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PREFACE

A field test team from the U.5. Department of Transportation, Transportation
Systems Center (TSC) made a series of measurements on the signal being radiated by the
U.S. Coast Guard LORAN-C Station (LORSTA) Grangeville, Louisiana on 14 to 16 May
1985, The measurements were made with a set of computer controlled test equipment,
which was designed and integrated specifically to measure LORAN-C signal parameters.

These signal measurements determined the following:
A. Frequency Domain Measurements

1. Spectrum of the transmitters contained slightly under 99 percent (98.82
percent) radiated energy in the 90 to 110 kHz band.

2. Radiated harmonics were over 80 dB below peak signal levels at all harmonics
except the third. The third harmonic measured 63.7 and 64.3 dB down for
Coupler 1 and Coupler 2 respectively,

3. Continuous LORAN-C emissions were observed at Ring Road approximately
90 dB below pulse peak. It was highly concentrated at 300 kHz. There were also
sporadic emissions at Site 4, most being at least 95 dB below pulse peak.

B. Time Domain Measurements

I. The signals being radiated by LORSTA Grangeville met or exceeded Coast
Guard specifications with the exception of some half-cycle zero crossings, one
pulse trailing edge and pulse to pulse timing tolerances. The half-cycle zero
crossing at the 10 usec crossing was slightly out of tolerance for all
transmitter/coupler combinations. The trailing edge of Pulse 2 of Pulse
Amplitude Timing Controller (PATCO) 1/Coupler 1 (P1/Cl) measured just
above the 0.0014 limit. Pulse 1 was offset for both PATCOs, therefore all
combinations failed the specification that Pulses 2 through 8 must satisfy the
relationship (N-1) 1000 sec + 25 nsec, where N is the pulse number.
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1. INTRODUCTION

A series of detailed signal measurements were taken at U.S. Coast Guard LORAN-C
Station (LORSTA) Grangeville, Louisiana by an engineering field test team from the U.S.
Department of Transportation, Transportation Systems Center (TSC). These
measurements were made with an instrumentation van designed for measuring LORAN-C
signals. All data were collected from 14 to 16 May 1985,

Signal measurements included both frequency and time domain signatures at several
field sites near the transmitting station as well as data from the station's internal signal
Sensors.

This report documents the data obtained and presents a discusion of the results.
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2. STATION DESCRIPTION

LORSTA Grangeville is a single rated station operating on a GRI of 7980. It is
equipped with an AN/FPN 64-56 solid-state LORAN-C transmitter. The antenna is a 700-
foot top loaded monopole. The station transmitter has two separate antenna couplers for
redundancy.

The combination FPN 64-36 transmitter and 700-foot antenna is rated to deliver a
peak output power of 800 kw. Operation of the station was reported to be normal during
the data collection period.
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3. OBSERVATION SITES

Measurements were made and data were recorded in the LORAN-C station
Operations Building and at 7 field sites shown in Figure 3-1. The remote sites chosen

were to the north, southeast, south, southwest and northwest of the station and
represented excellent choices for obtaining an accurate data set. The off-station sites
were not symmetrically located because of the presence of power lines southeast of the
station. Sites ranged from 0.1 mile to approximately 4.5 miles from the transmitting
antenna and none were near power lines,

For data reporting purposes, the site designations (indicated in Figure 3-1) were:

Site 1 0.1 mile east of station

2 - 0.4 mile southeast of station

3 - 1.5 miles south of station

& - 2.0 miles south of station
5 - 4.3 miles southwest of station
6 - 4.5 miles north of station
7 - L.3 miles northwest of station

Frequency spectrum measurements were taken at % sites while time domain pulse
waveforms were recorded at the station and at Site 1. The sensor for the measurement

made on-station was the "operate" Pearson current transformer located on the antenna
ground return.

3-1



Note:

Site 6 is off the map. Site 6 is 4.5 miles
north of the tower.

paly’ PN LN
b 3 P | f :- 7 (-}
sy - AT g Ll Q :

S

FIGURE 3-1. TEST SITE LOCATIONS
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4, FREQUENCY DOMAIN MEASUREMENTS

4.1 MEASUREMENT TECHNIQUES

All frequency domain measurements were made with a van mounted instrumentation
package designed for collecting this type of data. The major components of the system
are shown in Figure 5-1.

Signals were sampled at | kHz increments in the range from 70 to 130 kHz by a
Hewlett Packard (HP) 3585A spectrum analyzer. The spectrum analyzer was controlled by
a HP86B computer with graphics capability. The computer calculated in-band and out-of-
band radiated power percentages after sampling the spectrum.

Austron 2021L :_ _____________ .
! :

1
Hewlett Packard : l:] :
3585A : — !
" ¥  Spectrum Analyzer ———p|  hewlen -
: ! HP-180 1
! : Oscilloscope :
/ W0 i T :
! ]
Filter ! i
Allilance HD-73 : :
s : GCF-W-5818 !
o Hewlett Packard I Loran-C Blanker :
HP-82913A Manitor HP-86B Computer ! :
J )
| —> | HARMONIC - |
1t ! MEASUREMENTS !
il s e it e Fj

' 1 ' HP-2673A
HP9121 Dual Disc Drive Graphics Printer

FIGURE 4-1. EQUIPMENT CONFIGURATION FOR MEASUREMENT OF
FREQUENCY DOMAIN DATA
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Harmonic radiation measurements were made by placing the spectrum analyzer in
the manual mode and examining the intermediate frequency (IF) output for evidence of
radiated LORAN-C energy at all harmonic frequencies. The IF output was analyzed by
observing the energy present at each harmonic frequency on an oscilloscope triggered
with the group repetition interval (GRI) of the station. Harmonic energy could be seen as
characteristic LORAN-C pulse group patterns. A 100 kHz notch filter was inserted in the
signal line from the antenna during harmonic measurements to prevent dynamic range
signal overload in the spectrum analyzer circuitry from affecting the obtained data.
Measurements of any extant near-band signals were also made and documented. The
procedure for making these measurements is detailed in the DOT/LORSTA Seneca Test
Report (DOT-TSC-CG337-PM-83-29).

4.2 LORAN-C SPECTRUM EVALUATION

The radiated spectrum from LORSTA Grangeville was slightly below the
requirement for 99 percent of radiated energy to be contained in the 90 to 110 kHz band.
Table 4-1 shows that the average in-band energy for Coupler | was 93,88 percent while
that of Coupler 2 was 98.77 percent. The measurements for Coupler 1 were averaged over
three remote sites and the Operations Building while those for Coupler 2 were averaged
from three measurements, two with PATCO 2 and one with PATCO |. The out-of-band
radiated energy was balanced for Coupler 1 with 0.57 percent below 90 kHz and 0.56
percent above 100 kHz. Coupler 2 was unbalanced with most of the out-of-band energy
below 90 kHz. Averaging all three measurements with Coupler 2 yields 0.73 percent below
90 kHz and 0.50 percent above 100 kHz. Examination of the data and spectrum
photographs in Figures 4-2 through 4-9 shows good correlation between the data from all
field sites. Comparison of the spectrum exhibited by Coupler 1 to Coupler 2 shows
Coupler 2 slightly unbalanced.

RF spectrum measurements were recorded by the HP26B computer in the
Operations Building and at Sites |, 2 and 4. These data are presented in Figure 4-10 and
the tabular data are contained in Table 4-2. Frequency domain data for all sites
mentioned above are contained in Appendix A.
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FIGURE 4-2. RF SPECTRUM FROM FIGURE 4-3, RF SPECTRUM FROM LORSTA
LORSTA GRANGEVILLE COUPLER | AT GRANGEVILLE COUPLER 1 AT SITE |1,
SITE 1, HORIZONTAL SCALE - 6 kHz/DIV HORIZONTAL SCALE - 10 kHz/DIV

FIGURE 4-4, RF SPECTRUM FROM FIGURE &-5. RF SPECTRUM FROM LORSTA
LORSTA GRANGEVILLE COUPLER 2 AT GRANGEVILLE COUPLER 2 AT SITE 1,
SITE 1, HORIZONTAL SCALE - 6 kHz/DIV HORIZONTAL SCALE - 10 kHz/DIV
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FIGURE 4-6. RF SPECTRUM FROM FIGURE 4-7, RF SPECTRUM FROM LORSTA
LORSTA GRANGEVILLE COUPLER 1 AT GRANGEVILLE COUPLER 1 AT SITE 4,
SITE 4, HORIZONTAL SCALE - 6 kHz/DIV HORIZONTAL SCALE - 10 kHz/DIV

FIGURE 4-8, RF SPECTRUM FROM FIGURE 4-9, RF SPECTRUM FROM LORSTA
LORSTA GRANGEVILLE COUPLER | AT GRANGEVILLE COUPLER 1 AT SITE 5,
SITE 5, HORIZONTAL SCALE - 6 kHz/DIV HORIZONTAL SCALE 10 - kHz/DIV
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DOT/TSC SIGNAL SPECTRUM ANALYSIS
START TIME 15:35:44 END TIME 15:45:37
MEASUREMENT ID GCI/PI(5)15:34 MAY |5 1385
IN-BAND POWER 98.87%
OUT-OF BAND POWER (HIGH SIDE) S6:
OUT-OF-BAND POWER  (LOW SIDE) 37%

RF SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY 00,6240 KILOCYCLES

DOT/TSC LORAN-C SPECTRUM AMALYSIS  GCIT1¢5)15:34 MAY 15 1935-

SIGHAL LEUEI. (db) DISC ID SA#2:  DATR AT 1 KHZ INTERVALS
-12.% !

