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20. ABSTRACT -

This report embodies a study of Ionosp heric Scintillations as
considered from the following aspects.

1) Overall view of scinti llations using a large data base , and
also the deta iled , individua l ma gnetic storm p icture. Sola r
flux level , seasonal variatio n , invariant latitude , and
irregularity region are discussed.

2) Total Electron Content mea surements through Faraday Rotation
and Group Delay Methods . Results of employment of these
techniques are discussed. The t4-factor, for  conve rs ion o f
Faraday Rotation angles is studied , and associated use of it
is displayed through a program for which documentation is
included.I-.

3) Characteristics of scintillations in the weak and strong
scatter regimes. Results on the frequency dependence of
scinti llations , power spectra , and autocorrelation of
amplitude fluctuations arc discussed.

4) Daytime VHF scintilla tions . Type 1 , type 2, and E 5q i r r e g u
laritics arc discussed. . -

5) A modification to the Signal Analysis Package , previously
developed , is described. Ap plication for use on the CDC 6600
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I.

SCINTILLATI ONS

Durin g this period , work was done to focus on both the

overall picture of scintillations using a large data base

and the detailed , individual magnetic storm picture.

In conjunction with this first aim , a hi gh—latitude

model of scintillation has been developed using the

observations of the exis ting data base of Narssarssuaq ,

Greenland , Goose Bay, Labrador and Sagamore Hill ,

Massachusetts. The available data consists of:
V

Narssarssuag 9/17/68 - 9/1/74 146,700 + samp les

Goose Bay 1/1/72 - 12/31/74 71 ,000 + samples

Sagamore Hill 12/1/69- 11/30/74 148,000 + samples

The model consists of equations which yield scintil-

lations at 137 M H z as a function of local time , magnetic

index , solar flux and month of the year.

- A validation of this model was attempted using

Millstone Hill data obtained by observing scintillations

at 400 MHz tracking Transit satellites. The data base

for the comparison was that in the publication “The

Millstone Hill Radar Propagation Study: Scientific Results “

by J. Evans.
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Since Evans ’ data was in the S4 format at 400 MIIz , a conve r s ion

using weak scatter relationshi ps must first be made to dB at 137 MH z .

This is plotted in Figure 1.

The me asured S4 (400 MHz) as a func tion of invarian t latitude is

shown in Figure 2. These values , in three different groupings , at

¶ the invariant latitude of Narssarssuaq, Goose Bay and Sagamore lu ll ,

along with the conversion to dB (137 MHz) are shown below .

NSSQ (It 63°)

S4 (400 MHz) dB (137MHz)

< 1+ .0375 2.5

2 < K  < 3+ .05 3.60 —  p —
- K > 4~ .0775 6.3

Goose Bay (A = 60°)

S4 (400 M H Z )  dB (137 MHz)

K < 1+ .025 1.5

2 < K < 3+ .030 1.9-( 
I 0 —

K > 4 .055 4.0
p —  0

Sagainore H i l l  (A 54 ° )

S4 (400  MH z)  dB (137 M H z )
K < 1+ .016 .8

2~ < K~ < 3+ .018 1.0

K > 4 .021 1.2p —  0

6
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This data used by Evans was taken in 1972-1973 and was averaged over

local time to include all passes. The model dB values are obtained

by using the local time equations developed for each

station for 3 particular 5 values. A solar flux level of Sf ~ 108

was used since solar flux in 1972-73 was of this magnitude . The

resul ting averages over all hours and all months arc :

Narssa r s suaq (63° A)

dB (137 MHz) S4 (400 ~Hz)

K = .5 2.5 .0375

5 = 2.5 4.0 .053

5 = 5.0 6.3 .0775

- 
Goose Bay (60° A)

dB (137 MHz) S4 (400 ~!Hz)

K = .5 .3 .012p

5 = 2.5 1.6 .026

5 = 5.0  4 . 8  .063

Sagamore  Hi ll ( 54° A)

dB (137 M H z )  S4 (400  “Il:)

5 
.5 

‘
- .55 .014

K = 2.5 .75 .0155 - 
-

5 = 5.0 1.23 .022

The model dB values (converted to S4) are shown as individual points

in Fi gure 2 to facilitate comparison with Evans ’ data.
— 
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The r e s u l t s  of Evan ’s data  and t h e  model  dB v a l u e s  p r e d i c t e d

F are in good a g r e e m e n t  for  bo th  N a r s s a r s s u a q  and Sagamore  H i l l .

