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FOREWORD

The conclusions and recommendations in this report are based solely on the
technical considerations of expanding the standard FM/FM baseband. They are
one of many inputs which the Telemetry Working Group of the Inter-Range In-
strumentation Group must consider as they contemplate revisions to the pub-
lished standards. It is anticipated that these recommendations may be imple-
mented with modifications due to other considerations. The reader is there-

fore cautioned to regard these recommendations as those based solely upon
the results of this study.




ABSTRACT

This final report describes an experimental evaluation program which was
undertaken to investigate the technical feasibility of expanding the Inter-Range
Instrumentation Group (IRIG) FM/FM baseband to include a larger number of
channels, choice of constant- or proportional-bandwidth subcarrier channels,
and greater flexibility in operating parameters,
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The program consists of: an evaluation of typical field equipment; design of

an expanded proportional-bandwidth baseband, a constant-bandwidth baseband
and a baseband composed of combinations of constant and proportional-band-
width channels; and an experimental evaluation of each baseband using typical
field equipment in a complete laboratory telemeter. Results are obtained for
operation of the standard IRIG baseband at deviation ratios of 1, 2, and 5, as
well as operation of the baseband with higher frequency channels at 93 kc, 124
kc, and 165 kc. A 21-channel constant-bandwidth baseband with channels spaced
8 kc apart from 16 kc and deviated 2 kc is evaluated at deviation ratios of 1, 2,
and 4. In addition, a baseband composed of the first 11 IRIG channels plus the
21 constant-bandwidth channels is evaluated.

TN ok i R R st TR, 1

; Recommendations for expansion und operation of the FM/FM baseband are
1 given as well as a discussion of the results of the system evaluation test. This
é report thus provides technical information which may be used by the Telenietry
4 Working Group (TWG) of IRIG for consideration of expansion of the FM/FM
$ baseband structure, but should in no way be considered to represent recom-
mendations of the TWG or IRIG,
£
ko
":'5




SR

TABLE OF CONTENTS

IDENTIFICATION OF PERSONNEL

SECTION 1 INTRODUC TION

General

Program Objectives

Overall Approach

Definition of Symbols and Terms

Baseband Design and Description

1.5.1 Proportional Bandwidth Basebands

1.5.2 Constant-Bandwidth Baseband

1.5.3 Combinational -Bandwidth
Baseband System

Pt et puet e pems
¢ & @
(S I SR VURN S

SECTION 2 QUIPMENT EVALUATION

General

Voltage -Controlled Oscillators

Mixer Amplifier

Group Frequency Translator

Transmitter

Receiver

2.6.1 General

.2 IF Amplifier Characteristics

«3  Output Noise Density

.6.4 Total Harmonic Distortion (THD)

2.6.5 Intermodulation Distortion

Group Frequency Detranslator

Subcarrier Discriminator

Magnetic Tape P.ecorder

2.9.1 General '

2.9.2 Amplitude Response

2.9.3  Phase Response and Time Delny
' Variation

2.9.4 Noise Density -

2.9.5 Intermodulation Distortion

2.9.6 Signal-to-Noise Ratio

2.9.7 Total Harmonic Dtotorﬁon

2.9.8 Crosstalk =

2.9.9 Tape Speed Error

E
2.
2.
2.
2.
2.
2.

O‘UOOUNo—

NNN
OO*O‘

L]

NN
O o~

SECTION 3  SYSTEMS TEST
- 3,1 System Description

3.1.1 Proportional- Wth Basebands

3.1.2 - Constant-Bandwidth Basebands

- 3.1.3  Combinational -Bandwidth Baseband

e

13

21
21
22
24
25
26
33
33
33
33
33
34
42
43

Ky
47
4

47
%8

49

T

57
87

59



R R o By PR ke S A e e et e BN O P

TABLE OF CONTENTS (Cont'd,)

Page
SECTION 3 3.2 Pre-emphasis 63
(Cont'd.) 3,2.1 General 63
3.2.2 Proportional-Bandwidth Basebands 63
3.2.3 Constant- and Combinational -Band-

width Basebands 64
3.3 Radiated Spectrum 75
3.3.1 Proportional -Bandwidth Basebands 75

3.3.2 Constant- and Combinational -
Bandwidth Basebands 77
3.4 Intermodulation 90
3.4.1 Proportional-Bandwidth Basebands 90

3.4.2 Constant- and Combinational -
Bandwidth Basebands 90
3.5 Signal-to-Noise 102
3.5.1 Proportional -Bandwidth Basebands 102

3.5.2 Constant- and Combinational -
Bandwidth Basebands 103
3.6 System Error 117
3.7 Tape-Recorder Errors 128
3.7.1 Proportional -Bandwidth Basebands 128

3.7.2 Constant- and Combinational -
Bandwidth Basebands 128
3.8 Pulse Modulation 136
SECTION 4 CONCLUSIONS AND RECOMMENDATIONS 140
4.1 Discussion of Results 140
4.2 Conclusions . 146
4.3 Recommendations 148

oy




LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME I

Number Title Pag
I-1.5-1 Channel Allocations for Proporational Band-

width Basebands 15
I-1.5-2 Construction of Binary Constant Bandwidth

Basebands 16
I-1,5-3 Standardized Operating Parameters for Binary

Constant Bandwidth Basebands 17
I-1.5-4 Construction of AIA Constant Bandwidth Base-

bands 18
I-1.5-5 Channel Allocations for Constant Bandwidth Base-

band 19
I-1.5-6 Recommended Constant Bandwidth Baseband Con-

figurations 20
[-2.2-1 VCO Evaluation Summary 23
I-2.5-1 Total Harmonic Distortion, EMR 121D 27
I-2.5-2 Total Harmonic Distortion, Leach FM 200 28
1-2.5-3 Deviation Sensitivity, EMR 121D 29
1-2.5-4 Deviation Sensitivity, Leach FM 200 30
1.2.5-5 Normalized Deviation Sensitivity, EMR 121D 31
1-2.5-6 Normalized Deviation Sensitivity, Leach FM 200 32
1-2.6-1 IF Amplifier Characteristics, Nems-Clarke 35

(Vitro) 1455A
[-2.6-2 IF Amplifier Characteristics, Defense Electronics 36

TMR-2A '
1-2.6-3 Output Noise Density, Nems-Clarke 1455A 3
1-2,6-4 Output Noise Density, Defense Electronics

TMR-2A 38

oy-
A - S

|



Number

1-2,6-5

I-2,6-6

1-2.6-7
I-2.8-1

[-2.8-2

1-2.8-3

I-Zt 9'1
1.2.9.2

I'Zo 9'3

1-2.9-4
1-2.9-5
1-2.9-6
I-2. 9;7

1‘3- l‘l

1-3. l‘z

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME I (Cont'd.)

Title

Total Harmonic Distortion Transmitter/ -
Receiver Combination EMR 121D/Nems -
Clarke 1455A (FM Detector)

Total Harmonic Distortion Transmitter/Receiver
Combination EMR 121D/Nems -Clarke 1455A
(Phase-Locked Loop)

Difference Frequency Intermodulation, Leach
FM 200 and Nems-Clarke 1455A

Specification Summary EMR 210 Subcarrier
Discriminator

Frequency Response Characteristics of EMR
Model 210 Subcarrier Discriminator Phase-
Locked Loop and Band-Pass Input Filter

Output Filter Characteristics EMR 210 Subcarrier
Discriminator

Frequency Response - Ampex FR 1400
Frequency Response - Mincom G-107

Tape Recorder Phase Response and Time Delay
Characteristics

Tape Recorder Noiu}Denuity
Tape Recorder Intermodulation Distortion
Tape Recorder Total Harmonic Distortion |
Frequency Response - Ampex - Modified FR 1400
Block Diagram of Laboratory Telemeter Used
for Evaluation of Proportional Bandwidth Base-
bands - ' ‘
Block Diagram of Airborne Laboratory Telemeter
Used for Evaluation of Constant and Combina-
tional Bandwidth Basebands

-“.

39

40
41

44

45

46
50

51
52
53
54

55

60

61




Number

I-3.1-3

1-3.2-1

I-3.2-2

1'30 2-3

I-3.2-4

I-3.2-5

I-.3.2-6

1-30 2‘7

1-3.2-8

[-3.2-9

1-3.3-1

» 1‘3- 3.2

x-.,o 3“3

0 2 e St s e At

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME I (Cont'd.)

Title

Block Diagram of Ground Laboratory Telemeter
Used for Evaluation of Constant and Combina-
tional Bandwidth Basebands

Summary of Pre-Emphasis Schedules for Pro-
portional Bandwidth Basebands

Pre-Emphasis Schedule for IRIG Proportional
Bandwidth Multiplex, Channels 1 Through 18

Pre-Emphasis Schedule for IRIG Proportional
Bandwidth Multipiex, Channels 1 Through 16
and E

Pre-Emphasis Schedule for Expanded Proportional
Bandwidth Multiplex, Channels 1 Through 20

Pre-Emphasis Schedule for Expanded Proportional
Bandwidth Multiplex, Channels 1 - 2]

Pre-Emphasis Schedule for Expanded Proportional
Bandwidth Multiplex, Channels i - 19 and H

Summary of Pre-Emphasis Schedules for Con-
stant and Combinational Bandwidth Bascbands

Pre-Emphasis Schedule for Constant Bandwidth
Multiplex

Pre-Emphasis Schedule for Combinational Band-
width Multiplex

RF Spectrum Display of IRIG Proportional Band-
width Multiplex, Channels | Throqgh 18

Transmitter Radiated Spectrum Test Block
Diagram : '

Transmitter Radiated Spectrum for IRIG Pro-

portional Bandwidth Multiplex, Channels 1
Through 18 '

.vu-

Page

62
66

67

68
69
70
71
72
73
74
'i9
80




Number

I-3.3-5

I-3.3-6

1-3.3-7

I-3.3-8

1'30 3'9

I-3,3-10

I-3,3-11

l'jq ‘i"l

1-3.4-2

‘ 1'3. ‘.3

I-3.4-4

I-3.4-5

1'30 "6

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME I (Cont'd.)