-22. %

'42;3

I |
! _ |
I _ |
l |
l I
I -
-32. % 7 |
I !
| I
I 1
|
|
1

-52, el .
| IN-BAND POMER | \|
""" 98.87 ¥ kL N B
; I ; 156 z o II 'I
R 99 118 128
KILOHERTZ

FIGURE 4-10. RF SPECTRUM FROM LORSTA GRANGEVILLE COUPLER 1
SITE 1 AS RECORDED BY HP86B COMPUTER
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TABLE 4-2. RF SPECTRUM FROM LORSTA GRANGEVILLE COUPLER 1 ON STATIOMN

DOT/TSC SIGNAL SPECTRUM ANALYSIS 86/19
DISC ID 5A#21

FILENO 5

MEASUREMENT 1D GCI/PI(5)15:34 MAY 15 1985
MEASUREMENT AT SITE |

SIGNAL SOURCE LOOP
OBSERVED DATA
CTR. CTR.
FREQ. SAMPLE FREQ. SAMPLE FREQ. SAMPLE START
(kHz) VALUE (kHz) VALUE (kHz) VALUE TIME
100 17,10 101 -16.15 99 -19.26 15:35:4
102 -16.43 98 -21.46
103 -18.15 Al =23.23
104 -21.06 86 -24.77
105 -23.87 33 -28.3%1
106 -26.37 94 -27.78
107 -28,92 93 -29.36
108 -31.29 92 -30.97
109 -33.41 3 =a2.57
IID "3505']’ 93 -3'!"!25
111 -37.50 89 -36.10
e =29,.31 88 -38.3§
113 -41.01 87 -41.11
114 -42,42 86 44,46
115 -43.74 85 -48.91
116 -44,94 84 -55.63
117 -46,19 843 -B61.32
118 -47.58 g2 -55.85
119 -49.07 81 -53.06
120 -50.82 80 -52.2(
121 -52.34 19 ~52.484
122 53,90 /& -53.46
ted =55.57 /T -54.97
124 -57.21 B =571
125 -58.52 i <5974
126 -58.566 /4 -62.58
127 -58.22 /3 -65.27
128 -57.92 /2 -67.60
; 129 =K/ 97 /1 -68.44
100 =1 20 130 -58.30 70 -88.75
STOP
TIME

y.7 15:45:37



4.3 RADIATED HARMONIC SIGNALS

Radiated harmonic frequency levels were measured at Site 1. The results are

tabulated in Table 4-4. The tabulated results indicate that the harmonics were, In general,
more than 80 dB below the signal level at 100 kHz. The one notable exception was the

third harmonic which measured 63.7 and 64.3 dB down for Coupler 1 and Coupler 2,
respectively.

k.4 BROADBAND SPECTRUM EVALUATION

The frequency band from 200 to 1200 kHz was examined to determine if spurious
LORAN-C transmissions were present. LORAN-C spurious signals are identified by using
rapid scan rates of 5 to 10 seconds. At these scan rates, LORAN-C energy appears as a
"comb" signal rather than as a single envelope as AM radio stations do. At Ring Road,
continuous LORAN-C emissions were observed throughout this band, at a level
approximately 90 dB down. There was a higher concentration at 300 kHz. There also were
sporadic LORAN-C emissions at 3ite &, most of them being at least 95 dB below peak
pulse. Examples of the spectrum at Ring Road and at Site # are presented in Figures 4-11
and 4-12,

4.5 INTERFERENCE

In the 70 to 130 kHz band RF interference in or near the LORAN-C band is detected
by using fast scan rates between J and 10 seconds on the spectrum analyzer. No
interfering frequencies were detected.



TABLE 4-3, LORSTA GRANGEVILLE RADIATED HARMONIC SIGNAL LEVELS

HARMONIC 0.1 MILE SITE 0.1 MILE SITE
FREQUENCY COUPLER 1 COUPLER 2
(kHz) (dB) (dB)
200 -84.10 -84.50
300 -63.70 -64.30
400 -92.35 -90.60
500 -81.55 -84.20
200 -91.60 -89.55
700 -89.75 -92.60
800 -94.00 -92.30
200 -92.00 -94.20
1000 -87.75 -90.10

Harmonic signal levels are referenced to the
fundamental at 100 kHz

b HERTER 295 &
¥ RENGE -2 f0a - 74

FIGURE 4-11. BROADBAND RF SPECTRUM FIGURE 4-12. BROADBAND RF SPECTRUM
FROM LORSTA GRANGEVILLE COUPLER 2 FROM LORSTA GRANGEVILLE COUPLER 1
AT SITE | AT SITE &
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5. TIME DOMAIN MEASUREMENTS

5.1 MEASUREMENT TECHNIQUES

5.1.1 Equipment Description

The equipment configuration used to measure the time domain parameters of the
radiated LORAN-C pulses is illustrated in Figure 5-1. The HP5180A waveform recorder is
the primary equipment in this setup and is used to sample, digitize and store data on input
analog signals. The sample window of the HP5180A is 10 nsec wide and the minimum
sample spacing is 50 nsec. At LORSTA Grangeville, a sample interval of 200 nsec was
used. This sample rate provides 25 samples per half-cycle and provides an accurate
reconstruction of the LORAN-C pulse for analysis.

Hewlett
RF Sensor Packard [ ] [
HP.180
Osclllnscope HP9121 Dual Disc Drive
HP-82913A Monitor
X I | M 1 T
LORAN-C Signal
¥ HewlettPackard | 7|  HewlettPackard
Waveform Recorder A ‘
el 2 sampleTrigger HP-2673A
e Graphics Printer
Oscilloscope TSC Trigger Circuit
___ sampleRate T Cross Rate
GCF-W-541B GCF-W-5418
Loran-C Blanker Loran-C Blanker

FIGURE 5-1. EQUIPMENT CONFIGURATION FOR MEASUREMENT OF TIME
DOMAIN DATA
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A stable sampling trigger is generated by one Coast Guard-provided cross rate blanker
(LORAN-C rate generators). This trigger can be adjusted in time to allow sampling to
begin on any pulse for either phase code interval. The data are then transferred to tape
storage by the HP86B computer.

5.1.2 Data Collected

Pulse waveform data collected at LORSTA Grangeville are listed in Table 5-1. Data
were collected from the antenna current transformer in the Operations Building and with
a loop antenna at Site l. Since U.,5. Coast Guard Commandant's Instruction "Specifica~
tlon of the Transmitted LORAN-C Signal" (COMDTINST M16562.4) states that station
performance is measured using the antenna current waveform, all analysis was done using
this signal.

5.1.3 Data Analysis and Display

The pulse samples were analyzed by a spescial processing program written for the
HP36B computer. After data has been collected on a pulse, the program first estimates a
zero signal level, adjusts all values to this reference, converts stored digital values to
volts, and provides a plot similar to that shown In Figure 5-2, The program then identifies
the cycle zero crossing at 30 psec, locates 5 cycle-zero crossings before this point and 6
cycle zero crossings after it, establishes the exact relative time of each zero crossing and
displays the results in tabular form similar to that shown in Figure 5-3, The zero crossing
data are then reformatted into graphical form in a curve similar to Figure 5-4. The zero-
crossing tolerance established by the Coast Guard for LORSTA Grangeville are
superimposed on the graphs.

The analysis program then computes an effective Envelope-to-Cycle Difference
(ECD) using a standard Coast Guard algorithm published in Coast Guard Electronic
Engineering Center (EECEN) project W08990-A% — Interim Report 1. The ECD value is
used to compute the expected peak pulse value and the RMS ensemble error of the
individual half-cycle peak values compared to the calculated half-cycle peak values, All
of this data, as well as effective pulse carrier frequency and pulse-to-pulse offset values,
are summarized in tables similar to Table 5-2, which shows results for Coupler 1.
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TABLE 5-2. TABULATED HALF ZERO CROSSING TIMES FOR C2/P2 ON STATION

ZERU CRUSSINGS

LOCATION TIME(MICROSECONDS) DIF{nanosec.)
525.69 4.68 324,64
551,57 9.85 149.05
576.97 14,93 63.02
E02.18 19.97 26.95
627.28 24.99 6.84
652 .31 © 30.00 0.00
677.31 35.00 -.77
702.33 40.00 -2.86
727.28 * 44,99 5.42
752.30 50,00 3.10
777.21 54.99 9.08

“Bnz2.27 59.99 B.76
827.27 G4.99 9.11
B852.30 70.00 2.0
87/7.28 74,99 5.49
9p2.23 79.98 17.08
926.9/ 84.93 68.41

IERO-CROSSING TIMES (relative to the standard zero

crossing at 3@ microseconds )
KICROSECONDS

+.5

N\

e M

'-5

TOLERANCES INDICATED FOR 188.2681 khI
STRTION CATEGORY &1
DATA FILE G&CZBPAI

FIGURE 5-3. LORAN-C PULSE ZERO CROSSING ERRORS PLOTTED BY THE HP26B
COMPUTER FOR THE SAMPLED RF SIGNAL
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TABLE 5-4. PULSE WAVEFORM RESULTS FOR 16 CONSECUTIVE PULSE
OBSERYATIONS COUPLER 1

