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ABSTRACT

The short-term fading on an overwater line-of-sight path at 37 GHz
has been characterized. Fade depths of 8 db were typical, although
fade depths from 3 db to 14 db were observed (measured between
the median and the 98% value of the distribution). The fading gener-
ally displayed a fast and a slow component with typical average values
of about 0. 5 fade per second and 1. 5 fades per minute. The corre-
sponding average fade durations were 1 sec and 20 sec, respectively.

The importance of the specular reflection from the water surface
was clearly evident in the results. The typical value of the specular
reflection coefficient was about 0. 7, but the extreme values varied
from almost 0 to 1. The reflection coefficient of the diffusely scat-
tered component showed less variation and was typically about 0.25.

The use of a 15-db fade margin would be sufficient to maintain
the received signal above a desired threshold for at least 98% of the
time for every sample of data examined. For effective time diversity
operation, a time delay of about 10 sec would likewise be sufficient
for every sample examined.

PROBLEM STATUS

This is an interim report; work continues on other phases of the
problem.

AUTHORIZATION

NRL Problem R01-42
Project RR 008-05-41-5701

Manuscript submitted July 18, 1968.



OVERWATER LINE-OF-SIGHT FADE MEASUREMENTS AT 37 GHZ

INTRODUCTION

An accurate knowledge of the transmission properties of a radio path is an essential
prerequisite to reliable systems planning. Since these properties, which are time vary-
ing and random in nature, can only be described statistically, a complete description
requires detailed measurements over an extended period of time. However, by concen-
trating on a particular facet of the problem, a meaningful description can be obtained,
for practical purposes, even from a relatively modest undertaking. The experiments
described in this report were performed to determine the statistical nature of short-term
fading on an overwater line-of-sight path at 37 GHz.

TEST SITE

The experiments were performed on the 8. 76-naut mi overwater path between the
Chesapeake Bay Division of NRL and Tilghman Island, Maryland. Using a transmitter
height of 88 ft* and a receiver height of 135 ft* the calculated path clearance at the point
of reflection, under standard propagation conditions, is 95 ft (about 27 Fresnel zones),
which allows ample clearance even during severe deviations from standard conditions.

INSTRUMENTATION

With a transmitter output of 1 w, a combined transmitter and receiver antenna gain
of 75 db, and a receiver noise figure of 14 db, the system is capable of detecting maximum
fade depths of approximately 45 db. The overall frequency response is limited to a max-
imum of 2500 Hz by the (magnetic tape) instrumentation recorder used. A block diagram
of the equipment is shown in Fig. 1.

GROSS STATISTICS

Sample strip chart recordings of the detected signal are shown in Fig. 2. A visual
examination of approximately 300 hr of data shows that (a) deep fades of 40 db or more,
which last for much less than a second, occur during very active fading periods, (b) slow
fades (a few minutes or more) are frequently accompanied by fast fades (a few seconds
or less), and (c) fade depths exceeding 5 db, 10 db, and 20 db were observed for approxi-
mately 54%, 24%, and 7% of the time, respectively. These percentages represent the
total time that bursts of fading occurred (i. e., individual fades were not resolved) and
are subject to considerable personal (reading) interpretation. Nevertheless, these fig-
ures are indicative of the gross fade characteristics observed.

*Above mean low water level.
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Fig. 2 - Sample strip chart recordings

SHORT- TERM STATISTICS

A more detailed knowledge of the fade structure was obtained by resolving the indi-
vidual fades and measuring the total time that the signal remained below various speci-
fied levels and by observing the number of times specific fade durations occurred at each
level. For practical reasons, short aperiodic data samples, varying in length from about
3 sec to 5 min were used for this purpose. These samples were converted to digital form,
using sampling rates from 50 per second to 5000 per second, and then processed by com-
puter. A low pass filter, with appropriate cutoff, was used before the digitizer to mini-
mize the eliasing error*.

*Error that would be introduced by sampling below the Nyquist limit.
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Sample Length

The effect of sample length on the measured fade amplitude distribution is shown in
Fig. 3. The distribution and median level for the typical fading case remain substantially
unchanged for sample lengths between 2 and 5 min, indicating that a good sampling of the
short-term statistics is obtained with these values. For the worst fading case the results
are not as consistent but are sufficiently good to be included for practical purposes.
Most of the data were reduced using sample lengths of about 4 to 5 min.

Sampling Rate

For reasons of economy, most of the data were sampled at the relatively slow rate
of approximately 50 samples per second, thereby limiting the minimum resolvable fade
duration to about 20 ms. However, the data were examined for shorter fades by process-
ing short samples at higher rates. The shortest fade duration examined, using various
sampling rates, is shown in Fig. 4. As is evident from this figure, a definite loss of
resolution is introduced by lowering the sampling rate from 5000 to 50 per second. This
eliminates the very deep narrow fades from the analysis and tends to raise the extreme
left-hand portion of the amplitude distribution curves.

Fade Distributions

Shallow, typical, and worst case amplitude distributions are shown in Fig. 5. The
corresponding fade duration distributions for the typical and worst cases are shown in
Fig. 6. The curves labeled typical and worst cases are to be interpreted as being rep-
resentative of these cases rather than literally indicating typical and worst case charac-
teristics in every detail. All similarly labeled curves represent the analysis of one spe-
cific data sample, selected as being representative, rather than an average of many
samples. This approach was selected as providing a more realistic view of the fading
characteristics, since all of the average characteristics (of each class of fade) could not
be found simultaneously in any actual sample. *

Fade Depth vs Specular Interference Pattern

The relationship between the fade depth, as measured by the standard deviation, and
the antenna position relative to the (vertical) specular interference pattern is shown in
Fig. 7 for different null depths. As may be seen from the figure, the standard deviation
increases as the antenna approaches the null, but its variation with position decreases as
the null decreases. The reference channel (fixed antenna) indicates the "normal" spread
of values during the course of these experiments.f

Autocorrelation

Considerable information about the fade structure can be obtained from the autocor-
relation function. A short correlation time (i.e., a fast decay) indicates the existence of
fast fades; conversely, a long correlation time indicates slow fades, and periodicity in
the function reflects periodicity in the fading. The correlation time is also a measure
of the interdependence of the fading at different instants of time and therefore indicates

* In making these selections about 300 data samples were examined.

tThe reference channel receiver is a duplicate of the receiver shown in Fig. 1.
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the time delay that is needed for effective time diversity operation. Correlation curves
corresponding to the typical and worst case distributions of Figs. 5 and 6 are shown in
Fig. 8. The shortest and longest correlation times observed are shown in the curves of
Fig. 9. These curves were calculated by a computer from the experimental data using
the expression

( 2

where f) is the autocorrelation coefficient, x(T) is the time-delayed version of the signal
x, the term (x - 5) [ x(T) - 51 is

1 1nn , (Xi - i ( 7 )

and the variance a 2 is

1, (x._ - ) 2 .

i 1 x

Time Diversity

To demonstrate the advantage of time-diversity operation the joint distribution of the
signal and a time-delayed replica of itself was generated by a computer. * Since this is
the mathematical equivalent of optimal switch selection, the improvement obtained in this
manner could be obtained in practice using this technique under ideal conditions. Joint
distribution curves for various conditions are shown in Fig. 10; the improvement is in-
dicated by the difference between the joint and single channel curves.

DISCUSSION

There is general agreement that short-term fading may be explained by multipath
interference effects. In the simplest model the phenomenon is represented by a direct
wave and an indirect wave, arriving at the receiver over an alternate path, which com-
bine to produce the total received signal. Since the properties of the transmission
medium vary with time, the relationship between the direct and indirect waves also
varies, resulting in a fluctuating signal. The primary sources of alternate paths are
ground reflections-both specular and diffuse-and atmospheric reflection, refraction,
and scattering. Although several sources of alternate paths may exist simultaneously,
for overwater paths with ample clearance, the primary alternate path is, in general, due
to the water surface (1).

The indirect wave that is reflected by the water surface can be resolved into a
specular component and a diffusely scattered component. The specular component con-
sists of a "constant" or slowly varying part and a variable or rapidly fluctuating part.

*The joint distribution indicates the percentage of time that both signals fade simultaneously below

a specified level.
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Both parts are coherent and obey the laws of geometrical optics. The diffusely scattered
component is incoherent and scatters in all directions, depending on the scattering sur-
face. In practice, the distinction between the variable specular and the diffusely scattered
components is frequently ignored, and the combination is called the variable component or
more loosely the diffusely scattered component.

When only the variable component of the indirect wave interferes with the direct wave,
it produces rapid shallow fades. However, when in addition the slowly varying specular
component of the indirect wave also interferes with the direct wave, then the fades can be
very deep. The magnitude of the fades in an actual situation depends on the prevailing
conditions and especially on the magnitude of the specular reflection coefficient. Although
no attempt was made during the course of these experiments to resolve these components,
their effect is apparent in the data.

An examination of the strip charts shows that the fading varied over a wide range from
substantially no fading, to fast and shallow fading, to deep fading with fast and slow com-
ponents. The short-term computer analysis revealed that fade depths of about 3 db (me-
dian to 98% value) are typical of the shallow fades (variable component only), and fade
depths of 14 db (median to 98%value) are typical of the deeper fades (variable plus specu-
lar components). The average fade rates observed varied from extremes of about 2.5 fades
per second to 0.5 fade per minute. The corresponding extremes of the average fade dura-
tions were about 0.2 sec to 1.0 min. The more common values are given in Table 1.

Table 1
Short-Term Fade Summary

Average Fade Rate Average Fade Duration
Fade Depth,

Fade Type 50%-98% All SlowValue Components Components Components Components
(db) (Fades Only (Fades (se) Only (se)

per Second) per Minute)

Shallow 3 1.3 0.4

Typical 8 0.48 1.5-2.0 1.0 15-20

Worst 14 0.43 1.2-1.5 1.2 20-25

In addition to the short-term fading, an intermediate-term component was also ob-
served (Fig. 11). It was not uncommon for these fades to last for several minutes, and
occasionally for as long as 1 hr, and to have short-term components superimposed on
them. Since these fades were too long for the 5-minute sample length used in the data
reduction, no statistical measurements, other than the gross visual estimates, were ob-
tained. However, some general conclusions concerning these fades can be made. The
depth of the slow component was comparable to the depth of the null in the specular inter-
ference pattern, but the fast component greatly increased the overall fade depth. Because
of their duration, these fades could not have been produced by a change in the tide level,
since this occurs much more slowly, and, judging from visual observations, they could
not be attributed to surface conditions. Unfortunately, the meteorological data taken
during these periods were inadequate, and no firm cause and effect relationship could be
discovered. However, it is quite likely that these fades were produced by changes in the
vertical gradient of the index of refraction which in turn changed the path clearance,
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exposing different Fresnel zones at the point of reflection, thereby making the contribution
of the specular component more prominent (1).* This fade type is therefore a good illus-
tration of the importance of the reflected specular component in the fading phenomenon.