Title

Transmitter Radiated Spectrum for IRIG
Proportional Bandwidth Multiplex, Channels
1 Through 16 and E

Transmitter Radiated Spectrum for Expanded Pro-
portional Bandwidth Multiplex, Channels |
Through 21

Transmitter Radiated Spectrum for Expanded
Proportional Bandwidth Multiplex, Channels
1 Through 19 and H

Transmitter Radiated Spectrum for Constant-
Bandwidth Multiplex Channels 1 Through 21

Transmitter Radiated Spectrum for Constant
Bandwidth Multiplex Channels 1 Through 16

Transmitter Radiated Spectrum: for Combina-
tional Bandwidth Multiplex

RF Spectrum Display of 21-Channel Constant-
Bandwidth Multiplex

RF Spectium Display of 32-Channel Combina-
tional Bandwidth Multiplex .

Intermodulation Test Block Diagram

Summary of Intermodulation Data: IRIG Multiplex
for Deviation Ratios of 1, 2, and 5

Summry of lntermodulaﬁon Data: Proportional
Bandwidth Multiplex for Deviation Ratio of 5

Summary of Intermodulation Data: Constant
Bandwidth Multiplex for Deviation Ratio of 2

Summary of Intermodulation Data: Constant Band-
width Multiplex for Deviation Ratio of 1, 2, and 4

Summary of Intermodulation Data: Combinational
Bandwidth Multiplex

~viif.

Page

82

84

86
87
88

89

94

97
98

99




Number

I-3.4-7

I-3.4-8

I-3.5-1

-3.5-2

-

I-3.5-3

I-3.5-4

I-3.5-5

I-3.5-6

1-3.5-7

I-3.5-8

P ey

I-3.5-9

I.3.5-10

[
[
[
!

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME I (Cont'd.)

Title

Summary of Intermodulation Data: Constant Band -
width Multiplex with Various System Modifica-
tions

Summary of Intermodulation Data: Constant Band-
width Multiplex for Various System Modifications
with EMR 246A Transmitter

Signal-to-Noise Test Block Diagram

Summary of Signa! -to-Noise Data: IRIG 18-
Channel Multiplex, Deviation Ratio of 5

Summary of Signal-to-Noise Data: IRIG Multi-
plex, Channels 1 Through 16 and E, Deviation
Ratio of 5

Summary of Signal-to-Noise Data: IRIG Multiplex,
Deviation Ratios of One and Two

Surnmary of Signal-to-Noise Data: Expanded Pro-
portional Bandwidth Multiplex, Channels 1
Through 21, Deviation Ratio of 5

Summary of Signal-to-Noise Data: Expanded
Propertional Bandwidth Multiplex, Channels
1 'Through 19 and H,Deviation Ratio of 5

Signal-to-Noise Performance of High Frequency
Channel in Each Proportional Bandwidth Base-
band, Deviation Ratio of 5 ‘

Surnmary of Signal-to-Noise Data: Constant Band-
width Multiplex for Deviation Ratio of 2

Summary of Signal -to-Noise Data: Constant-Band-
width Multiplex; Channel 14 (Full Multiplex Case
Only); Deviation Ratios of 1, 2, and 4

Summary of Signal-to-Noise Data: Cornbinational
Bandwidth Multiplex for Deviation Ratio of 2

-ix-

ERE
- ¥ S

g
[

1CO

101

105

106

107

108

169

110

111

112

113

114




Number

[-3.

I1-3.

i-3.

I-3.

I-3.

1-3.

I-3.

I-3,

I-3,

I-3.

5-11

3.5-12

.6-2

€-3

6-4

6-5

6-7

6-8

6-9

7-1

7-2

P e il

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME I {Cont'd.)

Title

Summary of Signal-to-Noise Data: Combinaticnal
Bandwidth Multiplex; Effect of Test Channel
Deviation; Channels 8 and 14 {Full Multiplex
Case Only)

Signal-to-Noise Perform:nce of Constant and
Combinational Bandwidth Basebands

System Error Test Block Diagram

Summary of System Error Data: IRIG Baseband,
Channels 1 Through 18

Summary of System Error Data: IRIG Baseband,
Channels 1 Through 18 Test Channel Only

Summary of System Error Data: Proportional
Bandwidth Multiplexes

Summary of System Error Data: Proportional
Bandwidth Multiplexes, Test Channel Only

Summary of System Error Data: Constant Band-
width Multiplex

Summuary of System Error Data: Constant Band-
width Multiplex; Test Channel Only

Summary of System Error Data: Combinational
Bandwidth Multiplex

Summary of System Error Data: Combinational
Bandwidth Multiplex; Test Channel Only

Summary of Tape Recorder Data for IRIG Pro-
portional Bandwidth Multiplex

Summary of Tape Recorder Data for Expanded
Proportional Bandwidth Multiplex

Lot s AR VAN e e

115

116

119

120

122

123

124

125

126

130

131




—

I-3.

I-3.

I-3.

I-3.

I-3.

I-3.

I-3.

I-4,

Number

7-3

7-4

7-5

7-6

8-2

8-3

1-1

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME [ (Cont'd.)

Title

Tape Recorder Wow and F'lutter at Subcarrier
Discriminator Output for IRIG Multiplex

Channel 6 Output Noise as a Function of Constant
Bandwidth Multipiex Level into Tape Recorder

Summary of Tape Recorder Data for Constant and
Combinational Bandwidth Multiplexes

Summary of Tape Recorder Intermodulation Data:
Constant and Combinational Bandwidth Multi-
plexes

PAM/PDM Block Diagram

PCM Block Diagram

PCM Bit Error Probability Vs Carrier-to-Noise
Ratio Proportional Bandwidth Multiplexes

Baseband Comparison of Total Data Bandwidth

and Signal-to-Noise Performance at Receiver
Threshold

-xi -

R b R D 5 TR B b e R L

Page

132

133

134

135

137

138

139

145




kot T

Number

II-1.

II-1.

II-1.

II-1.

II-1.
II-2.
II-2.
II-2.
1I-2.
II-2.
II.2.
II.2,

1I-2.

3-1

3-2

3-3

.3-4

.3<5

.3-6

3-7

3-8
2-1
2-2
2-3
2-4
3-1
3-2
3-3

5-1

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME 11

Title

Sideband Calculations for Addition of 7.5% Higher
Frequency Proportional Bandwidth Channels

Sideband Calculations for Addition of £15% Higher
Frequency Prcportional Bandwidth Channels

Summary of Signal-to-Noise Performance of Higher
Frequency Froportionazl Bandwidth Channels Relative
to the 70 kc IRIG Channel

FM/FM Carrier Deviation Limit for Wideband Pro-
portional Bandwidth Channels

Channel Ailocation for Proportional Bandwidth
Basebands

Sideband Calculations for Constant-Bandwidth
Channels

FM/FM Carrier Deviation Limit for £2 k¢ Constant-
Bandwidth Channels

Channel Allocations for Constant-Bandwidth Baseband
VCO Static and Dynamic Linearity

VCO Modulation Feedthrough

VCO Total Harmonic Distortion

VCO Crosstalk

Frequency Response Sonex TEX-3210 Mixer Amplifier
Harmonic Content Sonex TEX-3210 Mixer Amplifier
Intermodulation Test Sonex TEX-3210 Mixer Amplifier

Oscillator/Discriminator Total Harmonic Distortion

Page

11

12

13

14

19

20

e @




gy euy SR O = OB =e

II-2.
I-2.

II-2.

II-2.

1I-2,

II-2,

II-2,

-2,

11-2.

I1-2,
1I-2,

II-2,

Number

5-2

5-3

5-4

5-5

5-6

.5-8

.5-9

5-10

5-11

5-12

5-13

6-1

6-2

6-3

0

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Oscillator Test Record
Transmitter Total Harmonic Distortion Test

Transmitter Test Record, EMR 121D, 3 kc Funda-
mental

Transmitter Test Record, EMR 121D, 30 k¢ Funda-
mental

Transmitter Test Record, EMR 121D, 70 kc Funda-
mental

Transmitter Test Record, EMR 121D, 100 kc
Fundamental

Transmitter Test Record, EMR 121D, 225 kc
Fundamental

Transmitter Test Record, Leach FM 200, 3 kc
Fundamental

Transmitter Test Record, Leach FM 200, 30 kc
Fundamental

Transmitter Test Pecord, Leach FM 200, 70 k¢
Fundamental

Transmitter Test Record, Leach FM 200, 100 kc
Fundamental

Transmitter Test Record, Leach FM 200, 225 k¢
Fundamental

IF Frequency Response Test, Nems-Clarke 1455A
IF Amplitude Response, Nems-Clarke 1455A

IF Amplitude Response Test, Defense Electronics,
TMR-2A

xiii

TN bl A T M PR sl BT e NG A S v GBI £ s i b s s -

39

40

41

42

43

44

45

46

47

48

53

54

55




i R P I B i L

I1-2.
II-2.
II-2.
I1-2,
II-2,
II-2.
II-2,
II-2.