SIGNAL
SITE SOURCE TRANSMITTER GRI PULSE #
Pearson
Station Current Coupler 1 7980
Transformer
Half Cycle Peak
Errors EFFECTIVE
PULSE | PHASE ECD PULSE PEAK in % CARRIER

# CODE | microseconds FREQUENCY
measured | computed | Ens | 1-8 | 9-13 kHZ
1 + -0.023 0.977 1.040 | 036 |05<|[57<| 100.15
2 - -0.044 -0.967 1.031 041 106< |50< 100.14
3 + -0.017 0.978 1.042 033 |0.6<|6.0< 100.16
4 E -0.077 0.967 1.021 045 |0.7< |4.9< 100.15
5 + -0.050 0.977 1.040 037 |05< |57< 100.15
b - -0.073 0.967 1.030 042 |06< |49< 100.14
7 + -0.053 0.977 1.041 [ 034 ]07<|s59<]| 100.15
8 - -0.047 -0.965 1.033 043 |0.7<|5.3< 100.15
9 + -0.037 0.975 1.041 039 [0.7<|59< 100.14
10 - -0.062 0.965 1.032 043 (0.7< |52< 100.14
1 + 0.035 0.977 1.040 031 |06<|6.0< 100.15
12 - -0.076 0.965 1.031 044 |10.7< |5.2< 100.16
13 + -0.008 0.977 1.042 035 [05< |6.0< 100.16
14 - -D.084 0.967 1.032 040 |0.6< |5.0< 100.15
15 + -0.075 0.977 1.038 035 |06<|56< 100.16
16 - -0.110 0.969 1.028 047 [0.7< |4.5< 100.16

Overall
Avg: -0.545 0.7305 100.149
+Code Droop =
Avg: 1.33%

N* is defined as the nominal zero crossing interval (in microseconds) after which pulse zero crosslngs
axceed the 100 nanosecond limit.
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5.1.4 Radiated Signal Standards

All data collected at LORSTA Grangeville were compared to the standards
established by the U.S. Coast Guard for that station. These standards are contained in
COMDTINST M16562.4.

5.2 MEASUREMENT RESULTS

5.2.1 General

The time domain data measured at LORSTA Grangeville are presented in the order
in which the data standards are published in COMDINST M16562.4. Significant variations
from the specified values are noted. Individual tables for each data set are contained in
Appendix B.

5.2.2 Hali-Cycle Peak Amplitude

5.2.2,1 Ensemble Tolerance - (Standard requires RMS ensemble errors of the radiated
pulse to be less than or equal to 1 percent.)

All pulses measured were well within the specified tolerance,

5.2.2.2 Individual Half Cycle Tolerance - (Standard requires halfcycles | through 8 of the
radiated pulses to be less than or equal to 3 percent and half cycles 9 through 13 to less
than or equal to 10 percent.)

The transmitter was well within the 3 percent specification on the first 8 hali-
cycles and the 10 percent specification on half-cycles 9 through 13.

5.2.2.3 Pulse Trailing Edge - (Standard requires pulse trailing edge to be less than or
equal to .001%A for all pulse times greater than 300 psec, where A is the peak-pulse
value.)

Examination of the trailing edge of the pulse for the combinations PI/Cl and P2/C2
were made at Site 1. Pulse 2, for PI/C1 measured 0.00142 while all others were in
tolerance.

5.2.2.4 Zero Crossing Times and Tolerances - (Specification requires different error
values for each half-cycle from 30 psec to 60 ysec. Beyond 60 psec, the zero crossings are
required to conform to 100 kHz + | kHz.)
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The half-cycle zero crossings at 10 usec were above the specified 100 nsec for all
combinations. All pulses for C2/P2 were out of specification an average of 37.93 nsec,
C1/P1 had pulses 1, 2, 4 and 7 offset from the specification by an average of 18.33 nsec.
C2/P1 was the combination closest to the specified limits with pulses 1, 2, 5 and 7 out of
specification an average of 5.73 nsec. The frequency of the zero crossings beyond 60 sec
was well within the | kHz specification limit.

5,2.3  Uniformity of Pulses within a Group

3.2.3.1 Pulse-to-Pulse Amplitude Tolerance - (The Specification calls for the amplitude
of the smallest pulse to be within 5 percent of the amplitude of the largest pulse within a
group.)

The transmitter was well within the specified 5 percent with the largest difference
being less that 2.26 percent in any one group.

3.2.3.2 Pulse-to-Pulse ECD Tolerance - (The specification calls for each pulse within a
group to be within 0.5 sec of all pulses in group A and group B.)

All pulses measured were within 0.147 sec of all pulses in group A and group B.

5.2.3.3 Pulse-to-Pulse Timing Tolerance - (Pulse 2 through 8 must satisfy the relationship
(N-1) 1000 sec + 25 nsec, where N is the pulse number.)

Pulses 2 through # for all combinations failed this specification. They were offset
by a mean value of 117.22 nsec, Pulse 8 also failed for all combinations. It was offset by a
mean value of 44.86 nsec, Pulse 7 of C1/Pl measured 75.98 nsec, 50.98 nsec above the
allowed offset,

5.2.4 Uniformity of Pulses within Different GRI

Measurements were made of 3 different 16 pulse sequences to observe what
variations were exhibited by the Couplers in successive GRI. The result for P2/C1 as
observed at the Operations Building are shown in Table 5-3, Over the 16 GRI sample,
ECD varied within a range of 0.102psec, with an average of -0.0545 psec. Droop was 1.33
percent for the same sample. Variations of all pulses were within established
specifications. Similar results were obtained with Coupler 2.
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6. DISCUSSION OF OBSERVATION AND SUMMARY OF RESULTS

6.] FREQUENCY DOMAIN RESULTS

6.1.1 General

Data of excellent quality were obtained at the Operations Building and at seven
field sites, where the data collected were generally well correlated. All of the equipment
functioned normally and the results obtained represent a good picture of the signal being
radiated by LORSTA Grangeville. The frequency data are contained in Appendix B.

6.1.2 Radiated Smtrum

The radiated spectrum at LORSTA Grangeville was slightly below the requirement
for maintaining 99 percent of the radiated energy in the 90 to 100 kHz band.
Computations of in-band power produced a seven site average of 98.83 percent in-band for
both Couplers. Out-of-band components for Coupler | were balanced below 90 and above
110 kHz and exceeded the 0.5 percent limit. Coupler 2 was unbalanced with most of the
out-of-band energy below 90 kHz. The out of band energy below 90 kHz for Coupler 2
also exceeded the 0.5 percent limit. The radiated spectrum was centered slightly above
100 kHz.

6.1.3 Harmonics

The harmonic content of the radiated signal was very low. Harmonics from both
Couplers were similar, with the third harmonic under 60 dB down from the peak. All other
harmonics were at least 80 dB below the pulse peak.

6.1.4  Spurious Emissions

The broadband spectrum measurements from 200 to 1200 kHz showed continuous
LORAN-C emissions 90 dB down at Ring Road with a high concentration at 300 kHz.
There were also sporadic emissions at Site 4, all of them being at least 95 db below the
pulse peak.

6-1



6.2 TIME DOMAIN MEASUREMENTS

6.,2.1 General

Measurement of all eight pulses for sufficient combinations of the two Couplers and
the two PATCOs was necessary because change of either a PATCO or a Coupler can
affect time domain data. The complete set required sampling 24 pulses.

The time domain measurements at LORSTA Grangeville did not produce any
surprises. With the exception of some cycle zero crossings and one pulse trailing edge, all
data was within specification.

6.2.2 Pulse Waveform Evaluation

6.2.2.1 Pulse trailing edge - The pulse trailing edge for C1/P2 measured 0.00002 above
the 0.0014 limit. All other pulses were within specification.

6.,2.2,2 Hali-Cycles within a Pulse - The data show the transmitter to be within tolerance
for all half-cycles except for those at 10 pusec which exceeded the 100 nsec offset
allowance by a mean error of 10 nsec.

