5.3.3.23 Record on Data Sheet 5.5.1 Input Frequency, dc Output
Voltage and ac Line Voltage as ac line voltage is increased in
increments of approximately 5 percent of normal operating voltage
from minimum operating voltage to maximum operating voltage.
Observe output waveform with oscilloscope and note any change on
data sheet 5.5.1 as ac line voltage is varied.

Example: If normal operating voltage is 120 Vac and
specified operating range is 105 Vac to 135 Vac, data
points should be approximately 6 Vac apart.

5.5.3.3.4 Repeat step 5.5.3.3.3 for center frequency and UBE
frequency.

5.5.4 Data Reduction - Calculate the line voltage sensitivity as
indicated on data sheet 5.5.1 and compare with electrical
specifications. The line voltage sensitivity may be calculated
for any two data points on the data sheet at any input

fregquency. The ac¢ maximum and ac minimum are the upper and lower
values of ac line voltage that determines the data points. The
dc maximum and dc minimum are the corresponding discriminator
outputs for the two different ac line voltage values at a given
frequency (see data sheet 5.5.1 sample).
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FM DISCRIMINATORS

DATA SHEET 5.5.1
TEST Line Veoltage Sensitivity Test

MANUFACTURER MOCDEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAIL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOQOFF kHz
LOW PASS FILTER TYPE - 1" lca I"1cp | lother
TEST PERSONNEL DATE LOCATION
ac Operating Range vac TO vac
% Full Bandwidth Tolerance %
Discriminator Inputs

LBE Center Freq. UBE
Specified kHz kiz kHz
Measured kH=z kHz kHz
ac Line
Voltage Discriminator outputs (Vdc) Comments
Nominal (L) (U)

Line Voltage Sensitivity = __dg,, = d¢,.
T, ¥ 100% per Vac
AChx ~RCqin

= : % per Vac
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FM DISCRIMINATORS

DATA SHEET 5.5.,1 (Sample)
TEST Line Voltage Sensitivity Test
MANUFACTURER XYz MODEL DEE
SERTAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.6 XHz UPPER BAND EDGE Bg.5 kHz
IOWER BAND EDGE 9.5 kBz IOW PASS FILTER CUTOFF__2.1 kHz
LOW PASS FILTER TYPE: " ica 'Xlcp |~ lother
TEST PERSONNEL DATE. LOCATION
ac Operating Range 205 Vac T 132 Vac
¥ Full Bandwidth Tolerance 0.5 %
Discrimipator Ipputs
LBE Center Freq. UBE
Specified 59.5 kHz 70,0 kHz B0.5 kHz
Measured 59,5000 kHz 70.000 kH=z B3.500Q  kHz
ac Line
Voltage Discriminator Cutputs (Vdc) — Conmenis |
Nominal =9.328 (L) -14 m¥v +9,581 {U)
105 =2.328 =13 $9-2882
112 -9,328 =15 .. 8,981
—l3 -9.326 =12 +9,879
126 —-9.326 =15 . +9.979
132 =9.326 _ =15 +8.,580
Line Veltage Sensitivity = dc“”L;_g%““ % 100 % per Vac
ACuaxy ~ ACy
=9. +9.
= - -+ -
119 - 105 X 100 % per Vac

7.4 x 107 ¥ per Vac
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5.6 ut edance a Current

5.6.1 Purpgse - This test measures the output resistance and
current drive capability of an FM discriminator.

5.6.2 Test Equipment

Signal generator
Frequency counter
Digital voltmeter (dc)
True rms voltmeter
Variable load
Chmmeter

5.6.3 Test Method
5.6.3.1 Setup - Connect the test equipment as shown in figure 5.6.1.

5.6.3.2 gConditions

5.6.3.2.1 Warm up all equipment according to specifications.

5.6.3.2.2 Set up signal generator in accordance with standard
conditions in paragraph 5.0.

5.6.3.3 Procedure

5.6.3.3.1 Set signal generator to center frequency and adjust
discriminator to 0 V output,.

5.6.3.3.2 Apply UBE frequency to discriminator input and adjust
discriminator for maximum output (see subparagraph 5.0.4.4.2).

5.6.3.3.3 Disconnect load and measure and record open circuit
output voltage on data sheet 5.6.1 for UBE frequency.

5.6.3.3.4 Connect a resistive decade box set for maximum
resistance to the discriminator.

5.6.3.3.5 Decrease resistance until the output voltage is one-half
of the open circuit wvalue.

5.6.3.3.6 Disconnect decade box from circuit and measure and
record its resistance on data sheet 5.6.1. This resistance will be
used to calculate the maximum output current of the discriminator.

5.6.3.3.7 Repeat procedure and record results using LBE frequency.

5.6.3.3.8 Set the signal generator to a frequency egual to the
discriminator center frequency plus 1 percent of the UBE
frequency minus the center frequency (£,40.01(f.-f.))})- Repeat
steps 5.6.3.3.3 through 5.6.3.3.5. Disconnect decade box from
circuit and measure and record its resistance on data sheet 5.6.1.
The measured resistance is the dc output resistance.
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FM DISCRIMINATORS

DATA SHEET 5,6.1]

TEST Qutput Jmpedance and Current
MANUFACTURER

MODEL

SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS CUTPUT FILTER S/N
CENTER FREQUENCY kKHZ UPPER BAND EDGE kHz
LOWER BAND EDGE kKHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: " lea [ lcp I_lother
TEST PERSONNEL DATE LOCATION
MAXTMUM OUTPU URR
Upper Band Edge Frequency kHz
Open Circuit Voltage vdc
Resistance Ohms
Lower Band Edge Frequency kHz
Open Circuit Voltage vdc
Resistance Chms
Maximum Current = V/2R = mamp.
ouTP
Center Frequency +0.01 (UBE-f,) = kHz
Open Circuit Vvoltage = vde
Resistance = Ohms
Center Frequency =-0.01 (UBE-f)) = kH=z
Open Circuit Voltage = vde
Resistance = Ohms
1v-5-35




5.6.3.3.9 Set the signal generator to a frequency egual to the
discriminator center frequency minus 1 percent of the UBE
freguency minus the center frequency. Repeat steps 5.6.3.3.3
through 5.6.3.3.6.

5.6.4 Data Reduction -~ Calculate the maximum ocutput current by
dividing the open circuit voltage by two times the measursd
resistance (subparagraph 5.6.3.3.6) (see data sheet 5.6.1
sample).
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FM DISCRIMINATORS

DATA SHEET 5.6.1 (Sample)
TEST Qutput Impedance and Current

DEF

MANUFACTURER 2YZ MODEL
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO.______ LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70,0 kHz UPPER BAND EDGE 80.9 kHZ
LOWER BAND EDGE 59.5 kHz =@ LOW PASS FILTER CUTOFF kHZ
LOW PASS FILTER TYPE: Ilea X!cp |~ !other
TEST PERSONNEL .DATE LOCATION
MAXIMUM OUTPUT CURRENT
Upper Band Edge Fredquency 80.5 kHz
Open Circuit Voltage +10,083 vdc
Resistance 34 Ohms
Lower Band Edge Frequency 59,5 kHz
Open Circuit Voltage =10.084 vdc
Resistance 34 Ohms
Maximum Current = V/2R = 148.3 mamp.
QUTPUT IMPEDANCE -
Center Frequency +0.01 (UBE-f)) = 70,105 kHz
Open Circuit Voltage = 43 mvdc
Resistance = 0.31 Ohms
Center Freqguency -0.01 (UBE-f)) = 69,895 kHz
Open Circuit Voltage = =104 mvdc
Resistance = 0,32 Ohms
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5.7 Amplitude Modulation Rejection Test

5.7.1 Purpose - This test determines how well a discriminator

rejects amplitude modulation which is present on its input signai.

$.7.2 DTest Eguipment

Signal generator

Scquare wave generator

Fregquency counter

Oscilloscope (dual trace) 2 required
Scope camera or plotter

5.7.3 Test Method

5.7.3.1 Setup - Connect the test equipment as shown in figure 5.7.1.

5.7.3.2 Conditions
5.7.3.2.1 Warm up all eguipment according to specifications.

5.7.3.2.2 Set up the cdiscriminator according to the standard
conditions in subparagraph 5.0.

5.7.3.2.3 Set up the signal generator according to the standard
conditions in subparagraph 5.0.4.1.

5.7.3.3 Procedure

5.7.3.3.1 3Set the fregquency of the square-wave generator to
5 percent of the LPOF cutoff freguency.