II-2.

1I-2,

1I-2.

11-2,

1I-2,

l1-2,

n.Zt

I1-2,

.2,

Number

6-4
6-5
6-6
6-7

6-8

6-10
6-11

6-12

6-13

6-14

6-15

6-16

6-17

6-18

6-19

6-20

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

IF Amplitude Response, Defense Electronics TMR-2A
IF Intelligence Delay Test

IF Intelligence Delay, Nems-Clarke 1455A

IF Intelligence Dclay, Defense Electronics TMK-2A
Receiver Output Noise Density Test

Output Noise Density, Nems-Clarke 1455A

Output Noise Density, Defense Electronics TMR-2A
Transmitter/Receiver Total Harmonic Distortion Test

Total Harmonic Distortion Data, Nems-Clarke 145%A,
Foster-Seeley Detector, 3 k¢ Fundamental Frequency

Total Harmonic Distortion Data, Nems-Clark 1455A,
Foster-Seeley Detector, 30 k¢ Fundamental Frequency

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Foster-Seeley Detector, 70 kc Fundamental Frequency

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Foster-Seeley Detector, 100 kc Fundamental Frequency

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Foster-Seeley Detector, 225 k¢ Fundamental Frequency

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Phase Lock Detector, 3 k¢ Fundamental Frequency

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Phase Lock Detector, 30 k¢ Fundamentzl Frequency

Total Harmonic Distortion Dah; ~Nems-Chrkc 1453A,
Phase Lock Detector, 70 k¢ Fundamenual Frequency

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Phase Lock Detector, 100 k¢ Fundamental Froquoucy-r

xiv

58
59
6c
61
62

63
64

65

67

68

69




)

Number

II-2.6-21

II-2.6-22

II-2.6-23

11-2.6-24

11.2.9-1

II-2.9-2
I-2.9-3
11-2.9-4

1I-2.9-5

11-2.9-6
11-2.9-7
11-2.9-8
11-2.9-9
11-2.9-10
11-2,9-11
I-2.9-12
-2.9-13

-2.9-14

e

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Total Harmonic Distortion Data, Nems-Clarke 1455A,
Phase Lock Detector, 225 k¢ Fundamental Frequency

Difference Frequency Intermodulation Test, Leach FM
200 and Nems-Clarke 145%A

Difference Frequency Intermodulation Data, Leach FM
200 and Nems-Clarke 1455A, 70 kc and 52.5 kc

Difference Frequency Intermodulation Data, Leach FM
200 and Nems-Clarke 1455A, 93 kc and 124 kc

Frequency Response Test, Ampex FR 1400 Track 2,
Electronics 1 and 2

Frequency Response Test, Mincom G-107
Tape Recorder Time-Delay and Phase-Response Test
Tape Recorder Time-Delay and Phase-Response Data

Typical Output Photograph Tape Recorder Time-Delay
and Phase-Response Test

Noise Test Mincom G-107

Noise Test Ampex FR-1400
Intermodulation Test Block Diagram
Intermodulation Test Data

Total Harmonaic Distortinn Ampex FR-1400

- Total Harmonic Distortion Mincom G-107

Crosstalk - Ampex FR-1400
Crosstalk - Mincom G-107

Frequency Response Test, Ampex-Modified FR-1400

B ATHMEITRATY S AT U AR et s et o it LR e b v e e s g e TR R e s

Page

73

74

75

76

83
84
85

86

87
88
89
90
91
92
93
94
95

96




Number

II-3.

II-3.

II-3.

11-3.

B e S R e,

0-1

.0-2

0-3

1-2

1-3

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Block Diagram of Laboratory Telemeter Used for
Evaluation of Proportional Bandwidth Basebands

Block Diagram of Airborne Laboratory Telemeter
Used for Evaluation of Constant and Combinational
Bandwidth Basebands

Block Diagram of Ground Laboratory Telemeter Used
for Evaluation of Constant and Combinational Band-
width Basebands

FM/FM Proportional Multiplex RMS Carrier Frequency
Deviation

Preemphasis Data for IRIG Baseband, Channels 1
through 18

Preemphasis Data for IRIG Baseband, Channels 1
through 16 and E

Preemphasis Data for Expanded Proportional Bandwidth
Baseband, Channels 1 through 20

Preemphasis Data for Expanded Proportional Bandwidth
Baseband, Channels 1 through 21

-Preemphasis Data for Expanded Proportional Bandwidth

Baseband, Channels | through 19 and H

Preemphasis Data for 21 -Channel Con.tant Bandwicth
Baseband -

Preemphasis Data for 16-Channel Constant Bandwidth
Baseband ' '

99

100
107
108
109
110
11
12
113

114

Preemphasis Data for Combinational Bandwidth Baseband 115

Transmitter Radiated Spectrum Test Block Diagram

‘Radiated Spectrum Data: IRIG Channels 1 through 18

Radiated Spectrum Data: IRIG Channels 1 through 16
and E

-

118

119

120

iR




I
!
|
[
I
I
[
[
[
[
[
[
[
[
[
[
[
[
!

ﬂ Rl ‘”‘ TR AT ATy M SR

Number

II-3.2-4

I1-3.2-6

II-3.2-7

II-3.3-1

1I-3,3-2

11-3.3-3

II-3.3-4

I-3.3-5

11-3. 3-6

I1-3.3-7

n-3.3-8

-3.3-9

11-3.3-10

-3.3-11

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Radiated Spectrum Data: Expanded Channels 1
through 21

Radiated Spectrum Data: Expanded Channels 1
througn 19 and H

Radiated Spectrum Data: Constant Bandwidth Multiplex

Radiated Spectrum Data: Combinational Bandwidth
Multiplex

Radiated Spectrum Data: Combinational Bandwidth
Multiplex

Intermodulation Test Block Diagram

Intermodulation Test: Calibration and Explanation of
Technique

Intermodulation Test: IRIG Multiplex; Search Channel
DR =5, 2, and 1; Channel ]

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and !; Channel 2

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and ]1; Channel 3

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 4

Intermcdulation Test: IRIG Multiplex; Search Channel
DR =5, 2, and ]1; Channel §

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 6

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 7

Intermodulation Test: IRIG Multiplex; Search Channsel
DR =5, 2, and ]; Channel §

Intermodulation Test: IRIG Multiplex, Search Channel
DR =5, 2, and 1; Channel 9

122

123

125

127

133

134

135

136

137

138

139

140

141

142

143




g

Number

1-3.3-12
11-3.3-13
11-3.3-14
11-3.3-15
I-3.3-16
1-3.3-17
11-3.3-18
-3.3-19
11-3. 3-20
I-3.3-2)
m-3.3-22
1-3.3-23
11-3.3-24

11-3.3-25

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME 1II (Cont'd)

Title

Intermodulation Test: IRIG Multiplex; Search Channel
DR =5, 2, and 1; Channel 10

Intermodulation Test: IRIG Multiplex; Search Channel
DR =5, 2, and 1; Channel 11

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1, Channel 12

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 13

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 14

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 15

Intermodulation Test: IRIG Multiplex; Search Channel
DR = 5, 2, and 1; Channel 16

Intermodulation Test: IRIG Multiplex; Search Channel
DR =5, 2, and |; Channel 17

Intermodulation Test: IRIG Multiplex; Search Channel
DR =5, 2, and 1; Channel 18

Intermodulation Test: IRIG Wideband Multiplex; Search

Channel DR = 5; Channels 1, 2, and 3

Intermodulation Test: IRIG Wideband Multiplex; Search

Channel DR = 5: Channels 4, 5, and 6

Intermodulation Test: IRIG Widobaul Mnltiplox. So&rch

Chlml DR = 5; Channels 7, 8, and 9

lnurmoduhtion Test: IRIG Wideband Multiplox. Surch

Channel DR = 5; Channels 10, 11, and 12

Intermodulation Test: IRIG Wideband Multiplex; Search

Channel DR = 5; Channels 13, 14, and 15

145
146
147
148
149
150
15;.
152
153
154
155
156

187

ot s T P o o s BRI S i e




Number

II-3.3-26

11-3.3-27

I1-3.3-28

-3 3-29

II-3.3-30

II-3.3-31

h-3.3-32

I-3.3-33

1I-3,.3-34

11-3. 3-35

11-3.3-36

n°3. 3.37
I-3.3-38

n-3.3-39

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Intermodulation Test: IRIG Wideband Multiplex;
Search Channel DR = 5; Channels 16 and E

Intermodulation Test: Expanded Multiplex; Search
Channel DR = 5; Channels 1, 2, and 3

Intermodulation Test: Expanded Multiplex; Search
Channel DR = 5; Channels 4, 5, and 6

Intermodulation Test: Expanded Multiplex; Search
Channel DR = 5; Channels 7, 8, and 9

Intermodulation Test: Expanded Multiplex; Search
Channel DR = 5; Channels 10, 11, and 12

