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A B S T R A C T

PROJECT BRIGHAM ~as a De pa c t~ eat of Defeise data
collection effort wherein 890 kllz wide samples of the

HF spec t rum we re a~ g.iired using a 25 Hz sampling rate

wi th  2.8 kHz r e s o l u t i o n  for  a pe r io d  of up  to 2 .4
minu tes .  The m ain  t a c us t  of th i s  p a p e r  has  oeen the
visual  e x a m i n a t i o n  of t a e  d a t a  on a g r a ph i c s  d i sp l ay
w i th  the  idea of i d e n t i f y i n g  d ra s t i c  and n a ez p e c t e d
cha ng es  in e i the r  i n d i v i d u a l  s i g na l s  or tu e  entire

w a v e fr o a t ;  th ose  c h an g e s  be ing  d~ie , at  least in p a r t ,
to signal transforii~ tion resulting froai various

ionospher ic phenomena . In  a d d i t i o n , an i n — d e p t h
statistical study was :ondu~ ted on several of the

specific signals witu the hope of aiding in the

formulation of an alg rithm to effi:iently autonate

the receiving system ’s sensitivity settings.
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L .  O B J E C T I V E S

The objectives of t h e  p r o j e c t  w e r e :  (1)  to c o n t i n u e  t h e
visua l, or graphical , analysis of the BRI3HA ’1 data (the

initial effort of wnich ~as reported in Ref. 1) in an

attempt to verify anomalous signal behavi r already

documented and to discover any new an malies wnici might be

presen t ;  (2)  t o w a r d  that end , to make whatever cianges were

necessary in bot h the pro grams and data nandlin g proceaures

to meet either new syste~ constraints or to enhan :e over—all

project efficiency ; and (3~ to ana lyze the data from a

statistical standpoint (via two entirely ne~ computer

programs) in an effort t 3  deter~ ine ho~.i often and by what

amount (in decibels) several different classes of signals

change.

The format of the  data , particularly that. of the 2.,4

minute time duration limitation (although there were several

time—wise contiguous data sets) , ‘ade long tern analysis ,

bota visual and statistical , impossible. In addition , the

daily intercept times for the d a t a  sets precluded ai y

significant effort beia; made to correlate signal

cnaracteristics from even approxi m ately the same r..me of the
day.

8



II. INTR ODUCTION

It is well documented that as radio s ignals  t r a v e r s e  the
ionosphere (including signals bounced off of one o f i t s

layers) they are often cnanged in a m anner that goes beyond

simple attenuation due to the distance travelled. Both the

make—up of the ionosphere itself (hoe many ions are present

at any one time , ta~ elusive Sporadic—E puenomenon ,

night—day asymmetry and the geomagnetic non—reciprocity to

name but a few) and the more dramatic disr .iptions of

ionospheric behavior (solar flare caused ma gnetic storm

activity, polar cap absorption and tae aixroral displays are

three) team with the more comm on , every day paenomena of

“Faraday Rotation ” and no ise—produci ng lightning storms to

alter any signal with which any or all of tieni come in

contact. The results can oc severe attenuation , pronounce~
amplification , “ductirig” , “whistlers ”, a n d  f a d i n g  ( s om e t i n e s
called the Dellinger ~ffect) . R e f e r e n ces 2 - 5 we re

excellent sources for ionospheric pheno m ena infornatio~i.

It was felt tnat the application of graphic al techni ;i~~
to signals which had traversed the ionosphere m i gi t ad. .~ some

insight into the problem of exactly what napp ens to tnesC

signals.

For the most part , the visual presentati on techniques ,
shown in various stages in Fig . 1 , ns~ d in this study were

the same as those prese nted in E~e~~~ 1. However , some

changes have been made and will be discussed Li detail in

the appropriate sectiOn. it~~ in Ref. 1 , interesti ng sets of

scans have been repro duced as graph plots (using tr’.e
VERSAI-~ c plotter) for further analysis and presentation in

9 
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this paper. All thirty-foar of the previously unanalized

complete data sets were studied with vacying degrees of

success concerning anomalies (or, least , perceived to be soj

found therm .

The swept—tuned receiver and associated a~ uipm ent used

to acquire and record the data sets is an perational

receiver equipme nt used for otner than experimental data

gathering. Its proper operation re~~ ires fre uent tuning of

n u m e r o u s  s e n s i t i v i t y  a d j u s tm e n t s .  H o w  o f t e n  a n d  by w h a t

am ount these attenuators and thresholds are cnaa ged have a

profound effect on the perfor man ce of the equipment.

Therefore , programs MI~ f~.AX 1 and 1IN /MA ~ 2 were written in

an effort to accumulate enough statistical dat a from t~ i C

sets to wa r r a n t  t h e  r e c o m m e n d a t i o n  of some appropriate

algo r i t h m  fo r  c o n t r o l l in g  t h e  a t t e n u a t o r  a dj u s t e e n t s .
Section IV of this paper will address itself to that topic.

A.  N A T U R E  OF T H E  D A T A

The data was gathered using a swept—tuned receiver with

either an omnidirec tional or 1~ degree bean an tenna. 2a2

data sets were produc ed D~~ sampling t~~e rec eiver output at a

25 Hz sampling rate as it scanned iown~ ard tarougt ~ an ~9C

kdz nand . Each data set ~oasists of , at most , 3337 scans

(each scan being comp~ sed of 318 contiguo u s 2.3 .~Hz wide

bins moving down in frequen cy as the nm numoe r incr~~ s~ s)

placed on 7194 cards. Ci rd one gives amplitud e information ,

in 2 dE high ~uantization levels , for bins 1 tnroug~ 150

while information on bLri s 161 ttirough 318 is foun d on card

two. The quantiza-tion levels are given in 5— oit binary

- 

. 

words with even nurn b e r~ d bin information found in rows 11

t h r o u g h 3 w h i l e  oid n u n D e r e d  b i n  i n f o r m a t i o n  is in  rows 5

t h r o u g h 9. in  a d d i t io n , eac~ c a r d  n a s  t h e  c a r d  r i u m o e r  a n d

11



set n u m b e r  p u n c h e d  in r o w  12 f o r  a c c o u n t i n g  purposes. Wit h

each set there is a’ p a r a n e t e r  c a rd  w h i c h  delineates the d a t e
and time of signal ac~~ isition , base frequency, ajitenna

configuration and attenuation applied.

Of ap p r o x im a t e l y  15) d a t a  sets r e c o r d e d , f o r t~ — f o u :  we re
made available for this study. Figure 2 is a table of

per tinent information con :ernia; the forty-two complete sets

analyzed in Ref. 1 and tnis paper.

B. NGES IN i~1E GRA Pdi~ AL ANA LYS IS P~ )CEDURE

Equi pmen t reconfigurations since the graph icaL analysis

procedure was formu lated and r e p o r t e d  in Ref. 1 and efforts

to make the data .handli ng more efficient de.nanded several

changes  both in  p r o c e d u r e  a n d  in  t n e  tw~ m a i n  a n a l y sis
p r o g r am s , A nomal y A and  ~a - on a ly  B. Specific informat i.on

concerning the worKings of the two progra m s m ay oc found in

Ref. 1 , particularly i n s e c t i o n  II  B.

Fi r s t  o.f al l , t h e  shee r n u m b e r  of b i n a r y  c a r d s  to be
transcrioed onto n~ gne tic tape (nearly a qua rter of a

million) obviated t h e  c a r d — t o - t a p e  te~~h n L q u e  u s e d
previously. A m u ch f a s t er  a n d  far m ore reliaole procedure

was initiated wherein tac IB~1 360/57 system , b e l o ng in g  to
the W. R. Church Computer Center , was used after normal

working hours. The cards were first re ad onto 9—track tapes

(800 BPI , even parity) and then transcrined to the 7—track

tape s (556  EP I , odd parity ) re.~uirei for the XDS—93 33

conputer. Partial dumps we ce made of a l l  sets f r o m  b o t h  t he
9— and 7—track tapes to en sure that the cards rea d onto tue

tapes properly and that t ee tap e—to—tape tran s3ati on uis

successful. The progra m s used to read t t i ~~ cards )n to tap~ s,

translate the 9— to 7— trac c and du m p tne tapes for

12
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SET DATE/TIME FRE QU~ NC~’ 4.~ TE N”J 4 A T T~~ U A T I O N
3 100522Z MAR 70 03501 8 OB
4 1010301 M A R  70 18000 CMNI o DB
5 1205551 MAR 73 06003 QM~~I 10 08
7 12 12 051 M A R  73 11003 0M~’4I 8 06
8 1305051 M A R  70 05000 O M N I  18 08
9 13101d1 MAR 73 13000 OM~1I 10 06

15 1810361 MAR 70 12030 OMN I 10 08
16 1817051 M A R  70 10000 OMN I 10 D8
18 1911051 M A R  70 14000 OM~~I 10 38
20 1917151 MAR 10 04030 OMNI 4 DB
21 020400Z APR 7) 05000 OMNI 20 36
22 0204001 APR 73 05000 BEAM 20 08
24 0314001 APR 73 11000 OM N I 10 D 8
25 0314001 APR 7) 11000 BE~.M 10 06
31 051400Z A PR 73 110)3 OMNI -3 05
32 0514071 A PR 70 11000 BEAM 4 06
33 Oo O400Z A P R  7) 05000 0M~~i 24 06
34 O6O’tOOL APR 73 05000 B E A v I 24 DB
35 0614001 AP R 7) 11300 OMNI 0 06
36 0614061 APR 73 11000 BEAM 4 05
37 070400Z ~PR 70 05300 8E~ M 10 06
38 0704001 APR 7) 05000 OM~’4I 10 06
39 0714091 APR 73 11000 8E~ M 4 08
40 0714001 APR 70 11000 OMNI 0 08
41 0804121 APR 70 05000 SEAM 14 DB
51 132113Z APR 70 3700-3 OMNI 14 DB
52 142100Z AP R 70 37000 3MNI 14 08
53 142 1091 APR 73 07000 B E A M 14 08
54 1610301 APR 70 13650 OMNI 2 06
61 291005Z A P R  7) 15000 OM’4J 0 08
63 0508301 MAY 70 14600 OMN I 0 06
67 0609551 M A Y  70 14000 CM NI 4 03
72 M~~RSt TEST PA ~~A IET E RS UNA V AI LA SLE
73 M O RSE TES T — P4~~A M E T E R S  U N A VA I L A d L E
80 100000 1 M A Y  70 10000 OMNI 13 38
81 1000051 MAY 73 04000 OM ~M i  10 ~391 121130Z MAY 73 13616 6EAM 4

126 2212301 MAY 73 08 2 00 t J M , \J I  3 03
138 2612101 MAY 73 22000 0M~4I 4 03
139 261215Z M A Y  73 18000 OMN1 4 0~147 272 045Z MAY 70 16000 0~~~I 13 03
148 2721001 MAY 70 10000 15 L’S

Fi gure 2 — DATA SET INFORMATION

13 
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quality control can be found at the end of this paper.

This new system of data loading resultii-g in the

r e qu i r e m e n t  to ch a n g e  t h e  s e c t i o n s  of t he  A n o m a l y  A ari d

A n om a l y  B p r o g r a m s  r e f er i n g  to d a t a  r e a d - i n .  Ib is  w a s

accompl i shed  w i t h  l i t t l e  d i f f i c u l t y .