At Goo se Bay , the  model  v a l u e s  are much l ower  for  the  low

mag n e t i c  a c t i v i t y  ca se , somewha t  lower  fo r  the  case 5=2 .5

a nd hi g h e r  fo r the  case K~ = 5 .0 .

I t  is b e l i e v e d  t h a t  the  p o s i t i o n  of the  t r o u g h is ap p r o x i m a t e l y

the invar iant latitude of Goose Bay under quiet magnetic

cond it i ons , m o v i n g  farther sou th as the level of m a g n e t i c  a c t i v i t y

i n c r e a s e s .  The model  da t a  of Goose  Bay r e f l e c t s  t h i s  p i c t u r e .

Us i ng t h i s  same da ta  base , t he s e a s o n a l  v a r i a t i o n

of da ta taken  a t Na rs s a r s s u a q , G r e e n l a n d , Goose Bay , Lab rador ,

and Sagamore  H i l l , Massachuse tts was also examined. Contour

plo ts have been generated using month of the year versus

time of day  for each ind ividual station . There is a further

b r e a k d o w n  of the da ta in to low and h igh magne tic index groups.

For the  N a r s s ar ~ suaq o b s e r v a t i o n s , (Fi gu res  3 and 4) t he

350 km . i n t e r s e c t i o n  p o i n t  is 63 ° ..fL . There arc s t r i k i n g

seasonal con trasts between summer and winter data for both

low and h i g h K p .  The D e c e m b e r - F e b r u a r y  p e r i o d  shows u n i f o r m

mean SI for both low and hi g h Kp w i t h  r e l a t i v e l y l i t t l e

d i u r n a l  p a t t e r n  al th o u g h the level is r a i s e d  for  hi g her  m a g n e t i c

a c t i v i t y .  The A p r i l - J u n e  c o n t o u r s  show a strong diurnal pattern