5.7.3.3.2 Adjust the square-wave generator output amplitude and
offset to apply a 20-dB step in amplitude at the output of the
signal generator. The peak-to-valley voltage relationship of the
amplitude modulated subcarrier signal should be a ratio of 10
(veltage peak = 10 x voltage valley).

5.7.3.3.3 Measure and record on data sheet 5.7.1 the peak~to-
peak discriminator output veoltage. Take a photograph of the
oscilloscope trace and attach to the data sheet.

5.7.3.3.4 Repeat steps 5.7.3.3.2 and 5.7.3.3.3 for the UBE
freguency.

5.7.3.3.5 Repeat steps 5.7.3.3.2 and 5.7.3.3.2 for the LBE
freguency.

5.7.3.3.6 This test may be repeated for other signal levels as
required by actual usage.

5.7.4 Dpata Reduction - Compare the data with the specification.
(see data sheet 5,7.1 sample).
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FM DISCRIMINATORS

DATA SHEET S5.7.1

TEST itude ation Redjectio
MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. 1L.OW PASS OUTPUT FILTER 5/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
IOWER BAND EDGE kHz 11LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: " tca e | lother
TEST PERSONNEL DATE LOCATION
Vi = v
nax = YV (10 x Vyy)
Lower Band Edge Freguency = kHz Output Voltage = ydg
Specification Measurement
Peak-to Peak
Output Voltage (V)
Center Frequency = KHZ Output Voltage == Vde
Specification Measurement
Peak~-to Peak
Output Veltage (V)
Upper Band Edge Frequency = kHz Output Voltage = Vdg
Specification Measurement
Peak-to Peak
Output Veltage (V)
Attach Attach Attach
Photograph Photograph Photograph
Here Here Here

ower Band Edge

Center Freguency Upper Band Edge
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FM DISCRIMINATORS

DATA SHEET 5.,7.1 (Sample}
TEST Amplitude Modulation Reiection

MANUFACTURER XY2 MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTCR SERIAL NO. I1OW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70, kHz UPPER BAND EDGE 80.5 KHz
LOWER BAND EDGE 29.3 kKHz LOW PASS FILTER CUTOFF 2:1 XHz
LOW PASS FILTER TYPE: 1 "tea 1Xicp |_lother
TEST PERSONNEL DATE LOCATION
Vgw = —30.0 _m¥v
Viax = 00, V (10 x V)
Lower Band Edge Frequency = 59.500 kHz Output Véltage = ~9,424 Vd¢
Specification Measurement

Peak-to Peak
Output Voltage (V) 613 mv

(See attachment 1 for lower band edge.)

Center Frequency = 70,000 KkHz output Voltage = _—-0.005 Vdc

Specification Measurement
Peak-to Peak

Output Voltage (V) 200mV 368 nv

(See attachment 2 for center frequency.)

Upper Band Edge Freguency = _80.500 kHz  Output Voltage = 9.6580 Vdg¢

Specification Measurement
Peak-to Peak
output Voltage (V) 806 nV

{See attachment 3 for upper band edge frequency.}

Attach Attach Attach
Photograph Photograph Photograph
Here Here Here
Lower Band Edge Center Frequency Upper Band Edge
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5.8 gSignal-To-Noise Ratio

5.8.1 Purpese - This test measures output signal-to-noise ratio
(SNR) to verify proper performance of the discriminator in the
presence of in-band input noise.

5.8.2 Test Eguipment

Signal generator or voltage controlled oscillator
Voltmeter (dc)

White gaussian noise generator

Active summing network (see note)

True rns voltmeter

Oscilloscope

Frequency counter

Spectrum analyzer

NOTE

A passive summing network can be used if proper
precautions are taken to make sure that the summing
network ocutput amplitude of the signal or noise, or bocth,
do not vary if the other input is connected or
disconnected.

5.8.3 TIest Method

5.8.3.1 Setup - Connect the test equipment as shown in figure 5.8.1.

5.8.3.2 cConditions - See paragraph 5.0 for general test
conditions. Adjust the discriminator output to ¢ Vdc with an
unmodulated signal at the discriminator center frequency applied
to the discriminator input. Set the signal generator to the
discriminator UBE and adjust the discriminator output teo 5 Vdc.
Record on data sheet 5.8.1. Reset the signal generater to the
following:

Output frecquency
Output amplitude

5.8.3.3 Procedure

discriminator center freguency
0.3 Vrms at output of summing network.

5.8.3.3.1 Remove the noise from the summing netwerk. Measure the
rms signal voltage at the output of the discriminator bandpass
filter. Record this value on data sheet 5.8.1. Measure the rms
voltage at the discriminator low pass filter output. Record this
value on the line labeled maximum SNR under the heading of low pass
filter output noise volts.

5.8.3.3.2 Connect the noise generator to the input of the summing
network and remove the signal generator. Set the rms voltage of

the noise at the output of the discriminator bandpass filter to be
30 4B less than the rms signal voltage measured above. Connect the

1V-5-45
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FM DISCRIMINATORS
DATA SHEET 5,.8.1
TEST Signal-to-Noise Ratio
MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHZ UPPER BAND EDGE KHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHzZ
LOW PASS FILTER TYPE: " lea 1"1cp '” lother
TEST PERSONNEL DATE LOCATION
Discriminator output voltage with UBE fregquency input vdg
Signal at output of discriminator bandpass filter VIms
w_Pa ilte ut
Approximate Noise Measured Calculated
Input SNR(dB) Volts SNR, SNR,

Kk E
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signal generator to the input of the summing network. Set up the
spectrum analyzer to monitor the signal and noise in the
discriminator bandpass filter. Note the noise level for future
reference. Remove the signal from the summing network. The
noise level should not change. If the level changes, a problen
exists. Some discriminators have changes in gain when the input
signal is too small. Increase the noise level and chserve
whether the BPIF output level suddenly decreases. If this change
occurs, increase the noise level by another 3 to 6 dB and note
the level on the rms voltmeter. Reconnect the signal generator
and disconnect the noise generator. Set the signal generator to
a level 30 dB above the rms value of the noise. Measure the BPIF
output voltage and record in place of the value measured in
subparagraph 5.8.3.3.1. Reconnect the noise generator and note
the noise level on the spectrum analyzer. Disconnect the signal
generator. The noise level should not change.

NOTE

If the noise level changes, the test probably cannot he
performed. Alsc check the BPIF output with the signal
connected to verify that limiting is not occurring.
Limiting or automatic gain control (AGC) will
invalidate the results of this test.

Record the rms signal value on data sheet 5.8.1.

5.8.3.3.3 Measure the rms voltage at the cutput of the
discriminator low pass filter and record on data sheet 5.8.1.

5.8.3.3.4 Repeat steps 5.8.3.3.2 and 5.8.3.3.3 with the rns
voltage of the noise 20, 1i5, and 12 4B less than the rms voltage
of the signal measured in subparagraph 5.8.3.3.1.

5.8.4 Data Reduction

5.8.4.1 Calculate the SNR at the discriminator low pass filter
output from

SNR, = 20 (log (signal at UBE/noise at low
pass filter output)) - 3 dB.

EOI‘F‘
The 3 dB is subtracted to convert peak to rms for sine
wave.
Record on data sheet 5.8.1.
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5.8.4.2 Calculate the expected SNR at the discriminator output from:

~ 2
. SNRT = Q.B_“_(E_Ai)_

2(f,)

5NR

. = 30(log U-EE—f'——f-c ) + 4.77 + SNR, (dB),
[+]

where B = Discriminator bandpass filter bandwidth = 2Af

. p= SNR at bandpass filter output = SNR,

H

Af Peak deviation

f = Low pass filter cutoff frequency

,.h
fi

Discriminator center frequency

=
o
=
It

Upper Band Edge Frequency.

Record SNR; on data sheet 5.8.1 (see data sheet 5.8.1 sample).