Intermodulation Test: Expanded Multiplex; Search
Channel DR = 5; Channels 13, 14, and 15

Intermodulation Test: Expanded Multiplex; Search
Channel DR = 5;. Channels 16, 17, and 18

Intermodulation Test: Expanded Multiplex; Search
Channel DR = §; Channels 19, 20, and 21

Intermodulation Test: Expanded Wideband Multiplex;
Search Channel DR = 5; Channels 1, 2, and 3

Intermodulation Test: Expanded Wideband Multiplex;
Search Channel DR = 5; Channels 4, 5, and 6

Intermodulation Test: Expanded Wideband Multiplex;

Search Channel DR = 5; Channels 7, 8, and 9

Intermodulation Test: Expanded Wideband Multiplex,
'Search Channel DR = 5; Channels 10, 11, and 12

Lutermodulation Test: Expanded Wideband Multipica:
Search Channel DR = 5; Channels 13, 14, and 15

 Intermodulation Test: Expanded Vlidobahd Multiplex;

Search Channel DR = 5; Channels 16, 17, and 18

xix

Page

158

159

160

lo1

162

lo3

164

165

le6

167

168

169

170

171




Number

II1-3.3-40
I1-3.3-41
11-3.3-42
1I-3.3-43

11-3.3-44
11-3. 3-45
11-3. 3-46
1-3.3-47
11-3. 3-48
11-3, 3-49
11-3.3-50

1-3.3-51

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Intermodulation Test: Expanded Wideband Multiplex;
Search Channel DR = 5; Channei 19 and H

Intermcdulation Test: Constant-Bandwidth Multiplex;

Ml = 20; Search Channel DR = 2; Channels !, 2, and 3

Intermodulation Test: Constant-Bandwidth Multiplex;

MI = 20; Search Channel DR = 2; Channels 4, 5, and 6

Intermodulation Test: Constant-Bandwidth Multiplex;

MI = 20; Search Channel DR = 2; Channels 7, 8, and 9

Intermodulation Test: Constant-Bandwidth Multiplex;
MI = 20; Search Channel DR = 2; Channels 10, 11,
and 12

—————

Intermodulation Test: Constant-Bandwidth Multiplex;
Ml = 20; Search Channel DR = 2; Channels 13, 14,
and 15

Intermodulation Test: Constant-Bandwidth Multiplex;
Ml = 20; Search Channel DR = 2; Channels 16, 17,
and 18

Intermodulation Test: Constant-Bandwidth Multiplex;
Ml = 20; Search Channel DR = 2; Channels 19, 20,
and 21

Intermodulation Test: Constant-Bandwidth Multiplex:
Ml = 2; Search Channel DR = 2; Channels o, 10, 14,
and 19 ’ |

Intermodulation Test: Constant-Bandwidth Multiplex;
VCO s at Center Frequency; Search Channel DR = 2;
Channels 6, 10, 14, and 19

Intermodulation Test: Constant-Bandwidth Multiplex;

Ml = 20; Search Channel DR = ]; Channels 6, 10, 14,
and 19 -

Intermodulation Test: Constast-Bandwidth Multiplix;
Ml = ]; Search Channel DR = }; Chaanels 6, 10, 14,
and 19

Page

172

173

174

175

176

i

178

179

180

181

182

183




o |
A

-~

Number

II-3,3-52

I1-.3.3-53

II-3.3-54

Ii-3.3-55

11-3.3-56

11-3,3-57

II-3.3-58

II-3.3-59

I1.3.3-060

II-3,3-61

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

Intermodrlation Test: Constant-Bandwidth Multiplex;
VCO s at Center Frequency; Search Channel DR = ];
Channels 6, 10, 14, and 19

Intermodulation Test: Constant-Bandwidth Multiplex;
MI = 20; Search Channel DR = 4; Channels 6, 10, 14,
and 19

Intermodulation Test: Constant-Bandwidth Multiplex;
MI = 4; Search Channel DR = 4; Channels 6, 10, 14,
and 19

Intermodulation Test: Constant Bandwidth Multiplex;
VCO s at Center Freguency; Search Channel DR = 4;
Channels 6, 10, 14, and 19

Intermodulation Test: Constant-Bandwidth Multiplex;
Deviation Ratio Comparison, MI = 20; Search Channel
DR = 4, 2, and 1; Channel 6

Intermoduiation Test: Constant-Bandwidth Multiplex,
MI = 20, with Constant-Amplitude, 18 db/oct Output
Filters; Search Channel DR = 2; Channels 3, 6, and 19

Intermodulation Test: Constant-Bandwidth Multiplex,
with Radio Frequency Equipment Bypassed, MI = 20;
Search Channel DR = 2; Channel 6

Intermodulation Test: Constant-Bandwidth Multiplex,
MI = 20, Using Defense Electronics TMR-2A Peceiver;
Search Channel DR = 2; Channels 6, 10, 14, and 19

Intermodulation Test: Constant-Bandwidth Muitiplex
Using EMR 246A Transmitter; Effects of 1,0 Mc IF
Bandwidth and Separate 100 cps Sources; CBW
Channel 6

Intermodulation Test: Constant Bandwidth Multiplex
Using EMR 246A Transmitter; Effects of a Reduced
Number of Channels and Reduced Transmitter Drive;
CBW Channel 6

xxi

184

185

186

187

188

189

190

191

192

193

- T FE Ry




Number

I1-3.3-62

II-3.3-63

II-3.3-64

II-3.3-65

II-3.3-66

II-3, 3-67

11-3.3-68

II-3.3-69

II-3.3-70

I1-3.3-71

11-3,3-72

o I S 3 e

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME 1I (Cont'd)

Title

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 5; PBW Channels
1, 2, and 3

Intermodulation Test: Combinatiocnal Bandwidth
Multiplex; Search Channel DR = 5; PBW Channels
4, 5, and 6

Intermodulation Test: Combinational Baandwidth
Multiplex; Search Channel DR = 5; PBW Channels
7, 8, and 9

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 5; PBW Channels
10and 11

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 2; CBW Channels
1, 2, and 3

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 2; CBW Channels
4, 5, and 6

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 2; CBW Channels
7, 8, and 9

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 2; CBW Channels
10, 11, and 12

Intermodulation Test: Ccombinational Bandwidth
Multiplex; Search Channel DR = 2; CBW Channels
13, 14, and 15

Intermodulation Test: Combinational Bandwidth
Multiplex; Search Channel DR = 2; CBW Channels
16, 17, and 18

Intermodulation Test: Combinational Bandwidth

Multiplex; Search Channel DR = 2; CBW Channels
19, 20, and 21

xxii

N L g s e A WA

194

195

196

197

198

199

200

201

202

203

204




LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Number Title Page
11-3,3-73 Intermodulation Test: Insertion of 10.5 kc £7,5%,

PBW Channel 12, into Combinational Bandwidth
Multiplex; PBW Channels 11 and 12 and CBW

Channel 1 205
I1-3.4-1 Signal-to-Noise Test Block Diagram 211
II-3.4-2 Signal-to-Noise Data: IRIG Multiplex, Channels 1
through 18, Deviation Ratio of 5 212
II-3.4-3 Signal-to-Noise Data: IRIG Multiplex, Channels 1
through 16 and E 217
II-3. 4-4 Signal-to-Noise Data: IRIG Multiplex, Channels 1
through 18, Deviation Ratio of 1 222
II-3.4-5 Signal-to-Noise Data: IRIG Multiplex, Channels 1
through 18, Deviation Ratio of 2 226
1I-3,4-6 Signal-to-Noise Data: Expanded Proportional Band-
width Multipiex, Channels 1 through 21 230
II-3. 4-7 Signal-to-Noise Data: Expanded Proportional Band-
width Multiplex, Channels 1 through 19 and H 235
11-3, 4-8 Signal-to-Noise Data: Constant-Bandwidth Multiplex 240
1I-3.4-9 Signal-to-Noise Data: Combination Bandwidth Multiplex 247
1I-3,5-1 System Error Test Block Diagram 259
11-3,5-2 System Error Data: IRIG Multiplex, Channels 1 through
18; Deviation Ratio of 5 260
I1.3,5-3 System Error Data: IRIG Multiplex, Channels 1 through ;
16 and E 261
11-3,.5-4 System Error Data: IRIG Multiplex, Channels 1 through
18, Deviation Ratio of 1 and 2 262
I1-3.5-5 System Error Data: Expanded Proportional Bandwidth
Multiplex, Channels 1 through 21 267 i




Tt T SRR L T R

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME 1 (Cont'd)

Number Title Page
II-3,5-6 System Error Data: Expanded Proportional Band-
width Multiplex, Channels 1 through 19 and H 270
II-3.5-7 System Error Data: Constant Bandwidth Multiplex 272
I1-3,5-8 System Error Data: Combinational Bandwidth
Multiplex 274
II1-3.6-1 Tape Speed Error Test Data: IRIG Multiplex, ;
Channels 1 through 18, Deviation Ratio of 5, 2, :
and 1 282
II-3.6-2 Tape Speed Error Test Data: 1RIG Multiplex,
Channels 1 through 16 and E 283
I1-3.6-3 Tape Speed Error Test Data: Expanded Proportional
Bandwidth Multiplex, Channels 1 through 21 284 :
11-3.6-4 Tape Speed Error Test Data: Expanded Proportional %
Bandwidth Multiplex, Channels 1 through 19 and H 285 ;
11-3.6-5 Tape Speed Error Test Data: Constant-Bandwidth
Multiplex 286
II.3.6-6 Tape Speed Error Test Data: Combinational Band-
width Multiplex : 287
1I-3.6-7 Tape Recorder Intermodulation Test Data: Constant
Ba :.dwidth Multiplex 288
I1-3,6-8 Tape Recorder Intermodulation Test Data: Combina-
tional Bandwidth Multiplex, IRIG Channel 8, CBW
Channels 6 and 10 289
I-3.6-9 Tape Recorder Intermodulation Test Data: Combina-

tional Bandwidth Multiplex, CBW Channels 14 and 19 290
11.3,6-10 Tape Recorder Intermodulation Test Data: Combina-

tional Bandwidth Multiplex, No RF Link, CBW C

Channel 6 29

-3.7-1 PAM/PDM Block Diagram . 299

xxiv




- @GEER NG WG WS WM

II-3

1I-3

I1-3.