N e x t , a m e t a sy m b o l  s u b p r o g r a m  w a s  added  to  e a c h  of tne

ana lys i s  p r o g r am s  to e n a D l e  e n t i r e  f i l e s  ( d a t a  s et s )  to be

skipped when a specific file re~ uireI was located other tha n

first on a tape. By calling the routine ‘F3RSCN” a

keyboard—entered number of files (N?ILE ) woul d be pas~~ d

over. This proved to be extremely valu aole as a tine and

labor  s a v i n g  dev ice .  The  r o u t i n e  ‘B A K 3 C ~V, was  a l s o  availanle

for backing over entire files but car oni :  t a p e  d r i v e
m a l f u n c t i o n s  n e g a t e d  t h e  use of t h i s  even m o r e  v a l u an l e
tool.

On e f ina l  m a j o r  p r o g r a m  c h a n g e  w a s  dictated by a

compu te r  cen te r  e~~u i p m e a t  r e : on f i . ; u r a ti o n  whe rein tri e

CALCOMP 563 plotter was no longer available , t h e  a~ w s y s t e m
to be used was the POP—il computer in conjunction with a

W E R S A T E C  p lo t te r .  r h i s  m a n g e  r e q u i r e d  m o d i f i c a t i o n s  of t n e
a n a l y s i s  p r o g r a m  s e c t i o n s  d e a l i n g  w i t o  t e e  processing of the

o u t p u t  data  (des i red  p l o t s  f rom th e  A G T - 1 3  screen)  , f o u nd a t
the very end of tne main p rogra n , ari d the genera tion of a

new subroutine , called the i~eader Subroutine , which pac.c s

the header data into the proper fornat for the plotting

unit. In addition , a PD ?-il plot package (used to interface

the data tape wit.h the plotter) nad to be extensively

modified to meet the dema nds ot this anomal y data. Listings

of t h e  r ev i s ed  a n o m a l y  & an d  B p r o g r a m s , t h e  m e t a s y m b o l
program for calling “FORS CN” and “ S A K S C N ”  a r i d  t h ?  P O P — i l
plot routine (called “aa.c ’ for A nom aly A p l o t s  — this

routine alone is listed since tne one utilized for t h e
Anoma ly B graph plots differs only in a few of the

14
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approximately ~& 33  l i n e s  c o m p r i s i n g  “ aa. c ”)  can oc f o u n d  a t
the back of this paper. Sibroutines H N P , I N P U T , FN S ari d

VCD were not changed aid , aence , are not listed in this

paper  but may be found ii Ref. 1.

C. A N O M A L Y  A A~ D B PLOfl

The plots which have resulted from the graphical

analysis portion of teis study require some prior

e x p l a n a t i o n .  0ue  to t h e  d a t a  n a u d l i e g  restrictions imposed

by the XDS— 9300 computer , only a snail portion of the data

in each set could be vi ew ed at any one time. This r esu l t e d
in some difficulty in visializing what could be long—tern

(time wise) or wide (fre~ uency wise) pheno m ena and demanded

that each set be analyzed several tine s before the entire

set had been viewed.

The Anomaly A plots consist of twenty scais (signal

wavefronts sampled 0.34 seconds apart — or f u r t h e r  if scans
were deliberately skipped to view long-tern effects) with

the most recent scan ii time falling at the bo:tom of tac

picture. The scans could be brought onto the screen in any

numDer up to, and inclu ding , twentj at a tine. ~s show n in
Fig. 3, the vertical axis is marked f f  in  5 d S increments

which apply only to  t ee  b o t t o m  s c a n  ( ca l l ed  T t b a s e  scan ”)
The horizontal axis is divided into ten 23 kffz wide sections

each composed of ten fre~ aency bins 2.8 k~Iz wide for a to tal .
of 100 frequency bins and 230 ~ Iz .  m i s  wiñtb can be varied

to other than 100 bins if desired. rhe leftmost nm (termed

the  “b ase b in ”) is s e l e c t e d  by k e y o o r a d  i n p u t , this allow ing

the  a n a l y s t  to s l i d e  up a n d  d o w n  t h e  d a t a  set
(frequency—wi se) a t  w i l l .  T h e  s ca l e  a l o n g  t h e  horizont al

axis, then , consists of increments of ten bins starting with

the “base bin ” number at the origin. Tne term “onse fre~ ”

15 
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refers to the base fre;iency of the data set and decreases

in 2.8 kHz increments as the bin number increases. Shading

has been provided on some of t h e  p lo t s  to h i g h l i g h t  t h e
suggested anomaly.

The  Anom aly  B p lo ts  ar e  a c o m b i n a t i o n  of t h e  A n o m a l y  A

plot technique and a modification w nich enables tee analyst

to view selected bins (signals) in the time vs. amplitude

domain. At the b ttom of each plot are five scans (Anomaly

A style) used to aid in the selection of the bins to be

plotted in the upper traces (see Fig. 4) . In addition to

the restricted number of scans to be seen at one time (only

5) , computer limitations required tna t the nunb ec of

frequency bins presented be reduced to eignty. Other than

those changes , discussion of the Anomaly A plots is also

valid for the lower set of ~nomaly 3 plots. rhe upper set

of Anomaly 6 plots is a :lle:tion of five keyboard—selected

signals chosen from anoag the scans below. The traces are

numbered one to five , from top to b~ t t om r e s p e c t ii e ly .  r h e
h o r i z o n t a l  ax is is a t i m e  line composed of eighty data

points at least 3 . 0 4  s econds  a p a r t  ( d e p e n d i n g  upon  t h e
nuwoer  of scnas sk i p p e d , if a n y )  w i t a  ct e  o l d e s t  po in t  at
the extreme right side of the trace) with the hisa marks on

the vertical axis referiri; to 13 dB am pLitude levels.

As seen to sone extent in the Anom a ly A plots and , more

markedly, in the Anoma ly B plots, tue scans loot f r a c t u r e d
in appearance. This was riot the result of i n t en t io n a l

programming, rather it was tee product of the new

PDP—11/V~ RSaTEC plot routine conn inati ori .

15
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Ill. S~~A P H I C A L  ~N & L Y SI S

A. DISCUSSION

Prior to initiation of t e e  g r a p n i c a l  a n a l y s i s  p roce ss
via p r o g r a m s  A n o m a l y  A an d  3 , an enumerat ion of many o~ the

possible “anomalies ” expected was made. This ~as not to

imply either that signals which had ocea markedl y affected

by the ionosphere woild only exhibit these graphical

manifestations of anoma lous perfor nance or that all forms of

s igna l  anomal ies  w o u l d  be seen n y  t h e  a n a l y s t .  T e i s
enumeration procedure was m erely an attempt to ‘visuali ze ”
what effects those signa l— ch angi ng ionospheric phen omert a

discussed in t h e  i n t r o d u c t i o n  m i g h t  h a v e  on t h e  d a t a  s~~ts
ye t  to be a n a l y z e d .  ~~ t h o u g r i  no at tempt was mad e  to make

t h i s  s t u d y ’ s “ an o m a l i e s ” c o n f o r m  w i t u  t h o s e  i de nt i f ie d  in
Ref. 1 , there has been an attempt to verify any previously

seen.

The graphical effects on ehe si g n a l  w a v e f ~~r n s  ex~~e cn e d
were:

1. a s u d d e n  e n h a n c em e n t / d e p r e s s i o n  of one or m o r e

signals ( l o n g  or  s ho r t  t e r m )

2. an a b r u p t  d i s :o n t in i i t y  a c r o s s  an e nt i r e
wavefront or portion thereof ;

3. a sig na l  “ b u n ? ” or “ v a l l e y ” m o v i n g  e i tn e r  u p
or down in freguency as the w ave fron t



- - - - - - - -~~~~~-~~~~~-- - --

progresses  ( Fig .  4 , R e f .  1 r e f e r s )

4. a shift in frequency of one or more signals

(either short term , long t e r m  or a p e r i o d i c  in

na ture)

5. an unex lainable enhancement of one or more

signals w i t h  a concomitant depression of one
or more signals at the s a n e  t i m e  in t h e  s am e

data set;

6. a c omp l e t e  loss of contin .iity of the signal

wavefron t for variable periods of tine;

7. unexpected variations in one or more signal

contours  as the wavefront progresses;

8. any out-of—the-ordinary graphical in~ Li:ation

of a n o m a l o u s  p e r f o r m a n c e .

E f f e c t s  1, 2, 4, 5, a n d  8 w e r e  d i s c e r n e d  in th e present

study while several of these , piUS effects 3, 5, a n d  7 , were
reported in Ref. 1.

a. ANOMALY A ANOMALIES

As s h o w n  in R e f .  1 a n d  v e r i f i e d  in t h i s  p a p e r , mos t  of
t h e  data sets (when v iewed on the graphics terminal )

exhibited a great measure of uniformity in signal m akeup in

tne time domain and Iii not yield any obvious graphical

anowa1ie.~. In fact, fillj fifty per cent of tee BRT~ dAM

data sets tailed to provi de a n y  repo rtanl e irregularities in

signal pattern with the otner fifty per cent giving rairly

uniform signal wavefronts for most of t h e  t i m e  r e co rded .

20



The latter group did , howev er , exhibit anomalous (or, at

least, assumed to be so) characteristics which were

verifications of performan ce reporte d in Ref. 1 or were

newly discovered. The .iniforwity mentioned above ained

immeasureably in the detection of anomalies since even a

slight wavefront variation co uld be d i sce rned  in the  mids t
of other wise uniform signal progression.

Figures 5 and S are t~ o examples of minor

discontinuities (affecting 30 to 40 bins — approximately 130

kll z) w h i c h  appear  to be t h e  r e s u l t  of a n i l - t i — s i g n a l
a m p l i t u d e  e n h a n c e m e n t  f o r  a v e r y  sh o r t  p e r i o d  f t i n e .  Th i s
effect was found scattered through almost half of tae

thirty—four data sets vi ewed via A nom aly A . Figure 7 is art

example  of aper iod ic  d i sc o a t in u i t i e s  w h i c h  ran  ac ross  a lmost
all of t he  en t i r e data  sat  b a n d w i d t h .  T h i s  c h a n g e  d id  n o t
occur over the  e n t i r e  t i m e  d u r a t i o n  of th e  set  and , as
mentioned above, could not oe traced over its entire

fte~ uencj spectram. Teis t y p e  of d i s c o n t i ni i ty  was  also
found in data sets 33 and 83. Both of the discontinuity

examples  were  a n t i c i p a t e d  although tee l a t t e r  torn holds the

most promise , an o~iialy—visa .

Fading was another effect expe cted but tn~ exampies

found  were  s om e w h a t  s u r p r i s i n g  in tea t it was antici~ate1

that the entire frequency ba cdw idtn of a signal wavetront

(690 k H z )  woul d ~e a f f e c t e d .  T h i s  p r o v e d  not  t o  be the

case, with all of the examples of fading implicating at most

20 fr e q u e n c y  bins  at  a t i m e .  F i g u r e  3 shows t h e  s i g n a l
centered on bin  14 8 f a d i n g  in an d  zt , a p r ocess whi ch
lasted several seconds. - Figure 9 shows a much smaller

time—duration fading centered or . bin 24.