NOTE

The first gquantity (30 log ( )) in the previous
equation takes on the following values for commonly
used deviation ratios (peak deviation to low pass

. filter cutoff frequency):
Deviation Ratio 40 log ()
1 0
2 $.03
4 18.06
5 20.97

The SNR values calculated from the above equation
assumes that the filters are ideal; therefore, the
results are only approximations for real weorld
filters. Measured values will usually be a few dB
lower than the calculated values. The low pass filter
cutoff frequency is defined to be the frequency at
which the output is reduced by 3 dB relative to the
amplitude at dec.
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FM DISCRIMINATORS

DATA SHEET 5.8.1 (Sample)
TEST Signal-to-Noise Ratio

MANUFACTURER XYz MODEL____DEF

SERIAL NO. __ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 70.0 XHz = UPPER BAND EDGE____80.5 kHz
LOWER BAND EDGE____59.5 kHz LOW PASS FILTER CUTOFF_2.1 KHZ
LOW PASS FILTER TYPE: ("ica IX)cD I"lother

TEST PERSONNEL DATE LOCATION

Discriminator output voltage with upper band edge frequency input_35.06 Vdc

Signal at output of discriminator bandpass filter 90.6 _pVims

Low _Pass Filter Qutput

Approximate Noise Measured Caiculated
Input SNR(4AB) Volts SNR, SNR,
~0.94mV _11.6dB =
390 9.3mV 51.7 55,74B
20 25.8mV £2.9 45,7
15 46 _mv 37.8 40,7
12 65 mV, 24.8 37.7
IV-5-50




5.9 PBand Pass Input Fjilter Shape

. 5.9.1 Purpose - This test measures the discriminator bandpass
filter frequency response. This data can be used to correct the
ocutput fregquency response for roll-off because of the
discriminator bandpass filter.

NOTE

Two test methods are contained in the procedure. The
sine-wave method is the preferred method but it will
not work if there is limiting or AGC before the
bandpass filter output test point. The sine-wave test
consists of applying fixed amplitude sine waves of
various frequencies to the discriminator input and
measuring the amplitude at the bandpass filter output
test point. The white-noise test consists of applying
a wide band white-noise signal to the discriminator
input and measuring the noise spectrum at the bandpass
filter test point. This method is immune to AGC action
because all input frequencies will be amplified by the
same amount; therefore, the ocutput is representative of
the bandpass filter fregquency response.

5.9.2 Test Equipment
. 5.9.2.1 Procedure 1 — Sine-wave Method

Signal generator

True rms voltmeter

Spectrum analyzer with tracking generator -
resclution bandwidth <10 percent of specified
discriminator bandpass filter bandwidth

Oscilloscope camera (for photographing spectrum analyzer
display) or plotter

5.9.2.2 Procedure 2 - White-Noigse Method

Spectrum Analyzer - resolution bandwidth <10 percent of
specified discriminator bandpass filter bandwidth. Video
bandwidth <! percent of resclution bandwidth

White-noise generator - noise generator with flat output
gspectral density (+0.5 dB) over frequencies of interest.

True rms voltmeter

Oscilloscope camera for photographing spectrum analyzer
display or plotter

. IY-5-51




5.9.3 Test Method

NOTE

Procedure 1 will not work for discriminators
which have AGC or limiting before the bandpass
filter test point. This peint can be checked by
applying a center freguency sine wave with
amplitude of 0.3 Vrms to the discriminator input
and measuring the bandpass filter output using
the true rms voltmeter. Call this value X d8B.
Set the input to the following amplitudes and
measure the bandpass filter output:

output (4B}
0.3 Vrms X
0.6 Vrms X+ 6
0.095% Vrms X - 10
0.03 Vrms X - 20

If the output values are within +0.5 dB of the
values in the table, the system is linear and

Procedure 1 can bhe used. If not, either try a
different input level or use Procedure 2.

5.%.3.1 BSjine-Wave Method (Procedure 1)

5.9.3.1.1 Setup -~ Connect the test equipment as shown in
figure 5.9.1.

5.9.3.1.2 Condjtions ~ See paragraph 5.0 for general test
conditions.

5.9.3.1.3 Procedure

5.9.3.1.3.1 Set the signal generator output amplitude to

.0.3 Vrms and the fredquency to the center frequency of the
discriminator under test. Measure the bandpass filter output
amplitude using the true rms voltmeter. Record thie value on
data sheet 5.9.1. Measure and record the bandpass fllter output
amplitude at the other freguencies shown on data gheet 5.9.1.
Keep the input amplitude constant at 0.3 Vrms.

NOTE

Other input amplitudes should be used
instead of 0.3 Vrms if they are more
typical of actual usage or if the systen is
not linear for an input voltage of 0.3
Vrms.
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DIBCRIMINATOR

SINEWAVE UNDER TEST
4 (PRE-LIMITER RATED
TEST POINT) LOAD

' -
TRUE RMS l
VOLTMETER

Figure 5.9.1 Test Setup for Bandpass Input Filter Frequency Response.
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FM DISCRIMINATORS

DATA SHEET 5,9.1
TEST Pandpass Filter Freguency Response

MANUFACTURER MODEL,
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz = UPPER BAND EDGE KHz
LOWER BAND EDGE XHz LOW PASS FILTER CUTOFF, kHz
LOW PASS FILTER TYPE: I"lca I"lep | lother
TEST PERSONNEL, DATE LOCATION
f. = Center Freguency Af = Upper Band Edge Freg. - £ = KHg
Frequency (kHz) Amplitude (dB) Relative Amplitude (4B}
£ .
£+ Af/2
f.- Af/2
£+ Af
£~ Of
£+2 Af
£ -2 Af
EXAMPLE:

Relative Amplitude at (f.+4 £f) = Amplitude at (f+ 4f) - Amplitude at f,

Spectrum Analyzer Settings

Vertical Scale (dB/div) dp Attach

Lower Freguency kHz

Upper Frequency kKHz Photograph

Resolution Bandwidth Hz

Video Bandwidth _Hz Here
Iv-5-54




5.9.3.1.3.2 Set up the equipment as shown in figure 5.9.2. Set
the spectrum analyzer tracking generator cutput to 0.3 Vrms at
the discriminator center frequency (f.). Set the sweep limits at
f-2.5 pof and £ +2.5 Af ( Af = UBE frequency - f) Set the
spectrum analyzer vertical sensitivity to 2 dB/division. Adjust
the center frequency level to be 2 dB below top of display.
Photograph the spectrum and attach to data sheet 5.9.1.

5.9.3.2 White-Noigse Method - (Procedure 2)
5.9.3.2.1 Setyp - Connect the noise generator output to the

spectrum analyzer input.

5.9.3.2.2 Conditions - Set the spectrum analyzer resolution
bandwidth to a value <10 percent of the specified bandpass filter
bandwidth of the discriminator under test. Set spectrum analyzer
video bandwidth to a value <1 percent of resclution bandwidth.
Set spectrum analyzer sweep limits to £ -2.5 A f and f+2.5 Af
respectively (see data sheet 5.9.1). The spectrum analyzer
vertical sensitivity should be set to 2 dB/division. Adjust the
noise generator ocutput amplitude to 0.5 Vrms. Set the noise
generator ocutput frequency response such that the nOLSe is white
over the frequency range cof interest.

5.9.3.2.3 Verify that the ncise spectrun is flat within +0.5 4B
over the frequency range of interest.

5.9.3.2.4 Procedure - Connect the equipment as shown in figure
5.9.3. Measure and photograph the spectrum at the discriminator
bandpass filter ocutput. Estimate the values at the frequencies
shown on data sheet 5.9.1. Attach the photograph to the data
sheet.

5.9.4 Data Reduction - Verify that the values recorded on data

sheet 5.9.1 meet the required specification (see data sheet 5.9.1
sample).

IV-5-55




: TRUE RME
" VOLTMETER

DISCRIMINATOR
UNDER TEST
TRACKING > .
GENERATOR BPIF LPOF MAX,
(PRE-LIMITER RATED
TEBT POINT) LOAD
BPECTRUM | _ !
ANALYZER

SCOPE CAMERA
OR PLOTTER

Figure 5.9.2 Test Set-up for Bandpass Input Filter Frequency Response.
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DISCRIMINATOR
WHITE .| UNDER TEST
NDISE g I
GENERATOR BPIF LPOF MAX.
(PRE-LIMITER RATED
TEST PDINT) LOAD
SPECTRUM 1
ANALYZER |

SCOPE CAMERA
OR PLOTTER

Figure 5.9.3 Test Setup for Bandpass Input Filter Frequency Response.
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¥M DISCRIMINATORS
DATA SHEET 5.9.1 (Sample)

TEST Bandpass Filter Frecuency Response
MANUFACTURER P A MODEL, DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.90 kHz  UPPER BAND EDGE 80,5 kHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF_2.1 kHz
1OW PASS FILTER TYPE: 1"ica 1X!cp Il other,
TEST PERSONNEL DATE LOCATION
f. = Center Frequency A f = Upper Band Edge Ffreq. - f_ = 10.5 kHz

E;ggugngz_Lh__L Amplitude (dB) Relative Amplitude (dB)

fc 14.6 0.00
I+ 8£/2 75 25 13.44 -1.14
£~ Af/2 64.75 14.06 ~0.54

f;—af 80.5 10.64 -3.96
£~ 0F 59.5 11-6 ~3,00

£+42 Af 91 1.73 -12.87

f-2 Af 49 2.5 ~12.10

EXAMPLE:

Relative Amplitude at (£ + Af) = Amplitude at (f+ Af) ~ Amplitude at f_

Spectrum Analyzer Settings

Vertical Scale {dB/div) 10 dB Attach
Lower Fregquency 43,75 kilz

Upper Freguency 96.25 kiz Photograph
Resolution Bandwidth 1000 Hz

Videc Bandwidth 10 Iz Here

(See attachments 1 and 2.)
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5.10 out-of-Band Freguency Rejection

5.10.1 Purpose - This test measures the freguency and_amplitude
of spurious signals at the discriminator output when signals
outside the discriminator pass band are applied to the input.