II-3.

II-3.

1I-3.

II-3.

II-3

II-3

II-3
-3

1I-3

1.3

Number

.71-2

.7-3

7-4

7-5

.7-6

1-7

7-8

7-9

.7-10

07-11

L1=12

. 7-13

c7'l4

. 7.15

LIST OF TABLES AND ILLUSTRATIONS
FOR VOLUME II (Cont'd)

Title

50% PAM on 70 kc %215% Channel

40% and 70% PAM on 70 kc = 15% Channel
PAM on 165 kc + 15% Channel

40% and 70% PAM on 165 kc = 15% Channel
PDM on 70 kc * 15% Channel

0% and 100% PDM on 70 k¢ + 15% Channel

Effect of PDM Modulation on Adjacent Channel
Intermodulation - IRIG Baseband

PDM on 165 kc £ 15% Channel

0% and 100% PDM on 165 kc * 15% Channel

Effect of PDM Modulation on Adjacent Channel
Intermodulation--Expanded Proportional Band-
width Baseband

PCM Block Diagram

PCM Bit Error Rate Data

Effect of PCM Modulation on Adjacent Channel
Intermodulation

Effect of PCM Modulation on Adjacent Channel
Intermodulation--Two-Channel Multiplex

302

303

304

305

306

307

308

309

310

311

312

313




IDENTIFICATION OF PERSONNEL

Personnel assigned to the baseband expansion study, their primary area or
contribution, and a brief resume of their backgrounds is included here:

KENNETH M. UGLOW, Chief Scientist !

Mr. Uglow received the Bachelor of Science degree and a master's degree from
the University of Maryland; he also studied mathematics and electromagnetic
theory in the General Electric Company's advanced engineering program.

As a radio engineer with General Electric., he conducted research and develop-
ment on microwave measurements and components., During World War II, he
was assigned by General Electric to the Radiation Laboratory at MIT, where he
participated in the development cf airbnrne navigation and search radars,

In 1946 Mr. Uglow joined the Nava! Research Laboratory. First as a project
engineer in electronic instrumentatior and teleraetry equipment and later as ; i
electronics consultant to branches of NRL dealing with upper -atmosphere and

missile research and deve!opment, he ‘was concerned with multiplex radio-

telemetry equipment and systems. For five years prior to his joining EMR,

Mr. Uglow maintained a private engineering practice in Silver Spring, Mary- 3

land, dealing with telem:try equipment and system analysis and development, H

During this period he participated in the early phases of the tri-service study
on communications systems for telemetry. This study was conducted by Aero-
nutron.c Systems, Inc.

e

In 1958 he became Director of Research and Engineering at EMR. As chief
scientist, Mr. Uglow serves the research and engineering functions of EMR
through technical studies and consultation.

His contnbunon to the baseband evaluation program included analytical support
and consultation on various technical problems, throughout the program.

Mr. Uglow is a member of the Phi Kappa Phi, Tau Beta Pi, and Eta Kappa Nu
hcnorary societies and is a past chairman of the IRE Professional Group of Space o
Electronics and Telemetry.

DR, EARL R, LIND, Manager, Telecommunicaticn Products and Analysis
Department

Dr. Lind holds BS and MS degrees from the Michigan College of Mining and
Technology and a Ph. D. degree from the University of Wisconsin.

Prior to joining EMR, Dr. Lind was with the Advanced Electronics Center of
the General Electric Co., Ithaca, New York.

.l.




g Cemy ssew guay D

At EMR, Dr. Lind was responsible for building and testing a simulator to

analyze the combination PCM and constant-bandwidth FM multiplex performance of
the test instrumentation subsystem equipment designed for the X-20 (Dyna-Soar)
spacecraft, During this program he supervised the exhaustive tests performed

in conjunction with RCA's X-Band transmitters and receiving equipment. At
present, Dr. Lird manages the Telecommunication Products and Analysis Depart-
ment, This department is responsible for the design of all EMR FM telemetry
systems and equipment.

His contributions to the baseband evaluation study included advice on evaluation
tests and counsel on technical problems and test results.

Dr. Lind is a member of the Institute of Electrical and Electronic Engineers,
and Research Society of America, Tau Beta Pi, and Eta Kappa Nu.

MARTIN BELKIN, Section Manager, Telecommunication Products and Analysis
Department

Mr, Belkin received the BSEE degree from Drexel Institute of Technology,
where he participated in their cooperative education program. He has completed
several University of Florida postgraduate courses.

While attending Drexel, he worked as a study engineer at the Bendix Radio
Division of the Bendix Aviation Corporation and at the Missile and Space Vehicle
Departmeni of General Electric. Upon leaving college, Mr, Belkin was employed
as an engineer by the Radio Corporation of America.

Since 1958, Mr. Belkin has been engaged in the design of ground station telemetry
equipment at EMR, He contributed to the development of solid-state phase-
locked-loop discriminators and had pruject responsibility for a bandswitching
discriminator and a PCM signal conditioner and bit synchronizer. Mr. Belkin's
responsibilities as an engineering section manager include the development of
equipment for frequency multiplexed data handling systems,

Mr. Belkin's advice on ground FM equipment and instrumentation was irnportant
particularly during the planning of the systems evaluation program.

Mr. Belkin is a member of Phi Kappa Phi, Tau Beta Pi, Eta Kappa Nu, and
the IEEE,
JACKE, SElTNER; Section Manager, Telecommunication Products and Analysis

Department,

Mr. Seitner received the BSEE degree from Massachusetts Institute of Tech-
nology in 1950 and has taken graduate extension courses since that time.

Mr. Seitner joined EMR in 1957 and has been responsible as project engineer

2

il i




for the design and development of the EMR Model 210 Subcarrier Discriminator,

As an engineering section manager since mid-1963, Mr, Seitner has been
responsible for the development of miniature airborne voltage-controlled and
millivolt-controlled subcarrier, oscillators, frequency translators, calibrators
and ancillary units,

The concept and design of the binary constant bandwidth baseband evaluated in
the program was Mr, Seitner's major contribution,

Mr. Seitner has applied for patents on M decoding systems. He is a registered
professional engineer in the State of Florida.

EDWARD B, CAMPBELL, Project Engineer, Telecommunication Products and
Analysis Department

Mr. Campbell received the BSEE degree with distinction from the University of
Kentucky in 1958 and the MSE degree from the University of Florida in 1962.
His thesis dealt with the feasibility of using frequency-locked loop principles in
telemetry subcarrier discrimination,

As a design engineer at EMR, he participated in the design and development of
phase -locked-loop and pulse-averaging telemetry discriminators. Mr. Campbell
has participated in research programs dealing with signal conditioning equipment
leading to design of the EMR 219 Signal Conditioner.

Mr. Campbell was the project engineer for the baseband expansion study and was
responsible for designing the tests, supervising the project, and interpretating
the results obtained.

Mr. Campbell is 2 member of Tau Beta Pi and Eta Kappa Nu honorary engineer-
ing societies.

WALTER R, HERBERT, Project Engineer, Telecommunication Products and
Analysis Department

Mr, Herbert graduated with Bachelor and Master of Science degrees in Electri-
cal Engineering from the Georgia Institute of Technology in 1961 and 1963,
respectively, where as an undergraduate, he participated in the cooperative edu-
cation program in electronic research and development with the IBM Corporation,
Owego, New York. From 1961 to 1962 he served as a member of the staff of the
Georgia Tech Engineering Experiment Station. :

Since joining EMR he has been connected with the design and development of
subcarrier discriminators as project engineer for the EMR Model 267 Sub-
carrier Discriminator,




Assigned to the baseband evaluation program on a full-time basis, Mr. Herbert
assisted in all phases of the program, particularily the design and performance
of the equipment evaluation tests and interpretation of the results obtained.

Mr. Herbert holds membership in IEEE, Tau Beta Pi, and Eta Kappa Nu.

S. KENT MORGAN, Project Engineer, Telecommunication Products and Analysis
Department

Mr. Morgan received the BSEE degree with distinction from Purdue University
in 1959 and the MSEE from Wisconsin in 1961, having been employed by EMR for
one year in the interim,

At EMR, Mr. Morgan has been responsible for a wide range of highly specialized
electronic devices and is at present project engineer responsible for a complete
line of miniature FM/FM airborne equipment,

His contributions to the baseband exparsion study include evaluation of the air-
borne equipments supplied and design and development of the constant-bandwidth
equipment used.