A third type of p o s s i o l e  a n o m a l o u s  a c t i v i t y  is t h a t  of
tne shifting, up or down in frequency, of either a single

signal or entire 3 0  kdz w id e signal scans. The ,recise

• 21
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FREQUENCY

Set 33 , Base Scan 270 , Base Freq 5 MHz , Base Bin 1

Figure 9 — FADING EXAMPLE /12
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explanation of this phenome non is not availab le uit it must

be kept in mini that m aLfun c tions in the :ecei~~er system

itself could be the ca~ise ra ther tian some

ionosphere—related activity. Fi ;.ir-e 1-3 show s a possible

left snift (appr xinatel~’ 3 bins) and distortion of two

side—by—side signals. ~igures 1 1 and 12 ~re examples of

a p p a r e n t  f r e q u e n c y  s h i f ts  of l ó O  b i n s  o o t h  of i n i ch  t u r n e d
out to be data set problems. Since each scan is composed of

two data cards of binary coded a m p l i t . i d e s  (b ins  1 — l óO on
card one and bins  16 1 — 31 3 on ca rd  t w o~ , the order in whic h

the t wo cards  appear  a n d , as importantly, the exi.stence of

both cards for each scan are abs olut eLy vital to the correct

representation of the signal wav efror it. For e-~a a p l e, if
S 

card one of a scan is u i s s i n g,  t a e n c a r d  one  ) f  t h e  n e x t
scan is taken as card two of the former. Tnis mi s a d3a:rl o

effect which will grap n iciL ly aanifest itself as an apJ arent

s h i f t  of 160 b in s  in all suose-~uen t scans. Figure 11

illustra tes precisely tais effect. ?~ ninual search of the

m i s s ing from the set. Figare 12 is an interesting twist on

this  p r o b l e m  in that the signal apparently shifted 1~~0 b ins
to the  r i g n t  (or , down in freg uency l and then , tiree scans

la ter , shifted rig at b a c ~ aga in. Anoth er search of tHe

cards showed that ,as expected , t~ o c a r d s  w e r e  ~iss in g ,  o n e
to cause tae i n i t i a l  163 bil ri;nt saift and a second to

return the data cards to their correct se;uence taree sr~ ns

later. One last ex ampL e of signal shifting is by fcc

most in terestin g of the lo t.. ~s illustrated ny ~~~~ 13 ,
there is a shift down in frequency ot approxi m at ely 12 bins

(314 kHz) affecting tan ent ire 318 oiis (80 ~ iz bandwidtn)

of aperiodically . spaced scans. £nis pheno~ eri n was seen

over the entire length of th e data set at a. opa ren:ly ~aa ion
intervals. Data sets 13d ari d 1~~ also ?x nLo:ted tcis

aperiodic frequency shiftin g , aitno ugh tee nunoer of bins by

wn ~ ch t h e  scans w e r e  saifted va:~~ei sli g atly over the three

sets.
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One final category for possibl e signal anomalies

consists of five differemt phen omena eaca of waici occurel ,

with one exception, only once in the thi rty—f oe r data sets.

figure 14 is an example wherein three different -‘an om a l i e s ”

were present. (It should be noted that base scan =

“various ” for Figs. 14 and 15 means t~ at each of the three

sections of the waveform s in the two figures nil d i f f e r e n t
base scans and implies that this in rio w ay detracts from the

usefulness of the figures as examples of taC affects in

question.) Bins 1 througn 40 m a  83 t h r o u g h  93 e x h i b i t  a
very high degree of signal attenuation not seen in normal.

data sets (i.e. data sets not found to nave either a

receiver malfunction or test signal present ). Bins -41
tarough 87 exhibit norma L signal characteristics. Bins 131

through 200 evidence a combin ation of 5i riusual attenu ation

and normal signal activity, while bin s 231 througn 270 s n o w

either a general distortion of t h e  si gna l s  p r e s e n t  or a
f a i r l y  high amp litude level of ambient noise and/or

distorted signals plus aDiSe. ~J one of t h e s e  p h e n o m e n a  co u l d
be e x p l a i n e d  by receiver malfunction , data card s e qu e n c i n g
or specia l signal chara:tecistics (i.e. test signal , etc.).

Figure 15 shows a data set exhibiting no continuity of

signal weatsoever . None of the signa l “b umps ” can be

followed in a uniform m anner as t~~n9 progresses. rhe tn eory

that a serious receiver system ~ai fnnc tio n was tie cause of

t h e  di s to r t ion ~a s borne  o u t  by  a c a l l  to t r i e  c o g n i c a n t
authority. This malfunction was also verified for data sets

25 and 54. The sawtoottt effect seen at the m iddle , rigri t

hand side of Fi g. 16 is a pattern riot seen elsewinre eit~ier
in triis set or any of the other thirt~ —thre -e sets analyzed .
It shows wild ~iuctuatLo ns in seven adja cent ampli tude

points (2.8 kliz apart) in one scan , ~ iece~ s t~~i~~~ t est of the

scan appears to be normal. No exp lanati o •-i for t~~ s
— paenomenon can be offered . A nother un-expecte d anomaly 4 1 3

tne two flat—topped signaLs , cen tered at bins 1 2 4  and 1~~o,

32
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- -

found in Fig. 17. It appears to be the result of some

special attenuation appli~ l to those fre~ uency oLri s alon e,

Decause, as can be seen by the rather “large ” signal

centered on bin 178, other signals appear not to be

affected . The additional attenuation applied to this set

during reception , 13 dB , is lower than levels applied to

other sets which were rio t similarly affected. T~ie best

phenomenon observed in tais final category is found in Fig.

18. for some reason (other th in t~-i~ possi~ i1ity of a

different form of receiver ma lfunction tri m seen oefore) an

otherwise normal data set lost total signal continuity

across tae entire fre-~uen ;y Dan dw iith wita subseqient scans

exhibiting a higrily d i s t o r t e d  n a t u r e .  ~hile tiis could riot

have been caused ny a card s e q u e n c i n g  p r o b l e m , i ts sou rce
cannot be identified.

C. A N O M A L Y  B AN O~1A L IE S

rhe Anomaly B program provi ded a different perspect ive

from whicn to ooserve tne data sets sir~.ce it pr esented two

dissimilar plots on tne screen at the same tine. rhe Lower

traces consisted of five Ano m aly ~ sty le three-ilnerisional

pi-)ts, this time only ei~~n ty points (ot oins) ~i I e , ~nii

t n  upper iive traces iere the t w o — d i m e n s i on a l  t i i e  v~~.

asplitu d-e plots of bins seLected from the traces elow. :t

wa s felt tuat tnis aifferent perspective would eu~ianc’e t r c --e

anomaly identification effort , tria t it did not was

disappointing.

31 the eighteen data sets an alyzed (3, 7, lo , 18 , 23 ,
21 , 33 , 3o , 37, 3~ , 30, 41 , 51 , 53, 51 , 80, 125 , ~nd 1 3~~
A n o i~al y 3 proved u s e f u l  in o n ly  t w o  i n s t a uc e ; :  ( 1 )  ~-i
provi a graphic pr esentation of the three s~~;nal types

used in the Statistical Ana lysis Section of tnis Da?~ r ;  ani

35
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(2) to illustrate one very interes ting phenomenon ~inich

could not be seen by the ~noiualy A presentation. As shown

in Fig. 19 this phen omea a consists of an undul ation in the

a mp l i t u d e  of t he  f i v e  u p p e r  t r aces .  rh i s  “lazy sinusoidal”

varia tion appears to iffect some signals more of ten th a n
others. The t e rm “la zy s i n u so i d a l”  should be used with care

since it is not m ean t to impLy t a a t  t he r e  is any strict

periodicity to be found in the undulation or t h a t  the traces

look exactly like sinusoids. ~owe ver , many of t~ie sign a ls

did evidence the more smooth (and , h e n c e , sinusoid ali

variation seen in trace one in the fi gure.

A i t h o u g a  o n l y  r e l a t i v e l y  smo ott-i wavefor m s are d e p i c t e d
in the f i g u r e, this effect was identified over a L a r g e  r a n g e
of signal types includin ; tnose w h i m  ~e y e d  o f f  a n J  ~n;

~owever , it was much easier to see tciis phenome non on me

smooth si nals. 2his vari ation w e :  seen i n  ev e n  data se t

an a l y z e d  a l t h o u g h  it occured nore frequ entl y an d noti :~ a o l y
in some than in others.

The cause of tais undulation could be: (1) ,a:aa~~ions in

transmitter output power levels; (2) r5-~ceiver . s VS en

processin- ; or (3) iono sp he re— r~ l~~ted ~n en omena ~~n - ~~i~~~n~~

Fa r a d ay  Ro ta t i on , Spo n a i i c — ~ a n d f a d i a~~.

3~~~
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IV. SrATI SrICA L AHAL ’151 S

F A. DI5CUSSION

In conjunction vita t~ e g r a p h i c a L  an a l y s i s  a p r o a c h  to
iden tify signal anomalies attrioutible to ionospheric

proper t ies , a n i tt e~~pt was m ade to glean addition al

information from the B~ IGHA ~ data by means of statistical

algorithms ; however , it should be noted ta-at n attemp t was

made to identifj anomalies oy this appnoac n . ~ a th e r , tae
programs  ~lN/~iAX 1 and ~~~L~~~~/~~~~ t~( 2 were developed in an effort

to determine ao~ o f t e n  a n d  b y w~~a t am ount (amplitu de in

decibels) both signal wavefronts (scans) and indivi dual

signals (Dm 5 or sets of bins) m ange. It was hope d t:iit

this new data mignt prove useful iii tne leve lopemea t of en

algorithm to adjust the m yriad sensitivity controls found on

the swept—tuned receiving equipment used to am~~ui r- n a n -.i

r e c o r d  the B R I~~1A~ da ta. A lth ough this effort nis nct ng

direc tly to do with taC si gnal an aLysis efr :t report~~-i
previously, it did Lace monside:i ul- e rim e and ~ifort ‘~o

write the programs and c:ea~ e tne ieslmed data base. In
- 

ad d it ion , this evolution pr oved e-~tLem ely helpful in tue

overall effort of under stan ding signal ~haracteiist ics , taC

primary goal of t~iis study .

For tue purposes of tiis in -~u i r y ,  tenee diffetent tyoes

of signals (one that s t i j e d  “ on ” ta r o u g h  most  of t:e signal

-duration , on e that stayed “off” tnro ugh most of c R C  sig n a l
dur ation ar .d one that ap~~eared to ~c n y on a n d  o f f  th r o u g~~out
most of the s~ gaal duration ) were chos~~a icon lat a sets
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which were collected it vanio~ s times of the day. The

~uotatioa marks are used (here and througho ut the rest of

the paper) to imply a general trend noted over the life of

the signal not some unvar ying signal characteris tic. Fig u r e
20 is an Anomaly B graph plot presenting classic examples of

the t h r e e  s igna l  t ypes .  N e  “ON” si ;n a l  ( e x n i b i t i n g  t h a t

“lazy sinusoidal” amplitude variation menti oned in tt~e

graphical analysis section ) is trace 1 , the “ON/)FF” signal

is trace 2 and the “OFF’ s i g n a l  is tr a c e  3. T r a c e s  ‘4 and S

are merely copies of trace 3 to fill out tne plot. A tanle S

giving all pertinent data on the tw ent y— foar signals —

analyzed may be found in Fig. 21. La the figure , set

f r e q u e n c y  r e f e r s  to t h e  b a s e  f r e ; - u a n c y  of t h e  set  v a c e  t t ~e

recording was initiated while TOt means the time of

interception for the data set. A n attempt wa s mai2 to

analyze two signals fr .n each oi four differ ent time

categories (interesting from the ionosphere ’s ~~and joint)

,those being sun n ~~se , notx , sunse t an.i m iini g~it . w ith one

exception , set 53 — 2109L0 AL , this effort was reali Zed .