An examination of the fading versus the antenna position relative to a null, which is
an experimental way of demonstrating the importance of the reflected specular component,
confirms that the fading is deepest in the region of the null. The magnitude of the null
depth, and therefore of the fading, depends critically on the specular reflection coef-
ficient. The largest value of the specular reflection coefficient measured under almost
ideal conditions (dense fog, no fading, and a strong, "clean" vertical interference pattern)
was 0.98 (maximum to minimum of 40 db).f Typical values ranged from 0. 6 to 0. 8.
However, on some occasions no appreciable specular interference pattern could be found,
indicating for practical purposes, a coefficient of zero. The largest value of the reflec-
tion coefficient of the diffusely scattered component, measured when the effect of the
specular reflection could not be observed, was about 0. 3 (a 10% to 90% value of 4 db).
Typical values were between 0. 2 and 0. 25.

*Diversity measurements that were performed concurrently with these experiments eliminate sudden,

brief changes in atmospheric absorption as a possible explanation, since these fades were not
observed simultaneously in both diversity channels. (The complete results of the diversity experi-
ments will be reported at a later date.)
It is interesting to note that the simple two-ray model, which cannot be used to derive the statistical
properties of the fading (since at least six components are needed to reasonably describe the deeper
fading (2)), is remarkably useful in predicting the specular multipath interference pattern. Calcu-
lations of the maximum-to-minimum separation were within 10% of the measured value.
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SUMMARY

The short-term fading on an overwater line-of-sight path at 37 GHz has been char-
acterized. Fade depths of 8 db were typical, although fade depths from 3 dbto 14dbwere
observed (measured between the median and the 98% value of the distribution). The
fading generally displayed a fast and a slow component with typical average values of
about 0. 5 fade per second and 1. 5 fades per minute. The corresponding average fade
durations were 1 sec and 20 sec, respectively.

The importance of the specular reflection from the water surface was clearly evident
in the results. The typical value of the specular reflection coefficient was about 0. 7, but
the extreme values varied from almost 0 to 1. The reflection coefficient of the diffusely
scattered component showed less variation and was typically about 0. 25.

CONCLUSION

The use of a 15-db fade margin would be sufficient to maintain the received signal
above a desired threshold for at least 98% of the time for every sample of data examined.
With a 10-db fade margin the 98% value would be exceeded during typical fading, but a
value of only 93% would be achieved during the worst fading periods.

The use of time diversity, as a substitute for fade margin, would require a time
delay of about 10 sec to achieve effective performance with all data samples examined.
A time delay of 5 sec would give slightly degraded but satisfactory performance in almost
every case, and a value of about 20 sec would achieve the best diversity performance
because of the negative correlation generally obtained with this delay.

REFERENCES

1. Beckmann, P., and Spizzichino, A., "The Scattering of Electromagnetic Waves from
Rough Surfaces, " Part II, New York: Pergamon, 1963

2. Schwartz, M., Bennett, W., Stein, S., Section 9. 2 in "Communication Systems and
Techniques, " New York:McGraw-Hill, 1966
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Appendix

FORTRAN PROGRAM FOR DATA REDUCTION

The input consists of one or two channels of digitized data on magnetic tape written
in the binary mode with 2050 words per record. On dual channel tapes the data must be
interlaced. The output consists of the cross-correlation coefficient, the autocorrelation
coefficient, the fade amplitude distribution, the fade duration distribution, and the joint
distribution. "Short circuits" are distributed throughout the program to permit deletion
of unwanted operations.
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PROGRAM

07/18/68

KM U

[)STRFADF, DISTRIR?, SORT
F (NIrTIN! CORCF

ARE USEP IN THE SUROIUTINES AS FOLLOWS ---
IN TPHANDLP AND TPREAD
IN I)STRFADEp FADh3, AND TPREAI)
IN ISTRIB

2

IN )STRFADE AND DISTRIR2
IN DSTRFADE AND FADES
IN (XIRCL

IN C6CF
IN USTPFADF AND FADE6
IN QSTRFADE AND FAnE3

CNMM',\/A/PRSNIFL(5),PP SNRC(5),FILENR,RECNo,STnRF(8)
COMM(N/B/A(4l0;,),rPLXH(iOD),KPLXL(100),KPLYH(lOO),KPLYL(iO0),
1INT(h,iO00), NNF

COMMH)N/C/i)LW( 1,4), DMEAN(loD
4

)o DHIGH(10,4)
1, DFILE-(IO), EREC(IO), DDIREC(lO) - NI)SAMPL(iO)
2
,UDELIAH(I(), IIELTAF0(D)
COMMTNh/E/nLOTEN(11 ,4), DMEON(I0,

4
), DUJPTFN(10,4), IIDTSP(iD,4)

COMMON /F/IPNT,IPRjT,RLNGTH,KCHI)INCGAPINCNLV,LV(6),NCHL(iO,4)
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2
U), TS( 2), TDIFF(?

0
)

TYPE RFAL LV, INT
TYPE !NTFGER IILFNeRE(;NR POSNFLPOSNRC,STORF,DFILF,DREC,DDREC

KNTIME = 1
TI = TIMFF(KNTIIU-) $ PRINT 83, TI
T(KNTIME)=TI lb IF(KNTI.ME .LT. 20
PRINT I
REWINID 1
LCH = 1 q MCH : i KLV=O $

899 READ 3, I)INC, PRNT, INCPRINT, IPRNT

) KNTIME=KNTIME*i

NKGR=o %

THI- FOLLf)WING VARIAHLES SUPPRESS VARIOUS
SECTIPNS GF THE PROGRAM

READ 50, NCAC, NXY, NAC, NXX, N
YY

, NDF,
iKDCA, NFX, NFY, NFCJ, NFAJX, NFAJY, NNF

NDX, NDY, NI)CA,
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C
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C IF A COEFFICIENT LESS THAN 0.1 IS CALCULATED

C WHEN USING THE FIRST VALUE FROM THE FIRST
C GROUP, TIEN VALUES 2 AND j ARE OMITTED

C FROM IHIS GROUP AND OFF-SETS FROM GROUP 2

C ARE USED,
C IF A COEFFICIENT LESS THAN 0.1 IS CALCULATED

C WHEN USING THE SECOND VALUE FROM THE FIRST
C GROUP, THEN VALUE 3 IS OMITTED FROM THIS

C GROUP ANC OFF-SETS FROM GROUP 3 ARE USED,
C OTHERWISE ALL VALUES OF GROUPS I AND 4 ARE USED

A3
Ti
S i

IEOF=o

FTN5,4A
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C
0(1) 21) J=1, 4
READ n?, NK, (Ki(J,II, I=INK)

NK(-l ( J ) = NK
20 CONT IULE

REAI 4 , NLV LV(N N=INLV)
999 READ 5 , FILEN,, F;ECNO, NCH, NPT, NnCREEL, SMPLRT, DELTAH, DELTAF

1 , NSAMPL

IF (I-()F,(
0
) 99, 9

9 IF (FILE' .GT. 16400}) G9TO 899
NNPT = NPT

IRECHP = RFCNO
RLNGTH = NPT/SMPLHT
PRINT hO, ,OCRFEL, FILENn, NSAMPL, SMPLRT, NPT
PRINT O', DELIAp, CELTAF

C

C Pf'SSITI(.)N TAPE T(.'. READ DATA FROM FILE AND RECORD INDICATED
C

CALL TPHANDLE (l.,1)
PRINT 62

TI = TIMFF(KNTIME) % PRINT 83, TI T 2
T(KNTIME)=TI $ IF(KNTIME ,LT. 20) KNTIMF-ZKNTIME1j S 2
IF (h(CH ,EQ, GOTO 21

C
C SINGLF CHANNEL EATA IS STORE) IN ARRA

Y 
Y

C
DO 29 M=1 ,4
CALL TPPFAD (1' 1,4100'NPP)

IF (I'P P .N F . (? 1 0 1 , 1 0 2

C
C ELIMINATE CARDS NO.)T USED IF THERE IS A
C PARIITY ERRO-IR

C
101 READ 4, NPT

IF (MPT .EO. u) GOT® 999

IF (NPT ,GT. 16400) GOTO 899
GOTO 1(JI

ID2 JJJ = POSNRC(1) - I
PRINT 63, JJJ, (A(,), J=1,4)

IF(JPHNT.NF.1) GOT@ 11
PRINT 5, INCPRINT
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IF (INCPRINT .FC. 0) GOTO 11
PRINT 7, (A(I), I:1,4100,INCPRlNT)

C
11 D 29 N=1,41U0

KNT = (M.-)i*4100+N
Y(KNT) = A(N)

IF (KNT .GE. NPT) GOT®) 8
29 CONT INJUE

PRINT 6 % STP)F
C
C DHAL CHANNEL DATA -- CHANNEL. 1 IS STORED IN ARRAY X
C CHANNEL 2 IS STORED IN ARRAY Y

C
21 DO 30 m=1,8

CALL TPREAD (J1 ,,4100,NPP)
IF (NPP .NE. 0) 103, 1.04

C
C ELIMINATE CARDS NOT USED IF THERE IS A
C PARITY ERROR
C

103 READ 4, NPT
IF (PiPT .EO. 0) GOT® 999
IF (NPT .GT. 16400) GOT® 899

GOTO 103
104 JJJ = POSNRC(1) - 1

PRINT 63, JJJ, (A(C,)p J=1,4)
IF(JPRNT.NF.i) GOT® 24
PRINT 5, IKICPRINT
IF (INCPRINT .FC. 0) GOT® 24

C PRINT 7, (A(), 1=1,4100,INCPRINT)

24 DO 30 N=2,410O,2
KNT = (M-i)*20

5
D + N/2



X(KNT) = A(N-
1
)

Y(KNT) = A(N)