6.2.2.3 Pulses within a group - All measured pulses were well within the specified
tolerance for pulse-to-pulse amplitude and ECD. Pulses 2 through % did not meet the
timing tolerance specifications for all combinations. They were offset by an mean value
of 117.22 nsec.
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APPENDIX A
FREQUENCY DOMAIN DATA COLLECTED AT LORSTA GRANGEVILLE
FROM 14 TO 16 MAY 1985

A-1/A-2



DOT/TSC SIGNAL SPECTRUM ANALYSIS 86/19
DISC ID 5A#21

FILE NO |

MEASUREMENT ID GCI/PI(1) 12:49 MAY 14 1985
MEASUREMENT AT STATION

SIGNAL SOURCE DIRECT
OBSERVED DATA
CTR. CTR.
FREQ. SAMPLE FREQ. SAMPLE FREQ. SAMPLE START
(kH2) VALUE (kHz)  VALUE (kHz) VALUE TIME
100 3.89 101 4,81 99 2.00 12:50:57
102 4,41 98 0.00
103 2.60 97 sih AL
104 “«21 b N3
105 -3.21 95 -4.72
106 -5.92 99 =6.12
107 -8.47 Sa . #FT .5
108 -10.83 92  -8.93
108 -13.10 91 -10.43
110 -15.34 30 -12.04
b1l =17 .27 83 -13.94
112 =19,19 88 -i6.01
113 -20.84 87 -18.45
114 -22.2b b -21.54
| B 528,81 e
1664 <20, 17 84 -32.63
118 =26,5] 83 -37.64
118 -28.06 8z ~32.21
119 -29,.54 81 -29.22
120 -31,23 80 -28.20
el =32.83 79 -28,20
122 -34.53 /8 -29.00
123 -36.32 /7 -30.50
124 -37.,84 i6  ~32.47
129 =33.11 75 -34.76
126 -39.39 74 -37.30
128 =39.:15 o e
128 -38.82 {2 =41.68
129 -38.97 1 ~42.59
100 3.80 130 -39.43 70 -42.55
STOP
TIME
13:00:51
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DOT/TSC SIGNAL SPECTRUM ANALYSIS

START TIME 12:50:57
MEASUREMENT ID
IN-BAND POWER
OUT-OF BAND POWER
OUT-OF BAND POWER

END TIME 13:00:51

GCI/PI(I1)12:50 MAY |4 1985

98.77%
(HIGH SIDE)  .45%
(LOW SIDE) 78%

RF SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY 100.5117 KILOCYCLES

007/75C LORAN-C SPECTRUM ANALYSIS

SIGNAL LEVEL (db)
1

DISC ID SR#2!

GCITIC1)12:49 MAY 14 1985
DATA AT { KHZ INTERVALS

5 }
| |
[ / ' |
-5 | |
| |
| _ L
|
i s A I
T/ |
I i
=2 i ]
7 L
r
=3 ! !\ ! \\\!
i v IH-BAND POMER R
I' """""" LD""'l 931?? :{ _'HIEH """" |
| [ 18 4 A5 % [
I 1 ] ] 3Ia ] [] gﬁ ] | rlﬁﬁ I I | IIE ] | I !Ela |
KILOHERTZ




DOT/TSC SIGNAL SPECTRUM ANALYSIS 86/19

DISC ID SA#21
FILENO 5
MEASUREMENT ID
MEASUREMENT AT
SIGNAL SOURCE

CTR. CTR.
FREQ. SAMPLE
(kHz) VALUE

100 -17.10

100 .

GCI/P1(5)15:34 MAY 15 1985
SITE |
LOOP

OBSERVED DATA

FREQ. SAMPLE FREQ. SAMPLE

(kHz) VALUE  (kHz) VALUE
101 -16.15 99 "-19.26"
102 -16.43 98 -21.46
103 -18.15 97 -23.23
104 -21.06 96 -24.77
105 -23.87 95 -26.37
106 -26.37 94 -27.78
107 -28.92 93 -29.36
108 -31.29 92 -30.97
109 -33.41 91 -32.57
110 -35.60 90 -34.25
111 -37.50 89 -36.10
112 -39.31 88 -38.38
113 -41.01 87 -41.11
114 -42.42 86 -44.46
115 -43.74 85 -48.91
116 -44.94 84 -55.63
117 -46.19 83 -61.32
118 -47.59 82 -55.85
119 -49,07 81 -53.06
120 -50.82 80 -52.2(
121 -52.34 /9 -52.44
122 -53,90 78 -53.46
123 =55,57 77 -54.97
124 -57.21 76 57,11
125 -58,52 7S -59.74
126 -58.66 74 -62.58
127 58,22 73 -65.27
128 -57.92 72 -67.60
129 -57.97 71 -68.44
130 -58,30 70 -68.75

A-5
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TIME
1 5:35:44

STOP
TIME
1 5:45:37



DOT/TSC SIGNAL SPECTRUM ANALYSIS
START TIME |5:35:44 END TIME [5:45:37
MEASUREMENT ID GC1/P1(5)15:34 MAY |5 1985
IN-BAND POWER 98.87%
OUT-OF BAND POWER (HIGH SIDE) 56t
OUT-OFBAND POWER  (LOW SIDE) S7%

RF SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY 100.6240 KILOCYCLES

DOT/TSC LORAN-C SPECTRUN ANALYSIS  GLATL(5)15:34 MAY 15 1985

SIGNAL LEUEE. (db) DISC 1D SAf2i CATAR AT { KHZ INTERVALS

= |
.9 I |
| ,\ |
20 ' / I
| |
} |
| |
] 7 X i
| / \ |
| / S |
-42, 3 i < I
| i
I \\l I
'52;5 } a2 M }
| l IN-BAKD PONER N

----jﬁg/lﬂu--- A I {(RE N
\ /i 57 % 56 % t

B T T ET T "
KILOHERTZ :

A-6



DOT/TSC SIGNAL SPECTRUM ANALYSIS

DISC ID SA#21
FILENO 6
MEASUREMENT ID
MEASUREMENT AT
SIGNAL SOURCE

CTR. CTR.
FREQ. SAMPLE
(kHz) VALUE

100 -38.51

100 ~-38.,51

86/19

GCI1/PI(6)11:03 MAY 16 1985

SITE 2

LOOP

OBSERVED DATA

FREQ. SAMPLE FREQ. SAMPLE

(kHz)  VALUE (kHz) VALUE
101 -37.40 95 -40.51
IDZ -3? +Eu 53 ""-12-32
103 =39.31 97 -44.,52
104 -42.,01 96 -46.33
105 -44.,92 95~ 47 .93
106 -47.45 94 -49.43
107 -49.94 9 -51.02
108 -52.30 92 -52.64
109 -54.45 91 -54.37
110 -56.55 90 -56.21
111 -58.44 89 -58.16
112 -60.,14 88 -60.46
113961 87 -63.27
114 -63.,17 86 -66.70
115 -64.,55 8BS -71.27
116 =65.72 84 -77.91
117 =-66.94 83 -83.69
118 -68.42 82 -78.43
119 -5%.79 81 -75.74
120 -71.41 g6 -74.98
121 -73.06 i3 =N 38
122 -74.68 78 -76.50
123 -#6.22 T ~18.23
124 -77.91 76 -80.45
125 -78.97 i3 “83:15
126 =79.21 74 -B5.60
128 =7aui? 73 -B88.,50
128 ~-78.41 f2 =90.95
129 -7€.31 71 =82.33
130 -~78.71 70 -81.4¢0

START
TIME
1 1:04:40

STOP
TIME
11214245



DOT/TSC SIGNAL SPECTRUM ANALYSIS

START TIME [1:04:40

MEASUREMENT ID

END TIME | 1214:45

GCI/PI(6)11:03 MAY 16 1985

IN-BAND POWER 98.92%
OUT-OF BAND POWER (HIGH SIDE) 6%
OUT-OF-BAND POWER (LOW SIDE) A7%

RF SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY 100.6700 KILOCYCLES

0T/TSC LORRN-C SPECTRUM ANALYSIS  GLITI(6)11:83 MAY 16 1985
IGHAL LEVEL (db) __DISC ID SA%2!  DATA AT 1 KHZ INTERVALS
I i

33 ,

| |

' /N '
-45 i |

| |

I |

| |
-55 : : . a

I !

i !
63 : |

! \ |

! | f
-75 | N

----- o LU"" 93 BE :nl: -_HIEH--'-E---I

, 477 ' B L

] 1 I Eia 1 ] ] 53 I |IBE I IIIB ] ] I_IEIH ] | I
KILOHERTZ
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DOT/TSC SIGNAL SPECTRUM ANALYSIS 86/19

DISC ID SA#21
FILENO 7
MEASUREMENT ID
MEASUREMENT AT
SIGNAL SOURCE

CTR. CTR.
FREQ. SAMPLE
(kkHz2) VALUE

00 -45,72

100 -45.80

GCI/PI(7)12:46 MAY 16 1985
SITE &4

LOOP
OBSERVED DATA

FREQ., SAMPLE FREQ. SAMPLE

(kHz) VALUE (kHz) VALUE
101 -44,52 98 -47.73
102 -44,82 98 -49.94
103 "45453 3? "5] 0?4
104 -439,23 96 -53.34
105 -52.04 95 =55.09
106 -54,65 34 -56.65
14¢ =57.15 93 -58.26
108 -59.46 92 -59.86
109 -61.57 3 -b1.61
T?ﬂ "53.?? Bu “53.4?
111 -65.68 89 -65.58
112 -67.38 88 -57.78
113 -68.98 87 -70.49
!II‘:’ '?U;IS BE ‘?g-gﬁ
]';5 -?Tfsl 35 "?8.55‘
115 "?2!59 gq '35-49
{1 =73 .90 23 ~91.26
118 -75.38 e, U3
1'9 _?EI?B BI -83120
120 -78.41 80 -82.52
121 -80.05 /9 -82.88
122 -81.b64 /{8 -84.12
123 -83.34 o
124 -85.03 fh =8B.13
125 -85.89 9 =90 ,78
iZE 4&6.41 ?ﬂ _'931.55
127 -86.07 /3 ~86.58
128 -25.69 2 =98.74
129 =85.53 1 =87.986
130 -66.11 0 .