Mr. Morgan is a member of Tau Beta Pi,

WYATT S, BISHOP, Senior Technician, Telecommunication Products and
Analysis Department

Mr. Bishop received his technical training in the U.S. Navy's Aircraft Electri-
cian school where he graduated at the head of his class,

Since discharge from the service, he has been employed by EMR and has had
extensive experience in the EMR standards laboratory calibrating all types of
test equipment and in the manufacturing test department performing tests on
EMR products. He has been employed in the Telecommunication Products and
Analysis Department for the past two years.

Mr. Bishop has been responsible for the performance of the tests conducted
during the baseband expansion study.

MILLARD D, LONGMAN, Technician, Telecommunication Products and
Analysis Department

Mr. Longman received his technical education at Radio Electronics Television
School, Miami, Florida, graduating in 1963,

During his employment at EMR, he has worked in the manufacturing test
department on the final test and qualification of digital ground stations. For

4.




the past year, he has been assigned to the Telecommunication Products Analysis
Department,

His work with the baseband evaluation study has involved performance of the
equipment evaluation and system tests required.




ey GEg "y ey NS &R

"“W S L

SECTION 1

INTRODUCT!ON

1.1 GENERAL

The Telemectry Working Group (TWG) of the Inter-Range Instrumentation Group
(IRiG) recognized the need to expand the FM/FM baseband structure described

in IRIG Documrent No, 106-60, June 1962 revision, to include a larger number of
channe!s, choice of constant-or proportional-bandwidth subcarrier channels, and
greater fliexibility in operating parameters. This report describes a program
funded by WSMR and the Electronic Systems Division of the USAF which was
undertaken by Electro-Mechanical Research, Inc. of Sarasota, Florida, on 17
June 1964 under contract DA-29-040-AMC-746(R) to investigate the expansion

of the FM/FM baseband. In essence, the program consists of an evaluation of
equipment, a study to determine a feasible basehand expansion and an experimental
evaluation program to verify the expansion and provide recommendations for its
application,

Telemetry equipment representative of that widely used in the field was obtained
and evaluated to determine those parameters which contribute to total system
error, Parameters such as receiver IF-envilope-delay variation, transmitter
dynamic linearity, tape-recorder harmonic distortion, etc., were measured.
Where possible, eimilar units from different manufacturears were evaluated.

In order to determine the feasibility of the recommended expansions of the
FM/FM basebands, a complete laboratory telemeter was constructed and each
recommended baseband was evaluated using specific systern tests. The system
tests included experimental optimization of the transmitter pre-emphasis, inter-
modulation, signal-to-noise and system -error tests. Determination of the ef-
fect of post-detection recording, system accuracy and applicability for pulse
mcdulation were also considered.

The format of this report includes two volumes, This volume, Volume [, sum-
marizes the data obtained and interpretations and conclusions based upon

this data. Volume lI, as an appendix to Volume I, contairns the detailed pro-
cedurcs used and the actual measured data obtained. Buth volumes are sub-
divided into similar sections. A description of the program objectives, the over-
all approach, and the design of the recommended basebands are contained in
Section | of both volumes, Section 2 in each volume dis~usses the equipment
evaluation, The individual systems tests are treated in Section 3 of both volumes:
Section 4 of Volume I contains conclusions and recommendations resulting
irom the program,

1.2 PROGRAM OBJECTIVES

The object of the program is to'provide technical information which the TWG may
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use in expansion of the FM/FM baseband structure, Since any expansion of the
IRIG baseband must be based on many considerations, the conclusions and recom-
mendations resulting from the program are the technical opinions of the con-
tractor and should in no way be considered to represent recommendations of the
TWG or IRIG.

Specifically, the program was undertaken to recommend FM/FM basebands to
accommodate the following data requirements:

a, A minimum of 20 continuous proportional-bandwidth
channels ranging from 6 cps with a modulation index of
5 to approximately 9000 cps response with a modulation
index of 1, with one or more of these channels to ac-
commodate time multiplexing. The first 18 of these chan-
nels to be as specified in the present IRIG telemetry stand-
ards and the additional channels to conform to the approxi-
mate IRIG spacing. The added channels are to be con-
sidered for both +7-1/2% and +15% deviation.

b. A maximum number of constant bandwidth (1 kc or 2 kc
response) channels,

c. A combination of the present IRIG standard subcarrier chan-
nels plus a maximum number of constant-bandwidth channels
of 1 kc or 2 kc response.

The above basebands are to be constrained within an rf channel ass:gnment of 500 kc
measurcd at the 3-db points., Specifically the transmitter radiated spectrum is
constrained to: the 40-db bandwidth of the modulated currier, referenced to the
unmodulated carrier, shall not exceed £32" kc, Carrier components appear-

ing outside a £500 kc bandwidth shall not exceed -25 dbm.

The total rms error introduced into the data channels for the above requirements
including crosstalk, intermodulation, distortion, etc., should be approximately:

‘a. | to 2% for the proportional-bandwidth channels
b. 2 to 5% for the constant-bandwidth channels

c. For the time-division channels; 0,25 to 0.75% for PDM,
2 to 5% for PAM, maximum bit error rate of 10-5 for
PCM . |

Having completed the design of basebands to accommodate the above requirements,
the next objective was to fabricate a complete telameter using equipraent repre-
sentative of that widely used in the field to verify the feasibility of each recom-
mended baseband. This experimental evaluation necessitates development of

an evaluation program to obtain empirical data as a basis {or the derivation of
specific criteria for the application of the baseband configurations,
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1.3 OVERALL APPRQGACIH

: The_' overall approééh was to design the baseband configurations to meet or ex-

ceed as many of the program cbjectives as possible, Next, equipment repre-

 sentative of that in typical field use was gathered and evaluated to determine if

there were any characteristics which would prohibit its use in an expanded FM/-

- FM baseband., A laboratory telemeter was constructed using the equipment that

had been evaluated and shown to be applicable. System tests v.ere then performed
usihg the laboratory telemeter and the experimental baseband configurations,

The feasibility and application criteria were then established for each baseband
through the varions system tests.

To provide a basis of comprison for the eaxpande .-baseband configurations, the
first baseband evaluated was the stendard IRIG 18-channel system. In addition
to this evaluation of the IRIG baseband as a reference system, its operation at
deviation ratios of 1 and 2 was evaluated, The expansion of the IRIG baseband
tc add more proportional-bandwidth channels was undertaken next.

Having considered the expansion of the proportional-bandwidth baseband, an all
constant-bandwidth-baseband configuration was experimentally evaluated using
similar system tests to those performed on the proportional-bandwidth base-
bands. A final baseband configuration considered,using the same tests, was the
combination of 11 IRIG channels with the 21 constant-bandwidthk channels,

Thus, from the equipment evaluation and the system tests, the feasibility of the
expansion of the FM/FM baseband was determined as well as the derivation
of the various application criteria and recommendations,

1.4 DEFINITION OF SYMBOLS AND TERMS

‘I'he abbreviations and symbols below are used throughout the text.

BPIF Band-pass input filter of subcarrier discriminator
CBW Constant bandwidth
Crosstalk Interference in a given channel which has its origin in

another channel, e, g., adjacent channels in a frequency
division maultiplex system,

db Voltage or powef levels referenced to unity in decibels

dbm Power level in db referenced to 1 milliwatt or voltage
level in db referenced to the voltage into 600 ohms which
dissipates 1 milliwatt

DR Deviation ratio; in a frequency modulation system, the
ratio of the maximum frequency deviation to the maximum
modulating frequency of the system.
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FBW

1F

Intermodu-
lation

LPOF

MI

PBW
rms

transmitter
deviation

(S/N)_
(S/N),

(S/N)

Full bandwidth
3-db cutoff frequency

Maximum modulation frequency for a particular deviation
ratio

Intermediate freqeuncy ampiifier of receiver

The modulation of the components of a complex wave by
each other, producing waves having frequencies equal to

the sums and differences of integral multiples of the com-
ponent frequencies of the complex wave.

Low-pass output filter of subcarrier discriminator
Moduiation index; for a sinusoidal modulating wave, the ratio
of the frequency deviation to the frequency of the modulating
wave,

Proportional bandwidth

Transmitter deviation sensitivity (kc peak/voltage peak)
times rms voltage input.