IF (KNT .GF. NPT) GOT® 8
3D CONTINUE

PRINT 6 $ STOP
C

C SFT PRINTS THAT ARE GREATER THAN -35 DBM OR LFSS THAN -90 DRM

C TO THE PRFVICUS POINT
C f8 KIOLNTX=0 $ KK.OONTX=0 $ KOuNTY=O $ KKOUNTY.0

TI = TIMLF(KNTIfME) $ PRINT 83, TI T 3
T(KNTIME)=TI $ IF(KNTIME ,LT. 2o) KNTIME=KNTIME*i S 3

IF (NCH ,NF. 2) GOT® 26
CALL TPHILO (X, NPT, KOUNTX, KKE8UNTX, KPLXL, KPLXH5

26 CALL TPHILM (Y, NPT, KOUNTY, KK)UNTY, KPLYL, KPLYH)

C
C PRINT LOCATI6N FF POINTS THAT WERE CHANGED
C BY SUPR9UTINE TPHIL'
C

PRINT 75, KOIJ TX, KKOIJNTX, KOUNT
Y
, KKOUNTY

c
IF (K(-)JNTX .FQ, 0 .AND- KKOUNTX .Eo. 0) GOT® 44
IF(KK(.iUNTX .EQ. 0) COTO 42

FI N5,4A M7/18/68

IF (KK()UJITX .GT. 100) 13, 15

13 KKN'INTX = I-o
15 N z KKN)ONTX

PRINT 82, LCH

PRINT 79, (KPLXH(I), I=1,N)
C

42 IF (K(,)P NTX .EQ. 0) GOT® 44
IF (K&)ILNTX .C-T. 1O) 18, 19

18 K(UNTX = 10(

19 N = KL-)UNTX
PRINT 84, LCH

PRINT 79, (KPLXL(I), I=IN)

C
44 IF ( K('IAtITY .EO. 0 ,AND, KK®UNTY .EQ. n) GnTO 80

IF (KKOUhTY .E(. U) GOT= 45
IF (KK(.JLJNTY .(I; . 100) 27, 28

27 KKOUNITY = 100

28 N = KK(-UI TY

PRINT 82, MCH
PRINT 79, (KPLYh(I), 1=i,N)

C
45 IF ( K('Uf',ITY .EQ. 0) GOTC, 80

IF(KC-tJNTY .(;T. 100) 35, 36
3 KOUNTY = lnD
36 N = KOUNTY

PRINT 84, MCH
PRINT 79, (KPLYL(I), 1=

1
,N)

H PRINT 73
C

C RF.Aj1 THP NL)Mbf-H (F POINTS TO HE USED IN THE ANALYSIS
C

100 READ 4p NPI, '1FF LV
IF (N-PT ,EQ. ) GOTO 999

IF ( KLV .f . 1"0 ) GO0T® 5

KLV"P,'.V+
1

7 DnFLF(KLV)=FILFN) DREC(KLV)=IRF-CN( $ NDSAMPL(KLV)-NSAMPL

DDFLTAll(KLVU)=;E-LTAN F DUFLTAF(KLV)=IIFLTAF I )DREC(KLV)=JJJ
RLNGTH = NPT/SMPL.RT
TI = TIMH F(KNII E) $ PRINT 83, TI T 4
T(KNTIME)=T1 $ IF(KNTIME ,LT. 20) KI!TIM =KNTIME i S 4

IF (CCAC . . 1r ) GOTR 46
IF ( U\Y .EQ. 1) GOTO 37

C
C
C CALCUL ATE CRUSS-C(qRREAT IN
C

PRINT 71, NIPT, HL."GTH
RXY = C(. CF(0, NP !)

DRXY(kLV) = RXY



PRINT 72, RXY

TI = TINFF(KNITI(E)
T(KN7IMf-)=TI $

37 IF (NAC EC , 1)

$ PRINT H3, TI

IF(KNTIME .LT, 20) KNTIMF=KNTIME+i

G@TH 46

CALCUI.ATE ALTE-C'AHRFLATION

PRINT 74
PRINT 7L, NPT, RLNGTH
PRINT 76, LCH, MCH

SFLFCTION nF OFF-SET

AS I)FSCRIHE ABOVE

GROUP IS MADE

DO 40 1=,3

K = KHO l.l)
OFFSFT = K/SMPLRT
NP= NIPT - K
NTYP = 1+1

IF (NXX .EQ. 0 .AN , NYY ,FQ. 0)

48 RXX = AC(HRX(K,NPT)
RYY = ACORY(K,NPT)

PRINT 77, K, NP, NFFSET, RXX,
IF (PXX .LT. 0.1 .OR, RYY .LT

38 IF(NXX .F). 1)

RXX = ACrRX(K,NPT)
PRINT 77, K, NP, OFFSET,
IF (RXX ,LT. 0.1)

46 IF(NYY .F-Q, 1)

RYY = ACCIRY(K,NPT)

PRINT 70, K, NP, OFFSET,
IF (RYY .LT. 0.1)

40 CONTINUE

IF (NXX .E0. 0 .AN , NYY
51 IF (NXX .EO. 1)
34 CONTI NUE

RYY
0.1) 34,40

GOT® 43

41p 40

GOT® 46

39, 40

,EQ. 0) 34, 51
39, 41

CALCULATE AUTOCFRRELATION OF CHANNEL I AND 2

NK = NKO(NTYPE)

DO 31 1=I,NK
K = KO(NTYPE'l)
OFFSET = K/SMPLRT
NP NPT - K

RXX ACORX(K,NPT)
RYY = ACnRY(K,NPT)
PRINT 77, K, NP, OFFSET, RXX. RYY

31 CONTINUE
GOT@ 46

CALCULATE AJTOCIRRELATION OF CHANNEL 2

39 NK = NKO(NTYPE)

O0 32 li= ,NK

07/18/68

K m K@(NTYPEI)
OFFSET = K/SMPLRT

NP NPT - K
RYY z ACTRY(K,NPT)

PRINT 70, K, NP, OFFSET, RYY
32 CONTINUE

F' N S , 4 A

T 5
S 5

07/11/68

48, 38

F N5,4A



GOTO 46
C
C CALCULATE AUTOCORRELATION OF CHANNEL I
C

41 NK = NKO(NTYPE)
C

DO 33 aI#,NK
K a KO(NTYPEI)
OFFSET ; K/SMPLRT
NP u NPT - K
RXX * ACMRX(K,NPT)
PRINT 77, K, NP, OFFSET, RXX

33 CONTINUE

46 CONTINUE
TI a TIMEF(KNTIME) s PRINT 83, TI T 6
T(KNTIME)sT1 $ IF(XNTIME ,LT, 20) KNTIMESKNTIME41 S 6

CC

C ----.------ ------ DISTRIBUTION ---- . ..------------.
C

KGR • 0
IF (NDF .EO. 1) GOT@ 100

C
IF (NDX ,EQ. 1) GOT@ 12

C

C

PRINT 65, NOCREEL, FILENO, NSAMPL, SMPLRT, NPT
PRINT 66, DELTAM, DELTAF
KGR c KGR + 1 S NCHL(KLVKGR) x OH 8

KKGR(KLV) = KGR s NKGR =NKGR 1
PRINT 61, NCHL(KLV,KOR)

CALL DSTRFADE (X, NPT, NFX, KLV, KGR)
C

TI z TIMEF(KNTIME) S PRINT 83, TI T 7
T(KNTIME)=TI $ IF(KNTIME .LT, 20) KNTIME=KNTIME+1 S 7

C
12 IF (NDY .EO. 1) GOTO 16

C
C
C CALCULATE DISTRIBUTION OF DATA IN CHANNEL 2
C

PRINT 65, NOCREEL, FILENO, NSAMPL, SMPLRT, NPT
PRINT 66, DELTAH, DELTAF
KGR = KGR * 1 s NCHL(KLV,KGR) = 8H 2
KKGR(KLV) = KGR s NKGR = NKGR + 1
PRINT 61, NCHL(KLV,KGR)
CALL DSTRFADE (Y, NPT, NFY, KLV, KGR)

FINS ,4A 07/18/68

C
TI = TIMFF(KNTIME) $ PRINT 83, TI T 8
T(KNTIME)=TI $ IF(KNTIME ,LT. 20) KNTIMExKNTIME*I S 8

C
16 IF (NDCA ,EQ. 1) GOT® 100

IF (KDCA) 14, 56, 17
C
C
C CALCULATE CROSS'JOINT DISTRIBUTION
C

56 PRINT 65, NOCREEL, FILENOt NSAMPL, SMPLRT, NPT
PRINT 66, DELTAH, DELTAF
KGR = K(R * I NCHL(KLVKGR) = 8H C-JOINT
KKGR(KLV) = KGR s NKGR = NKGR + 1

64 DO 22 =I:,NPT

IF ((Y()+DICFLV) ,GT. X(I)) X(I)=Y(1)+DIFFLV
22 CSNTINUE

PRINT 61, NCHL(KLV,KGR)
CALL O)STRFADE (X, KPT, NFCJ, KLV, KGR)

C
TI = TIMFF(KNTIME) $ PRINT 83, TI T 9
T(KNTIME)=TI $ IF(KNTIME ,LT. 20) KNTIME=KNTIME+1 S 9

C
GOT@ 100

C
C



C CALCULATE AUTO-JOINT DISTRIBUTION CHANNEL I
C THE SEC)N GROUP OF OFF-SETS READ-IN ARE USED
C

17 PRINT 65, NOCRFEL, FILENO, NSAMPL, SMPLRT, NPT
PRINT 66, DELTAH, IELTAF
KGR = KG)FR + I % NCHL(KLV,KGR) = 8HIA-JOINT
KKGR(KLV) = KGR $ NKGR NKGR + 1
NK = NKTM(2)
DO 49 J=1,NK
K = K® (

2
,J)

NP = ;UPT - K
DO 25 1I ,NP
IF (X(I) .LT. X(I*K)) 57, 67

57 Y(I) = X(I+K) $ GOT® 25
67 Y(I) = X(I)
2 C0NTI4tJE

PRINT 61, NCHL(KLV,KGR)
OFFSFPT = K/SMPLRT
PRINT 69, K, NP, EFFSET
CALL )STPFADE (Y, NP, NFAJX, KLV, KGR)

49 CONTINUF

TI = TIMFF(KNTIME) $ PRINT 83, TI Ti
T(KNTIME)=TI $ IF(KNTIME .LT. 20) KNTIME:KNTIME i 5I0

C
GOTE ion

C
C
C CALCULATE ALTOJOINT DISTRIBLUTIN CHANNEL 2
C TH- SEC@N[ GROUP OF 8FF-SETS READ-IN ARE USED

FTN5.4A n7/18/68

C
14 PRINI 65, NOCREEL , FILFNO, NSAMPL, SMPLRT, NPT

PRINT 66, DFLTAH, CELTAF
KGR = KG; + 1 $ NCHL(KLV,KGR) = 8HA-JOINT
KKGR(KLV) = KGR $ NKGR : NKGR + I
NK = WK (2)
DO 47 JiNK
K = K(.(2,,j)