A-9
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START
TIME
12:47:36

STOP
TIME
12:57:35



DOT/TSC SIGNAL SPECTRUM ANALYSIS
START TIME 12:47:36 END TIME 12:57:35
MEASUREMENT ID GCI/PI(T)12:46 MAY 16 1985
IN-BAND POWER 78.94%
OUT-OF BAND POWER (HIGH SIDE) 61%
OUT-OF-BAND POWER  (LOW SIDE)} 5%

RF SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY 100.6642 KILOCYCLES

DOT/TSC LORAN-C SPECTRUM ANRLYSIS  GCITI(7)12:46 MRY 16 1985
SIGNAL LEUE} (db) DISC ID SA%21  DATA AT 1 KHZI INTERVALS

45 -~

J
1

93

NHAR

75 =
I
] 1 N
-5 W\ | N
IN-BARD POWE
r‘-'--¥tﬂu--- 93 9#1{ R --HIEH ------- |r
¥4 45 | LR
1 L ] B|a| ¥ i 93' [ 'lE&l ] |118I ] IIE-IBI I I
KILOHERTZ



DOT/TSC SIGNAL SPECTRUM ANALYSIS 86/19

DISC ID SA#2|

FILE NO
MEASUREMENT ID
MEASUREMENT AT
SIGNAL SOURCE

CTR. CTR.
FREQ. SAMPLE
(kHz) VALUE

100 4,01

00 4,01

GC2/P1(2) 13:29 MAY 14 1985
STATION
DIRECT

OBSERVED DATA

FREQ. SAMPLE FREQ. SAMPLE

(kHz)  VALUE (kHz) VALUE
101 4,91 a9 2.10
102 4,61 98 e, 11
103 2.70 97 - TNl
104 - .25 960 =3:17
105 =3.21 95  -4.64
106 -5.82 9 b2
107 -8.43 3" =7 .46
108 -10.83 g2 -8.33
109 -i12.94 91 -10.43
110 -15.04 80 -12.14
111 =42.05 29 -13.88
112 #1845 88 -15.85
113 -20.68 87 -18.35
144 -22.22 86 -21.54
F157 23,65 85 -25.61
1% F25 15 84 -1.75
110" -26,53 83 -36.80
118 -28,12 g2 -32.51
119 -29.66 gl -29.44
120 =-31.,35 a0 -28.20
121 -33.03 79 28,12
122 -34.,45 78 -28.390
123 -36.00 i1 =30.32
124 -37.42 b 32415
125 -38.60 H =34.38
126 -39.05 /4 -36.7/b
127 -38.97 f3 =382l
1286 -38.86 72 =41.01
129 -39.06 /1 -42,03
130 -39.47 70 -42.11

A-11
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TIME
13:31:07

STOP
TIME
13:40:55



DOT/TSC SIGNAL SPECTRUM ANALYSIS

START TIME 13:31:07
MEASUREMENT ID
IN-BAND POWER
OUT-OF BAND POWER
OUT-OF-BAND POWER

RF SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY

END TIME 13:40:55
GC2/P1(2) 13:29 MAY 14 1985

98.76%

(HIGH SIDE) L6%
(LOW SIDE) J8%

100.5199 KILOCYCLES

DDT/TSC LORAN-C SPECTRUM ANALYSIS  GC2T1(2)13:29 HAY 14 1985

SIGNAL LEVEL (db)

18

18

DISC ID SA%21  OATAR AT | KHZ INTERVALS
'

A

I‘;_

|
i
A
l
f
|
I
|

IN-BAND . POKER |
ST L Emi{\ﬂnﬂﬂm
46 L %

T R 17
KILOHERTZ
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DOT/TSC SIGNAL SPECTRUM ANALYSIS 86/19

DISC ID 5A#21
FILENO 3
MEASUREMENT ID

MEASUREMENT AT
SIGNAL SOURCE
CTR. CTR.
FREQ. SAMPLE
(kHz) VALUE
100 4.11
100 4,11

GC2/P2(3)16:58 MAY 14 1985
STATION
DIRECT

OBSERVED DATA

FREQ. SAMPLE FREQ. SAMPLE

(kHz) VALUE (kHz) VALUE
101 . | 99 2.20
102 4,91 98 .10
103 3.20 97 -1.51
104 .39 96 -3.01
105 -2.71 5S4 .42
106 -~5.32 94 -5.,72
107 -7.83 93 -7.12
108 -10.33 92 -8,53
igg -12.54 91 -10.05
110 -14.,74 an -11.74
111 -16.65 89 -~13.48
112 -18,53 88 -15.45
113 -20.36 a7 -17.87
114 -21.86 86 -21.12
IS 823,35 g5 ~25.29
116 -24.75 84 -31.59
117 -26.09 83 -36.48
118 -27.64 82 -31.99
119 +-29.30 81 -28.96
120 -31.05 80 -27.78
121 =-32.89 79 =27.72
122 =34.45 78 -28.48
123 -36.10 77 =29.90
124 -37.80 76 -31.79
125 -39.09 75 =33.99
126 -39.61 74 -36,36
127 =39.25 73 =-38.90
128 -38.94 72 -40.77
129 -38.89 71 -41.65
1360 -39,45 70 -41.87

A-13

START
TIME
17:09:21

STOP
TIME
17:19:16



DOT/TSC SIGNAL SPECTRUM ANALYSIS
START TIME 17:09:21 END TIME 17:19:16
MEASUREMENT ID GC2/P2(3)16:58 MAY 14 1985
IN-BAND POWER 98.73%
OUT-OF BAND POWER (HIGH SIDE) L7%
OUT-OF-BAND POWER  (LOW SIDE) -80%

RF SIGNAL POWER (76 TO |24 kHz)
MEDIAN FREQUENCY 100.5697 KILOCYCLES

00T/TSC LORAN-C SPECTRUM ANRLYSIS  GC2T2(3)16:58 MAY 14 [985

A o] IN-BAND PONER |

|
; |
| |
| ;
-/ N
l |
| |
|

SIGNAL LEVEL (db) DISC 10 SA#21 ORTR AT 1 KHI INTERVALS
1§ — ! i
! | - i
4 Ly |
| i
- ,/f ik I
I |
’ 4 | |
fff ! | i
g \ |
18 1% \ | 1
4 | !

|

f

I

|

. E———

~=H [ GH~m - -
VS , 98,73 4 _ T
i —l/ 'I‘l i | I IJEBI-{ ] ] ] I 1 1 -Iql?ll{ [ ] II"}“‘:‘l‘'.=wllﬂ_’-\1
20 9 138 118 128
CILONERTZ
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DOT/TSC SIGNAL SPECTRUM ANAL YSIS 86/19

DISC ID 5A#21
FILENO &
MEASUREMENT ID
MEASUREMENT AT
SIGNAL SOURCE

CTR. CTR.
FREQ. SAMPLE
(kHz) VALUE

100 -17.05

30 et 1 Y

GC2/P2(4)14:09 MAY 14 1985
SITE |
LOOP

OBSERVED DATA

FREQ. SAMPLE FREQ. SAMPLE

(kHz) VALUE (kHz) VALUE
101 =1B.05 93 <18, 19
102 ~I8.15 98- -21.26
s —14.05 97 =22.98
104 -20.36 936 -24.57
105 -23.27 Hoaralb . 17
166 -25.97 94 -27.58
107 -28.46 93 -29.08
108 -30.79 92 -30.58
TEIB -32135 91 -32|13
llﬂ -351:“] g'} '33.39
111 -37.08 89 -35.88
t12 =38/ 88 -38.00
113 -40.31 87 -40,51
114 -41.67 86 -43.80
115 -42.94 85 -48.23
116 -44.32 84 -S54,
1179 -4%.62 83 -60.40
118 -47.11 42 <55.71
119 -48.71 BE <Ha.rfl
120 -50.40 80 —=S5l.74.
121 -52.24 3 =51.,92
122 53.93 /8 -52.94
123 -55.75 77 -54.55
124 -57.49 76 ~-56.59
125 -58.80 ia =59.,02
126 -58.9¢ /4 -ol1.68
127 -58.40 73 -64.53
128 -58.02 /2 -6b.53
129 <5ir.98 /7! -68.13
'90 -~58.28 70 -68.20

-

A-15

START
TIME
14:11:12

STOP
TIME
14:21:08



DOT/TSC SIGNAL SPECTRUM ANALYSIS
END TIME 14:21:08
GC2/P2(4)14:09 MAY 14 1985

START TIME 1&4:11:11
MEASUREMENT ID

IN-BAND POWER 98.82%
OUT-OF BAND POWER (HIGH SIDE) .60%
OUT-OF-BAND POWER  (LOW SIDE) .58%

RE SIGNAL POWER (76 TO 124 kHz)
MEDIAN FREQUENCY 100.6766 KILOCYCLES

DOT/TSC LORAN-C SPECTRUM ANALYSIS

“IGNAL LEVEL (db)

0ISC ID

Sh#z2l

GC2T2(4) 14189 HAY 15 1985
DRTA AT 1 KHZ INTERVALS
i |

15 * 3
l !
| / F\ i
? | ; |
25 | v ) |
I | i
1 3 |
35 ,
: |
| *' Lo |
| L
-45 : |
’ I
7 T
| ! , |
/ [N-BAND POMER L
mmeen LDy sy | HIGHmes il
IflI ] ] ] IISEIz I 1 | [] T :|53i}: 1 I I il
28 38 188 118 129
KILONERTZ
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APPENDIX B
TIME DOMAIN DATA COLLECTED AT LORSTA GRANGEVILLE
FROM 14 TO 16 MAY 1983