Carrier-to-noise ratio

Signal-to-noise ratio

Subcarrier-to-noise ratio




1.5 BASEBAND DESIGN AND DESCRIPTION

1.5.1 Proportional Bandwidth Basebands

The design of the expanded proportional-bandwidth baseband is a direct expansion
of the present IRIG configuration., The center frequencies of the higher frequency
channels are approximately 1. 3 times the previous upper channel. Thus, chan-
nels are located at 93 ke, 124 kc, 165 kc, 220 kc, etc. Like the present IRIG
channels, it is desirable to operate all channels at £7, 5% deviation or by deleting
alternate channels, operation at £15% deviation is desirable,

There are a number of factors which limit the number of higher frequency sub-
carriers that can be successfully used in a multiplex, for example: decrease
in subcarrier-to-noise performance or increase in intermodulation, crosstalk
or harmonic distortion. The purpose of the system test using the laboratory
telemeter is to determine the extent of these various errors; however, to
facilitate equipment acquisition it is necessary first to make a preliminary de-~
sign of the baseband. One of the more straight forward factors which limits
the number of channels that can be added above 70 kc is signal-to-noise per-
formance, To stay within the rf channel assignments with additional high-
frequency subcarriers, it is necessary to reduce the transmitter deviation

due to each individual VCO. This reduction in transmitter deviation alloted to
each channel deteriorates the subcarrier-to-noise performance of that channel
as well as the other channel in the multiplex, The problem is to determine the
trade -off between the number of channels and the subcarrier-to-noise ratio in
the various channels for a 500-kc receiver IF bandwidth and the transmitter
radiated spectrum limit,

Using a technique proposed by H. O, Jeske, (1) the subcarrier-to-noise perform-
ance of the higher subcarrier channels can be compared to the performance of
the present 70 kc channel, The results of this sideband study are shown below:

bubcarrier Overall Performance
Frequency (kc) Compared to 70 kc (db)
70 0
93 -7.1
124 -12.8
165 -22.1
22¢ -38.5

The above results can be interpreted as follows: for any selected criteria of
system performance, the 70 kc channel can be optimized and the higher fre-
quency channels compared to it, Thus, for a given criteria of nerformance,

the use ot the 93-kc channel will require 6, 4 db or 4. 5 times as much transmitter
power to obtain the same performance possible with the 70 kc channel. Similarly,
the 124 kc channel would require 13 times as much power and the 165 kc¢ would

(1) Jeske, H. O, Extension of Proportional Bandwidth FM Subcarrier Chan-
nels, unpublished paper,
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require 163 times as much power, Thus, there is a significant '"knee'" in the
cost-function curve above 124 kc,

To define further the expansion of the baseband, a study was made to determine
the required transmitter deviation that must be alloted to each subcarrier to
maintain subcarrier threshold equal to or above the receiver threshold. (This
is a typical design criteria often used in FM/FM telemetry.) Combining the
results of this study with the maximum deviation found in the sideband study,

it was concluded that it was not feasible to operate the baseband with channels
above 124 kc. The details of the sideband study as well as the calculations for
the maximum and minimum transmitter deviations are continued in Section 1

of Volume II.

1 e adedidds b

The initial expanded proportionalebandwidth baseband considered thus contained
channels at 93 kc and 124 kc; however, during the system test it was found that
the 165 kc channel could be added while still maintaining the subcarrier thres-
hold above the receiver threshold. This is discussed in more detail in the
following sections, Table I-1.5-1 shows the channel allocations for the base-
bands evaluated using the laboratory telemeter,

SRR R L

1. 5.2 Constant-Bandwidth Baseband

The necessity for constant-bandwidth channels arises from the need to trans-
mit many channels with equal data response. In the proportional-bandwidth
baseband, the data response ranges from 6 cps to 5 kc with a deviation ratio

of 5. Systems with 10 or more sources of 1 kc data are limited in bandwidth on
the low-frequency IRIG channels, and have far too much bandwidth in the higher
frequency IRIG channels, The constant-bandwidth configuration provides equal
data response throughout the baseband. The very nature of constant bandwidth
and the need from which it arose implies the need for versatility:

g R

a. The number of channels should be easily changed.

b. A variety of data ratios should be available.

c. Channel accuracy levels and the choice of devia-
tion ratio available for selection of accuracy lev- :
els should be reasonable.

d. It should be possibie to combine in the same baseband
channels meeting difference data accuracy requirements.

Other factors which should be considered in any constant-bandwidth baseband
design include:

a. Changes of tape speed in processing operations should
not create incompatible channel parameters.




g WYy By S S

b. The structure should make efficient use of available rf{
and tape-recorder bandwidths,

c. The structure should standardize design considerations
to minimize development and implementation cost,

In view of these considerations, a number of possible baseband configurations,
such as the constant-bandwidth system proposed by AIA, have been eliminated
from consideration for the evaluation program. In order to meet all the above
requirements, the constant-bandwidth baseband structure must be derived with-
in the following limiatations:

a. Channel center frequency allocations must be based on
equal increments from dc to the highest planned channel.
This restricts the choice of channel center frequencies
to an integral multiple of the constant separation between
channels.

b, Frequently, data is recorded at one tape speed and played
back at a different speed. Since tape speeds are binarily
related, it is desirable for the channel center frequency
allocations also to be binarily related. In this manner,
tape-speed changes do not create nonstandard channel
frequencies,

c. Standard data-cutoff frequencies and deviation ratios
should be binarily related to minimize the number of
standard discriminator output filters required,

Table I-1,5-2 shows a construction table for a cunstant-bandwidth baseband
configuration based on the binary relationship. The first row in Table I-1,5-2
shows the incremental spacing for possible channel positions starting at dc.

The second row contains the basic channel numbers for the binary system. The
basis for the third row of channel center frequency is a channel separation of

4 kc per | kc of peak-frequency deviation, which has been shown to provide an
optimum compromise between bandwidth efficiency and accuracy levels for
deviation ratios of 1, 2, 4, and 8, Thus, for the £2 kc deviation system, the
channel spacing is 8 kc with the first channel (optional Channel Aj at 8 kc.

As an example of the use of Table I-1, 5-2, consider the system design shown

in the fourth row, This is a 2l-channel system with £2 kc deviation. The ex-
ample is a ground station configuration which assumes that the airborne system has
been previously implemented. The first six channels are direct channels, i.e.,

no translation is required. The next five channels (7 through 11) are heterodyned
with a 120-kc signal which places the difference-frequency band in the position

of Channels 2 through 6, Channels 7 through 11 are thus translated and then
demodulated by subcarrier discriminators operating at frequencies from 24 kc

to 56 kc, The remaining channels are translated in groups of five in an identi-

cal manner. The heterodyne signals are synthesized from the tape-speed-




compensation reference tone at 240 kc. Although the example was for a ground
system, the airborne system can be constructed in an identical manner by revers-
ing the translation procedure., Several othe: examples are also shown in Table
I-1.5-2, Table I-1.5-3 shows a chart of the possible operating parameters of

the binary constant-bandwidth configuration,

As illustrated in Tables I-1. 5-2 and I-1,5-3 a baseband comprising almost any
number of channels can be implemented with the binary structure using channels
in the group 1 through 6 for the basic subcarrier-oscillator and discriminator
frequencies. These channels have percentage frequency deviations within the
range of +3.7% to £12. 5% which are within the capabilities of available equipments.
For instrumentation systems utilizing ''two-group'' frequency translation, the
number of channels in the baseband is not limited as a result of uneven channel
separation, as in the case of the AIA recommendation, and 8-, 10-, and 12-
channel] systems are possible., Translation systems consisting of more than two
groups can be easily derived from the binary structure shown in Table I-1, 5-2.
Because of the continuous channel-frequency assignment, the heterodyne signals
required for detranslation can easily be synthesized from a recorded reference
tone. All translated groups consist of the same number of subcarriers yielding
standardized filter designs and equal delay to the modulation of all channels.
Undesired translation sidebands and harmonic signals can be suppressed to ac-
ceptable levels by practical filters., The implementation and expansion advan-
tages of the binary system are not provided by the AIA constant-bandwidth recom-
mendation because of discontinuities in channel frequency assignment, as shown
in Figure [-1.5-4,

Through the use of the sideband study mentioned in the previous section, the
maximum transmitter deviation due to a particular subcarrier channel was
determined as well as the minimum deviation to cause the subcarrier discrimina-
tion to threshold at the same carrier level., The maximum constant-bandwidth
subcarrier center frequency was found to be 180 kc. Thus, the constant-bandwidth
baseband configuration which most nearly meets the objectives of the baseband ex-
pansion and which was chosen for evaluation is the 21-channel system of Table
I-1.5-2 with the highest frequency channel at 176 kc. The channel allocations

and implementation for this baseband are shown in Table I-1.5-5. In addition

to the 21-channel system, the ll-channel and 5-channel configurations shown

in Table I-1,5-2 are also recommended for transmission in the standard IRIG
VHF band. The performance and versatility of these basebands is shown in
Table I-1, 5.6,

1.5.3 Combinational -Bandwidth Baseband System

To meet the objective of a baseband providing both constant- and proportional~
bandwidth channels, the combinational -bandwidth baseband system was designed
and evaluated. This baseband consists of taking the 21.channel constant-band -
width baseband and filling the space between dc and the first constant bandwidth
channel at 16 kc with IRIG proportional -bandwidth channels.
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With the *2-kc constant-bandwidth channels spaced 8 kc apart, the guard-band
limit associated with each channel is 2 kc or #4 kc from band center. For the
16-kc channel, this guard band extends to 12 kc. The center of the guard band
between IRIG channel 12 (10,5 kc £7.5%) and channel 13 (14.5 kc 27, 5%) is 12.3
kc, which is above the 12-kc guard-band edge for the first constant-bandwidth
baseband channel,

Thus, the highest IRIG channel used in the combinational bandwidth baseband is
channel 11 (7. 35 kc #7.5%). The combinational bandwidth baseband thus con-
sists of IRIG channels 1 through 11, Table I-1,5=1 and constant-bandwidth chan-
rnels 1 through 21, Table I-1,5-5,