B. STATISTICAL ANA LY StS ?~~O~~RA~ S

The first gen~-ra tion aLgorit hm dev eloped , c a l L e d ~IN/~U

1 , provided for -a sc an -by— sca n (down entire ire :’ie~.my

ban d-w idths — cross sections of n~~ny  signals - at fixed

times) analysis of a variable number of scans witi in a given

set. ~IN/NAX 1 identifial eacu of the peaks and valleys

a l o n g  t h e  scans , c ho se  t h e  h i g n e s t  pe a i  and l ow e s t  v a l ley
and com~ uted the average peak and avera ge valley heights.

The - lu a n t i zat i o n  l e v e l s  g i v e n  on t h e  d a t a  c a rds  w e r e  c h a n g e d
to de cibels and t u e  a m o u a ~ of a t t e n u a t i o n  a~~~Lie i  at tae

time of acquisiti on w 3 5  added back in to gi-i~ rec-elved

signal levels accurat-3Ly. ~IN/~ A~ 1 p r o v e d  to b e of o n ly
small value since signal w av efro n ts vice signals t~~-em s-~lv e s

( 42
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SET BIN SIGNAL T ’ PE  SET F1~E’Z U EN CY SET TC I

3 136 ON 035C 1 ~IIZ C5221

1S4 CN/LFF

l~ 9 OFF

7 8 ON 110CC KHZ 12C5Z

€1 ON/CFF

Si O F F
IC 2~ 5 CN C4O C C  ~ -Z 17 15Z

238 C-N/CFF

2~ 9 O F F
Ii 1~ O ON C 5 O C C  ~<hZ C400L

273 CN /CFF

187 O F F
C 7 C C C  ~bZ 2 1C Z

8 CN/CFF

O F F
EC €2 Cr~ - 

10 0CC ~(I-Z C000Z

ON /CFF

73 C- FF

€1  4 ON C4OCC t< I— Z C O C iZ
72 ON /CFF

11 O F F

ON C 3 2 C C  ~< HZ  l 2 d O Z

74 GN/CFF

8 OF F

Figure 21 — MIN/MAX SIGNAL PA RA ~’1ETERS
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were  a n a l y z e d .  A p r o g r a m  L i s t i n g  f r  L i l N / M A X  1 m a y  be f o u n d
at t he  end of t h i s  pape r .

The next generation effort , tabbe d ~IN/~1AX 2, focused on

specific signals (the three va r i e t i e s  d e l i n e a t e d  in t h e
discussion section above ) and added a number of more

valuaole statistical features. Like its predecessoc ,

MIN/MAX 2 identified eac~ of the peaks  a n d  v a l l e y s , chose
the highest peak and lowe st valley and computed the average

peak and average valley heights.

Its next feature wa s t~ e determ in ation of tw~ d i f f e r e n t

types of signal changes: (1) the comparison of samp le point

amplitudes with a slid ing referace point to determ ine

long—term changes in signaL levels; and (2) the comparison

of adjacent sample poin t a~~plitude s to de termine short—term

changes. The former was i n i tia ted w it h t he b in 1 poin t iS

tue reference poLat an d all suose-guent points coup-ar e--i with

it until an amplitude was found wti ich differed from tne

reference ~y a previ ously agree d upon number f decibels

(for this test, -~~, 6, 12 and H d3 changes were used in

succession) . That point taen became the reference point and

the process continued for the entire 2.L+ m i n u te l eng th of
the signal. The number of sum lon g—ter m c

~~ar11es and tae

ela psed time between each ctiange were recorded. rhis i~~t a
could then ~e used to a ttain the goal of tnis effort , tr~e

gauging of how often and oy wh at am ount the vari~~us sign a l
types changed.

A further refinement f the procedure was the creation

of ampl itude histogr am s of the elapsed times Detween the

cuanges to illustrate the effect tziat increasIng the ievel

of decioel fluctuation which con stit ited a ch an ge had on

00th the frequency of m anges and the distributio n of

elapsed times.  S ince  t h e  r e c e iv e r  s a m p l i n g  r a t e  w as  25 Fit ,
t h e  sm a l l e s t  e lapsed t i m e  possi b le n e t w e e n  X iB f L u c tua tion s

4~:)
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was 0 . 04  seconds .  A onief analysis of the first set of

elapsed times led to the division of the time line

(abscissa) into twenty-one time bins wi th the inclusive

boundaries given in Fig. 22 and labeled Ni throug h N21 . As

a further refinement , 3ifls Ni , N2 and the first segment of

N3 were divided into indiwidual 0.04 second bins labeled

~1— 1 througn Ni—i , N2-1 througn N2—3 and N 3— 1 respectively.

The t w o  h i s t o g ra ms  gave  an excellent perspective f r o m  whi ch

to watch the changes in signal characteristic as the amount

of decibel fluctuation tested was stepped from 4 to 6 to 12

and , finally, to 18 dB .

The final output of MEN/MAX 2 was , in addition to the

peak and  val ley s t a t i s t i c s  m e n t i o n e d  a c o v e , a l i s t ing  of tu e
numn er of long—term changes that took place in eaca of the

thirty—seven time bias f interest , the pemmenna ge of the

number of changes under eacn time cia as compared with tna

total number of changes. (triis allowed f o r  a core valid

comparison of the over-all change picture when a - i  increase

in decibel deviation re~~u i r e d  r e s u l t e d  in f e w e r  c h a n g e s
t a b u l a t e d  in the b ins~ , the total nun be: of long—te rn

cha nges (called NC J M in tic output ) and the t tii nunber of

m ange s  in a d j a c en t  s a m p l e  p o i n t s  ( t n e  s h o r t — t e r m  m~ an~ cs

mentioned above) . In addition , the mean m i  standard

devia tion for tae elapsed times netwee n long—ter m cn n;3s

- were c om p u t e d .  A l i s t i n g  f o r  ~I~~/~ A X 2 n a y  cc f c - u nd at t h e
end of this paper.

C. OB SERVATIONS AND CON LJSIONS

There were a number of sumcr ises wt~imh resuitci from t he

initial computer output Er om ~1IN/MAX 2. First , the high

numm er of both long— and short—term m anges identified was

• n o t  e x p e c t e d .  O u t  of t h e  possible 3597 changes (there were

46 -
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TIME BIN START  END

NI 0.04 0.26
N2 0.32 C.60
N3 0.64 0.96
N4 1.00 1.28
N 5  1. 3 2  1.60

N6 1.64 1.96
Ni 2.00 2.28
N8 2.32 2.60
N9 2 .64  2.96

N10 3.00 3 .28  *

NIl 3.32 3.60
N12 3.64 3.96
N13 4.00 4.28
NI’. 4.32 4.60
N15 4 .64 4. q6
N16 5 .00  7.46
Nh ? .50 5 .96
NH 10.00 14.96
N19 15.00 19.96
N20 20.00 29.96
N2 1 30.00 NONE

NI— I O.C2 C.0b
Nl—2 0.06 C.1O
N1—3 0.10 0.14
NI— ’. 0.14 0.18
N i—S 0.18 C.22
N1—o 0.22 0.2o
NI— i 0.26 0.30
N2—i 0.30 C.34
N 2— 2  0 .3 4  0 . 3 8

N 2— 3  0 . 3 8  0 . 4 2

N2— 4  0 . 4 2  0.46
N 2— 5  0 . 4 6  0 . 50

N2— 6  3 . 5 0  0 .54

N2—7 0.54 0.58
N 2— 8  3 . 5 8  0 . 6 2

N3—1 0.62 0.66

N C T E :  START AN C END F I -~USES AR E IN SECCNCS.

Figure 22 — HISTOGRAM TIME BIN PARAMETERS
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at most that many scans, or sample points , availabl-2 for

each signal of interest ) m e  number af changes noted in some

cases reached as higti as 2000 for the lowe r decibel

fluctuation levels. Second , the elapsed time histograms

tabulated showed a mar ked tendency to be heavily damped

exponentu.als in na ture with the 0.34 second bin (Ni-i)

having the highest num b er of occurenc es th:ou~ hout . Arid

third , there was a hijh degree of o v e r l a p  b e t w e e n  t h e

statistical characteristics generated for the three signal

types chosen indicating that there was no abs oLute way to

c a t e g o r i z e  a s i g n a l  as “3~~” , “ 3 N / 3 FF ”  or  “ OFF ”  m e r e l y  by
looking at its s t a t i s t i c s .  What was expected (and did

occur) was that , as taC number of decibels use-i for

comparison increased , tae exponential distributions “flowed”

to the right indicating greater elapsed times between lar~~er

decibel fluctuations.

Figures  23 — 29 represent the bulk of th e  m e a n i n g f u l
da ta garnered from the MIN /~ AX 2 a p p l i c a t i o n  to th e
twenty— four signals of interest. In speaking of the

characterist ics wLich differ entiate the three arbitr ariLy

chosen and defined signaL types , Figs. 23 — 28 pm vide triose

statistics whim can be of value in coming to a logical

conclusion concerning tnei r differences. A s would cc

expected from “O N/On” signa ls , racy showed a ;reate:

difference between both ave rage peak and valle~ value s and

between “maxma x ” an d  It m i n n j l If values th an did r~~e other rio ,

implying more signal level fluc tuation. 2he “OF?” s i g n a l s
c o n s i s t e n t l y  s n o w e d  t he  s m a l l e s t  f L u c t u a t i o n s  as  w o u l d  b e

expected from a series of either hi ghly decayed signals or

higu but flu :t-uatia; a n o i~ nt noise. Ba sed - on these

statistics alone it w uld ~e n e a r l y  i m p o s s i b l e  t o

distinguish with a high degree of certainty bet w een an  “-JN”

and an “ON/OFF” signal giw en only t r i e  p a r a m e t e r s  in those

figures. Figure 29 provides both a summary of the d at a

concerning tue number f mnan ges t a b u L a t e d  f o r  e a c h  decibel

48
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SET BIN PEAIc VA LLEY t~~XMA X fr1~~ IN

2 13ó 54.4C 46.78 58 6

7 8 56.74 52 .02  62 34

265 4 5 . 6 5  35 . 6 5  5’. 24

21 1 50  5 5 . 4 4  45 . 1 9  62  2C

19 55.97 5 2 . 1 6  66 26

82 5 7 .83  53 .54  68 22

61 4 68 .81  6 0 . 7 5  70 1C

1~~~~6 57 43.52 36.61 52 C

PE AK A ’~G VA LL EY AVG PVR P’v A ~frR

S4.~~4 4~ .0S ~.8l—8.06 5.’~~ 2~~— 6C

KEY: PEAK = AV~~ Ac,E CF ALL MA X P T S  I1~ E A C r~ ~ 1N (S i - -L )

VA LLE Y = A VERA G E CF ~~~LL td IN F TS i~ E,~CH ~~~ ( 5 i L ~~~L )

~1AXt~~X LA RGEST PEM< VA LU f~
= S~~~LLE ST VA LLEY -IALUE

P V R  = ~A t*~GE Cf CIFFE RE \CE-S EE 1~~EE N PE A K  ~ VM LLEY

P V A  = ~A~~E R A G E  C I F F E R E N CE E E T *~EE 1~ ~~~~ & VAL L EY -

frMR = t~~t~GE F C IF FEF~E N C E S  E E T ~~E :-~ 4AX’4~.X & -~1I Nt~I1\

~‘MA = AVE RAGE CIFFERENC E BET~~EE\ ~4X~4~~X ~
PEA K A V G  = AVERAGE CF AL L PEAKS F:F “CN” SI LS

V~~~~LLEY  A V G  = A V E R A G E  C F A L L  V A L L E Y S  F C~ “~ - a ” S I t N A L S

F i g u r e  23  — “ON” SIGNAL PEAK—VALLEY STATISTIC S
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SET BIN PEAK VALLEY