- w i t h  h i g he r  me an  SI for Kp=4-9. Peak scintillation appears

~~~
.‘ 2300 LST w h i l e  t h e  l o w e s t  l e v el s  are n o t e d  d u r i n g  t h e  m o n t h s

of A p r i l - J u n e  at 08-13 LST .
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For the Goos e Bay observations , Figures 5 and 6, the 350 km.

intersection point is 60°JL. A’ h i g her  e1d~’ation ang le shows

smaller mean scintillation indices than the Narssarssuaq data.

• 

- 
Under qui et m agne tic condi tions , Kp=0-3 , very low m ean indices

ex ist for the period of November-January with little diurnal

varia tion. Maximum scinti~ 1ation occurs in the March-May period

wi th a d ef ini te d i u r n a l  p attcrr .. The peak values occur

•~‘ 2100 LST. However , at Goose Bay the hi gher m agnet ic activi ty

case is not simp ly an enhancement of the low Kp case as occurs

- 
at Narssarssuaq. For Kp~ 4-9 , mini mum SI occurs for the peri od
December-February with a small diurnal variation which reaches

a peak .~-‘l-2 hours after magneti c midni ght. The maximum

activity occurs in the months of July-August with peak values

also occurring 1-2 hours . after magnetic midnig ht. The seasonal

m axim um and minimum thoug h distinguishable , are not as sharply

defined as at Narssarssuaq.

The seasonal pattern - for Sagamore Hill . (at an intersection

of 53°_k ) differs from that of the hig her latitude stations.

The irregulari ties are mainly confined to the hours of

darkness for both low and hi gh magnetic activity, . with the peak

daily values occurring ~~l-3 hours after magnetic midnight ,(Fig. 7~ S)

For Kp=O- 3, t h e  seasonal mini mum occurs in May-August; for

K p = 4 - 9 , it occurs in A pril-Jun e .. The seasonal maximum appears

- to take place during the equinoetial mn onths February-April

and S c p t c m b e r - N o v c m b c r ~ w i t h  an e xt e n s i o n  of t h e  hi gh e s t

con tours throug hout the period July-April when Kp is high,

9
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- - These Sagamore U~ 1A o b s e r v a t i o n s  arc felt to be mid-latitude

for the Kp indices considered while both Narssarssuaq and

Goose Bay show the sensitiv ity to magnetic variations characteristic

of high latitude stations .

For a more complete view of scintillations , a detailed

pic ture examining individual magnetic storms is needed in

add ition to the overall picture provided by seasonal contours

and th e m o d e l .  To th i s  end , a m a g n e t ic  storm at l a s  has  been

p r o p o s e d  i n c l u d i n g  a l l  th e m ag ne t ic stor m s in t h e  pe ri od

November 1971-December 1972 , as no ted i n the a t l as  prod uced

b y Mend i l l o  and K i obu ch a r  ( 19 7 4 ) .  As pro totype , da ta was

collec ted for the magnetic storm of October 18-19 , 19 7 2 .

On Oc tober  18 , 1972 at 1746 UT , a magne tic storm commenced.

The magne ti c i n d e x , 5, very low prior to the storm , r e a c h e d

K = 3  at SSC , p e a k e d  a t  K~ =5 ‘
~~ 0000 UT October 19 , then fell

to K =3 again “. 1500 UT on October 19.
p

Figure 9 is a plot of the 15—minute scintillation index

as observed at Narssarssuaq, Goose Bay, Saga m ore  H i l l  and

College. Narssarssuaq and Goose Bay exhibit a slightly d e l ayed

storm r i s e  a t  2030 ari d 2200 UT October 18 respectively. College

s c i n t i l l a t i o n  r e s p o n d s  with medium scinti llation ‘-~ O830 UT

October 19 , while Sagamore lli ii shows only a sharp burst of

scintillation “
~ 2330 UT October 18.

In Fi g u r e  10 is seen  the N a r s s a rss uaq and O tt awa m agne t og ra m s , -

and the Dst. Both magneto grams show moderate disturbance

l e v e ls , peaking in the period 0000-1200 UT October 19. The Dst

r e a c h e s  a m a x i m u m  v a l u e  of - 7 5  ~‘ at 0900 UT October 19. This ,

combined with a moderate K index , points to the irregularity

reg ion develo ping slo wly fro.i a quiet day picture to a

10
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m o d e r a t e l y  ex p a n d e d  v e r s i o n  and then fading again. Thus , the

C o l l e g e  d a t a  does  not  show m o d e r a t e  s c i n t i l l a t i o n  a c t i v i t y

until the irregularity region becomes developed enough to

reach the latitude of its intersection point. Also , the

College SI seems to show a seasonal response pattern , wi th

the equinox response to magnetic storms differing from the

w inter dramatic disturbance pattern .

The total electron content plots of Narssars suaq, Goose

Bay and Sagamore Hill of October 18-19 (Fig. 11) reveal only

s l i g h t l y  e n h a n c e d  v a l u e s  a t  SSC on October 18. Nighttime TEC

v a l u e s  s h o w  t h e  i n c r e a s e d  TEC occ urr ing dur ing m a n y  n i gh ts w it h

m a g n e t i c  a c t i v i t y .  In a d d i t i o n  to  s o m e w h a t  h i g h e r  v a l u e s ,

sp i ky  a reas  of ac ti v it y a re see n in the p o l a r i za t io n r e c o r d s .

There is no clear indication in these records of a trough

( D M S P  p ict - .’res are not available for this period) . The

scintillation boundary, except for a brief per iod between

2330 UT October 18 and 0030 UT October 19 , in the ni gh tt i m e  a l o n g

the 75th meridian lies between Goose Bay and Sagamore Hill.

This short period iS SCCfl ir . the contour map (Fi gure 12) just

prio r to 2400 Octob er 1~1 . ~ t the sane time , the 50% scintillation

contour reaches a minimum of ~~
-‘ 56 °A ‘~‘ 0400 UT October 19. Perhaps

th e trough lies between the latitudes of Goose Bay and Sagamore

H i l l , b ut the synchronous satellite records cannot be used to

de t erm ine the trough position in this case. The increase in