5.10.2 Test Equipment

Signal generator or voltage controlled oscillator
which can be frequency modulated

Sine-wave generator with sweep capability

Sine-wave generator

Summing network

X-Y recorder

True rms voltmeter

Spectrum analyzer

5.10.3 Test Method

5.10.3.1 gSetup ~ Connect the test equipment as shown in
figure 5.10.1.

5.10.3.2 ¢onditions - See paragraph 5.0 for general test condi-
tions. Set up the spectrum analyzer as follows:

Minimum frequency: 0 Hz

Maximum fregquency: 10 times discriminator low pass filter
cutoff frequency

Resolution bandwidth: <10 percent of discriminator low pass
filter cutecff fregquency

Vertical sensitivity: 10 dB/division

5.10.3.3 Procedure
5.10.3.3.1 Set the signal generator to the following:

Amplitude at input to discriminator: 0.3 Vrms

Frequency: Discriminator center frequency

Peak deviation: Discriminator band edge

Modulating frequency: One half of discriminator low pass
filter cutoff frequency

Measure the discriminator full scale signal output level on the

spectrum analyzer. Set this level to be near the top of the
display and record on data sheet 5.10.1.
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FM DISCRIMINATORS
DATA SHEET 5.10.1

TEST Adjacent Chapnel or Unwanted Frequency Relection

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHz

LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kKHz

LOW PASS FILTER TYPE: I"ica 1~ lep |_iother

TEST PERSONNEL DATE LOCATION

Full Scale Signal dBm

Out-of-Band Fregquency Unwanted Freguency At Relative To Full

At Input Discriminator OQutput Scale Signal
XKHz kKHz dBm dB
kHz kHz dBm dp
kHz kHz dBm dap
kHz kHz dBm . dp
kHz kHz dBm dpB
KHz kHz d3m dB
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5.10.3.3.2 Set the sine-wave generator to the following
conditions:

Amplitude at input to discriminator: 0.3 Vrms

Frequency: Center frequency of the next adjacent usable
channel below discriminator under test

Modulation: Disconnected

Measure the amplitude of any spurious signals in the spectral
display and record the fregquency and amplitude of these signals
on data sheet 5.10.1.

5.10.3.3.3 Repeat step 5.10.3.3.2 with the sine-wave generator
gset to the following frequencies:

a. The UBE fregquency of the adjacent usable channel below
discriminator under test.

b. The LBE freguency cof the adjacent usable channel above
discriminator under test,

c. Center freguency of the adjacent usable channel above
discriminator under test.

5.10.3.3.4 Remove the modulation from the signal generator. Set
the sine-wave generator to sweep mode and sweep slowly between
the following frequencies:

2. The 100 Hz to UBE frequency of the adjacent usable
channel below discriminator under test.

b. The LBE frequency of the adjacent usable channel above
discriminator under test toc 1 MHz.

If any spurious output signals are detected, go to the freguency
that caused the problem and record the input freguency, output
freguency and level con data sheet 5.10.1. The X~Y recorder can
be used to detect spurious signals.

5.10.4 Data Redugtion ~ Subtract the full-scale signal level
from each of the out-of-band freguency levels and record under
relative column on data sheet 5.10.1 (see data sheat 5.10.1
sample).
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DATA SHEET 5.10.]1 (Sample)

FM DISCRIMINATORS

TEST Adiacent Channel or Unwanted Frequency Rejection

MANUFACTURER XYZ MODEL DEF

SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 64 kHz UPPER BAND EDGE 68 KHz
LOWER BAND EDGE 60 KHz 1LOW PASS FILTER CUTOFF___2 kHz
LOW PASS FILTER TYPE: 1"lca X |~ other

TEST PERSONNEL DATE LOCATION

Full Scale Signal _-4.3 dBm

out-of-Band Frequency

At Input

kHz

kHZ

kHz

kHzZ

kHz

kHz

Unwanted@ Freguency At
Discriminator Output

kHz dBm
kKHZ dBm
kKHz dBIm
kH2 dBm
kHz dBm
—kHz dbm

No spurious signals detected.
All spurious signals at least
50 dB below full scale sine wave.
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5.11 Pulse Respohnse

5.11.1 Purpose - This test measures the response of the
discriminator to an input signal which is modulated by pulses,
for example, pulse amplitude modulation (PAM) or pulse cocde
modulation (PCM).

5.11.2 Test Egujipment

Signal generator which can be freguency wmodulated
Square-wave generator

Freguency counter

Oscilloscope

Oscilloscope camera or plotter

5.11.3 Test Method

5.11.3.1 Setup - Connect the test equipment as shown in
figure 5.11.1.

5.11.3.2 Conditions - See varagraph 5.0.
5.11.3.2 Procedure

5.11.3.3.1 Frequency modulate the signal generator with a
sguare wave. The square-wave fregquency should be equal to
0.1 times the discriminator LPOF cutoff freguency. The peak
deviation of the signal generator should be 0.5 times. the
UBE frequency minus the center fredquency of the discri-
minator. Take a photograph of the oscilloscope display.
Measure the rise time, overshoot, and settling time, and
record on data sheet 5.11.1.

5.11.3.3.2 Repeat step 5.11.3.3.1 with a peak deviation
equal to the UBE frequency minus the center frequency.

5.11.4 Data reduction -~ Compare the results with the
specification (see data sheet 5.11.1 sample}.
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FM DISCRIMINATORS

DATA SHEET 5.11.1 .
TEST Pulse Response
MANUFACTURER MODEL
SERIAL NO. . IRIG CHANNEL
CHANNEL SELECTCOR SERIAL NO._ .. 10W PASS OUTPUT FILTER S/N
CENTER FREQUENCY kBz  UPPER BAND EDGE kHz
LOWER BAND EDGE KHz LOW . PASS FILTER CUTOFF XHz
1LOW PASS FILTER TYPE: 1I"lca 1" lep !~ lother
TEST PERSONNEL DATE LOCATION
Square Wave Frequency kHz
Peak Deviation kHz
10 to 90% Rise Tinme — S
Overshoot $ of peak-to-peak amplitude
Settling Time to Within
2% of Step ———— e
Peak Deviation kHz
10 to 90% Rise Time ms
Overshoot . % of peak-to-peak amplitude .
Settling Time to Within
2% of Step ms
ATTACH ATTACH

PHOTO PHOTO
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FM DISCRIMINATORS
. DATA SHEET 5,l1l.l (Sample)
TEST Pulse Regsponse
MANUFACTURER XYZ MODEL _DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 80 UPPER BAND EDGE 24.0 kH=z
LOWER BAND EDGE 76,0 LOW PASS FILTER CUTOFF__1.0 kHz
LOW PASS FILTER TYPE: " lca 1Xlcp I~ lother
TEST PERSONNEL LOCATION
Square Wave Frequency 0.100 KHz
Peak Deviation 4, kHz
10 to 90% Rise Time
Overshoot 0.8 % of peak-to-peak amplitude
Settling Time to Within -
2% of step 0,600 ms
(See attachment 1.)
Peak Deviation 2 kHz
10 to 90% Rise Time 0,35 me
Overshoot 0.7 % of peak-to-peak amplitude
_ Settling Time to Within
2% of Step 0,650 _ns
(5ee attachments 1 and 2.)
ATTACH ATTACH
PHOTOGRAPH PHOTOGRAPH
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5.12 Acquisition apnd Settling Tipme

5.12.1 Purpose - This test measures the time required for the
discriminator output to reach its final value after the
application of an input signal. The time includes bandpass
filter, discriminator and output filter delays.