NP = rAPT - K
DO 23 I=1,NP
IF (Y(1) .LT. Y(I+K)) 86, 89

86 X(I) = Y(I+K) $ GOTA 23
89 X( ) = Y(I)
23 CONTINUE

PRINT 61, NCHL(KLVKGR)
OFFSET = K/SMPLRT
PRINT 69, K, NP, OFFSEI
CALL DSTRFADE (X, NP, NFAJY, KLV, KGR)

47 CONTINUE

C
TI = TIMFF(KNTIME) $ PRINT 83, TI Til
T(KNTIME)=TI I II-(KNTIME ,LT. 2rI) KNTIME:KNTIME i sli

C
GOT® 100

99 IEOF = 1
C
C PRINT SUMMARY TAqLE FOR EVERY 10 DATAaGROUPS
C

55 IF (NIKGR .EQ" 0) GOT® 54
PRINT 64, NOCRFEL, NNPT, SMPLRT
PRINT 87
DO 53 I= ,KLV
KGR = KKGR(I)
DO 5,1 J

1
IKGH

PRINT 38, DFILE(I),DREC(C ),DDREC(I),NCHL(I,J),
JDL)W( J),nLOlEN(IJ)

D N(I ,) DMEAN ( JI ),DDISP(I,J),DUPTEN(I,J),DHIGH( Ij),2
DRXY(I), DDELTAH(I), DIELTAF(I). NDSAMPL(I)

53 CONTItJUE
C

TI = TIMFF(KNTIME) $ PRINT 83, TI T12
T(KNTIME)=TI $ IF(KNTIME ,LT. 20) KNTIME=KNTIME*i S12

C
PR INT 2
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IF CIEOF .EQ. 1) GOT® 54
KLV I $ GOTO 7

C
54 CONTINUE

C
c CALCULATE AND PRINT TABLE OF TIME DIFFERENCES
C (FIRST 19 VALUES ONL'?)

TDIFF(i) = 111111111. Cl
ITHC1) =TH = T(1)/3600000, C?
ITM(i) =TM = (TH-ITH~l*)60. C3

TS(1) = (TM-ITM(i))*6O. C4

FTN5 * 4A 07/18/68

KNTIME z KNTIME - 1 C5
DO 85 I:2,KNTIME C6
TDIFF(I) =(T(I) - T(I-1))ZODO, C7
ITHMI TH =TCI)/3600000, C8
ITM(IM TM (TR-ITH(l))*6D, C9
TSCI) =(Tm-IlM(Il.)6U. CI

0

85 CONTINUE ClI

PRINT 80 Cl?
PRINT 81,(I, ITH(I), ITM(I)s TScI). TDIFFCI), I=1,KNTIME) C13

C
C

1 FORMAT (iH*)
2 FORMAT (*1*)
3 FORMAT (F1.., 3110)
4 FORMAT C 11 0 , (70.0.2))
5 FORMAT (3X,*TAHLE OF DATA READ IN------EVER'?*15*TH POINT*)
6 FORMAT (

3
X*ASK FOR TOO MAN? DATA POINTS*)

7 FORMAT Ci0F8.3)
50 FORMAT (2014)
52 FORMAT (1115)
58 FORMAT C

3
15, 2110, 3F10.2, 110)

60 FORMAT (*I CALIBRATED TAPE *15/* FILF NtJMBER*14/
G. SAMPLE NUMBER M*16/
1* SAMPLING BATth =*F9.3* SAMPLES PER SE=C(OND*/
2s NUMBER OF' POINTS READ FROM TAPE =*17* PER CHANNEL*//)

61 FORMAT (//3X*CUMULATIVE FREQUENCY DISTRIBUTION-----CHANNEL
I A 13)

62 FORMAT (/3X*FIRST FOUR POINTS OF EACH RECORD*//7X
1*REC0RD*/7XNUM8ER*12X*DATA POINTS*/)

63 FORMAT (6X, 14, lx 4F1D.2)
64 FORMAT (*1 CALIBRATED TAPE *15/

Is NUJMBER OF POINTS READ FROM TAPE =*17* PER CHANNEL*/
2. SAMPLING RATE =*F9.3* SAMPLES PER SECOND//)

65 FORMAT (*1 CALIBRATED TAPE .I5/o FILE NLIMER14/
C* SAMPLE NUMdER =*16/
J.* SAMPLING RATE :.F9, 3 * SAMPLES PER SECOND*/
2* NUMBER OF POINTS USED z.17* PER CHANNEL//)

66 FORMAT (/3X*DELTAM Z-F6,2* FT./3XD)ELTAF =*F8.O* MC//)
69 FORMAT (/3x*POINT OFF-SET .*17/SX*NUMBER OF POINTS USED =

117/3X*AFF-SET 1IME *F1O,3* CSEC)*)
70 FORMAT C

1
X, 2110, F1

0
.
3
, l

0
X, F1

0
.
3
)

71 FORMAT (/ 3X*SAMPLE LENGTH =*I?* POINTS OR *F9.3. CSEC)*/)
72 FORMAT C///SX*CROSS CORRELATION COEFFICIENT =*F7-3//)
73 FORMAT(lX.------------------------------------------------ -------------

1------------------------------------------------------------------------
2------------ *)

74 FORMAT (3X*AIJTOCORRELATION COEFFICIENTS------------
75 FORMAT (/3X*CHANNeL 1 --- NUMBER OF POINTS UNIDER -90 DBM
1I6/39X*MVER -35 DBM :*16/3x
2*CWANNEL 2 --- NUM8ER OF POINTS UNDER -90 DBM Z*16/39X
3*OVER -35 DBM =*16)

76 FORMAT 016(NUMbER TIME*/7X*POINT OF OFF-SET*7X
1.CHANNEL.,/6X*OFF-SET POINTS (SEC).16,19)

77 FORMAT (I.X, 2110, 
3 F 1 0 . 3 )

79 FORMAT Cl11Y, 1018)
8D FORMAT 1181.* T I MIN G -- -*//7X*TIME*IOX*TIME*8X.TIME DIFF*/7X F1
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i.P0INT.SX*HR MIN SEC,6X*SEC*) F2
81 FORMAT (6X,14, 19, 15, F7,i, 2X, F7.3) F3
02 FORMAT (//3X*LOCATION OF POINTS GREATER THAN -35 DBM IN CHA

INNEL, 12)
83 FORMAT (100X*TIME =.Fi5.i. MILLI-SEC*)
84 FORMAT (//3X*LOCATION OF POINTS LESS THAN -90 DM IN CHANNE

I L, 12)
87 FORMAT (43X*LGWER*36X*UPPER*/44X*TEN*38X*TEN*/42X*PERCENT*23X

1
*STANDARD PERCENT*

2
8X*DELTA*/* FILE RECORD CHANNEL.

2 LOW LEVEL MEDIAN MEAN DEVIATION LEVEL HIGH

3 CROSS H F NUMBER*/34X*(DBM) (DRM) (DBM)
4 (DBM) (CB) (DBM) (DBM) (DBM) (FT) (M

5C)*/)
88 FORMAT ( 1X,14,15* TO14,4XAO8,7F 0.2,FiO,3,FlO,2,FO,0,17)

C
C
C

END
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SUBROUTINE DSTHFArE CU, NPT, NFZ, KLV, KGR)

18 JAN 1968 KMD
MOD 2 JULY 1968 KMD

COMMONIHIA(4100),KpL H(1OO),KPLXL(1OO),KPLYH(IOO),KPLYL(1OO),
IINT(6,1000), NNF
COMMON/E/DLOTEN(iD,4), DMEDN(1

0
,4), DUPTEN( 0,4), DDISP(IO,4)

COMM®N/F/IPNT,IPRNT,RLNGTHKCH,DINCGAPINCNLVLV(6),NCHL(1O,4)
COMMON/

3
/ JMAX(6), GAP(iOOO)/

4
/LMAX(6), UPINT(6,l000)

DIMENSION Z(NPT)
EQUIVALENCE (AINT)
TYPE REAL MDN, INT, LV
TYPE INTEGER UNITS

DISTRIBUTION ANALYSIS

PRINT 70, NPT, RLNGTH
TI = TIMFF(KNTIME) $ PRINT 83, TI

CALL DISTRIB2 (Z, NPT, DINC* IPRNTKLV, KGR)

MDN 2 DMEDN(KLVKGR)
IF (NFZ .EO. 1) RETURN

FADE ANALYSIS

TI= TIMFF(KNTIME) $

CALL FADE3 (NPT,Z,MDN)

TI = TIMEF(KNTIME) s

DO 30 N=i,NLV
NN=JMAX(N)
IF (NN .EQ. n)
DO 32 I=i,NN

32 GAP(I)=INT(N,I)

KKNT = 0
PRINT 65, NCHL(KLV,KGR)
PRINT 63, LV(N)
PRINT 62, NN
IUNT = 5H(SEC)
TI c TIMEF(KNTIME) s

CALL SORT (GAP, NN)

TI 2 TIMEF(KNTIME) S
PRINT 60

PRINT 83, TI

PRINT 83, TI

GOTO 48

PRINT 83, TI

PRINT 83, TI

38 PRINT 61, (GAP(I), I=l,NN)

07/17/68

SUM=O. $ SSUMMO, s JJ=O
PRINT b8
DO 55, J=1,NN
SUM = SUM * GAP(J)
IF (J .EQ. NN)

58 IF (GAP(J) .LT. GAP(J*
1
))

56 ICUM = J $ IICUM a NN-JJ
PCFADE = 100.0-ICUM/NN*lO0,O
PTFADE = SUM/RLNGTH*10

0
,O

PPTFADE = SSUM/RLNGTH iO0,O
PRINT 57, ICUM, GAP(J), PCFADE,
JJ = J $ SSUM a SUM

55 CONTINUE
IF (KKNT .LT. 1)

56, 58
56, 55

PTFADE, PPTFADE, IICUM

48, 34

FTN5 ,4A
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48 IF (NNF .Eo. 1) GOTO 34

KKNT = KKNT +

C

C
C NON-FADF ANALYSIS
C

TI = TIMFF(KNTIME) $ PRINT 83, TI
NN = LMAX(N)