3 154 52.45 44.69 62 8

7 81 42.96 16.57 66 6

2C 238 51.69 41.24 62 24

2 1 273 57.OC 49.16 72 2C
8 55.96 48.15 64 26

60 59.84 54.30 70 18

81 72 40.82 30.44 6-.) 1C
126 74 21.19 16.11 3C C

PE A K A~~G V A L L E Y  AVG PVR t ’ f r R

37.58 5 .08— 26.5? 1C. l d 3 C — 5 6  46.SC

KEY : PEUK = A V E R A G E  CF A LL MA X P15 I~ EACr I  ~ IN (~~I-j~~~L )

V A L L E Y  = A V E R A G E  C F A L L  ~ I N  P I S I~ EACH EU~ (5 it~t~AL )

= L A R G E S T  P E A K  V A L U E
t~~1 I N  = S MA L LE ST  V A L L EY  V A L u E

?VR = RAN GE OF IFFERENCES T~~E~~I O EA ~( £ ‘V~- LL EY

P VA = A V E R A~,z Ci F FEF E~ CE E E T . E E \  PE ~~r~ C V d L L~~~~Y

~4R = RA NGE CF C IFFE REN CES BETA EE ” 4 ~~~~~~ £ “ i - ~~
MNA = AVERAGE DIFF ERENCE BE Tw EE N ~-~A X~iux ~ ~ iNM!N

PEAK AV ’~ = AVERAGE CF ALL PEAKS FCR “L N/uFF” ~ I0-~~ALS

V~~LLEY A VG = A VERAGE CF 4LL VA LLEYS FCR “~~~/CF F” ~ iG~~~L 5

Fi gure 24 — “ON/OFF” SIGNAL PEAK—VALLEY STATISTICS
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SET BIN PEAK VALLEY ~AX MA X t d l N t d I N

3 169 19.I~ 13.57 46 6

7 91 11.33 8.05 26 8

2C 255 13.76 8.36 26 4

21 187 47.97 41.14 ~6 20

53 50 28.26 22.69 38 16

73 18.42 12.65 24 IC

~1 11 25.02 17.77 54 1C

126 8 14.69 10.64 C

PEAK A VG VA LLEY AVG PVR PV A

22.33 16.28 3.28—7.25 E.~~7 L 4—~~4 2€. iS

K E Y :  PEAK = AVERAGE CF ALL ~AX PIS IN EACH EIN (SiGNA L )

VA LLEY = AV E RAG E CF ALL MIN PIS I~ EACH E IN (SiG ~~~L )

~AX t ’AX LA RGEST PEAK VALUE

= SfrA LLE ST V A LLEY V A LUE

P V R  = ~~ NGE 0~ CI FF ER ENCES B ET~~E E~ PEA ~c C V-~LL EY

PVA = A V ERAGE C IF FER EN C~ E E T n E ~~\ PE AK & V ALL E Y

R4~~~E CF  C IFFERE NCES EET~~EEN ~- IA X frAX C -‘INM IN

A VERAGE DI FFERENCE BET .~E E N  ~~L~X ’- 1 A X  C

PE A K AVG = AVERAGE CF ALL PEAKS FCR “GFF” SIG~~~L S
V A LLEY AVG = AVERAGE CF ALL VALLEYS FCR “CFF” S1G ~

\
~~LS

Figure 25 — “OFF ” SIGNAL PEAK—VALLEY STATISTICS
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SET BIN OB NUM AO J N]. N2 N3 N I— i ‘41—2 ‘~~1—3 N L— 4

3 136 4 1233 1226 94 4 1 50 20 10 7
6 636 549 87 5 4 44 18 9 7

12 123 135 67 5 6
18 25 27 56 4 4

7 8 4 1417 1436 95 4 1 48 24 9 7
6 515 539 1 9 4 34 19 13 7

12 29 15 52 7 3
18 5 5 60 0 0

20 265 4 1496 151.9 95 4 1 55 20 10 5
6 844 887 88 ~ ~ 45 21. 10 5

12 181 1-3 0 67 7 9
18 3 0 0 3 0

21 150 4 1442 1433 96 3 1 54 21 13 5
6 915 938 93 3 2 51 21 9 7

12 115 2 2 2  36 3 1
18 19 2 7  *7 3 3

53 19 4 329 2 - 3 d  58 12 8 13 21 5 5
s 19Z 113 56 15 7 6 21 3 2

12 61. 30 28 11 1-3

18 1~+ 2 7 7 29

80 82 4 898 929 88 8 3 45 20 9 6
• 6 353 324 73 1~~~ 4 37 14 6

12 44 3’-. 43 1~-. 7
18 6 7 5 0  3 0

81 4 4 1932 1932 98 2 3 62 20 9 3
5 1353 1340 94 5 1 48 22 ii 6

12 2d1 329 b8 1) 11
13 52 56 50 10 13

12~ 7 4 33’s 5 1 58 19 12 9 12 .d 7
6 176 14 43 24 - 3 9 5

12 59 2 27 15 5
18 19 2 11 ii ii

KEY: 08 t~~~i CH~~ GE T E S T E D
\JM c:UM BER 0 LON~.,— T E~~M ..dA ’h~~ S

NUMBE R 3F SH3RT— TER~ (A ~~~~~~~T PJ INT ~ -~~G~~S

PE RC EN TA GE OF L0N~ — TERM ~ H~~NG:5 j ’ i T j ’ i E  ~~~~~~

F’igure 26 — “ i~ N
” SIGNAL ELAPSED TIME STATISTICS
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SET BIN OB Nt~~ ADJ N i N2 N3 Ni—i N L — 2  N1— 3 N1— 4

3 15~~ 4 2 1C 1  21.30 ICC C 0 6C 24 9 5
6 1325 1357 95 5 C 4 1 22 12 10

12 252 215 65  15 4
18 21 34 48 5 C

7 81 4 2012 1984 100 0 0 62 19 4 11
6 1615 1653 99 1 0 52 2]. 4 16

12 1225 1214 96, 3 0
18 1150 1147 56 3 0

20 2 3 8  4 2 162 2188 100 0 0 56 28 12 2
6 1513 1480 cfl 2 3 39 25 23 5

12 324 291 59 20  10
18 36 27 36 3 3

~~l 27 3 4 1573 14 82 5 ?  3 0 49 2 ’~ ii. 7
6 939 873 87 9 3 37 21 11 8
12 322 254 15 9 5
18 131 115 84 6 5

53 6 ‘. 1515 1526 96 3 1 53 22 11 5
6 1059 1113 93 ~ 2 SC 21 12 4
12 283 374- 8C 5 4
18 60 80 53 3 2

EC 6C 4 1430 1434 95 1 44 EC 11 4
~ 660 ~ L8 35 S 2 36 2 1  7 5

12 15 25 20 7 o
18 4 1 25 0 3

81 72 4 2312 2322 iCC C 0 ~7 2C 7 3
6 1647 1~~~45 97 2 ) 52 25 10 5
12 615 553 82 5 4
18 216 239 70 12 ~

126 74 4 1277 1245 54 5 1 ~~~~ 20 1~
6 577 592 d l  1 1  ‘. ~~ i~ 7 f
12 60 69 ~-.9 2~ 9
18 16 8 31 13 3

KEY: CE = C-S CHANGE TE STEO

NLM = NuM BER CF LCN0— TE~~ C~- ANc .EE

AC J NUMBER OF SHCRT— TER -1 (A ~0 J A C E N T  PO I N T )  C~~A N G S S

= PERCENTAGE CF LCNG—TE R~’ C~-ANGE. :N ~ I~~E 3I~: ~

- 4

Figure 27 — “ON/OFF ” SIGNAL ELAPSED TIME STATISTICS
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S E T  B I N  CB N L~ 40J Ni N2 N3 NI—i N L—2 N1— 3 N1—4

3 165 4 1630 1609 97 3 0 51 23 11 5
6 8C2 748 85 5 3 33 23 11 6
12 42 37 55 10 12
13 4 4 50 0 25

7 91 4 628 ó20 79 12 ‘s 46 13 7 5
o 146 1.46 66 8 5 38 2 S

12 2 2 SC C 0
18 2 2 50 0 0

2C 259 4 1593 1594 97 3 0 51 21 11 6
o 763 716 82 12 4 2 3 15 12 6

1.2 26 21 36 15 15
18 0 C C C 0

21 1 7  4 1651 1655 ;e 3 1 37 19 ~0 5
6 1008 1009 36 9 2 ~~ 19 12 7
12 226 20E E 1’s 8
18 20 3~ 45 IC 10

53 SC ~. I Ô SC  1679 98 2 0 52 42 10 6
6 827 816 86 3 4 35 2 10 7

12 56 21 41 ic S
18 2 C C 0 0

20 73 4 1785 17c2  ~36 2 0 5’+ 23 10 4
~ 863 883 3 5 10 3 34 22  11 €

12 C 0 C C 0
18 a c C o o

81 ii 4 2C77 2-389 59 1 0 ~3 2C S S
6 126~ 1246 93 6 1 45 20 11 7

12 155 12C Sd 12 8
15 15 ;7 11 5

124 6 4 93’-s 512 87  10 3 ~8 ._ C 10 4
6 313 249 ~0 15 11 20 12 7 5

12 23 5 11 14 11
18 2 2 5C C 0

K E Y :  C E  = C-3 CHA NGE T E S T E C

= NUM8Ek CF LC \0—TE~ M C~-AN3 E S

A CJ = NLMB ER OF SbCR T—T 6R~1 (ADJA CENT PO IN T ) Cr t -NGES

PERCE NTAGE CF LCNL— TER~ Ct-~ NCES iN TIRE ai~ N~~

Figure 28 — ‘OFF ” SIGNAL ELAPSED TINE STATISTICS



“CN’ SIG NA L S T A T I S T I C S

CE NU~ RANGE ~~~ AVG A C J  R~~N G E ~CJ A V G

4 325—1932 1135 1_1932 1089

6 178— 1350 623 14— 1340 600

12 29— 281 119 2— 329 11.8

18 0— 52 18 C— 56 16

“ON/OFF” SIGN AL STA T IS TIC 2

CE NUtS RANGE NL~ AVG AC J P .ANGE A C J AVG

4 1277—2312 1798 1245—2322 1765

6 577—1675 1174 592—1653 1192

12 15—1225 390 25—1214 374

18 4—1150 204 1—1147 2C2

“O FF” SIGNA L STAT IETI C :

C d N L~ R~ N~~E NL~’ AVG ACJ ~A N G E  ~CJ A VG

4 628—2077 1498 62C—2C8 1494

6 146— 126 7 749 146— 12 ’ + o 72~
12 0— 226 64 C— 20 8 6’.
1€ C— 20 6 C— 38 3

Fi gure 29 — OVER-ALL dB VS. CHANG E DATA
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conparison level and a ;eneral iiea ns of Iistinguishin g

between the thr~ e types of signils. ~lthoagi there ire

definite differences between t~ie average fi;~ res for the

various d8 levels and some differen;es in the ran-~~s of
values, the overlap encouitered in t r i e r a n g e s  i i aces  s igr ~al

differentiation by thIs aieans risky. In siort , w~ it

distinguished the “ON” fr~~ the “ON/D??” an d  “3PF” signals

was thoroughly subjecti i-e and only loosely corr borat~d ny

the statistics geaeratei..