5.12.2 Test Egquipment

Signal generator with amplitude modulation orx
gate on/off capability

Square—-wave generator

Frequency counter

True rms voltmeter

Dual-trace oscilloscope

Oscilloscope camera or plotter

5.12.2 Test Method

5.12.3.1 Setup - Connect the test eguipment as shown in
figure 5.12.1.

5.12.3.2 Conditions - See paragraph 5.0 for general test
conditions. Set the discriminator cutput veltage to ¢ V with an
unmodulated center frequency input. Adjust the discriminator
output voltage to +5 V with an UBE frequency input. Set the
oscilloscope vertical sensitivity to 0.1 V/division on the
channel monitoring the discriminator output.

5.12.3.3 Procedure

5.12.3.3.1 Adjust the signal generator output freguency to be
egqual to the center frequency of the discriminator under test.
Amplitude modulate the signal generator with a square wave such
that the maximum signal level iz 6 dB greater than the minimum
specified input level and the minimum signal level is at least
20 dB below the minimum specified input level. Measure the
amplitude modulation by setting the sguare wave freguency to
approximately 0.1 Hz and reading the amplitude of the two levels
using a true rms voltmeter. Record the maximum and minimum
signal levels on data sheet 5.12.1. (A signal generator which
can be gated on and off may be substituted for the amplitude
modulated signal generator).

5.12.3.3.2 Set the sguare wave frequency egual tc 0.1 times the
discriminator output low pass filter frequency. Adjust the
oscilloscope to synchronize on the square wave signal. Photograph
the oscilloscope display. Measure the time between the signal
going to the high input level state and the discriminator output
Figure 5.12.1
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FM DISCRIMINATORS
DATA SHEET 5.12.1
TEST uisition and Settlin

MANUFACTURER MODEL,
SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz  UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF _KHz
LOW PASS FILTER TYPE: I“lca I"lcp !”lother

TEST PERSONNEL DATE LOCATION

Signal Generator Levels With Amplitude Modulation
iscriminato

Maxinum nVrms

Minimum nVrns
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settling to within one vertical division (1 percent of peak-
to-peak output voltage swing) of its final value. The square
wave frequency and oscilloscope horizontal time base may have to
be adjusted to obtain the desired accuracy. A sample oscillo~
scope display is shown in figure 5.12.2. Record the results on
data sheet 5.12.1.

- §5.12.4 Data Reduction - Compare the results with the specifica-
tion (see data sheet 5.12.1 sample).

Center Frequency: 128 kHz

Bandpass Filter Bandwidth: 8 kHz

Low Pass Filter Bandwidth: 4 kHz

Horizontal Sensitivity: 0.1 ms/major division

Settling time to within 1% of full scale: 0.36 ms

Final value: 2 major divisions up frem bottom of display

Figure 5.12.2 Photograph of Oscilloscope Display for Acquisition and
Settling Time Test.
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FM DISCRIMINATORS

MODEL DEF

DATA SHEET $,12.]1 (Sample)

TEST Acquisition and Settling Time
MANUFACTURER X¥Z

SERIAL NO. ABC

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.

- LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 64 KHg = UPPER BAND EDGE 68 XHzZ
LOWER BAND EDGE 60 kKHz LOW PASS FILTER CUTOFF__2 _KkHz
LOW PASS FILTER TYPE: i lca 1%lco I lother

TEST PERSONNEL DATE LOCATION

Signal Generator Levels With Amplitude Modulation

n iscrimipator
Maximum_20. mnvrms
Mininmum 0.2 mVrms
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5.13 a cy Response

5.13.1 Purpose - This test measures the data frequency response
of an FM discriminator.

5.13.2 Test Equipment

Audio oscillator (sine wave)

Signal generator or voltage controlled oscillator which can
be frequency modulated

Frequency counter

Oscilloscope

Voltmeters, rms, 2 required

Spectrum analyzer

Wave analyzer (optional)

5.13.3 Test Method

5.13.3.1 Setup - Connect the test egquipment as shown in
figure 5.13.1.

5.13.3.2 Conditions - See paragraph 5.0 for general test
conditions. The signal generator should be set to the following:

output frequency = discriminator center freguency

Output amplitude = 0.3 Vrms

The discriminatocr output should be set to 0V d¢c with an
unmodulated center freguency input.

5.13.3.3 Procedure

5.13.3.3.1 The first step in this procedure will be to set the
signal generator peak deviation egual to the (UBE frequency -
center fregquency) of the discriminator.

NOTE

The Bessel null method is described here. Other
methods of setting the peak deviation may be used if
desired.

Set the audic oscillator fregquency to the desired peak
deviation/2.405 (first Bessel carrier null). Decrease the audio
oscillator amplitude to a minimum. Slowly increase the amplitude
until the first carrier null is observed on the spectrum analyzer.
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Measure this amplitude using the rms voltmeter and record on data
sheet 5.13.1. Increase the audio oscillator frequency until it is
egual to the peak deviation. Measure the difference (in dB)
between the modulated carrier amplitude and the amplitudes of the
first sideband pair. This difference should be 4.8 dB (sidebands
lower than modulated carrier). If both sidebands are not between
4.3 and 5.3 dB lower than the modulated carrier, the freguency
response of the signal generator is not adegquate for this test, and
a different signal generator or veoltage controlled oscillator must
be used.

5.13.3.3.2 Set the andio oscillator frequency to one-tenth of
the discriminator low pass filter cutoff frequency. Adjust the
audio oscjillator amplitude to be equal to the value determined
in step 5.13.3.3.1, that is, the value which results in the
desired peak deviation. Measure the discriminator ocutput on
the rms voltmeter and record on data sheet 5.13.1.

5.13.3.3.3 Set the audic oscillator to the frequencies listed
on data sheet 5.13.1 while maintaining the ocutput amplitude
constant. The highest audio oscillator frequency will be equal
to four times the discriminator low-pass filter cutoff
frequency. Measure and record the discriminator output on data
sheet 5.13.1 for each freguency.

5.13.4 Data Reduction - Subtract the discriminator output
amplitude (in dB) at one-tenth the low=-pass filter cutoff
frequency from the amplitude at each of the other frequencies.
Record on data sheet 3.1 (see data sheet 5.13.1 sample).
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FM DISCRIMINATORS
DATA SHEET 5.,13.1
TEST Data Freguency Response

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. ILOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: 1"lca iTlcp i~ lother
TEST PERSONNEL DATE LOCATION
Rms voltage at FM input of the signal generator vrms
¥ of LPOFP Discriminator Discriminator
Cutoff Output Relative
Freguency Frequency (Hz) Amplitude (dBm) tude (d
10 - 0
49
70
00
2040
200
400
1V-5-80




FM DISCRIMINATORS

DATA SHEET 5.13.1 (Sample)
TEST Data Freguepngy Response

MANUFACTURER XYX2Z MOBEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S5/N
CENTER FREQUENCY 64 kKHZ UPPER BAND EDGE 68 kHzZ
LOWER BAND EDGE 60 kHz LOW PASS FILTER CUTOFF___ 2.0 KkHz
LOW PASS FILTER TYPE: I"lca {X!lcp |~ lother
TEST PERSONNEL DATE LOCATION
Rms voltage at FM input of the signal generator _Q,641 Vrms

%¥ of LPOF Discriminator Discriminator
Cutoff output Relative
Frequency . Freqguency (Hz) Amplitude (dBm) Amplitude (dB)

10 . 200 29.05 Q

40 800 28,50 =0,55

70 1400 27.28 -1.77

100 2000 £5.3 -2,7%

200 4000 . 11.72 =17.33

300 6000 -6.89 =-35,94

400 8000 -23,09 -52.14
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5.14 Tape Speed Compensation

5.14.1 Purpose -~ This test measures the performance of the tape
speed compensation (TSC) circuitry in an FM demodulation system.

NOTE

A reference discriminator and associated delay line are
needed to perform this test.

5.14.2 Test Equipment

Twe stable signal generators with FM inputs
Reference discriminator and delay line
Baseband spectrum analyzer

X-Y recorder

Baseband frecquency sweep generator
Oscilloscope (preferably with dual trace)

5.14.3 Test Methed

5.14.3.1 Setup - Connect the test equipment as shown in
figure 5.14.1.

5.14.3.2 Conditions - Disconnect the baseband frequency sweep
generator from the inputs of the signal generators. Set the output
frequency of the signal generator driving the reference
discriminator to the center frequency of the reference
discriminator and the output frequency of the signal generator
driving the discriminator under test to the center freguency of the
discriminator under test. While monitoring the outputs of the
discriminators, vary the cutput of each signal generator +3 percent
of the center fregquency and note the positions of the trace on the
oscilloscope. Set the signal generators back to the respective
center fregquencies and reconnect the baseband frequency sweep
generator. Adjust the output level sc that the peaks of the output
signals from the discriminators are at the trace positions notegd
earlier. A voltage divider may be needed on the FM input of the
most sensitive of the two signal generators to create an equal
percent deviation sensitivity on both signal generators. The
spectrum analyzer should be set up to the following conditions:

Start Frequency: Between 0 Hertz and discriminator lew-pass
filter cutoff fregquency/100

Stop Frequency: Discriminator low-pass filter cutoff
frequency.
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Resoclution bandwidth: Less than or egual to stop freguency/100 .
Vertical scale: lo éB/division

Sweep rate: If the bkbaseband frequency sweep generator
cannot track the sweep of the spectrum
analyzer, set the sweep period to 100
times that of the baseband freguency sweep
generator

Set up the baseband frequency sweep generator to the same start
and stop frequencies as the spectrum analyzer.