IF (NN .F). n) RETURN
O 36 I,NN

356 GAP(I) = UPINT(N,I)

C
C
C

PRINT 6t, NCHL(KLV,KGR)
PRINT 63, LV(N)
PRINT 62, NN

CALL SCIRT (GAP, NN)
PRINT 59
GOTO 38

C

34 CONTINUE
C

30 CONTINOE
TI = TIMFF(KNTIME) PRINT 83, TI

PRINT h4

RETURN
C

57 FORMAT ( 2
X
, 1/, F11.5. F13-5, 2F12"5, 110)

59 FORMAT (3X.LIST OF NON-FADE DURATIONS (SEC) ----- SORTFD.)

60 FORMAT (3X LIS
T  

OF FADE DURATIONS (SEC)- ..... SORTFD.)
61 FORMAT (

3
X,8FI').5)

62 FORMAT ( /3X.NLHHER OF POINTS =.17)

63 FORMAT (///3X, F7.
2  

DO LEVEL*)
6 4 F O RM A T (/ * . ------ ----- - ---- -- -- --- -- ---- -- --- -- -- -- I)

65 FORMAT (//3XCUmULATIVE DISTRIBUTION OF FADE DURATIONS*
1* ----- CHANNEL *A8)

66 FORMAT (//3X.CUMULATIVE DISTRIBUTION OF NON-FADE DURATIONS.
-" CHANNEL *Ab)

68 FORMAT (//5X
1*NLJMHEP.16X. PERCENT PERCENT PERCENT NLJMRER./3X
2*POINr'S FADE-/X.RF FADES.7X.OF.1IX*OF.8X*POINTS./3y

FTN5.4A 07/17/68

3*HELOW DURATION ABOVE,7X* TIME *8XTIME,7X.AREVE,/3X
4*INTERVAL (SEl) DURATION BELOW.7X*AR9VE.6X*INTERVAL*)

70 FORMAT (///,iX*SAMPLE LENGTH :17, POINTS OR *F9,
3

1* (SFC)//3X*NJUMER ABSOLUTE PRECENT LEVEL./3X
2*PMINTS SIGNAL POINTS FROM*/3X

3*BELOW LEVEL RELOW MEnIAN./3X
4
"LEVFL (L]HM) LEVEL (DB)*)

C
83 FORMAT (fONX*TIME =.F15.0. MILLI-SEC*/116X*FROM DSTRFADE.)

ENI)

FTN5.4A 07/17/68

SUBRNLUTIME DISTRIS2 (D, ND, SDINC, IPRNT, KLV, KGR)
C HPC 25 N(V 1966, MCD 3 AUG 1967, MOD t5 SEPT 1967 20

C MOD AN) CHANGED NAME JAN 18 1968 KMD

C MOO 27 MARCH 1968 KMD
C STATISTICAL PARAMETERS OF A SET OF DATA 30

C 40
COMMPN/C/DLOW(J 0,4), DMEAN(C1,4), DHIGH(10,4)
1, UFILF(.0), EREC(10), DDREC(IO)
CQMW-)N/E/LeTEN(Ij,4), DMEDN(1O,4),DUPTEN(1D,4), DDISP(O,4)

DIEMSION I)(NE) ,COLNT (00) 50
TYPE REAL MEAN,M HDN,LOW,LOTEN,LOTENYLEVELMFDYLEVELN 60

TYPE INTFGFR 0LN0 70

C 80
DIOC =S)INC 81
PRINT 3, DINC
IF(ND. EQ .0) RETURN A120

IF(IPRNT.NF.1,) GO TO 19
PRINT t
PRINT 2,(0(1),I:1,ND)



C 150
19 SUM=O 160

nO 31 I=i,ND 170
31 SUM=SUM p(1) 180

MEAN=SUM/ FLPATF(NC) 190
DMEAN(KLV,KGR) = MEAN

C 200
LOW:D(1) $ HIGH=D(1) 210
DO 33 I=

2
,ND 220

IFCD( I .LT.L(W) L W:D (1) 230
33 IF D( I) .GT.HIGH)HIGH:D( I 240

HHIGH = IHIGH = HIGH 253
XLOW = ILOW = L0W

C
IF (LOW ,LT. U) 27, 46

27 IF (XLOW-DINC .GT. LOW) 47,49
47 XLIW = XLOW - DINC

GOTw 27
46 IF (XLOWDINC .GT. LOW) 48, 50
50 XLOW = XLOW + DINC

GOTO 46
49 XLOW = XLOW - DING
48 DLOW(KLV,KGR) = LEW

IF (HIGH .LT. U) 25, 34
25 IF (HHIGH-DINC .GT. WIGH) 36, 54
36 HHIGH = HHIGH - DINC

GOTO 25
34 IF (HHIGH+DINC ,GT, HIGH) 42, 44
44 HHIGH = HHIGH + DINC

GOTO 34
42 HHIGH : HHIGH * DINC
54 DHIGH(KLV,KGR) : HIGH

NBIN = (HHIGH - XL6W)/DINC
C

IF(NBIN.GT.500) 21,23 261
21 PRINT 10 $ RETURN 262
23 CONTINUE 263

FTN5,4A 07/17/68

DO 35 J:1,NBIN 280
LEVEL:FL0ATF(J)*DIKC+XLOW
COUNT(J)=O 300
00 37 I:I,ND 310
IF(D(I).LE.LEVEL) COUNT(W)xCOUNT(J)+l 320

37 CONTINUE 321
COUNTN=FLOATF(C6UNT(J))/ND 322

35 CONTINUE 330
C 340MID:ND/2 $ FMID=FL6ATF(ND)/2.

C
C COMPUTE MEDIAN 360
C

DO 39 J=1,NBIN 370
IF(COUNT(J).LT.MID) GOTO 39
IF (J ,EO. 1) 12, 40

12 XI;O $ X2:COUNT(J) $ GOTO 16
40 XICOUNT(J-1) $ X2=COUNT(J)
16 IF (x2 .EQ. MID) 2o, 22
20 MEDY = J $ GOTO 41
22 MEDY = (J-l) + (MID-X1)/(X2-X1)

GO TO 41 440
39 CONTINUE 450
41 MEDN:MEDY.DINC+XLOW

DMEDN(KLV,KGR) = MEDN
C

DO 43 J:I,NBIN 462
LEVEL=FLOATF(J)*DINC*XLOW
LEVELNuLEVEL-MEEN 464
COUNTN=FLOATF(COUNT(J))/ND*100,

43 PRINT 72, COUNT(J), LEVEL, COUNTN, LEVELN
C 470
C COMPUTE LOW TEN PERCENT LEVEL 480
C

KNST = (ND*5)/O
DO 51 J:I,NBIN 500
IF(COUNT(J).LT.KNST) GO TO 51 510



IF 6J .E0. I =CGUNT, 3013 xla $ x _CNTCJ) s GOT@ 17
30 XI=COUNT(J-1) $ X2=COUNT(J)
17 IF (X2 .ED. KNST) 24, 26
24 LOTENY mJ $ GeTo 57

26 LOTENY = (J-1) + (KNST-X1)/(X2-X1)
GO TO 57 600

51 CONTINUE 610
57 LOTEN=LOTENY*DINC.XLOW

DLOTEN(KLV,KGR) = LOTEN
C 630
C COMPUTE UPPER TEN PERCENT LEVEL 640
C

KNST=ND-KNST 650
DO 61 J=1,NSIN 660
IF(CUNT(J).LT.KNST) GO TO 61 670
IF (J .ED. 1) 14, 38

14 xI.O $ X
2
=CGUNT(J) $ GOTO 18

38 XlUCOUNT(J-1) $ X
2
=COUNT(J)
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18 IF (X2 .EQ. KNST) 28, 29

28 UPTENY = J $ GOTO 67
29 UPTENY = (J-

1
) + (KNST-Xl)/(X2-X1)

GO TO 67 760
61 CONTINUE 770
67 UPTEN=UPTENYDINC+XLOW

DUPTEN(KLV,KGR) = UPTEN
C 790
C COMPUTE STANDARD DEVIATION
C

SUM=CO 8io
DO 71. I=I,ND 820

71 SUM=SUM*(D(1)-MEAN)**2 830
DISPSDRTF(SUM/ND) 840

DDISP(KLV,KGR) = DISPC 850

PRINT 73, LOW, LSTEN, MEAN, DISP, HIGH, UPTEN, MEDN
C 900
C 910
C 920

2 FORMAT (10F8.3)
3 FORMAT (50X.INCREMENT =*F6.1s (OB)*)
5 FORMAT(*OTABLE OF DATA*)

10 FORMAT (///3X.INC. REQ. FOR CUM, FRED. DISTRIB, IS TOe SMALL*)
72 FORMAT (IX,17, F11.2, F13,5, F12.2)
73 FORMAT (//

4
X*LOW =*F8.2,6X*LOTEN =.F8.2,8X.MEAN =.F8,2,6X

1.STANDARD DEVIATION =*F6,2/3X*HIGH =*F8,2,6X.UPTEN I.F8,2,6X
2
*MFDIAN z=F8. 2 )

C 1030

c 1040
END 1050
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SURROUTINE FAUE3 (NPT,S,MDN)
C HPC 21 NOV 1966, MOD 4 AUG 1967
C MOD 2 OCT 1967 KMD
C MOD AND CHANGED NAME JAN 18 1968 KMD
C MOD AND CHANGED NAME JULY 2- 1968 KMD

COMMN/B/A(41o0),KPLXH(100),KPLXL(1O0),KPLYH(I10O)KPLYL(O00),
lINT(6,1000), NNF
COMMN/F/IPNT,IPRNTRLNGTH,KCHDINCGAPINCNLV,LV(6),NCHL(1O,4)
COMMON/3/ JMAX(

6
), GAP(IOOO)/

4
/LMAX(6), UPINT(6,

1 00 0
)

TYPE INTEGER BOT,TEP
TYPE REAL MDN,LV,INT,LVN
DIMENSION S(NPT)
EQUIVALENCE (A,INT)

C
C

KOUNT a 0 $ KKOUNT a 0
C

PRINT 62, MDN
DO 15 N=1,NLV



LVN=MDN+LV(N)
PRINT 8, LVN
KPT=NPT-1 $ BT=I $ J~ l $ LZI $ TOPal
Do 31 I=IKPT
SA=S( ) $ SB=S(I

+
1)