Addi tional infor!natioi ~an be re treived froi Figs. 26 -

28 w n i c h  p r o v i d e  the n u~~oer of ~~~~iges  (bo th  I o n ;—  a~~2
short— term) f o un d  wh e n  t a e  ~~ci oel di f ~~er e r~tial ~is “~‘alke 3”

from 4 to 18 dB aid t h e  p e r c e n t a g e  of l o n g — t e r m  ~~i i n ~~es
which fell into the mo st m eaningful of tri e t~ irty—sev e~

• histogram bins ( f o r  elipsed tiDes betwean l o n g— ~~-~:e
changes) . As is clearly shown , t h e  n u n b e r  of ~iaa~ es, ~2M
and A DJ , decrea sed  as the 33 level in~ :ease3 whi le ~he

p~ rceatage figures ~n co~~unas Ni and NI—i evi3en ce~ a

m o v e m e n t  a a a y  f r on  the  f i r s t  eiap se.3 time bin. Both of

these characteristics ~~ply that tie aveLa ge tLne bet~~~en
signal level chang es at ~ne va:ioas 33 settings ii;rea~~es as
tne number of 33 increase . ro ne specific , ny taking tne

data from Fig. 33 it coiLd oc cal~ u1ate3 that t ie a iera~~e

t e e  e l a p s e d  Det -~een ~4 aa i 6 35 ~iu~~tui tuion3 :oc the tn:ee

signal types ~ere:

3igrial Type ~ dB S dB

3~1 .195 se~ .3D2 S~~~~~

ON/OFF .083 se~ .132 SeC

3FF .110 se~ .229 s~:

Do
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SET BIN NCB ME AN A LPHA CHISQ OF VAR IANCE

3 136 4 0.116 — — — —
3 136 6 0.226 — — — —

3 154 4 0.067 — — — —
3 154 6 0.108 0.93 1.43 1 C.012
3 169 4 0.088 0.87 0.C04 1 0.009

• 3 169 6 0.175 0.34 9.18 5 0.094

7 8 4 0.102 — — — —
7 8 0.279 0.18 5.88 5 C.432
7 81 4 3.072 — — — —
7 81 6 0.106 — — — —
7 91 4 0.229 0.34 3.26 5 0.154
7 91 6 0.985 0.18 2.73 5 5 .39C

20 265 4 0.096 — — — —
20 265 6 0.171 0.16 8.35 5 C.183
20 238 4 0.067 — — — —
20 238 6 0.055 — — — —

20 259 4 0.093 0.94 0.34 1 0.309
20 259 6 0.1.69 0.53 4.C0 5 0.071

21 150 4 0.100 — — — —

21  150 6 0.157 C.045 7.36 5 C.54€
21 273 4 0.091 0.85 1.52 1 C.Q1C
21 273 6 0.153 0.49 4.21 5 0.048
21  187 4 0 . 0 8 7  — — — —
21 1 7  6 0.143 0.44 2.33 5 C.046

53 19 4 0.436 — — — —
53 19 0.748 — — — —
53 8 4 O . C S 5  — — — —
53 8 6 0.136 0.065 12.7C S C.284
53 50 4 0.085 1.05 0.18 1. 0.007
53 50 6 0.174 C.2d 5.32 5 C.108

82 4 0.162 0.18 10.65 5 0.146
80 82 6 0.411 — — — —

20 60 4 0.101 — — — —
60 6 0.218 0.1.8 14.58 5 0.264

60 73 4 0.081 1.05 0.6C 1 C.006
60 73 6 0.166 — — — —
81 4 4 0.074 — — — —
61 4 6 0.106 — — — —

81 72 4 0.062 — — — —
81. 72 6 0.087 — — — —
21. 11 4 0 .C6 9  — — — —
61 11 6 0.113 0.76 2.70 5-  0.017

126 57 4 0.424 0.72 1.16 5 C.25C
126 57 6 0.195 0.62 8.5C 5 1.019
126 74 4 0.111 — — — —
126 74 6 0.245 0.28 10.38 5
126 8 4 0.152 — — — —
126 8 6 0.452 0.51 2.62 5 C.400

KEY: NOB = MIN/MAX ~MPL ITUCE CI-ANGE VA P .IAE LE
ALP HA = VALUE CF ALPHA AT ~‘IN Chi S.~U A~~E C
CFZSQ = MINIMU M C H I — S Q U A R E C  VALU E

OF = DEGREE CF FREECCM FC~ C H I S~

Figure 30 — CU RVE—FI TT r’~G OATA
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This data confirms tiat the “ON /OFF” signals fluctua ted

more rapidly than the other two categories m iLe the “ON”

signals proved to be more stable than the “OFF”.

These results imp ly that , if tie agency that operates

the swept—tuned receivin g system used to acquire m d  record

the BRIGHAM data desires to ac~ aire FSK-ty e signals

(roughly, the “O N” v ariety ) , it could ge t away with changing

tae sensitivity adjustme nts much Less frequently than if

£~orse—type signals (rou;ely, the “ON/OFF ” var iety ) wer e

desired. This, plus tee rough data provi ded in Fi~~. 2~~,

could provide a good dat a b ase  f r o n  w h i c h  a d i a l  ~on tr o l l ia g
algorithm could be adjus :ei. to meet the needs of the signal

types o~ interest at any tim e.

As was mentiori e~ above , ~IN/ �1~~~ 2 pr vided for the

calcula tion of the mean and standard deviation of tne

elapsed times ta b u l a ted ~ot eac a of fo:t~;—eig r~t signals (the

twenty—four signals of interest at ooth ~4 and 6 33

compar i son  l eve l s ) . A i t ~~~u g h  t h e  m e a n  v a l u e s  w e : e  acc u r a t e
the standard deviation vaiue s were not since tn~ f o r m u l a
used ~IA their calculation is valid for only normal (or

3a u s s i a n )  d ist r ib - .it io ns .  S i n c e  t~ie  eliosed tim e tis:~~;ra es

w e r e  a p p a r e n tl y expon ential in na ture , ar~o~ n e r  f or m  o f
variance determination w a s  :e~ uireJ . T~~is effort calle d fj :

a curve—fitting techni~~-ue to idea ti f~ rn~ ~is togr~~o~ is

being of a particular distribution type , use of t ee

cbi— s~ uared test for ;oo1~ ess—of—fit ~rii .earii p u iat ion of the

ceosen distribution ’s m ean and v a r i a n c e  f o r m u l a s  to de :iv~
the informa tion desired . Attempts were m ade ~o fit three

dist r i b u t i o n  f u n c t i o n s  t o  t h e  u l l s t o g r a m s  ( a m m a , ? i sson a n d
eometric) with the 3anna function ~roving t oe the most

successful. r~ e ~amma distrioution function , with

pa r am e t e r s  
~,#, ~i<O (~~~~, 3<~~ (~~ is defined as follows:

58
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I- -b c-i - x i ~
,

f (x) =

0,

3Where , ~iemn = c’(~~, Varian ce = oc/3

An algorithm was written wnich read in the observed

histogram freguencies, calculated the expecte d am rna
fre~ uencies (using an International ~athem a ticaL Subroutine

Library subrou tine called MD3k.~) and calcalated the

chi—squared value (essentially, the sum of the least s~ uared

differences between tie ooserved and expected frequencies)

for use in the goodness -of-fit test. The chi— s~ uar-ed v~ Lu e

was then com~ared witn the app rop riat e value f ind in rae

chi—s~ aared distribution taule (appropriate as to degrees of

freedom and significance Level ) ; if it fell bel ow that tan le

en tr y ,  the fit was considered good , if not the fir was b ad .

As discussed in Refs. 7 mcd 8, a good rile of thuob is teat

the smaller the cni—s guared value for a given num be r of

d egrees of freedom , t~~e better tri e fit. ~s a word of

caution , even an excellen t fit (extremely s~ all :~~i—s~ u a r e d
value) does not guarantee tuat the distribution is really

the one oem ; tested , it ner ely states tnat the data do not

presen t sufficient evidence to contradict tee hyp otaesis

tha t  the  h is tog r a m s  possess g a m m a  d i s t r i b u t i o n s .

For the cu r v e - f i t t in g  at  h a n d , k n o w l e d g e  of t i e  iean  an d
an i t e r a t i v e  v a r i a t i o n  in ~~ ~er c i t t e d  an i te r a t i v e
calculation of ~ thus providing all of the necessary

information for tie a l g o c i t n m  d i s c u s s e d  a b o v e .  m e  p r o c e s s
was refined un til the smallest chi-s~ uared vali e could be

iden tified. It seould oe noted that only the N i th rou eh ~15

time bins were used since very few elapsed tim e s eve : fell

5~;
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beyond five seconds and that , as the individual histogram

composition dictated , either seven or three bins were

actually used in the algor ithm (following a suggestion ttiat

bins c o n t a i n i n g  f i v e  or f e w e r  c o u n t s  be c o m b i n e d  t o  e n h a n c e

the accuracy of the test) . The bin limits imp lied that the

degrees of freedom used were five or one respectively.

Of the forty—eight ~i3to ;rams to be fitted , six had

coun ts in too few bins to be useful (mould have inplied zero

degrees of f r e e d o m  - not f o u n d  in tee taole) , ei;cteen were

mad fits and the remainia ; twenty—fo ur provided go od fits to

the Gamma distrioution . ~i;ure 33 gives the resuLts of the

curve— fitting effort. ~aoml edge :f 
)( and tie me a n implies

knowledge of ,,~ w~ ich , in turn , implies (by definition)

knowledg e of the varia nce. P~ como inat ion of tie mean ari d

variance values seould be useful in the determination of how

often the sensitivi ty dials on t h e  r e c e i v i n g  s y s t e m  s h o u l d
be adjusted for t~ e desired s i g n a l s  to  be acguicei.

Figure 31 provides a breakd own of the 0<. v a lu e s  73 .
signal :y~ e and anp litade change variable for t~ e

twenty—four histograms wh ich “fit” t~~e Gamma distribution.

It was felt t~iat tais w ould permi t the g ro up i ng of

aistograms with :espect to some combination o~ tir e th:ee

categories anove. The si~ ranges sriown in tri e figu re :mpiy

tha t any grouping by ~~~~. alo ne w ould oe tenuou s in -i ced as
they  overlap ~juite heavily . The only discernanle trend is

the apparent Lowering of the aver age o<. figa re as tne

a m p l i t u d e  ch ange  v a r i ab l e  in c reases  f r o m  4 to ~ dB. This

would seem to contradict the defin ing e~~ua ti ns for the

Gamm a distribution whi m imply tn~~t a Lower o~ i m p l i e s  a
more “dam~ ed—e~ poneatia 1’ form to: tne distrioution (when ,

in f a c t , the more damped case is fo u nd a: the 4 i~ criange

variamie ) . ~io w e v e r , the ~n a p e  ~f the di.~tr iouti c is also a

function of ~ wnich , as l e f i n e d  ir~ l e a n  = , ten ds to

af f ~ ct the dist~. ibuti on seape i~ a more radical fashion
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4DB

“ON/OFF” “CFF”

S ET / B i N  A L P H A  S E T /B I N  A L P H A  S E T / B I N  ALP$-A

E C / 6 2  0.18 21/273 0.85 3/169 0.67

C.72 7/51 0.34

20/259 0.94

53/SC 1.05

80/73 1.05

RANGE: 0.18—0.72 RANGE: \QNE RANGE: 0.34—1.05

M EAN : C.45 MEAN: 0.85 MEAN: C.85

6 C3

“ CM’ “ON /OFF ” “O FF”

5 E 1 / E I N  A LPHA S E T / t h I N  A LP HA S E T / B I N  ALP I- A

7/6 0.18 3/ 154 0.93 3/ 1.69 0.34
2C /2~~5 C.1.6 21/273 0.49 7/91 0.16

21/ldC 0.045 53/8 0.0~ 5 20/259 C.50

0.62 8C/6C 0.18 21/187 C.~~
126/74  0.28 53/5C C.28

81/11 C.7~
126/8 C.51

RLN(E: 0.04d—0.62 R A N G E :  C.065—0.9u RANGE: C.18—0.76

ME ~ N: C.25 ~~- MEAN: 0.39 MEAN: C.43

Figure 31 — SIGNAL TYPE VS. ALPHA TABLE
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1

than does O( . In fact , as tae change variable increases ,

the mean increases (see Fi g. 3O~ and oK seems to decrease

(see Fig. 31) imply in g  a very prono anced increase inA
which , in t h e  d e f i n i n g  e g u a t i o n s , is f o u n d  t o be m os t
prominent in the expone ntial term; j~~t, this  imp l i e s  a
distribution shape less heav ily dampl ed in th~ l o w e r  (4  d B I

change variable level. riis tread of decreasing values ,

then , wa s to be expect ed and appears to be the only

meaning ful proda ct of the analysis of the Fi g. 31 data.