TABLE -1, 5-]
CHANNEL ALLOCATIONS FOR
PROPORTIONAL BANDWIDTH BASEBANDS

Expanded
Proportional
IRIG Bandwidth
Baseband Expanded
. Baseband
with Proportional with
Center IRIG Wideband Bandwidth .
Wideband
Frequency Baseband Channel Baseband
Channel
(ke)
0.40 1 £7.5%| 1 £7.5% 1 £7.5% 1 *£7.5%
0.56 2 27.5%) 2 x7.5% 2 x7.5% 2 %£7.5%
0.73 3 £7.5%| 3 %£7.5% 3 27.5%| 3 %£7.5%
0.96 4 *7.5%] 4 %£7.5% 4 *7.5 4 *7.5%]
1.30 5 27.5%] 5 *7.5% 5 *7.5%] 5 *7.5%
1.70 6 %=7.5%} 6 £7.5% 6 +7.5%] 6 %7.5%
2.30 7 27.5%] 7 %7.5% 7 x7.5%| 7 :k‘LLﬁ_
3.00 8 £7.5%| 8 *£7.5% 8 £7.5%| 8 t?.S%_
3.90 9 £7.5%] 9 %7.5% | 9 x7.5%] 9 27.5%
5,40 10 £7,5%]10 27.5% | 10 £7.5%}j10 £7.5%
7.35 11 £7,5%| 11 £7.5% | 11 £7,5%] 11 *7.57&
10,5 12 £7.5%]12 27.5% | 12 £7.5%] 12 t?.SL
14,5 13 £7.5%]13 £7.5% | 13 £7.5%113 £7.5%
| = g
22.0 14 £7.5%|14 %£7.5% (14 2£7.5%|14 t?.i
30.0 15 £7.5%|15 %27.5% |15 £7.5%]15 =*7.5%
40.0 16 27.5%[16 27.5% |16 x7.5%]16 £7.5%
L 52.5 17 %27.5% 17 £7.5%j17 %7.5%
. -
70.0 18 =27.5%|E £]15% 18 £7.5%}18 £7.5%
- : |
93.0 —_— —— 19 2£7.5%]19 27.5%
+ -t
124.0 R — 20 %7.5% —
t 165.0 — —— er 7, Sﬁfﬂ tlSVo]
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TABLE I-1,5-3
STANDARDIZED OPERATING PARAMETERS FOR
BINARY CONSTANT BANDWIDTH BASEBANDS

Full-Scale
Frequency Deviation Data Cutoff Channel
Deviation Ratio Frequency Sepatation

1 ke i
500 cps
250 cps
125 cps

] ke 4 kc

® o N e

2 ke

1 ke
500 cps
250 cps

+2 ke 8 kc

ax P N e

4 ke

2 ke

1 ke
500 cps

+4 ke 16 ke

@ b N e

8 ke
- 4 ke
2 ke
1 ke

8 kc 32 ke

@ B N e

16 ke
8 ke
4 ke
2 ke

16 ke 64 ke

® = N e

32 ke
16 ke
8 ke

L L 4 ke | ' J

£32 ke 128 ke

W b N e
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FIGURE 1-1. 5-4
CONSTRUCTION OF AIA CONSTANT BANDWIDTH BASE BANDS



TABLE 1-1,5-5

CHANNEL ALLOCATIONS FOR
CONSTANT BANDWIDTH BASEBAND

o —
VCO Translation Channel
Channel Frequency | Frequency | Frequency

Number Group (kc) (kc) (kc)
| 16 16

2 24 24

3 A 32 None 32

4 - 40 40

5 48 48

) 56 56

7 56 64

8 48 72

9 "B 40 120 80

10 | 32 88

11 24 96

|
12 56 104

13 48 112
14 C 40 160 120
15 32 128

16 24 136

| s _ —

17 56 144

18 48 152

19 D 40 200 160

20 32 168

2i | { 24 176
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TABLE I-1, 5-6

RECOMMENDED CONSTANT BANDWIDTH BASEBAND CONFIGURATIONS

Number of Data
Subcarrier Subcarrier Subcarrier Deviation Cutoff
Channels Deviation Separation Ratio Frequency
1 2 kc
2 1 ke
21 +2 ke 8 ke
4 500 cps
8 250 cps
1 4 kc
2 2 ke ‘
11 +4 ke 16 ke
4 1 kC ‘
!
8 500 cps |
2
]
1 8 ke !
%
2 4 ke i
5 +8 ke 32 ke !
4 2 kc
|
8 1 ke J
‘3«"' hhhhh
&
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«20-




SECTION 2

EQUIPMENT EVALUATION

2.1 GENERAL

One of the objectives of the baseband-expansion program was to determine if
typical field-equipment performance characteristics will prevent expansion of
the standard IRIG baseband. To this end, an equipment evaluation was under-
taken to ascertain those characteristics which would contribute significant er-
rors to an expanded-baseband system. The results of the equipment evaluation
also enable the extrapolation of the system tests to other field equipment not
specifically used in the laboratory telemeter. The equipment evaluation tests
are thus designed to evaluate parameters contributing to system errors rather
than a verification of manufacturers specifications.

The results of the equipment evaluation test are summarized in the following

sections. The measured data as well as the detailed test procedures are con-
tained in Section 2 of Volume iI.
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2.2 VOLTAGE-CONTROLLED OSCILLATORS

An evaluation program measuring static and dynamic linearity, modulation
feedthrough, total harmonic distortion, and crosstalk was undertaken to es-
iablish the general operational capability of the VCO's to be used in the study,
Five units from the 38 GFE units, Tele-Dynamics Model 1270A, and Vector
Model TS-41 and -41-HF, andan EMR Model 307A, were tested, Detailed
results and procedures are contained in Section 2.2 of Volume II, A brief sum-
mary of the maximum and minimum measurements is included as Table I-2,2-1
to reveal the performance level of the VCO's used in the evaluation program,
Voltage -controlled oscillators of the type evaluated present no hinderance at all
to expansion of the baseband.
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TABLE 1-2,2-1

VCO EVALUATION SUMMARY

Static Linearity (Be st Straight Line)

Dynamic Linearity(Best Straight Line)

Modulation I'eedthrough, MI = 1
(Percent of unmodulated VCO output
voltage)

Total Harmonic Distortion
(Percent of unmodulated VCO
output voltage)

Crosstalk

«23-

Max,

0, 12% of BW

0. 05% of BW

0.87%

0. 64%

Min,

%0, 019% of BW

+0, 01% of BW

0, 0048%

0.07%

Negligibla on all units,
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2.3 MIXER AMPLIFIER
The Sonex Model TEX-3210 Mixer Amplifier was evaluated to establish its gen-
eral performance characteristics with regard to its capability for use with

baseband configurations extending to 200 kc. Results are summarized as follows:

Amplitude response Within 20, 5 db from 200 cps to 200 kc

Harmonic content {maximum) 2nd -44,0 db
relative to fundamental 3rd -54,5db
4th -68.0 db

Intermodulation products 14, 5 kc and 22 kc; 0,008% of 1.0 volt

(maximum) rms full multiplex output

The results of the test show that the Model TEX-3210 is suitable for use in an
expanded FM/FM baseband,

Detailed results and block diagrams of the tests are included in Section 2. 3 of
Volume Il
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2.4 GROUP FREQUENCY TRANSLATOR

The EMR Model 316 Frequency Translator is used in constant-bandwidth systems
to generate stable high-frequency subcarrier channels by translating the outputs
of several standard, lower-frequency subcarrier voltage-controlled oscillators
to higher center frequencies, Since the Model 316 was specifically designed for
constant-bandwidth application, no detailed equipment evaluation was undertaken
as part of this study; however, its operation within specification was verified

by other EMR personnel throughly familiar with the unit. Specifications direct-
ly affecting baseband performance and channel accuracy are summarized as
follows:

Acceptable Subcarrier Frequencies: 4 kc to 750 kc.
Subcarrier Frequency Deviation: £1 ke to 216 kc.
Spurious Output Signals: Individual spurious output signals are -46

db or less referenced to the nominal indivi-
dual subcarrier output level.

A more complete description of the unit and its specifications are contained in
Volume II, Section 2. 4,

2
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2.5 TRANSMITTER

Two telemetry transmitters, an EMR Model 121D and 2 Leach Model FM200,
representative of those units in current field use, were evaluated for deviation
sensitivity and harmonic distorticn at higher modulation frequencies and devi-
ations. Harmonic distortion results are presented in Figure I-2,5-1 for the
EMR Model 121D and Figire I-2,5-2 for the Leach Model FM200. For modu-
lation frequencies up 0 70 k¢, the EMR Model 121D was found to exhibit THD
equivalent or superior to the Leach unit, but its performance deteriorated at
higher rnodulition frequencies. As a result, the L.each Model FM200 was se~
lected for use in the laboratory telemeter.

Deviation sensitivity was found to be a marked function of frequency above 70 kc
for both the EMR 121D and Leach FM200 Transmitters. Figures I-2.5-3 and
I-2.5-4 present the measured data; Figures I-2,5-5 and I-2, 5-6 illustrate graphi-
cally the sensitivity decrease above 70 kc, Because of this rolloff, a nominal
deviation sensitivity of 75-kc-per -volt was used throughout the study. This sensi-
tivity rolloff was not an insurmountable obstacle to expansion of the baseband.
Account having been taken of this characteristic and a correction allowed when
considering relative subcarrier levels, as in discussions of pre-emphasis, the
transmitter was adequate for expanded-baseband use, A block diagram of the

test and the measured data are conta