See page B-2 for explanation of formats for 8 and 16 pulse analysis data printouts.
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DOT/TSC LORAN-C PULSE ANALYSIS 8 PULSE GROUP

STATION NAME - LORSTA GRANGEVILLE

LORAR-C RATE - GRI 7980

TRANSMITTER COMBINATION - C2/P2

MEAUSREMENT AT- SITE 1

FILE IDENTIFIER - DISC GC2A7 START TIME 12:06:50 MAY 15 1985

STOP TIME  12:37:45 MAY 15 1985
ANALYSIS RESULTS

PULSE
TO
PULSE
PULSE PHASE PULSE PEAK HALF-CYCLE FREQ OFFSET
# CODE ECD (VOLTS) t® ERRORS kHZ. NS.
ave 1-8 9-13 N
i 1 -.032 « o BT3 918 BT 1.3 100,371 0.00 =
? 1 —.B§1 —.Bgﬂ .930 .65 1.6 4.0 100.350 -99.61 =
/ -1 -, 07 . 895 . 337 a1l 1B AT 100.344 -30.04 *
8 -,093 -.894  ,935 56 1.5 3.8 100.340 -24.26. *
measured
computed
DOT/TSC LORAN-C PULSE ANALYSIS 16 PULSE GROUP
FILEIDENTIFIER - DISC [D GC2A7
STATION NAME- LORSTA GRANGEVILLE
LORAN-C RATE - GRI 7980
MEAUSREMENT AT- SITE 1
TRANSMITTER COMBINATION- C2/P2
ANALYSIS RESULTS
PULSE
TO
PULSE
PULSE PHASE PULSE PEAK HALF-CYCLE FREQ OFFSET
# CODE ECD (VOLTS) % ERRORS kHZ. NS.
ave 1-8 9-13 N
1 1 -.064 .888 933 .58 1.3 4.3 100.35 368.87 .
g 1 -.DEB .E?B .8532 .56 1.§ 4,2 100.36 368.00 »
15 ] -.060 .888 .933 .58 1.3 4.3 !00.34 368.73 "
16 1 -.098 .889 .933 .66 1.4 4.1 100.34 367.86 *
measured
camputed




DOT/TSC LORAN-C PULSE ANALYSIS 8 PULSE GROUP

LORSTA GRANGEVILLE
GRI 7980

TRANSHITTER C2 P2
MEASUREMENT AT SITE 1

DISC GC2A7A 12:06:50 MAY 15 1985

12:37:45 MAY 15 1985
ECD PULSE PEAK HALF-CYCLE FREQ OFFSET

(VOLTS) % ERRCRS kHZ. NS,

ave 1-8 9-13
1 I -0032 -ra?a -913 leI iia 41.‘[ qu.a?t ut':”]
2 1 =031 -.884 +930 65 1.6 4.0 100,350 -99.61
3 1 =104 .887 .929 A8 Talb 3.3 100.347 -120.39
4 1 =-.07% -,889 931 65 1.5 3.9 100,365 -133.92
5 1 -.090 -,890 .934 .64 1.5 3.5 100,341 0.00
6 -1 -.072 .B896 + 937 61 1.4 3.9 100.347 -25.29
7 -1 -.07 ,895 937 o1 1.0 4.2 100.344 -30.04
8 1 -.093 -.894 935 .65 1.5 3.6 100.340 -24,26.
measured
computed

[N] is defined as the nominal zero crossing interval in
microsconds after which pulse zero crossings exceed the

50 nanosecond limit * = WITHIN TOLERANCES
SECONDARY CODE A
USCG ECD
OVERALL AVERAGE -,071 MICROSECONDS
+ CODE AVERAGE -.072
- CODE AVERAGE -7
AVERAGE PULSE PEAK MAGNITUDE .B88 VOLTS (MEASURED)
HALF CYCLE PEAK ERRORS
OVERALL AVERAGE 630 %

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE 100,351 KILOHERTZ
+ CODE AVERAGE 100.345
- CODE AVERAGE 10
PULSE TO PULSE OFFSET (NANDSECONDS)

+ CODE AVERAGE -27 .6b6
- CODE AVERAGE -63.031

PEAK DROOP 2.544

B-3

X X ok X x K % X

=



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI 7980

TRANSMITTER C2 P2
MEASUREMENT AT SITE 1
DISC GC2A7A

8 PULSE GROUP

12:06:50 MAY 15 1985
12:37:45 MAY 15 1985

HALF-CYCLE FREQ OFFSET

% ERRORS kHZ. NS.
ave 1-8 9-13
.B5 1.6 4.0 100.346 g.00
55 1.2 4.0 100,341 -106.42
.65 1.4 3.8 100.343 -112.87
.54 1.1 A3 100.326 -140.26
.65 1.5 3.7 100.361 0.00
62 1.5 3.7 100.353 -5.12
B2 1.5 8.9 100.348 -21.45
63 1.4 4.3 100,365 -30.25

[N] is defined as the nominal zero crossing interval in
microsconds after which pulse zero crossings exceed the

ECD PULSE PEAK
(VOLTS)
1 1t -.076 -.873 .918
2 -1, -.101 .888 .929
3 1 -.093 -.890 L9
4 -1 -,082 .890 .934
5 1 -.,092 -,890 .934
E ‘l '.u?g -0393 |933
7-1 -.116 .890 . 934
8 -1 -.032 .889 .937
measured

computed

50 nanosecond limit -

SECONDARY CODE B

USCG ECD

OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

AVERAGE PULSE PEAK MAGNITUDE

HALF CYCLE PEAK ERRORS
DVERALL AVERAGE

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

= WITHIN TOLERANCES

=.084 MICROSECONDS
-.083
-.085

.888 VOLTS (MEASURED)
612 1%
.348 KILOHERTZ

100
100.345
100.351

PULSE TO PULSE OFFSET (NANDSECONDS)

+ CODE AVERAGE
- CODE AVERAGE

PEAK DROOP 2.278 I

-74.596
-29.498

x Kk x % % % % X

=



DOT/TSC 16 PULSE ANALYSIS

DISC ID GIGZ2AT
LORSTA GRANGEVILLE
GRI 7980
51ITE SITE 1
COUPLER 2. PATCO 2
PULSE &7
PULSE ECD PULSE PEAK HALF-CYCLE FREQ.
CODE (VOLTS) # ERRORS kHZ.
ave 1-8 9-13
TOLERANCES==========m==== 1 34 104 1kHZ.
1 1 -.064 .888 933 .58 1.3 4.3 100.35
2 1 =.078 .B89 932 .56 1.3 4.2 100.36
3 1 -.060 ,889 .934 .61 1.3 4.4 100.37
4 1 =-.0597 .B89 ‘934 .56 1.3 4.4 100.37
5 1 -,089 .888 .932 .60 1.3 3.9 100.35
6 1 -.075 .B88 932 B 1.3°0:4.2400,35
7 1 =.110 .889 931 .58 1.3 4.3 100.35
8 1 -.038 .B87 .934 .58 1.3 4.4 100.37
9 1 -.088 . B89 g3z .55 1.2 4.2 100.36
10 1 =.0711 884 935 B0 1.3 4.2 100.35
11 1 =.075 .888 932 61 1.3 4.2 100.36
12 1 -.074 .B83 934 .60 1.3 4.2 100.36
13 1 -.060 .B87 934 .56 1.3 4.4 100.36
14 1 -.076 .887 933 S 1.3 4.1 100.36
1 1 =-.0860 .888 335 .58 1.3 4.3 100.34
i6 1 -.098 .889 .933 .66 1.4 4.1 100.34
measured
computed
AVERAGE OF ECD ¢ + CODE » -.070
AVERAGE MEASURED PEAK «( + CODE » .BES

AVERAGE MEASURED PEAK ( - CODE »

EFFECTIVE CARRIER FREGQUENCY
OVERALL AVERAGE100.356
+CODE AVERAGE100.356

PEAK DROOP .26 %

B-5

368.87
368.00
368.13
368.24

368.38

368.55
368.67
368.79
367.95
3b8.11
368.20
368.35
368.50
368.62
368.73
367.86

* % 5 K ¥ K k4 ¥ £ x K X E & X%



DOT/TSC LORAN-C PULSE ANALYSIS 8 PULSE GROUP

LORSTA GRANGEVILLE
GRI 7980

TRANSMITTER C1 P1
MEASUREMENT AT SITE 1

DISC GC1A7A 16:14:02 MAY 15 1985
" 16:43:37 HAY 15 1585
ECD PULSE PEAK HALF-CYCLE FREQ OFFSET
(VOLTS) Z ERRORS kHZ. NS.
ave 1-8 9-13
1 1 -.128 -.841 .876 38 1.4 3.2 100.241 0.00
2 1 =339 -.855 . 883 09 Tim 23 100,257 -98.b4
3 1 =083 = B .890 04 1.0 2.7 100.246 -117.83
4 1 =163 ~ o BoT .889 Da ]88 b 100.252 -130.50
5 1 '.1"-"3 |BSE |891 rEE IiE‘ 215 ”:”]-255 ﬂtuﬂ
6 -1 -.,138 853 .893 60 1.3 2.9 100.276 -18.82
¢ =1 =122 . 859 .892 B4 1.5 3.0 100.271 -25.24
g 1 -,120 . 857 .832 sl 13 Rt 100.288 -20.96
measured '
computed
[N] is defined as the nominal zero crossing interval in
microsconds after which pulse zero crossings exceed the
50 nanosecond limit * = WITHIN TOLERANCES
SECONDARY CODE A
uscG ECD
OVERALL AVERAGE -.137 HICROSECONDS
+ CODE AVERAGE o [
- CODE AVERAGE -,139
AVERAGE PULSE PEAK MAGNITUDE 855 VOLTS (MEASURED)
HALF CYCLE PEAK ERRORS
OVERALL AVERAGE 603 %