As a n  aside on the s a oj e c t of s i g n a l  con t i n ui t y d u r i n g
tac brief recorded time span of t e e  waveform s (around 2.~
m inu tes) , it sh. ei.d be riote d that data set nunoer 7 bins 81

(“JN/ 3?F”) and 91 (‘OFF”) e~. h i b i t ed  v e r ~’ unusual

charac teristics when comp ared w ith the other si g n a l s  in
their classes. As sno~ n on Fig. 27 , r im 81 stiLt had over

1300 changes at 13 18 di fference whi le tie otne : “3~ /3~ F”

s igna l s  h ad  f a l L e n  o f f  to m u c h  sm~~L ier numbers. ifl fact ,

that nm ~~
-d two chan~~es ~~~t 54 d~ ~nen ev~~~-Lnc reas ia~

nunber s wer e applied . The ‘OFF” s ig n a l, oin fl, e v i d e n c ed a
smmilar degre e of consistency as it cad many fewer ~ 16

caaages t:ian the other “O s’?” signals w nule falling off nuch

m o r e  ~uickly as trie numbe r of decibels increased (see Fi;.

28) . t n  f a c t , this sign al riad onLy a few more tha n 170~i 2

iS cnanges imp l yin g exceptional aupl itu d e co:. ti iui ty w h e n
compared wit h any of the twe nty—tar ee other signals

an a l y z ~~d. To give a m or c grap~~ic represent atio n of tnis

p n e n o m e n o n ,  Figs. 32 and 33 comp are the long—term si~ n n].

changes found in data sets 3 and 7 .ith the L a t t?r provin g

to be the mor e cons istent of tue two , alth ou gh even set 3

nas a good measur e of unifor m ity th roug n out its 3~ 3J scans.

rhe oase scans for each of the fiv e scen sets (4hica show

ti’e b . ginn ing, oiidle and en-f of eaca da t a set — t ime — wisci

Ire provided at tue rigit of the pict u res.
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Figure 32 — LONG-TERM SI (~NAL CONTINUITY — SET 3
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V. ca~~1E~~r3 A~ D R 3 O ~ TI3~ S

Of the two signal anomaly identification techni q u e s ,
&noma ly A proved to ~e t ri e m ost fruitful. Na r ro w and wide

wavefron t discontinuities , fading, fre -~u en c y  s~iifting of

entire wavefronts , f r e g u e n c y  sh i f t i n g  of i n d i v i d u al si gnal s-

and several miscellaneo us varieties -we re seen. Two of t h~~

above (discontinuities arid su iftirig) were :eoorte/. o:. in

~ef. 1 with the rest oe~~a; unigue to triis stud ,. Several

example s of pseudo—ano ma lies were inclu ded to erio:e m e
dual func tion of warnin g against tin e false as sim pt i- o n of

anomalous perf rm ance simply because the plot seened to

i m p l y  it and to provide p icture s w itn tL? narratiie in such

cases. analysis with ~riom aly B ~‘roved to be relat iiet y

unpro ductive as onl y ta~ inter e sting a rid fre~~uent y se en

pheno m enon of signal a ep i itu d e undulation (reported in ~ef.
‘1 and expanded upon ~~~~~~~~~~~~ oe iug note d . The diverse a nd

amazi ngly con~ lex ca t er ? of tue :onospnere and its

interaction with its env ironment pr ecludes ti, e o:ectse

assignment of a cause to every effect (i.e., anomal y ).

Su~~f~~ce i t  to sa-~ that . e~~c ept tor muo se anom aiaes wat ca can

rie expla ined away my eguip nen t iialfunc tion , notn il ; na s cee n

foun d in tnis effort wn~~:n will simol i fy tn~ m o deL of tie

ionosphere as au ever-chan gi ng ueLue in wnuoi Itcerail y

anythi ng can h app en to a radio signal wt’~ich tcive :ses it.

Th e statistical an aL y sis wor~ p e r f o r me d , i c o n  cr~~ation
O f  t r i~~ ~1IN/MAX al-goci th n s to t~ie tedious cu ri e— iimmar •~
effort , resulted in a w~~altn of p r e d o m i n a n t L y  ::w is-a

wri icn , wita the mean arid iaria r~ce v a l u es , si-~o u l d  ~ :evii a

fo und ation upon whi ci a receiver syst 5~~~~~~~~~~:t iV 1 :y

i:al—c rintrclling il ;orit rim :ould be ref::iei . It w as fl U ttCl 

-- -U -U_ _
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in the curve—fitting section that it is perhap s t o e  w~-akes t

link in the statistical study since tue chi-s .~iared test

guarantees neither that the elapsed time aist ri gram s are

Oamm a distributions nor that there mi ght eK ist oth~~r

dist r i b u t ion s  w h i c h  w o i L d  “fit” the histogram data as well
U 

as the Gamma function lid . ~1o w e v e c , a statistically

reasona ble argume nt can rie made that the ni sto gram s (at

least half of them) are probaml y 3amm a in nature and , h e n c e ,
the variance values calculated can be accepted as accurate .

Should additional w o r c m e done w ith the bRLfl .~~ dat a ,

the following remarks /recoi~nenua t ion s could prove usef u l:

(1) all of the comoie te data set s in hand iave c-~~n

thoroughly anaLy zed witn pro g r am ~rioo a ly A — ad di t ion al

effor t along thIs line ui ;nt me a was t e  oz t~~~~C ?  a ri d er.~~r c y ;

(2) aithougn n e a r l y  t 4e ri t y of tee da t a sets  in  h a n d  ye

not been anal-jzed w ith pcogram knomaly 8, the disa pp -ointin~
results t•-is srsr m tgnt act as a ~ara1.n g as to e Kuec te d future

rewards from additi ona l e ffort;

(3) if Anomaly A and /or Ano mal y B ire to me J S OUi agaLa ,

the u?U C~SCN feature found in the .1 rA5Y ~~BJ~ sum r Ati n e  (::

prov id es for tue ba ckieg over of a epeoriie i uunb -e: of

f il e s , or lata sets~ snou Ld be n ade to .ri r as a tiee /larur

savi ri .g devece — the p :Dolen is in tue man n e tic tape

n ot the program;

(14 ) trie recom men d at ion (made initially in se:. 1) for

trie creation of a comp u ter al;orit.nu to seaccri out tne

anomaii es in an au t omatic and , henc e , m ore :-a~~is nanne ~ tnan

tie V i sU a i  ippro ach is guar dedly endorsed here in - al t h oi - e ri

tie s pe~~n a t  wa i-ra the data sets c o u L d m e a n a L y z e ~ w o u l d  b e
Leproved cy em Lea st an o rd er oi m a g n i t u d e , m e  e~~m :ene

co up lex ity or tryin g c tell the co m put e r vna t to look for

- -4
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as well as the loss of tna. e very in tangible but valuanle

human discretionary power could conb ine to made tnis effort

a q u a g m i r e ;

(5 ) should a d d i t i o n a l  w o r k  ~e done utilizing the MIN/~ A~
U r o u t i n e s , A n o m a l y  B shou ld  m e  used  f i r s t  to e n h a n c e  t h e

accuracy in selec ting ta~ -differen t signal types to me

analyzed — that this was ri ot done ía ta~ present stud y nay

have resulted in the rather Large ranges found in the data ;

(6) the  accuracy of any future curve-fittin g w or K could

be enhanced by the incl u sion ni tie ~‘e ibu l l  a n d  Log nor oal
distributions (or any of the level-crossing distrib ution s)

to the list of p ossimi e curves to which the ELapsed t L~~ C

h_ s togram s are m atched because sets of such da ta can be

fitted to more thin one di str ioutioa w ith e~~ual  a c c u r a c y  a n d
validi ty — this was not lone here ne cau se the suguesmed

di~~trioutions ~e:e compl ex e n ou g n a5d the tins rooaintcg

short enougn tua t a good effort could not haie ne-en put

forth.
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GLOSS A ~ 1’

1. S23:adic—E: tim hori zontal layer (or p atcu of hign

electron density enm ed ded in the regular E layer

resulting in signal deflection m d/or absorp tion.

2. Ni~~ht—Da ~ A s~~noet :~~: Le ss at t enui tio n at ni~~m t m~i i:I d a y
due to dirference in the ionizin g effect of tie sun

re sult~~n; in dis :oaninuit aes l a ci ng the sunrise/sunset

p eriods.

3. ~~~~~~~~~~~ N = R ;lerocitX : d iffe rent att enua tiun

effact s on signals travell ang w e~~t to east ratne :- tier,

east to west due to tee eartu ’s m agn etic field ilne-~.

14. PoL~ r Car ?~hs3:Dtioa j 9A ~~: aD sor ?tioa of cair o sIgnals

passlog tee polar regions — cue to a :oao:namior ~ of

sm iar fi.ire ac :ivrr ( and the scen e of man

m ujnezic field lines.

5. 
~~~~~~~ 2~~2~~I: o:igi tiy colored nortu -~:n ~~t:tude

~)c enomena dis:upt :ve to connuarca t ions — also as

result of a com b in ation of sou r flare C:t~~v im ~ a n d  m e
earth ’s nag rietic field lines.

~~~~~ ~o :  a n y  l i n e a r ly  ?o 1~~~~:ed wa’e tra y ~l~~lri5

in the directio n of a ma~~n e t : c  filea results in i tUS  t w o

crecularl y pol ariz e~ c mpone nts tn -id ling a: iirie:~~:.t

•jelocities an d t riu s t U riC p iano of p ciari :ation w i ll

r ot-ate ~itri s i st i r i c e .
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7. ~~~~~~ ii a radio waie com es into contact w it i a m gi - n
of inuomogeneous re fra ct iv e indices the wa’e couil on
trapped between tw o layers ari d gu ided , as  i n  a 1 CC K V

wa ve g u i d e , away fron its :ntecded lestin~~tioa.