5.14.3.3 Procedure

5.14.3.3.1 Disconnect the TSC input from the discriminator under
test. With the equipment under operation, set the trace on the
spectrum analyzer to the reference level of the log scale while
measuring the power spectrum of the output of the test
discriminator. (If the frequency sweep generator is tracking the
spectrum analyzer, this trace will be a continucus line. 1If the
sweep rates are not tracking and are set up in a 1 to 100 ratic
as described in subparagraph 5.14.3.2, the trace will be about
100 evenly spaced discrete freguency peaks.)

5.14.3.3.2 Reconnect the TSC input to the discriminator under

test and record the spectrum on the X-¥ recorder. This trace

will be the level attenuation versus tape speed variation .
frequency for the TSC.

5.14.4 Data Reductjon - Note the dB level below the reference
level at 10 evenly spaced points along the curve positioned to
pick up both the best and worst case frequencies in the
discriminator's bandwidth. Record the approximate frequency and
amplitude levels an data sheet 5.14.1 (see data sheet 5.14.1
sample).

5.14.5 Measurement Variation - The baseband frequency sweep
generator and spectrum analyzer may ke replaced with a baseband
frequency response level measuring set for this test,
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FM DISCRIMINATORS

DATA SHEET 5.14.1
TEST Tape Speed Compensation

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.__- ____ LOW PASS QUTPUT FILTER S§/N

CENTER FREQUENCY kHz UPPER BAND EDGE KHz
LOWER BAND EDGE kHz 1OW PASS FILTER CUTOFF _kHz
LOW PASS FILTER TYPE: —lea I—lep | lother

TEST PERSONNEIL, DATE LOCATION

Reference Oscillator Fregquency kHz

Reference Discriminator Model Serial No.

Delay Line Model Serial No.

Freguency (H2) ISC Improvement (dB)
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M DISCRIMINATORS
DATA SHEET 5.14.1 (Sample)

TEST Tape Speed Compensation

MANUFACTURER XYZ MODETL DEF
SERIAIL, NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL KNO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70 kHZ UPPER BAND EDGE 75.25 kKHz
LOWER BAND EDGE 64.75 kHz I1OW PASS FILTER CUTCOFF__1.05 KHz
ILOW PASS FILTER TYPE: i lea tX!cp | " lother
TEST PERSONNEL DATE LOCATION
Reference Oscillator Frequency 100 KHz
Reference Discriminator Model Serial No.
Delay Line Model Serial No.

nec z IS¢ Improvement (AB)

100 w33

200 24

300 20

400 18

500 16

600 _ 14

700 13

800 i2

500 i1
1000 ' 10
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5.15% i imi se ns

5.15.1 Purpose - This test determines phase response
characteristics of a discriminator including bandpass input and
LPOF. This test should be of value where phase distortion or
nonlinearity is the cause of data quality or phase-related
processing problens.

5.15.2 Test Eguipment
5.15.2.1 For Procedure 1 - Incremental Method

Audio oscillateor

Oscilloscope with dual trace or phase meter
Voltage~controlled signal generator without filter
Fregquency counter

5.15.2.2 ed - jok- e

White noise generator

Voltage-controlled signal generator without filter

Dual-channel spectrum analyzer with transfer function
and display and plotting capability

5.15.3 Test Method
5.15.3.1 Procedure 1 - Incremental Method

This method involves measuring delay through the discriminator as
a function of intelligence frequency. The delay may be measured
using either an oscilloscope or a phase meter.

5.15.3.1.1 Setup 1

Connect equipment as shown in figure 5.15.1.

5.15.3.1.2 Conditien 1

Both procedures 1 and 2 depend on negligible relative
contribution to phase nonlinearity by the signal generator. This
condition is ensured only through use of a small, central, highly
linear portion of the signal generator range, and both procedures
are, therefore, less valid for large percentage deviation cases.
The discriminator should already be set for 0.V out at center
frequency and a nominal band edge voltage appropriate for the
unit under test.
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AUDRIO FRERQUENCY

OSCILLATOR i COUNTER
3
AM IN |FM IN DISCRIMINATOR
UNDER TEST
SIGNAL - ¢
GENERATOR BPIF LPOF MAX.
RATED
LOAD
OSCILLOSCOPE :
JEN——— =

OR PHASE METER

Figure 5.15.1 Test Setup for Discriminater Phase Response.
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5.15.3.1.3 Procedure 1

5.15.3.1.3.1 Set the audio oscillator frequency equal to the
discriminator UBE fregquency minus the center fregquency. Set the
audio oscillator amplitude to produce a band-edge-to-band-edge
deviation of the signal generator. This procedure produces a
signal with a modulation index equal to one. The two traces on
the oscilloscope are the audic oscillator output and the
discriminator output. The delay of the discriminator output
relative to the audio oscillator output is the quantity being
measured.

5.15.3.1.3.2 Measure the time difference between the zero
crossings of the two traces and record on data sheet 5.15.1
(see data sheet 5.15.1 sample). Repeat for other modulation
frequencies as desired. (Modulation frequencies of 0.25, 0.5,
0.75, and 1 times the peak deviation provide a reasonable data
base for most applications.) This test may be repeated for
other peak deviations as desired.

5.15.3.2 jck— Spec t

This method involves using a dual-channel spectrum analyzer/display
to observe the phase response curve given a white noise driven
signal generator as input to the discriminator.

5.15.3.2.1 $Setup 2 - Connect equipment as shown in figure 5.15.2.
5.15.3.2.2 condition 2

This method uses a dual channel spectrum analyzer with phase response
plotting capability. Resolution/accuracy of phase measurement will
depend on dynamic range, numerical cursor readout availability, and
other features of a given analyzer. The discriminator should already
be set for 0 V output at center frequency and a nominal band edge
voltage appropriate for the unit under test.

5.15.3.2.3 Procedure 2

Use one channel of the dual-channel analyzer cn the input to the
signal generator and the second channel on the discriminator
output. Select the phase portion of transfer function or cross-
spectral mode of the analyzer. Adjust analyzer gain and white-
noise amplitude to avoid overrange or saturation. If necessary
to avoid saturation, low-pass filter the white noise prior to the
signal generator. Any prefiltering of the signal generator input
must be wider than the LPOF in use and have linear phase
characteristics., Select a frequency analysis range greater than
that of the discriminator LPOF in use. Observe and hard copy the
phase versus frequency plot and attach to data sheet 5.15.2.

Iv-5-89




WHITE

NDISE
s 4
OPTIONAL
LPF
|
T
AM IN [FM IN DISCRIMINATOR
UNDER TEST
SIGNAL ”
BENERAT -
ATOR BPIF LPOF MAX.
RATED
R ®
DUAL. CHANNEL !
| SPECTRUM P :
ANALYZER
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FM DISCRIMINATORS
DATA SHEET 5.15.1

TEST Discriminator Phase Response (Procedure 1)

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kKHzZ UPPER BAND EDGE KHZ
LOWER BAND EDGE kHz IOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: 1"lca 1" lcp !~ lother

TEST PERSONNEL DATE LOCATION

Frequency at Modulation Index Delay (D) Relative Phasme
Signal Generator (Peak Dev./ f,)} Measured with Angle (Degrees)
Input = £, = Oscjlloscope _ (=360xDxf.)

1.0
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TEST Discriminator Phase Response {(Procedure 1)

MANUFACTURER X¥Z MODEIL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS QUTPUT FILTER S/N
CENTER FREQUENCY izsg kuz UPPER BAND EDGE___ 132 kHz
LOWER BAND EDGE 124 kHz IOW PASS FILTER CUTCFF 4 kiz
LOW PASS FILTER TYPE: " ica IX!cD " lother
TEST PERSONNEL DATE LOCATION
Freguency at Mcocdulation Index Delay (D) Relative Phase
Signal Generator {Peak Dev./ £} Measured with Angle (Degrees)
Input = £, Oscillese (=360xDxf.}

4__kHz 1.0 207 us 298.3

3 1.33 207 223.6

2 2 207 149.