IF(SA.GT.LVN.AND.SB,LE.LVN.OR.I°EO.KPT.AND,SA.GTLVN) 41,43
41 BQT=I

UPINT(N,L) = (BeT-TOP)*RLNGTH/NPT

L a L.l
IF (L ,GT, 1000) GOTO 58

43 IF(SA.LELVN.AND.SBGT.LVN.OR,IEG.KPT:AND,SA.LE,LVN) 51,31
51 TOP = I

INT(N,J)=(TOP-BOT)*RLNGTH/NPT

IF (J .GT. 10001) GOTO 59
31 CONTINUE

IF (J .EQ. 1 .AND. KOUNT,EQ, 0) 20, 21
20 PRINT 91, LV(N) s KOUNT a KOUNT * I
21 IF (L .EQ, I .AND. KKBUNT .EG, 0) 22, 23
22 PRINT 92. LV(N

)  
s KKOUNT E KKOUNT * 1

23 JMAX(N)=J - 1
15 LMAX(N) = L - 1

C
C

PRINT 85
PRINT 83

DO 61 N=1,NLV
KMAXzJMAX(N)

DO 60 J:,KMAX
60 SUM=SUM*INT(N,J) s SLNGTH a RLNGTH

TFADEaSUM/SLNGTH*100.0 $ FDRT=FLOATF(KMAX)/SLNGTH
IF( JMAX(N) .EQ. 0) GOTO 67
PRINT 86, LV(N), TFADE, FDRT, (INT(N.J), JzI.KMAX)
PRINT 80, KMAX

61 CONTINUE

67 IF (NNF ,EO. 1) GOT@ 68
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C
C

PRINT 87
PRINT 83
DO 65 N:1,NLV
KMAX = LMAX(N)
SUM a 0
DO 66 J=:,KMAX

66 SUM : SUM * UPINT(NJ)
UPTFADE = SUM/SLNGTH1 0

0,
FDRT = KMAX/SLNGTH
IF (LMAX(N) .EQ. 0) RETURN
PRINT 86, LV(N), UPTFADE, FDRT, (UPINT(N,J), JRIKMAX)
PRINT 80, KMAX

65 CONTINUE
68 RETURN
58 PRINT 88 $ RETURN
59 PRINT 89

C
C

6 FORMAT(.O NUMBER OF PTS=.15,. MEDIAN=*FO,3,* SAMPLE LENGTHa*
1Fj0,3)

8 FORMAT (3X.ABSOLUTE LEVEL*F8.2)
62 FORMAT (3XMECIAN =*F8.2)
80 FORMAT (/105X*NUMBER OF POINTS =*14)
83 FORMAT (//18X*FADE,/18XLEVEL*17X*AVERAGE"

1/1OX.FROM.6X*PERCEKT.6X*FADING*/17X*MEDIAN*7X*OF*9X*RATE*
2/1X*(DB),7X*FADE*19XLIST OF DURATIONS (SEC)*)

85 FORMAT (//3X*FADE DURATION*)
86 FORMAT ( 15X, F7.2, 5X, F7.3, 5X, F7.3/(5 X, 8F10.5))
87 FORMAT (//3X*N@N-FADE DURATION.)
88 FORMAT (//3X*TOE VANY NON-FADE INTERVALS.)
89 FORMAT (//3X*TO MANY FADE INTERVALS.)
91 FORMAT (

3
X*NO FADES RELOW*F7,2" DB LEVEL.)

92 FORMAT (
3
X-NO SIGNAL ABOVE*F7,

2
* DR LEVEL*)

END
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FUNCTION CMRCF(K,N)

HpC 9 JAN 1967
MOD APRIL 2, 1968 KMD

AUTO AND CROSS CORRELATION COEFFICENTS, TWO SETS OF DATA
WITH VARIABLE OFFSET

COMMON/1/X(1640U)/2/Y(16400)
TYPE REAL NUM

Mz1 %
ENTRY
M:2 $
ENTRY
M=3 $
ENTRY

GO TO 15
CORCFR
GO TO 15
ACnRX
GO TO 15
ACORY

15 LL=1K $ NI)=N-K
SAzO, $ SBC. $ SC=O, % SD=O. S SEaO.

Do 31 I=L.L,N
J=1-K

GO TO (41,42,43,44) M
41 A=X(J) $ R=Y(I) $ GO TO 45

42 A=Y(J) $ B=X(I) $ GO TO 45

43 A=X(J) $ B=X(I) $ GO TO 45
44 A:Y(J) $ B=Y(I)

45 SA:SA+A*R $ SB:SB*A $ SCaSC.B $ SD=SD+A**2
31 SE=SE+B,,2

NUM = ND*SA-SB*SC

DNOM = SORTF((ND*S-SB.*2).(ND.SE-SC**
2
)

PRINT 10, NUM, LNOM

CORCF a NUM/DNOM
10 FORMAT (83X.COEFFICENT =*E15,6*/*E

1
5.6)

END

SUBROUTINE TPHILO (Z, NPT, KOUNTL, KOUNTH,
KMD 2 JAN 1968

MOD 2 APRIL 1968 KMD
THIS SUBROUTINE SETS EXTRAINIOUS POINTS TO

DIMENSION Z(NPT), KPLZL(100), KPLZH(100)
KOUNTH = 0 $ KOUNTL c 0
DO 34 I=INPT
IF (Z(I) .LT. -90.0 ,OR, Z(I) ,GT. -35.0)
Z(1) = Z(I)
IF (I .EQ. 1) GOTO 24
IF (Z(I) ,LT. -90,0) GOTO 14
KPLZH(1) = I $ KOUNTH = I s GOTO 2
KPLZL(1) : I $ KOUNTL = 1
GOT@ 24
CONTINUE
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KPLZL, KPLZ)

PREVIOUS POINT

GO T@ 34

4

24 CONTINUE

Do 35 I2,NPT
IF (Z(I) ,LT. -90.0)

IF (Z(I) .GT. -35.0)
GOT@ 35

20 Z(I) = Z(1-1)
KOUNTH = KOUNTH * 1
IF (KOUNTH .LE. 1UO)

GOT@ 35

22 Z(1 ) 
= 

Z(I-l)
KOUNTL = KOUNTL
IF (KOUNTL .LE.

35 CONTINUE

END

1+ 0)

GOTO 22
GOTO 20

KPLZH(KOUNTH) = I

KPLZL(KOUNTL) = I

F 'N 5 .4 A

C

C

F TN 5 . 4 A

80
90

100
110
120130

140
150
160
170
180
190
200
210
220
230

240
250
260
270
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SUBROUTINE TPHANDLE(IMODE)
C HPC 19 JULY 1967 ,MOD 24 AUG 1967
C
C ADVANCES TAPE ON UNIT I TO GIVEN FILENG AND RECNO
C CALLS MUST BE MADE TO AN INCREASING SEQUENCE OF RECORDS
C COMMON/A/POSNFL(5),POSNRC(5),FILENO,RECNO,STORE( 8

)
TYPE INTEGER FILENe,RECNO,SKIPFL,SKIPRC,POSNFL,POSNRC,STORE

C
DATA((POSNFL(K),K=I5)=5(1)),((POSNRC(K)KI,5)a5(1)I

SKIPFL=FILENO-POSNFL()
IF(SKIPFL)

32 SKIPRC=RECN-PASNRC()

IF(SKIPRC)

43 DO 45 J=I,SKIPRC
BUFFER IN(I,MODE)(STORE,STORE(8))

42 IF(UNITI)
45 POSNRC(I)=POSNRC(I)*i

GO TO 57

33 POSNRC(I)=l
DO 47 J:1,SKIPFL
CALL SKIPFILE(C)

47 POSNFL(I)=POSNFL(I)*1
SKIPRC=RECNO-1
IF(SKIPRC)

53 DO 55 J=I,SKIPRC
BUFFER IN(I,MODE)(STORE,STORE(8))

52 IF(UNIT,I)
55 POSNRC(I)=PSNRC(1)4

57 RETURN

31 PRINT 1,FILEN8,RECKO,I
67 PRINT 5,FILENU,RECNO,1

1 FORMAT(*FILENO=*I3,*
C ON UNIT,13)

5 FORMAT(IFILENO=*13,.
C" REF BY TPHANDLE*)

RECNeO=I3,

RECNM=*13,

END
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SUBROUTINE TPREAD(IMBDE.NNP)
C NPC 20 JULY 1967
C MOD 12 JUNE 1968 KMD

31,32,33

31,43,43

42,45p67#45

31,53,53

52,55,67,55

s STOP
$ STOP

* ERROR IN REQUEST TO TPHANDLE

EOF ON UNITS138

O00OO00000200
0000300

o00n400
0000500
0000600
0000700
0000800
0000900
0001000
0001100
0001200
0001300
0001400
0001500
0001600
0001700
0001800

0001900
000o2000
0002100
0002200
0002300
0002400
0002500
0002600
0002700
0002800
0002900
0003000
0003100
0003200
0003300
0003400
0003500
0003600
0003700
0003800
0003900
0004000
0004100
0004200
0004300
0004400
0004500
0004600
0004700
0004800
0004900
0005000

0005100
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COMMON/A/P(SNFL(5),PSNRC(5),FILENORECNO,STORE(8)
COMMON/B/A(4100),KPLXH(OO),KPLXL(100),KPLYH(I100)KPLYL(IOO),

IINT(6,1OO0), NNF
EQUIVALENCE (A,INT)
TYPE INTEGER A,PGSNFL,POSNRC,FILENO,RECNO

NP = 0

BUFFER IN (I,MODE)(AA(N)) $ PBSNRC(I)XPOSNRC(I)'i

.3 IF(UNIT,I) 13, 15, 17, 19

.5 RETURN

.7 PRINT 5,FILENGRECNO,I $ STOP

.9 PRINT 6,FILENO,RECNO#I $ NP = 1

5 FORMAT(IFiLENO=*I3,* RECNM=*13,, EOF ON UNIT*13,

C* REF BY TPREAD*)
6 FORMAT(*IFILENO=*13,* RECNO=*1

3
,* PARITY ERROR ON UNIT13o

C* REF BY TPREAD*)

END
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SUBRnUTTINE SORI(X, NO)
C Ml UCSD SORT
C MnI) 19 MARCH 1968

DIMENSION X(NC)
MO = N

2 IF(MO-15)21,21,2321 IF(MP-I)9,9,?2

22 MO:
2

.(MO/
4

)+l
GO Tri 24

23 MO=2*(MO/8)+l
24 KON.1-MO

25 1:J
26 IF(X(I)-X(I+M6))2d,28,27
27 TEMP=X(I)
2701 x()=x(I*Mn)
2702 XCI+Mn)=TEMP

I = I -MO
IF(I-1)28,26,e6

2
H JO=JR+l

IF(JO-KO)25,2,2
9 RETURN

END

ALTOCORRELATION COEFFICIENTS ----------

SAMPLE LENGTH : 1640 POINTS OR 328,000 (SEC)