s c i n t i l l a t i o n  i n d e x  a t  S ag ar i o r e  h i l l  a t  2330 UT on O c t o b e r  iS i s

• a c c o ~n p a n i e d  by an i n c r e a s e  in  TE C on the Sagamore Hill TEC records.

11
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In addition to the local time component of scintillation

shown by magnetic storms , a storm time component can be seen

in the scintillation increases occurring during some magnetic

storms. Data taken at various stations during the magnetic

storms of August 1972 illustrate this.

• For large magnetic storms when the p lasmapause moves

well equatorward of its usual quiettime location , a stormtime

component of scintillations is recognizable at many midlatitude

stations with invariant latitudes <60°. Figures 13 and 14

show the Dst index and scintillations observed at stations of

varying invariant latitudes. The Dst index reached peak values

i..lOOy on August 4-6 and August 9. The hi gh latitude stations

exhibit hi gh SI values during these periods but the stormtim c

component is more noticeable at the lower latitude stations

of Sagamore lu ll , Aberystwyth and Lindau . Even thoug h these

stations are separated 6 hours in local time . all show

scintillation peaks “~ 0400 UT on Au gust 4, 0000 UT on August 5

a n d  0500 UT on August 6. These occur at tines of Dst index

i ncreases and large TEC dep le tions at Sagamore Hill (Mendillo

and K l o b u c h a r , 1974). On August 9 ‘~l200 UT , a s i mn ~ 1ar peak

occ urs  a t  t h e s e  s t a t i o n s  even t h o u g h  t h e  l o c a l  t i m e  of t h e

s t a t i o n s  is in t h e  mor n i n g - n o o n  s e c t o r .

The join t study of the general patterns of scintillation ,

when combined wi th the individual magnetic storm analysis should

y ie ld a m ore a c c u r a t e  p ic ture of scintillation development and

occurrence.

:1
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Fig.13 Dst and Scintillation Index at Sagamore Hill ,

.1 Narssarssuaq, and Goose Bay on 3-10 August 1972.

- 

Fig.14 Scintillation Index at Narssarssuaq, Wales , Athens ,

and Lindau on 3-10 August 1972.
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II.

Total Electron Content Studies

- 
; 1. Introduction

The total electron content (TEC) is defined as the total num-

ber of free , thermal electrons in a vertical column of unit area of

ionosphere from the ground to a heig ht well above the peak of ioni-

zation . The use of artificial satellite beacons permits Continuous

monitoring of the integrated electron content of the ionosphere.

This is done by measuring the effect of the ionosphere upon radio

signals transmitted from the satellite and received at ground sta-

tions. TEC measurements have been made by many stations around

the globe for many years by employing the Faraday rotation tech-

nique . Since the launch of the ATS-6 satellite in 1974 another

method of obtaining TEC became available. The Radio Beacon Exper-

iment on board ATS-6 provided the first reliable differential group

delay measurements of the ionosphere. The plasmaspheric electron

content is the content above the height at which the Faraday rota-

tion of a signal propagating through the ionosphere is negligible

and is found by comparing the Faraday and group delay measurements.

2.  Faraday Rotation Method

The polarization of a plane polarized VHF radio wave emitted

• from a geostationary satellite rotates continuously as it propagates

through the non-isotropic ionosphere. The total amount of polar-

ization , ~l , encountered between the satellite and the receiving

station is given by,

h
C’ B cos O s e c X N d hf 2 3
0 -

I~~
.
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-5
where K = 2.36xl0 , f= observing frequency in Hertz , B= magnetic

field strength in gammas , 0= propagation angle , x= zenith angle ,

N= local electron density in el/rn2 . If the quantity Bcos0secX

is slowly varying with time it may be replaced by its mean value

along the propagation path. The equation of total polarization

rotation is then simplified to ,

K~ NF
~~

=

__________ 

hF
w h e r e  M= Bcos 0 secX and NF= f 0 Ndh . The height hF is the height a-

bo ve w h i c h  t he  r e m a i n i n g  amount  of r o t a t i o n  is less t h a n  the  a b s o l u t e

experimental error.

Several problems occur in the reduction of Faraday rotation

data. One is the problem of n-p i ambi guities in the data which

is discussed along with general TEC reduction techniques in Cantor

et al (1975) . Another is the assurance of absolute rotation val-

ues where the orientation of the transmitted VHF wave with respect

to the satellite spin axis must be known as well as the reference

- polarization of the po larimeter. Absolute calibration of all

equipment is essential to valid measurements. Kiobuchar (1973)

- • 
has estimated the total polarization rotation measurement error

to be not better than 10 degrees.

3. Differential Group Delay Method

An alternative method of measuring the electron content a l o ng

thc line of sight to the satellite is the differential group delay L
techni que. This method has been reviewed by many authors includ-

~ag Lvans (1976) and Davies (1976). This techni que measures the

f difference in transit times of two signals propagating through the

30



ionosphere by comparing the phase of the modulation envelope be-

tween the carrier and its sideband at two widely separated frequen-

d es. The ATS-6 satellite carries a multi -frequency beacon and

is an ideal source for this type of measurement . Group delay

measurements using the ATS-6 beacon have been recorded at Hamilton ,

Massachusetts during the period June , 1974 through April , 1975.

4. Plasmaspheric Electron Content

The Faraday rotation effect described in Section II is strong-