1 4 207 74,5

s 1 207 145.
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FM DISCRIMINATORS

DATA SHEET 5.15.2

TEST Discriminator Phase Response (Procedure 2)

MANUFACTURER

MODE]L

SERTAIL NO.

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.
CENTER FREQUENCY

LOW PASS OUTPUT FILTER S/N

LOWER BAND EDGE

LOW PASS FILTER TYPE: I

KHz  UPPER BAND EDGE kHz

kHz LOW PASS FILTER CUTOFF kHz
—lea f_jcp |_lother

DATE LOCATION

TEST PERSONNEL

Signal Generator

Spectrum Analyzer

White Neise Generator

Attach spectral plots with full annotation.
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HQTE

Procedure 2 does hot involve incremental point
collection but provides an immediate response curve
picture. The technigue used is the same as ploiting
the transfer function or phase characteristic, or boeth,
of a filter. 1In this case, the signal generator
discriminator combination is the “filtexr" under test.

5.15.4 Data Reduction
5.15.4.1 Procedure 1 (see data sheet 5.15.1)

The data in tabular form consists of an independent variable
{frequency) and a dependent variable (delay)}. These variables
should be plotted on a large enough scale to show phase
nonlinearity (nonconstant delay) to the degree required. Delay
may be converted to phase angle and entered on the last data
sheet column. Convert delay to angle by multiplying the delay
value by the frequency of the audio oscillator sine wave times
360° (see data sheet 5.15.1 sample).

5.15.4.2 pProgequre 2 -~ The analyzer provides the phase versus

frequency plot directly. These graphics should be attached to
data sheet 5.15.2 (see data sheet 5.15.2 sample).

1¥-5-94




FM DISCRIMINATORS

DATA SHEET 5.15.2 (Sample)
TEST Discriminator Phasge Response (Procedure 2)

MANUFACTURER XYZ MODEL, DEF

SERIAL NO. ABC IRIG CHANNEL 1¢G

CHANNEL SELECTOR SERIAL NO.___ _______ L[OW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 5,400 kiiz UPPER BAND EDGE 5,805 kHz
LOWER BAND EDGE 4,995 kHz IOW PASS FILTER CUTOFF_0Q,08] kHz
LOW PASS FILTER TYPE: 1X!cA IX1cD |~ lother

TEST PERSONNEL DATE LOCATION

Signal Generator IMN Spectrum Analyzer OPH

White Noise Generator RST

(Seé attachments 1 through 6.)
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5.16 Two Tone Intermodulation Tesi

5.16.1 Purpeose - This test permits the measurement of distortion .
produced in a subcarrier discriminator independent of the

harmonic distortion present in the modulation scurce or produced

in the FM modulated signal generator. The results of this test

will indicate the effects of significant phase nonlinearities of

the channel selectors (BPIF) which are generally the cause of

increased distortion with higher modulation freguencies. '

5.16.2 ZTest Equipment

Audio oscillator (modulation sources) (2)
S5ignal generators (2)

Doubie balanced mixer

Spectrum (or wave) analyzer

Oscilloscope

5.16.3 Test Method

5.16.3.1 Setup - Connect the test equipment as shown in
figure 5.16.1.

5.16.3.2 Conditions
5.16.3.2.1 Warm up all equipment according to specifications.

5.16.3.2.2 Maximize output load according to specifications.

5.16.3.3 Procedure .

5.16.3.3.1 Install LPOF in discriminator to reflect a deviation
ratio of one or less if available. Cutoff frequency of LPOF is
equal to the peak deviation of the subcarrier channel under test.

5.16.3.3.2 Calibrate the discriminator/oscilloscope setup at
the subcarrier channel deviation limits, adjust the center
frequency of the signal generators and the level of the modula-
tion sources to produce an indication on the oscilloscope that
has an envelope shaped like a sine overlaying a ninus sine wave.
In addition, the crests of the signal observed should extend to
the subcarrier channel edges. Under this condition, the input
signal is being egually deviated by each of the modulating
signals and the peak deviation of the composite modulation is
the rated deviaticn of the channel. For this initial setup,
moduliation frequencies (f, and f,}) of 20 and 25 percent of the
LPOF frequencies are recommended.
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NOTE

The center fregquencies of the sighal generators (£,
and fd) shall be set such that their difference (f
- £.) is equal to the discriminator center
frequency.

The output of the double balanced mixer shall be set
to 0.3 Vrms.

An alternate modulated signal scurce is a single FM
signal generator modulated by the composite of the
two tones (f, and £,) that have been linearly
summed. This anproach may be limited by the
intermodulation products in the input signal to the
discriminator.

5.16.3.3.3 Adjust the spectrum (wave) analyzer to individually
measure the level of the two modulation freguencies. Record
these levels on data sheet 5.16.1.

5.16.3.3.4 Measure and record the level of the intermodulation
(IM) component located at the difference freguency (f,~f,).

5.16.3.3.5 Measure and record any IM components located at
2f,~f, and 2f,-f,.

5.16.3.3.6 Increase the modulation frequencies toc 80 and 90
percent of the LPOF frequencies and repeat steps 5.16.3.3.3
through 5.16.3.3.5.

5.16.4 Data Reduction - Express the IM in percentage or in dB with
respect to the desired modulation levels (see data sheet 5.16.1
sample).

NOTE

The IM to modulation ratio of the difference
frequency product (f,~f,) normally varies as the
square of the modulation levels, whereas the 2£,-1,
and 2f,-f, components normally vary as the cube of
the modulatlon levels. Other modulation levels may
be tried, if desired, to determine if the
discriminator under test follows these rules.
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FM DISCRIMINATORS

. DATA SHEET 5.16.1
TEST Two Tone Intermodulation Test

MANUFACTURER MODEL
SERIAL NO. TRIG CHANNEL
. CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kKHz UPPER BAND EDGE kHz
) LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF______ kHz
LOW PASS FILTER TYPE: 1" iea i_icp | _lother
TEST PERSONNEL DATE LOCATION
Low Frequency Test
£, = 20% of LPOF Frequency = ___  Amplitude of f, = v.ds’
f, = 25% of LPOF Freguency = Amplitude of f, = V.dB
Amplitude of f, - f, Freq. Component = v.dB
Amplitude of 2f, - £, Freq. Component = v.dB"
Amplitude of 2f, - f, Freq. Component = v. a8’
High Fregquency Test :
. f, = 80% of LPOF Frequency = Amplitude of f, = v.a8"
f, = 90% of LPOF Frequency = Amplitude of f, = v.dp"
Amplitude of £, ~ f, Freq. Component = v,dp"
Amplitude of 2f, - f, Freq. Component = v.aB"
Amplitude of 2f, - f, Freq. Component = v.d8"

" Strike out unused units (either V or dB).
(See attachments 1 and 2.)
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FM DISCRIMINATORS

DATA SHEET 5.16.1 (Sample) .
TEST Two_Teone Intermeodulation Test
MANUFACTURER Xyz MODEL__DEF
SERTAL NO. ABRC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 64 kHz  UPPER BAND EDGE 68 kKHz
LOWER BAND EDGE 60 XHz LOW PASS FILTER CUTOFF_ 4 kHz
LOW PASS FILTER TYPE: I"lca iXicp |”|other__
TEST PERSONNEL DATE LOCATION
oW e est
£, = 20% of LPOF Fregquency = 800 Hz Amplitude of £, = _=9.] Xv.dp
£, = 25% of LPOF Frequency = _1000 Hz Amplitude of £, = _-9.1  XV,dp"
Amplitude of f, - £, Freq. Component = Mﬂ-
Amplitude of 2f, - f, Freg. Component = xv.gan"
Amplitude of 2f, - f, Freg. Component = -60,6__ XV.dB
f+£, -60.6 dB
e Test

£, = 80% of LPOF Frequency = _3200 Hz Amplitude of £, = __-9.6 __ Xv,dp' .

£, = 90% of LPOF Frequency = _3600 Hz Amplitude of f, = -9.7 Xv.das
Amplitude of £, - f, Freqg. Component = ~62.,9 Xv.dp’

L

Amplitude of 2f, - £, Freq. Component = -42.1 b))
Amplitude of 2f, ~ f, Freg. Component = -46,1 Xv.4p
f+£, ~49.1 dB
* strike out unused units {either V or 4B).