EFFECTIVE CARRIER FRERUENCY
OVERALL AVERAGE 100.262 KILOHERTZ
+ CODE AVERAGE 100.274
- CODE AVERAGE 100.258

PULSE TO PULSE OFFSET (NANDSECONDS)

+ CODE AVERAGE -22.029
- CODE AVERAGE -61.322

PEAK DROOP 2.134 %

B-6

KR K kK x B



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI 7980

TRANSMITTER C1 P1
MEASUREMENT AT SITE 1
DISC GC1A7A

8

H
ave

.63
.63
.67
60
62
64
.62
62

PULSE GROUP

16:14:02 MAY 15 1985

16:43:37 MAY 15 1985
ALF-CYCLE FREQ  OFFSET

% ERRORS kHZ. NS.

=g 8=13

1.6 2.5 100,260 0.00
1.4 3.3 100.240 -108.87
1.6 3.1 100.253 -116.12
1.4 2.8 100.240 -137.29
1.5 2.7 100.274 0.00
s Tl 100,286 189,07
11 &S 100.279 207.71
T4 2.9 100.286 195,12

[N] is defined as the nominal zero crossing interval in
microsconds after which pulse Iero crossings exceed the

ECD PULSE PEAK
(VOLTS)
1 1 ~=.151 -.841 B74
2 -1 =-.126 .853 .BB7
32 1 -.1N ~an .892
q -1 "113? -35? |889
S 1 =,154 ~BS7 .892
B 1 —=.122 -,857 .892
? -1 -.'14 -353 1894
8 -1 -.099 . 861 .893
measured
computed
50 nanosecond limit
SECONDARY CODE B
USCG ECD

OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

AVERAGE PULSE PERK MAGNITUDE

HALF CYCLE PEAK ERRORS
OVERALL AVERAGE

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

WI

PULSE TO PULSE OFFSET (NANOSECONDS)

+ CODE AVERAGE
- CODE AVERAGE

PEAK DROOP 2.476

B-7

THIN TOLERANCES

MICROSECONDS

—‘l-—l—ﬁ
L=aly
MM

856 VOLTS (MEASURED)
631 %
0.265 KILOHERTZ

10
100.262
100.268

39.169
18,235

£ F KK K K ¥ K



DOT/TSC 16 PULSE ANALYSIS

DISC ID GYG1AT

LORSTA GRANGEVILLE
GRI 7980

SITE SITE 1
COUPLER 1, PATCO 1
PULSE #2

PULSE ECD PULSE PEAK HALF-CYCLE

CODE (VOLTS) % ERRORS

ave 1-8 9-
TOLERANCES---====-~====== 14 3% 1
f -1 -.128 ,838 .876 .63 1.5 3
2 -1 -.144 . 841 875 3 1.8 2
3 -1 =.132 . 841 875 .69 1.6 2
4 -1 -.,183 .240 Bf3 .61 1.5 2
5 -t _-zﬂ'ﬂ 1343 -3?2 -Eg .'-5 2.
6 -1 -.225 .840 872 B9 1.7 2
? -I -ilt'q' 1839 rS?E 1?2 I;E 3
8 -1 -.164 .841 876 2 W8 2
9 -1 -.197 .841 873 .76 1.8 2
10 =1 =134 .841 O I3 1E8 N2
11 ==F =:1ZD B4 .8/76 .67 1.6 2
2= =162 . 842 BT Ao W el 2
13 -1 -022E a3¢1 13?2 -?3 I»S 2
1'q -T -|1Eq -+839 18?5 -?5 1IE 2.
15 -1 -.259 841 871 e L 2
16 =1 =.143 .843 375 .12 1.8 2

measured
computed
AVERAGE OF ECD ¢ - CODE » -. 163

AVERAGE MEASURED PEAK ¢ - CODE )
EFFECTIVE CARRIER FREQUENCY

OVERALL AVERAGE100,267

-CODE AVERAGE100.267

PEAK DROOP o1 %

B-8

0

FREQ.
kHZ.

1kHZ.

100.26
100.28

13

AP PRI OO Bl O o = L=~ I 2t

- - -

136

299.37
300.21
300.10
293.94
299.81
299.69
299,53
299.42
299.26
300.13
299.98
233.86
299.68
299.57
299.42
299.26

X E ok % x & % K x & &k K ¥ Kk x ¥



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI

7380

TRANSMITTER C2 P2
MEASUREMENT AT STATION

DISC GC2B7X

[N] is defined as the nominal zero
microsconds after which pulse zero
#» = WITHIN

PULSE PEARK
(VOLTS)

1.065
1.084
1.086
1.086
1.089
1.086
1.086
1.091

— e el il sl
ooooooWw
[ R R ey i Y
Wo~un—aun

. B o * m o@

1.018

measured
computed

50 nanosecond limit

ECD
I 1 =-.142
2 1 -.029
3 1 '.ﬂEH
4 1 -.057
5 1 -.081
6 -1 -.106
? -1 -i125
8 1 ‘.[}42
SECONDARY
USCG ECD

CODE A

OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

AVERAGE PULSE PEAK MAGNITUDE
HALF CYCLE PEAK ERRORS

OVERALL AVERAGE

EFFECTIVE CARRIER FREQUENCY

OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

8 PULSE GROUP

15:32:42 MAY 14 13985
15:57:08 MAY 14 1385

HALF-CYCLE FREQ OFFSET

% ERRORS kHZ. NS,
ave 1-8 9-13
A1 .6 6.4 100,252 0.00
.40 .6 6.8 100.253 -100.46
43 .7 6.7 100,246 -123.94
40 .7 6.5 100.238 -141.,55
.40 .7 6.6 100,249 0.00
145 1? Eiﬂ' 1DD|245 -13.58
22 .8 6.0 100.232 -23.31
.37 .7 6.8 100.254 -25.20

PULSE TO PULSE OFFSET (NANOSECONDS)

PEAK DROOP

+ CODE AVERAGE
- CODE AVERAGE

2.258 ¥

B-9

crossing interval in

crossings exceed the
TOLERANCES

MICROSECONDS

R |
—'ﬁﬁ
— = OO
M~

= a =

1,011 VOLTS (MEASURED)

422 7

® ¥ % k % % 3 %



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI 7980

TRANSMITTER C2 P2
MEASUREMENT AT STATION
DISC GC2B7X

8 PULSE GROUP

15:32:42 MAY 14 1985
15:57:08 MAY 14 1985

HALF-CYCLE FREQ OFFSET

% ERRORS kHZ. NS,
ave 1-8 9-13
.40 .7 6.8 100.268 0.00
AT o D3 100.246 -117.65
|q4 1? EtE HJU.EEZ ‘122442
45 .7 9.9 100,252 -154.26
43 .7 B.b 100.261 0.00
M1, o8 BT 100,275 -14.00
A il 5.8 100.268 -44.05
.52 .8 6.0 100.274 -54.37

[Nl is defined as the nominal zero crossing interval in
microsconds after which pulse zero crossings exceed the

ECD PULSE PEAK
(VOLTS)
1 1 -.077 ,995 1.067
2 -1 -.147 1.002 1.079
3 t -.0581 1.013 1.086
4 -1 -.147 -1.005 1.08B2
5 1t -.043 1.0t5 1.089
6 1 -.092 1.017 1.087
7 -1 -.121 1.009 1.087
g -1 -.091 -1.011 1.087
measured
computed
50 nanosecond limit
SECONDARY CODE B
UsCé ECD

OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

AVERAGE PULSE PEAK MAGNITUDE

HALF CYCLE PEAK ERRORS
OVERALL AVERAGE

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

PULSE TO PULSE OFFSET (NANDSECONDS)