NUMBER 
1
IME

POINT OF MFF-SET CHANNEL
OFF-SET POINTS (SEC) 2

25 16375 0.500 0.723

175 16225 3.500 0,296

275 16125 5,5o0 0,134

325 16075 6.tUD 0,081

375 16025 7,500 0.028

425 15975 8.500 -0,036

475 15925 9.500 .0,053

550 15850 11.000 .0,055

600 15800 12.UO -0.087

650 15750 13.0(O0 -0.115

700 15700 14,Uu0 -0.094

750 15650 15,000 .0,115

800 15600 16.000 .0,147

850 15550 17,tUO -U,155

1050 15350 21.1)00 .0,171

1100 15300 22.000 -0,155

1150 15250 23.000 -0.117

1200 15200 24.000 -0.151

1300 15100 26.1)UO .0,094

1350 15051 27.100 .0.093

1400 15000 28.000 -0.013

1450 14950 29.000 0.019

1550 14850 31.000 0,025

COEFFICENT a

COEFFICENT a

CREFFICENT x

CMEFFICENT a

C@EFFICENT a

CMEFFICENT a

CMEFFICENT a

CMEFFICENT a

CMEFFICENT =

CMEFFICENT a

COEFFICENT v

COEFFICENT a

COEFFICENT a

CMEFFICENT a

COEFFICENT x

COEFFICENT a

COEFFICENT a

CMEFFICENT a

CMEFFICENT a

COEFFICENT a

CMEFFICENT v

COEFFICEN
T 

a

COEFFICEN a

2,073705+009/

8.371478+008/

3.734650.008/

2,235262+008/

7,602669+007/

.9.841190+007/

-1,450345+008/

-1,487340+008/

-2.362444+008/

-3.094321+008/

-2.521956.008/

-3.041706+008/

-3,848595+008/

-4,047057+008/

-4,374069+008/

-3,905279.008/

-2.940184+008/

-3.730920-008/

-2.277850.008/

-2,259473+008/

-3.172195+007/

4,464066+007/

5.889229+007/

2.866875.009

2.8235756009

2.784578*009

2. 72329'009

2,761571.009

2 749894.009

2.733755.009

2.714321.009

2.703988.009

2.80O82*009

2.669301.009

2.642871.009

2.626156*009

2.617180#009

2.552222.009

2.526679*009

2.503182.009

2,477631.009

2.435433.009

2.417628*009

2.406143.009

2.381393.009

2,3424976009
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SORT 1
F 63

SQRT
SORT
SORT

SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT



CALIBRATED TAPE
FILE NUMBER I
SAMPLE NUMBER c
SAMPLING RATE =

NLMSER OF POINTS

974

270
50.000 SAMPLES PER SECOND

USED = 16400 PER CHANNEL

CLMULATIVE FREOUENCY DISTRIBUTION .....- CHANNEL

SAMPLE LENGTH = 16400 POINTS

NLMBER
PCINTS
BELOW
LEVEL

1
3

11

22
28
38
59
90

109
146
194
257
338

434
564
668
828

1101

1364
1838

2294
2904
3468
4172
5061
5977
t832
7704
8666
9639

1458
11194

12159
12974
13941
14637
15219
15663
15997
16232
16353
16383
16399
16400

ABSOLUTE
SIGNAL
LEVEL,
(DBM)

-63,50
-63, O0
-62 50
-62.00
-61 50
m61 00
p60 50
-60.00
-59 50
-59.00
-58.50
-58.00
-57,50
.57 ,00
.56 .50
-56. 0n
-55.50
.55 00
-54.50
-54,00
w53.50
-53.00
-52.50
-52,00
-51 .50
-51,00
-50,50
-50.00
.49.50
-49.00
.48,50

-48,00
.47,50
-47.00
-46.50
-46,00
.45.50
w45.00
-44.50
r 44,00
v43,50
-43,00
-42.50
.42.00

PRECENT
POINTS
RELOW

LEVEL

0.00610

0.01829
0.06707
0.13415
0.17073
0.23171
0.35976
0 .54878
0.66463
0.89024
1.18293
1.56/07
2.06098

2.64634
3.43902
4.07317

5.04878
6.71341
8.31/07
11.20732
13.98/80
17 .70732
21.14634
25.43902

30.85976
36.44512
41.65854
46.97561
52.84146
58.77439

63.76829
68.25610
74,14024
79.1,0976
85 . 00610
89.25000

92.79878
95. 5061U
97.54268
98.97561
99, 71341
99.89634
99.99390
100.00000

OR 328,000 (SEC)

LEVEL
FROM

MEDIAN
(DB)

.13,76
-13,26
-12,76
'12.26
.11,76
-11.26
'10,76
.10,26
-9,76

-9,26
.8,76
-8,26
-7,76
.7,26
.6,76
-6,26
"5,76
-5,26
.4,76
-4,26
-3,76
-3,26
P2.76
-2 26
.1,76
-1,26
.0,76

-0,26
0,24
0,74
1,24
1,74

2,24
2,74
3?24
3,74
4,24
4,74
5,24

6,24
6,74
7,24
7,74

INCREMENT a 0,5 (De)

LOW a -63.82
HIGH a -42.49

NLMBER
PEINTS
BELOW
INERVAL

15

24
25

LOTEN = -54.21
UPTEN = -45.89

FADE
DURATION
(SEC)

0,02000
0,04000
0.06000

PERCENT
OF FADES

ABOVE
DURATION
90.44586
84.71338

84,07643

MEAN = -49,94
MEDIAN = -49,74

PERCENT
OF

TIME
BELOW
0,09146
0,20122
0,21951

PERCENT
OF

TIME
ABOVE
0.00000
0,09146
0.20122

STANDARD DEVIATION = 3.27

NUMBER
POINTS

ABOVE
INTERVAL

157
142
133



26
35
37
44
47
56
57
61
63
65

69
73
75
76
80
83
84
85
88
90
91
92
93
94
97
98

102
103
105
106
107
109
110
114
115
116
117
118
119
120
121
122
123
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
155
156
157

0,08000
0,10000
0, 12000
0.14000
0,16000
0,18000
0 20000
0,22000
0,24000
0,26000
0,30000
0,32000
0,34000
0,36000
0,38000
0,42000
0,44000
0,48000
0.50000
0,54000
0,56000

0,58000

9 .60000,62000
0,64000
0,66000
0,68000
0,70000
0,76000

0,80000
0,82000
0,84000
0,90000
0,98000
1,00000
1,02000
1,20000
1,26000
1,34000
1,36000
1,44000
1,52000
1.56000
1,58000
1,66000
1.70000
1,76000
1,90000
1,94000
2,18000
2,22000
2,30000
2,36000
2.44000
2,46000
2.48000
2,50000
2,76000
2,80000
2, 84000
2,86000
2,88000
3,18000
3,32000
3,60000
3,92000
3.96000
4,10000
4,54000
4,58000
4,62000
4,78000
6,04000
9.88000

10,28000

83.43949
77.70701
76.43312
71.97452
70.06369

64,33121
63.69427

61.14650
59.87261
58.59873

56.05096
53.50318
52. 22930
51.59236
49 04459
47. 13376
46 49682
45.85987
43,94904
42,67516
42.03822
41.40127
40.76433
40.12739
38.21656
37,57962
35 03185
34.39490
33.12102

32.48408
31.84713
30.57325
29.93631
27.38854
26.75159

26,11465
25,47771
24.84076
24.20382
23.56688
22.92994
22,29299
21.65605
20.38217
19.74522

19. 10828
18.47134
17.83439
17.19745
16.56051
15.92357
15 .28662
14.64968
14 .01274
13.37580

12.73885
12.10191
11 46497
10.82803

10,19108
9,55414
8.91720
8.28025
7.64331
7.00637
6.36943
5,73248
5.09554
4,45860
3.82166
3.18471
2.54777
1.27389
0.63694
0.00000

0,24390
0 ,51829
0,59146
0,89024
1,03659
1153049
1,59146
1,85976
2,00610
2 16463
2,53049
2,92073
3,12805
3,23780
3,70122
4, 08537
4,21951
4,36585
4,82317
5,15244
5932317
5150000
5t68293
5,87195
6,45732
6,65854
7,48780
7,70122
8,16463
8,40854
8,65854
9,17073
9,44512

10,64024
10,94512

11,25610
11,62195

12,00610
12,41463
12,82927
13,26829
13,73171
14,20732
15,17073
15,67683
16,19512
16,73171
17,31098
17,90244
18,56707
19,24390
19,94512
20,66463
21,40854
22,15854
22,91463
23,67683

24,51829
25,37195
26,23780
27,10976
27,98780
28,95732
29,96951
31,06707
32,26220
33,46951
34,71951
36,10366
37,50000
38,90854
40,36585
44,04878
47,06098
50,19512

0.21951
0.24390
0.51829
0. 59146
0.89024
1.03659
1,53049
1.59146
1,85976
2.00610

2,16463
2,53049
2.92073
3.12805
3.23780
3 70122
4.08537
4.21951
4.36585
4.82317
5,15244
5.32317
5.50000
5.68293
5,87195
6,45732
6.65854
7.48780
7.70122
8.16463
8,40854
8,65854
9.17073
9,44512

10.64024
10.94512
11,25610

11,62195
12,00610
12.41463
12.82927
13,26829
13. 73171
14 .20732
15,17073
15.67683
16 19512
16.73171
17,31098
17,90244
18.56707
19,24390
19,94512
20.66463
21.40854
22.15854
22.91463
23.67683
24.51829
25.37195
26,23780
27.10976
27.98780

28.95732
29.96951
31.06707
32,26220
33.46951
34,71951
36. 10366
37.50000
38.90854
40,36585
44.04878
47.06098



CLMULATIVE DISTRIBUTION OF FADE DURATIONS ..-.- CHANNEL

-5,00 DB LEVEL

NLMBER OF POINTS 
=

90

NLMBER
P CINTS
BELOW
INTERVAL

9
14
18
26
31
33
37
44
48
51
54
55
57
59
60
65
67
68
70
72
73
75
76
78
80
81
83
84
86

87
88

89
90

FADE
DURATION
(SEC)