(See attachments 1 and 2.)
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Appendix IV-A
THE SPECTRUM OF AN NRZ-PN SEQUENCE

NOTE

Appendix IV-A addresses material contained
in chapter 2 of this volume.

The spectrum of an NRZ-PN sequence consists of a Fourier series of
sinusoids with a fundamental frequency equal to the sequence repetition
rate with power values inscribed within the random PCM NRZ power spectrum
depicted in figure IV-A.1. The fraction of the total power in each
component near 0 frequency is approximately 2/m where m is the number of
bits in the sequence. Thus, when m is large, such as 2X103, the spectrum
is nearly continuous and has the same shape as random NRZ. Similarly,
for a splitphase PN sequence, the Fourier component frequencies are
multiples of the sequence rate with power value inscribed within the
random split-phase spectrum shown in figure IV-A.1.
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Appendix IV-B
CALCULATION OF BIT ERROR MEASUREMENT INTERVALS

NOTE

dppendix IV-B addresses material contained in
chapter 4 of this volume.

1.0 General

This appendix describes the selection of measurement intervals and
provides samples of experimental data and data plots. The description
of interval selection is presented as a theoretical treatment of the
calculation of bit error measurement interval. The sample experimental
data and data plots are presented for illustration purpases only and are
not to be used for equipment specifications. Sample data and data plots
are provided for each of the tests indicated in the standard test pro-
cedures in chapter 4.

1.1 Measurement Intervals:

1.1.1 Select measurement intervals which will provide statistically
significant data with measurement repeatability equivalent to :0.2-dB

SNR variation. Measurements over intervals longer than the equivaient

of 107 bit periods will require appropriate averaging of repeated measure-
ments or the use of an external counter and timing arrangement. Some
combinations of bit rate and SNR may require lengthy measurement in-
tervals to obtain statistically significant data. The usefulness of

such performance measurements will be dependent upon such things as the
application in which the bit synchronizer is to be used and the purpose
for which the measurements are made.

1.1.2 The measurement interval required for specified BEP measurement
repeatability is a function of the BEP. However, the BEP can be ex-
pressed as a function of the signal energy per bit-to-noise power
spectral density and this relationship can be used to derive a specified
probability of a certain repeatability. The expression for the measure-
ment interval (in bit periods) required to achieve a 0.95 probability of
a2 +0.2-dB repeatability is derived in this appendix. The derivation
also shows the substitution required for other probabilities.
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1.1.3 The BEP for unfiltered NRZ-L with additive gaussian noise and an
optimum bit detector has been dervied by Lindsey {see reference 1) to .
be:

_ -
BEP=!; erfc{y R)= ;-f e dt
VR

Where R=ratio of signal energy ber bit to single-sided noise power
spectral density in watts/Hz.

1.1.4 Hoel (sse reference 2) states the following coroliary: "The
proportion of success x/n will be approximately normally distributed
with mean P and standard deviation /Pg/n if n is sufficiently large.
Where P=BEP, q=1-P, x is the number of bit errors in the intarval, and n
is the number of bits in the measurement interval for this appendix."
Hoel also states that it is a good approximation whan np> 5.

1.1.5 A normally distributed variable has a 0.95 probability of being
within 1.96 standard deviations {¢) of this mean. Therefore, if the
change in BEP, caused by a 0.2-dB change in R is known and this change
is forced to be larger than or equal to {1.96¢), the probability of
beiny within 0.2 dB of the actual BEP will be 0.95. Since the slope
(dBEPhg:E of the BEP (linear) vs. R (dB} decreases for increasing R,
dR /&
it is necessary only to consider the case of R+(0.2 dB. .

1.1.6 Therefore, the measurement interval required {in number of bit
periods) can be derived as follows:

1 .961:_(¢P)0=JP—(—;£)-=J§J1'P=JE for Pe<l,
n

1.95{% <(aP)

(AP)_{].QGE

(AP)2:3.84(%)

o,3.84P
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1.1.7 The BEPs calculated from BEP=l erfc (VR) ara:

erfc (/R) determined from NBS table (see reference 3).

Expected Number of

R BEP n Min Bit Errors in n
3.0 2.29 x 10-2 1.5 x 104 350
3.2 2.05 x 10-7
6.0 2.39 x 10-3 4.6 x 10* 110
6.2 1.94 x 10-3
9.0 3.37 x 10-5 1.1 x 108 38
9.2 2.27 x 10-3

12.0 9.0 x 10-° 1.5 x 10° 13.5
12.2 4,17 x 10-°

15.0 9.1 x 10!+

15.2 2.02 x 10-15

1.17.3 The measurement interval required for other probabilities within
0.2 dB can be calculated by replacing 1.96 by the K 1isted in the
following chart.

Probability K
0.90 1.64
0.95 1.96
0.99 2.58
0.999 3.30
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1.1.9 The measurement intervals calculated for the theoretically
optimum case will be longer than those required for the practical case
with a physically realizable bit synchronizer. A longar measurement
interval results in increased statistical accuracy.

REFERENCES
1. Lindsey, W.C., "Bit Synchronization System Performance Character-
ization, Modeling, and Tradeoff Study,” Technical Publicaticn TP-73-18,

Pacific Missile Test {enter, Point Mugu, California, 4 September 1973.

2. Hoel, Paul G., "Introduction to Mathematical Statistics,"” 4th edition,
John Wiley and Sons, Inc., New York. 1971, pp 82-83.

J. National Bureau of Standards, "Tables of the Error Function and its

Derivative," Applied Mathematics Series 41, 2nd edition, U.S. Government
Printing Office, Washington, D.C., 1954.
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Appendix IV-C
DEFINITIONS AND SUGGESTED CIRCUITS FOR BIT SYNCHRONIZER TESTING

NOTE

Appendix IV-C addresses muterial contained in
chapter 4 of this volume.

1.0 General

This appendix provides the definitions used for bit slippage probability
(BSP) and acquisition testing and contains the suggested schematics for

external delay and gate for procedure 2 (subparagraph 4.1.4.3.2) of the

acquisition test.

1.1 Definitions
1.1.1 Reference Clock - The reference clock is the clock of the test

set PCM generator suitably detayed for phase coincidence with the bit
synchronizer output clock when in stable locked condition.

1.1.2 Bit Slippage - Bit slippage is the gain or loss of one ar more
bits by the bit synchronizer.

1.1.3 Bit Acquisition - Bit acquisition has occurred when the BEP drops
from approximately 0.5 to the BEP characteristic of the input SNR. In
practice, there may be base-line offset due to logic, FM receiver mis-
tuning, etc., which requires time to be balanced out by the bit synchro-
nizer and detector. Thus, it is necessary to specify offset conditions
in connection with this test.

1.2 Auxiliary Circuits for Acquisition Test

1.2.1 Figure IV-C.1 gives circuits for the PCM delay and PCM gate
included in figure 4.1.4-2.

1.2.2 Figure IV-C.2 illustrates the use of procedure 2 for acquisition
time and consists of two photographs showing ascilloscope traces of
eight acquisition tries for two different BEPs. Time to acquire can be
easily determined by the photographic metfiod with BEP as large as 0.4,
as jllustrated. Use of a storage scope would be faster because the
times could be read directly and logged for each try.
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Figure IV-C.2 Illustrations of Procedure 2 of the Acquisition Test.
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1.3 Suggested Circuits for Amplitude Modulator and Noise Shaper

1.3.1 Amplitude Modulator

Figure IV-C.3 is a suggested schematic for the amplitude modulator.
This circuit, with some minor changes, was taken from the Motorola
application sheets. Approximate voltage ranges for the two inputs are
given. This circuit will work satisfactorily to at least 10% bits/sec.

1.3.2 Noise Shaper

Figure IV-C.4 is a suggested schematic for shaping the noise for the
jitter test, subparagraph 4.1.5.3.11.

1.3.3 IF Bandwidth and Carrier Modulation for Base-lLine Wander Plus
Jitter Test

When base~line wander and AM are applied simultaneousiy to the bit
stream, an IF bandwidth wider than the optimum for unperturbed bit
streams is required. As an exampie, for 50-percent AM and 50-percent
base-line wander, the IF bandwidth should be about 4f and the carrier
modulation should be about 0.5fp at the lowest point of the AM, i.e.,
with no AM it should be fp (where fy {is the bit rate). For more de-
tails, see reference below. .

REFERENCE
Nichols, M. H., Consultant, "Bit Synchronizer and Signal Conditioner
Test Procedures Using Bit Streams with Clock Flutter, Zero Wander and

Amplitude Modulation," TOR-0076 (6550-38)-6, The Aerospace Corporation,
Los Angeles, California, 1 April 1976.
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