+ CODE AVERAGE
- CODE AVERAGE

PEAK DROOP 2.178 %

100
100.266
100

» = WITHIN TOLERANCES

-.096 MICROSECONDS

-.066

=127

1.008 VOLTS (MEASURED)

450 %

.263 KILOHERTZ
. 260

-34.105

B-10

-92.580

w0k ok K % K % X



pOT/TSC 16 PULSE ANALYSIS

DISC 1D GXG2S7

LORSTA GRANGEVILLE
GRI 7980
SITE STATION
COUPLER 2, PATCO 2
PULSE #8
PULSE ECD PULSE PEAK HALF-CYCLE FREQ.
CODE (VOLTSY 4 ERRORS kHZ.
ave 1-8 9-13
HILERANLES ————rorremesres 14 34 104 1kHZ.
I -1 ".Iﬂ-‘:l _irﬂ‘l‘l I.ﬂ'a? lq? r? EoT 1{]”!22
2 1 ".UEE ltﬁ.l? 11:{]51 138 |E Eiﬁ 10[}-25
3 -1 -.087 -1.011 1,087 .43 « 3+9 100.25
4 1 -.089 1.018 1.090 .39 8 6.6 100.25
5‘ -] '.ﬂﬂz 1-‘]12 1!038 .45 -B 5!8 100124
6 1 -.043 1.018 1.091 .36 o1 B T100.25
i -1 =-,080 -1.0190 1.089 .55 .8 6.2 100.24
8 1 =087 1.018 1.031 40 6 6.5 100.27
9 =1 =067 1.010 1.090 .54 .9 6.1 100.23
10 1 -.081 1.017 1.083 .40 I 6.5 100.26
11 -t -,077 -1,010 1.088 .46 .7 6.0 100.25
12 1 =49 1,008 1.09% .48 .7 6.7 100.26
13 -! '-103 -'1utﬁ 1![’8? in‘ i? 5‘.9 Iua+23
14 1 -.010 1,017 1.094 .41 + 6.9 100.25
15 -1 -.092 1,003 1.088 .47 .7 6.0 100.24
16 1 -.063 1.017 1.091 .41 7 6.6 100.25
measured
computed
AVERAGE OF ECD ¢ + CODDE ) -.061
AVERAGE OF ECD ¢ - CODE ) ~-,088
AVERAGE MEASURED PEAK ( + CODE ) 1.017
AVERAGE MEASURED PEAK ( - CODE ) e

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE1'00,247
+CODE AVERAGE100.257
-CODE AVERAGE100.238

PEAK DROOP  1.35 %

B-11

337.26
336.97
337 .46
337.16
336.63
337.37
336.87
337.54

. 337.06

336.78
337.27
336.96
337 .47
337.18
336.68
337.36

¥ K x K ¥ X x %X % ¥k ¥ ¥ ¥ X % ¥



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI 7380

TRANSHMITTER C2 P1
MEASUREMENT AT STATION
DISC GC2S7A

8 PULSE GROUP

13:55:45 MAY 14 1985

14:32:1

HALF-CYCLE

% ERRORS
ave 1-8 9-13
41 .7 6.3
47 .9 bB.8
45 .8 B.4
.41 .8 6.8
.39 .7 bB.3
.53 .8 5.6
51 8 5.4
A1 7T 8.3

3 HAY 14 1985

FREQ  OFFSET
kRZ. NS.

0.162 0.00
0.169 -100.38
0.173 -124.05
ur151 '134-?8
0.165 0.00
0 o 46
0.164 -18.26
0.162 -28.92

{N] is defined as the nominal zero crossing interval in
microsconds after which pulse 2zero crossings exceed the

ECD PULSE PEAK
(VOLTS)
I 4 =215 L9666 1.032
2 3 =137 «3f3  1.4%)
3 1 -.,193 .981 1.050
4 1 =-.154 .984 1.053
5 1 =.,202 .985 1.052
6 -1 -.1869 -,981 1.051
I -1 =-.146 .3982 1.051
B 1 =.148 .985 1.054
measured
computed
50 nanosecond limit
SECONDARY CODE &
USCG ECD

OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

AVERAGE PULSE PEAK MAGNITUDE

HALF CYCLE PEAK ERRORS
OVERALL AVERAGE

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

By L)
'—l.—l.—ll
=g~
coLn-—-

.980 VOLTS

A47 7

165

100.
100,
100,164

PULSE TO PULSE OFFSET (NANOSECONDS)

+ CODE AVERAGE
- CODE AVERAGE

PEAK DROOP 1.995 %

-64,689
-12.703

B-12

#» = WITHIN TOLERANCES

MICROSECONDS

(MEASURED)

165 KILOHERTZ

BN EE.



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI 7980

TRANSMITTER C2 P1
MEASUREMENT AT STATION

8 PULSE GROUP

DISC GC2S7A 13:55:45 MAY 14 1985
o 14:32:19 MAY 14 1985
ECD PULSE PERAK HALF-CYCLE FREQ OFFSET
(VOLTS) % ERRORS kHZ . NS.
ave 1-8 9-13
1 II _|15! -SEE I.u34 033 i'E E!q TDE-I?E ﬂ.ﬂ'ﬂ
2 -1 =-.179 974 1.047 a1 8B 5.7 100,171 -113.:M
3 1 _.Iaq -934 1.05‘] -45 og E!E Tuﬂti?l‘ *'25102
4 -1 -.197 -.978 1.048 .51 .8 5.6 100.157 -150.35
5 1 -.133 .985 1.055 A0 .7 6.8 100.169 0.00
B 1 =.118 .985 1.055 43 7 BB 100.178 -12.00
I -1 -.17 .978 1.050 a1 ad, bk 100.187 -13.03
8 -1 =-.152 =:979 1.051 AT T 100.179 -20.29
measured :
computed
[N}l is defined as the nominal zero crossing interval in
microsconds after which pulse zero crossings exceed the
50 nanosecond limit # = WITHIN TOLERANCES
SECONDARY CODE B
UsCéG ECD
OVERALL AVERAGE -. 166 MICROSECONDS
+ CODE AVERAGE -.157
- CODE AVERAGE -.175
AVERAGE PULSE PEAK MAGNITUDE .979 VOLTS (MEASURED)

HALF CYCLE PEAK ERRORS
OVERALL AVERAGE 459 4

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

PULSE TO PULSE OFFSET (NANOSECONDS)

+ CODE AVERAGE
- CODE AVERAGE

1.989 J

-34,257
-74,336

PERK DROOP

B-13

* X & ¥ x % ox %



DOT/TSC LORAN-C PULSE ANALYSIS

LORSTA GRANGEVILLE
GRI 7980

TRANSMITTER C1 P1

MEASUREMENT AT STATION

DISC GC1S7A

8 PULSE GROUP

35 MAY 14 1985

11215
11:44:20 MAY 14 198S

ECD PULSE PEARK HALF-CYCLE FREQ OFFESET
(VOLTS) 4 ERRORS kHZ. NS,
ave 1-8 5-13
1 1 =-.081 +A63 1.025 83 5 5 100,157 0.00
2 -1 =-.021 377 1,042 A W7 5.0 180,178 =43.71
2 1T =425 .979 1.043 3% a8 B.0 100.167 -125.18
4 -1 ~-,085 377 1.042 .48 .8 5.0 100.187 -72.60
5 1 -.080 .979 1.042 2t 55 5.7 100,157 0.00
& 1 -.0486 981 1.043 34 ,6 5.8 100,155 -5.76
7 -1 -,065 -,975 1.040 A4 .7 5.0 100.149 -75,98
8 -1 -,044 871 1.041 41 .6 4.9 100.135 -89.78
measured :
computed
[N] is defined as the nominal zero crossing interval in
microsconds after which pulse 2ero crossings exceed the
50 nanosecond limit # = WITHIN TOLERANCES
SECONDARY CODE B
UsCG ECD
OVERALL AVERAGE - . 056 MICROSECONDS
+ CODE AVERAGE -.058
- CODE AVERAGE -, 054
AVERAGE PULSE PEAK MAGNITUDE 976 VOLTS (MEARSURED)

HALF CYCLE PEAK ERRORS

OVERALL AVERAGE

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE
+ CODE AVERAGE
- CODE AVERAGE

PULSE TO PULSE DFFSET (NANDSECONDS)

+ CODE AVERAGE
- CODE AVERAGE

PEAK DROOP 1.833 U

B-14

KoK ok % % ¥ % #



DOT/TSC 16 PULSE ANALYSIS

DISC ID GHG1S7
LORSTA GRANGEVILLE
GRI 7980
SITE STATION
COUPLER 1, PATCO 1
PULSE. #2

PULSE ECD PULSE PEAK HALF-CYCLE

CODE (VOLTS) 74 ERRORS
ave -8 9-13
TOLERANCES-~-===---=nun—- 1% 34 10%
I 1 =023 977 1.040 .36 iy BT
2 _1 ”.04£| -196? 11031 141 |B 5-0
3 1 =017 378 1,042 .33 6 6.0
i =1 =, 077 I6f 1.D3N *i45 of 4.9
2 1 =,050 977 1.040 .37 0D Sl
b =1 =,073 y36771.080 .42 .6 4.9
i 1] =083 977  1.041 .34 od  Ded
8 =1 =041 ~.965."1.033 .43 il Ded
S l -'103? -9?5 1.0&1 -39 t? 5-9
10 =] =082 365 1.032 .43 ol D42
11 1 -1035 ,9?? 11040 -31 '5 E.D
12 -1 =.078 965 1,031 .44 il Dyl
13 1 _1008 |s?? 11042 435 ¢S 5-0
14 -1 -.084 367 1.032 .40 .6 5.0
1D 1o %2075 S8 1038 <35 D D0
16 _1 "'-110 l969 1-028 14? l? 4&5
measured
computed
AVERAGE OF ECD ¢ + CODE ) =5 03/
AVERAGE OF ECD ( - CODE ) =D e
AVERAGE MEASURED PEAK (¢ + CODE ) v 3.
AVERAGE MEASURED PEAK < - CODE ) . 48

EFFECTIVE CARRIER FREQUENCY
OVERALL AVERAGE100.149
+CODE AVERAGE100.152
-CODE AVERAGE100.145

PEAK DROOP 1.33 ¥

65 copies B-15/B-16