0.02000
0.04000
0,06000
0.08000
0,10000
0. 12000
0.14000
0,16000
0.18000
0.20000
0 ,22000
0 24000
0,26000
0.28000

0.30000
0,32000
0 34000
0 .36000
0.38000
0. 42000
0,44000
0 ,4800
u 1 5o000
0.54000
0 .62000
0,66000
0 ,76000
0.82000
0.84000
0,860O0
0,90000
0.96000
1.020no

PERCENT
OF FADES
ABOVE

DURATION
90.ouo00
84.44444
80.00000
71.11111
65. 5556
63.63333
58,88889
51.11111
46,66667
43.33333
40 .00000
38.88889
36,66667
34.44444
33,53333
27. 71778
25,55556
24.44444
22.22222
20,00000
18.68889
16.66667
15.55556
13.33333
11.11111
10.00000
7.//7/8
6,66667
4 . 4 'i 444
3.36333
2.22222
1.II11
0 . U 000

PERCENT
8F
TIME

BELOW
0,05488
0,11585
0,18902
0,38415
0,53659
0,60976
0,78049
1,12195
1,34146
1,52439
1,72561
1,79878

1.95732
2,12805
2,21951
2,70732
2,91463
3,02439
3.25610
3,51220
3,64634
3,93902
4,09146
4,42073
4,79878
5,00000
5,46341
5,71341
6,22561
6,48780
6,76220
7.05488
7,36585

PERCENT
OF
TIME

ABOVE
0100000
O 05488
0. 11585
0.18902
0,38415
0,53659
0.60976
0 .78049
1 * 12195
1.34146
1 ,5 439
1. 72561
1.79878
1,95732
2.12805
2.21951
2.70732
2,91463
3,02439
3,25610
3, 51220
3.64634
3.93902
4,09146
4.42073
4,79878
5.0o000
5,46341
5,71341
6.22561
6.48780

6.76220
7.05488

CLMULATIVE DISTRIBUTION OF FADE DURATIONS -..-. CHANNEL

.1n,00 T.) LEVEL

NLMHER OF POINTS

LIST OF FADE DURATIONS (SEC) ----- SORTED
0,02000 0.08000 0.O8000 10,10000 0.100)00 0.26000

0.58000

NLMHERPOINTS

BELOW
INTERVAL

1
3
5
6
7
8
9

F A V E
DIURAT I ON
(SEC)

0.02000
0. 080Ofl
0 1 1)00 10
0.26000
0.38000

0 . 40000
0 .58000

PERE NT
OF FADES
AHOVE

I)UHA TI ON
88.h8889
66.60667
44 .44444
33. 3,S333
22 2 22

0 .11111

PERCENT
ElF

TIMF
BEL[S W
0,00610
0,05488
0,11585
0,19512
0,31098
0,43293
0.60976

PERCENT
OF
TIHE

ABOVE
0 .0(000
0. 0o610
0 .05488
0.11585
0,19512
(0 . 31 098
(I.4 1293

0.38000 0,40000

NUMBER
POINTS

ABOVE
INTERVAL

9
8
6
4
3
2
1

CALIBRATE) TAP)-
FILE NUMHER 1.
SAMPLE NUMOER =
SAMPLING RATF =
NLMRER f)F P(IM TS

974

270
50D)0ll SAMPLES PER SECOND

USED = 16400 PER CHANNEL

NUMBER
POINTS
ABOVE

INTERVAL
90
81
76
72
64
59
57
53
46
42
39
36

35
33

31
30
25
23
22
20
18
17
15
14
12
10

9
7
6
4
3
2
i



CLMULATIVE FREDUENCY DISTRIPUTION .....- CHANNFL 2A-JOINT

PCINT OFF-SET =
NLMHER OF POINTS
OFF-SET TIME =

175
USED = 16225
3.f5nf , (SFC)

SAMPLE LENGTH = 16225 POINTS

NLMHER

NL M V ER
PT INTS

LEVEL

12
19
32
69

134
196
352
514
822

1153
1600
2297
3032
'810
4550
5444
6417
7322
P201
5446
10501
11852
12968
13967
14806
15438
15889
16131
16191
16223
16225

ABSOLUTE
SIGNAL
LEVEL
(DR M)

-57.00

-56.50
-56,00
.55.50
55 .00

-54.50
-54 .00
-53.50
-53 o
-52.50
-52,0(1
-51 5)
-51. On
-50, 5))
-5 U . 00
-49,50
-49. O P
-48 .50
-48,00
-47,50
-47.00
-46.50
-46,00
-45.50
-45,00
-44.50
-44,00
-43.50
-43.00
-42,50
-42.00

PRECENT
POINTS

BELOW
LEVEL

0.0796

0.11/10
0.19723
0, 4Th)2 1
C. 42589
1 .2)801

2.16949
3 . I t /95
5 . 06626

Y1.1 fle 3 2,
9 . e1 33

14.15/16
1i .t8/21
23.46228

28. 04314
33 .5516
39 5U 08
45 .189
5n. 54)45
58.21880
64. /2111
73. o4 / 1
79 . o/604

86. D8320
91.?5424
95.14946
97 .92912
99,42065
99. /9045
99.98/67

100. 00D000

OR 328.000 (SEC)

LEVEL
FROM
MEDIAN
(DO)

-8.95
-8 45
-7,95

-7,45
-6,95
-6,45
-5 , 95
-5.45
4 .95

.4 . 45
-3,95
-3.45
-2.95
'2.45
i .95

-1.45
-0,95
-0,45
0 .05
0 55
1 05
J .55
2,05
2.55
3.05
3.55
4.05
4.55
5,05
5,55
6.05

INCREMENT : 0.5 (DO)

LOW = -57.48
HIGH : -42,49

LRTFN = -51,98
UPTEN = -45.12

MEAN = -48.40
MEDIAN = -48.05

STANDARD DEVIATION : 2.63

CLMULATIVE FREQUENCY DISTRIBUTION .....- CHANNEL

PFINT OFF SET =
NLMRER OF POINTS
OFF-SET TIME =

400
USED = 16000
8.000 (SEC)

SAMPLE LENGTH : 16000 POINTS OR

NLMBER
PC INTS
BELOW
LFVEL

2
6
12
18
25
34
51

ABSOLI1 E
SIGNAL
LEVEL
(DHM)

.60.5
n

-60 .00
-59,50

-59.00
-58,50
-58.00
-57,50

PRECENI
POINTS

BELOW
LEVEL

D 0 1 50

0 .03/50
0 .U /50o

0.11250
0.11)625
f I.21e5))
0.33875

328.000 (SEC)

LEVEL
FROM

MEDIAN
(DB)

-12,77
-12,27
-11,77
-11,27
-10.77
-10,27
-9,77

INCREMENT = 0,5 (DO)

2A-JOINT



64
76

82
96

117
168

247
325

479
689

982
1474

1981
2631
1366
4317
5397

6411
7352

P568
9748

11402
12648

13719
14553

15206
15664

15906
15966

15998
16000

-57.00
-56.50
-56 .00
-55,50
-55.00
-54,50
-54.00
-53.50
-53.00
-52.50
-52. 0n
-51.5 o
-51.0n
-50.5 0
-50.0)
-49.50
-49, on
-48.50
-48, 00

-47.50
-47.0o
-46.50
-46 ,00
-45.50
-45. O0
-44.50
-44.00
-43.50
-43,00
-42,50
-42.00

LOW = -60,89
HIGH = -42.49

4 0 000
0.47500

0.51250
0 .6(000

0 .)3125
I .05000
1 .54375
2. 03125
2.99375
4 .30625

6.13/50
9.21250

12.38125
16.44375
21 . )3 /50
26. 98125
33. /3125
40.06875
45. 95u00

53. 5000
60 . 9 2 ) 00
71. 26Q50
79.05oO
85. /4375
90 .95625

95. 03/50
97.90000

99.41250
99.78750
99.98750

1 00 . 00 U00

LOTEN = -51.38
UPTEN = -45.09

-9,27
-877

-8,27
-7,77
-7.27
-6,77

-6,27
-5 77
-5,27
-4,77

-4,27
-3.77
-3.27
-2.77
-2.27
-1.77
-1.27
-0 .77
-0,27

0 23
0, 73
1 23
1 73
2,23
2.73
3 23
3.73
4.23
4,73
5.23
5,73

MEAN = -48,06
MEDIAN = -47,73

STANDARD DEVIATION a 2.45

CLMULATIVF FREOUENCY DISTRIRUTION ----- CHANNEL 2A-JOINT

PFINT OFF-SET = 1000

NLMHER OF POINTS USED = 15400

OFF-SET TIME = 20.000 (SEC)

SAMPLE LENGTH = 15400 POINTS

NLMRER
P I NTS

LEVEL

4

12
14

17
32
73

125
209

340
507

787
1126

1617

2077
2668
2462

4453
5387

6344
7777

9048
1)711

12007
1114

11971
14630

15091
15310

15366
15398

15400

ARSALUTE
SIGNAL
LEVEL
(DBM )

-57,00

-56,50
-56.00
-55.50
.55.00
-54.50
-54.00
-53.50

-53.00
-52.50
-52.00
-51,50
-51.00
-50,50
-50.00
-4950
-49.00
-48.50

-48,00
-47.50
-47,00
-46.50
-46.00
-45.50

-45.00
-44.50
-44.00
-43.50
-43.00
-42.50

-42.00

PRECENT
PSI NTS

BELOW
LEVEL

0.02597
n r)7 /92
0.09091
0 .31039
0.20/79
0.47403
0.81169
1.155714
2.20779
3.29221
5. 1.039
7. .1169

10 .50000
1.3 . 4 701
17 .32468
22.4bU52
28 .91558
34.98u52

41.19481
5n .5 u00
58. /5525
69.55195
77 .96/51
85. 15084

90. 7?078
95 . 00 U00

97. 99,551
99.41558
99. /7922
99.98/01

100 . O0000

OR 328.000 (SEC)

LEVEL
FROM
MEDIAN
(06)

-9.47

-8.97
-8.47
-7.97
-7.47
-6,97
-6.47
-5,97
-5.47
-4,97
-4,47
-3,97
-3,47
-2,97
-2.47
-1.97
-1.47
-0.97

-0.47
0.03
0.53
1,03
1,53
2,03
2,53
3,03
3.53
4.03
4,53
5.03
5.53

INCREMENT a 0.5 (O)

LOW = -57.19
HIGH = -42,49

LqTEN = -51,08
UPTEN = -45.06

MEAN = -47,83
MEDIAN = -47,53

STANDARD DEVIATION : 2.29
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