8. 
~~~~~~ sudden ionospheric

disturbance (S. I. ).) which produces a comp lete radio
“fade out’ lastin g iroai a few mi nutes to an hour or
more  — caused my solar flare activ ity. 
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PLOT ROUTINE “aa . c ”

td, ffne X I N T  320
W cj, ti ne Y I I~IT 8000

de f i r le DELY 3200

~d efI ne OELX lb
*de tf r,e IIMPY ~000
ld e f f n e  NLI N E I
adef lne Pt 3.I’1159b525
dd e f f r i e NPT ISO
m t  zero 0
Iri t one I;

s tr u c t
m t  not;
Int line;

• f at l dx
f a t ldy
f a t  co tr;
f at nsoU
fa t soot ) ;
f a t coot? ;
f a t  c oo t 3
f at hr , I’ ~j n , s e c
fa t a f t
f a t  l ao ;
m t Sr I
i~It id I 3U
fa t 1p
f a t  s cU
flI t

) ~~~~~~ 
a Pi ;

~at Pihuf (3OO)~
Struc t d a t a

f a t  ,;
fa t ycf

S t r uc t lie ta *d;
f a t  d b u ff 0 0 0 0 l
f a t  np

~nt n i p

f r i t f d e v , p d e v . g c l w , s c ly . h ia s . . trf ,v ;

.ei a (ar ac ,arciv)
f a t  •~~argv

j fri t f , j , a
cher  •ce:
i c l f td ev = oo.nf”/d .v/aoo ’.l)) < 0 ) 1

pr i a t f ( ” cenaat  ipn snI~• 

. 
e a f t O

Ooe a ( ” /~~A v / r v n ’.I ) ) < 0 ) ~
orf rm t f (” cannot )ci.~~ rvr,
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_ _ _ _ _ _

e x f t ( )

$ f U f d ~~v 5 ooen (’/dev/r.tb ’.O );O)(

~ r i n t f (’ c~~nnot open rmt b  a” ) ;
e. ft ( ) ;

i f t e r a c  1)1
CS = • r av I I U
a 0;
w h I t e  C 4cs ,: ‘0’ t~ ‘. ‘ 9 ’)

a : a a )O • ~e s . ,  — ‘0 ’ ;
a :a i i ;
f or ( 1:0; i (n; 4 , .)

iari (4lev, r4huf. ROfl );
o r f a t f  (‘numb p r of r.cords ‘IIciDpe ml , Zd S ,n);

w h , le ( ( f a p ( f d . v , h buf , $ O O ) ) > O ) (
P . :  hbuf

= 0;
for (f = 0; f( P. •~ l f n e  i .s )(

r. = f ao (fdev , R.rjbu f(jl. BOO);
j :. 2 (Pi aot );

~cl z 0 ;  ~c lv 03;
b f a,v :50;
no S P. )aot •
scale ci;
pl ot ();
cv . rs (o r f ev , 0 2 0 ) ;

st t v (odev ,

Pf H Y T  2 , l1
a d e f i n e  CIf$ L ’C 0
Ide f f a .  NSL 1250
a d e f f r i .  DPA M

S tru c t f o t l
f a t
c ha r  a t o P . ;
eP.~~r y f n c
char adfr :
f a t  y f

• f a t  c.n
fat ‘fi
fat • P i l t a~~;

I fp a h u 7 ’ t S R t f l , a$n. l f ~~;

ch e r nt ,tPl 8~~T
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f a t  *dp(2000U

pl ot ()

struc t Ip t *S
f a t  i . j, 1 e
so r t  fl
for (i 0; C NB YT; 4,.) //c1~~a r pl ot  b uf f ,r

p b ( 4 1  = 0;
for (4 = 0; 4 C NIILb; 1+ . )

w r f t e (pdev,oh,NBYT); I/cove to too ef p lot area
0; Ia = I tab;  / /p l~~t sca n  line

j = 0;
for If = P151.; 1 ‘ —I ;  f — — f l

wPiile t j C ap ~P. *mlp (jl 5: 1 ) 1
fe = sfp(dp( Jl ); I/set up pl op ooint for fnt~~rpola t4on

== 1)
ret  u rn

I,,;

//se t up p l o t  b u f f e r
wr i te(p dev ,oh , N RY T );//nlot t i n e

fat Jsor t ;

lort ()

rea fs ter 4 , k ,t

I =0 ;
f o r (d  = dhuf ; 1 C P~r4 b u f r n p a 2 l;  I’’)

d o t f ’ +l = t.( rf — ,  v.1);

k :ap;
w h i l e  ( k ~~~‘ I 11

J s o rt+ ,
w h I l e  C j~~o r t  ) (

J,ort 0;
for C 4=0; IC (np— k); 4+.)

i f C •doIi) c *d o t i + k I  )(
t : el o f f l

d p t i + ¼ 1 t
J s o r t  +•

U
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si p (doi )
fa t adof ;

f at t f , y f , a l , y l . xr . vr , I n C V , fV , d i r t , c Z . 5.lc t, maC

f at i . i e

lc ~ I;
= *dp4~~~~ ~ i ado);

ff ( , 4~ C &(dhu f(2 nP1 ))(

yr
4f (y r I D P A I ) 1

f f ((in c v i — yr) ~: 0 ) 1
f f ( ( i n c y  m c )  0)

d Irt  5 nip
el  cc l

fp r(i 0; ((Incy = (inc/ (nip ‘~ I ) ) )  0 1; 44+);

d i rt  ( I  CC  I ) ;

fy
= 02 00 ;

Ic.’ = 0;
Ic = s t e e k ( v I . i n c y , i nCy .~~v , x f , d m r t , c X ) ;
I f( i  =5 I)

refurn( I);

i f ( — — d p l  ) dhu f) (
i f ( y i  I Dt~A #f)(

=
*1 = *~J p f ;
i f ( ( i a c = y — y l )  ‘ 0);

I f ( ( f n cy  5 InC ) 0)
d ir ,  5 — n i p ;

c i  c c l
f o r ( I  :0 ((jr.Cy = ( ri c/(n fp ‘ i l l)  == 0 ) ;  4 , ,) ;

d i r .’  S — (. 1 <C i )~

f y  = V I ;
= I c.’ ;
= s t * c Ic (y I — i a c y . i n C y . 4 y . .’4 l ,d1~~t , C t ) .

f f ( i e  I)
ret urn ( I);

r e p u r r . ( O )

ack C a , b.c , el.1 ,., I )

• sa t a.h ,c ,dri ,.,f
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f a t  •s;
• f at 4;

s t r u c t  j o t  •z

f a  — >  y = a;
I a  — )  y4n~ =
l~~ —~ yf
i f ( dd ‘ N E f y )  I~ dd < 0 ) 4

pr f n p f ( ” h a d  sc~~l. x~~~ rl# ” ,dd );
e x i t  (

Ia — )  tob dd + ob
I~ — >  x df r = e;
t a  — >  cxp =

f f ( f p  :: 0 ) 4
4 t ab

f o > f l f a k : f n — > h 1  ink Q ;

ia ’b l i a k jp ;
I a — f  I f  nIc :0;

d cc l
5 4 a — > b l f n k ;
c — ’ f  1 iak m a ;

s Ie
>

p r fnt f (’fta I , Ov P r ft pw  #‘•);
re t ur n (  I ) ;

i a — ) h l  Ink s;
f c — 4 1  f n m. 0;

el ccl
= i~~ — >  4 1 4 a m . ;

s — , b l i n k  = 4 a
ia — , f u n k  :

=

aib (gI 1
fa t cI ;

• 
. lap  4 , J , n ;

iri~ as ;  s =
whItp( 5 )( 

‘/cet un r I o t p m n q buff ~~rI 4 f ( ç  — >  y f  < 0 )  / / d e l e t e  Po i n t
I f ( ( S : f r e ,~( q ) )  == 0 )

r e t  urn
*~ — >  xpb c —

~~I f ( c l  c — , v H / / I i n Q  br.;k
4 : ( ( a  

~ — >  ~~j4r) 0 ? a — a ) ;
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4 4 4  a C 0 1 / / l e f t
f o rl i  = 0; j c 4 ;  f + + ) (

i f ( s  —> ~~xp == 0 ) 4
•~~ 

— , tob =• I;
s — , cxo = I;

as — >  aPP. ~~ C s  — ,  c x p  < <  I> ;

e l s e
f o r ( J  = 0; j < 4 ;  j + + ) (

(s—’cxc’ :), I ) ;

s — ) y  — S — ’ y i a c

If (si ~~ ;— ‘y f) //,nd of on in~
s—’yf = — I;

S = s—’flin );

free (s)
lap .~~~;

m t  •p ;
f a t  1
Struc t Ipt •~~;

*5 ) xp b  :
I f ( s — ’ b I i n i k :: 0 ) 1

s — > f i i n k
l c ,— > b i i n k  = 0;
t s Ip;

cc l
P = i —’ h lf r i );
t — > f i i n k  = g—~~f l m n k

P = s — ,  f l I n k
i f ( t  0) 1

— ,  (li nk
Ia
r.tura( El ;

• P — , b l i nk 5 ; — hi .~ .m. ;

s— )fli nk = Ia
5 ’bIia k = f a — ) h I i r . );
Ia =
ret ura (t U

H scale t )

s P r u c E  data •s;
s a t  f r,,, i .j  ~~~~~~~~~~~~~~
fat 1~ (201 .dy 1201
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• s dbuf rain .’ = rai ny 077777;
d s
for(I = 0$ I C no; 14+);

ra in . ’  ( Cc = s — >  ii C rain. ’? c : m I n t ) ;
• clay = (Cc S ~~ yrl ) C c l a y ?  c r a in y) ;

I f (m f n x  > 0)
raIns 0;

i f ( s u f a y  > 0)
ra iny 0;

s dhu);
for (f = 0; 4 C ap I 44)4

dra = q — , yrl ~. 1;
s — , = —  ra in. ’ ;
s — , ycl :—

s — , x :/ s c l . ’
S ).‘ 4 b i ag r .
if( s—> .’ >: UPY));

o r i nt f ( ” o v . r f lo w  oh s ’) ;
p . ’ i p  C 1

S — , yd :/ c c l v ;
i f (s~~~y.1 

) P151 )
= NSL—U

S — , vd ~~ 017777S, ;

S — ‘  V d  =: fm :

in p(; .lf,b,if ,nhyte )
f a t  id f  , .‘buf . a h vp’

l ap f . p , a,c
St  ruc t I

cha r  c I , c ? . c 3 , c U;
P c f  112001 ,  a c :

= c f ;

f o r ( I  0; I ~ r r h y t * / ’ ~~ i .+);

c s — c 2  <c 2;
= C C C  i 0

p s — >  c S  <C 4,;
< —

bu f(ll

cha r  a chp, a lo c , p ) ;I~~2 1 , c f - ! 1 0 J ;

- - c-~nv (v al )
i n~ ye);
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m i t  a;
i f ( o  5 v a t / t O )

Coav(a);
cbo~~+ = val Z 10 + ‘ O ;

conc (cl,c2, n.)
char c2;
ffl~ n, a~~) ;

la P  i ,m
for (i = 0; 4 < a; ls+ )(

1 4 ( 4  0 )
= (‘ci t 07700) >>

e l s e
a. = •ct P. 0077;

if (m 012)
*c2 =

~~~( r a  > 01 P.S. ‘a <s O i l )
•c2 = ‘ I’  • a. — I;

• 021 IP. ‘a O f l )
•c2 = ‘A’ 4 m — 02 1 ;

i f (’a >: O U t  P.P. a <5 0 5 1 )
•c2 ‘J ’  + a. — 0 01 ;

4 ( 1’ . ’  ~~ 062 S.P. a. c s  O i l )
•c2 ‘S• + a. — 062;

c24.;

r,tur r,(i );

skjp( cnt )

la p  cnU

l a p  ~ ;
= 0; 4 < c at ; 1 4 + )

w r i t e ( pdev.ph,2);

cIr ()

in~ 4 $
f o r ( i  = 0; I C 13?; 1+.)

p 1  ( . J = ‘

p 1 ( 1 3 1 1  5

m O y t t o .  I rom,n )
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cha r ato , a from ;
m t  a;

lap ~;
for (i = 0; i C a f f 4 )

= ‘from ++
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