ly dependent on the earth’ s magnetic field which is inversely pro-

portional to the cube of the distance from the center of the earth.

Also , the electron density decreases exponentially with altitude a-

bove the peak density. These two factors together indicate that

the Faraday rotation method yields a measure of the electron con-

tent of the lower ionosp here , N~~, and is insensitive to electrons

• encountered in the upper reg ions of the satellite -station ray path .

The group delay method , however , is independent of the magnetic field

and gives the integrated electron Content , NT, along the entire ray

path. The plasmaspheric content , N p ,  is found by subtracting NF

from N1. 
-

The ATS- 6 satellite allows for simultaneous measurements of

Far ad ay ro t a t ion and g r o u p  delay along the same ray path. A p l o t

of s i m u l t a n e o u s  F a r a d a y / g r o u p d e l a y  da t a  as obse rved  f r o m  H a m i l t o n ,

Massachuse tts is shown in Figure 1. The upper plot in Fi gure  1

shows  t h e  mo n t h l y  m e d i a n  p l a s m a s p h e r i c  v a r i a t i on f o r  N o v e m b e r , 1974.

A scatter plot (Figure 2) for the same period can be used for sta-

ti st i cal studies of the plasmas p heric content. Yeh (1976) has

found that under normal gecmagnct ic conditions the plasmaspheric

31
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content exhibits very little diurnal variation and is essentially

a constant value . Initial studies of plasmasp heric contents dur-

ing geomagnetically active periods have produced contradictory re-

suits (Soicher , 1976 , and Davies et al , 1975). Yeh (1976) and

Davies (1976) have reported that the plasmasphere becomes depiet-

• ed during geomagnetic storms and is steadily replenished by plasma

from the ionosphere for several days after sudden commercement.

Further studies of storm time effects will yield rates of replen-

ishment of this region .

One of the problems encountered in deriving plasmaspheric con-

tents is that N~ is sometimes of the order of 0.1 NT, thus very

accurate NT and N~ values are required. A main factor contribut-

ing to uncertainies in NF is due to variations in the 1~ value con-

version factor. Another consideration is at what height the }~
value should be computed (Yeh , 1976). Variations here are due to

uncentainties in the shape of the ionspheric Ne(h) profile.

5. M- Value Determination

The ~i factor is used to convert Faraday rotation angles in in-

tegrated electron Contents. For an ideal geostationary satellite

in a perfectly synchronous orbit with orbital inclination and cc-

centricity exactly equal to zero the M value is indeed a constant

and needs to be determined only once. In real life , even if the

ideal orbit is initially achieved it will soon decay due to the

perturb ing forces if the sun , moon , and var iations in the earth ’s

gravitational field.

An inclina tion in the satellit e ’s orbit results in a diurnal

32
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oscillation in latitude of the sub-satellite point around a mean

value of latitude . Any ellipticity in the orbit will produce a

similar oscillation in longitude. Several examples of this are

shown in Figure 3 and Figure 5. Figure 3 is a plot of the actual

hourly variation in latitude and longitude of the sub-satellite pcs-

ition of 12F3 which has an inclination of 6.6 degrees and eccentr i~-

ity of .002 degrees. The corresponding 11 values for an observer
at Lunp ing, Taiwan are shown in Figure 4. A plot of the sub-sat-

ellite position of ATS-3 which has an inclination of 5.9 degrees and

eccentricity of .002 degrees appears in Figure 5 and the correspord-

ing M values for an observer at Hamilton , Massachusetts are shown

in Figure 6. The amplitude of the diurnal variation in ~i value

for 12F3 as observed from Lunp ing is ± 8.8% from the constant

mean value which would traditionally be used in the Faraday computa-

tion . The amplitude of the diurnal variation in 11 value for ATS-3

as observed from :~ami1ton is only ~~5.5%. There are several effects

to be noted: I.) For a geostationary satellite observed

from a station at middle or hi gh latitudes
the relative change in the ~ value with time

is smaller than other experimental errors and

can be ignored. For observes in or near equa-

torial regions the relativ e change in M value is

large and use of the tradi tional constant 74 value

conversion factor is invalid. An actual value :f
M appropriate to the time of observation must

be caicul ated if one is to obtain a reasonable

measure of NF.

2.) As th~ inclination of the orbital plane of
the satellite increases with time the sub - satel l-
ito position will have greater latitudinal os-
cillations and thus a larger fluctuation in ~i

value will occur . H



A computer program has been developed which will calculate

a satellite ’s position as a function of time for a given set of

orbital elements and will also calculate the corresponding i~ value

for an observer at a given station as shown in Table 1. This pro-

gram is described in more detail in Section VI . The program pro-

vides a relatively simple corrective procedure which can be used

by the monitoring stations for obtaining more accurate TEC values.

This is accomplished by use of a look-up table , an example of

which is given in Table 2 and Table 3, which converts Faraday ro-

tation angles expressed in the polarimeter polarization channel

strip chart units of pi’ s and millimeters into corrected TEC values.

These tables have been designed to minimize the amount of time and

effort that is required of an observer. The conversion tables

are currently in use at observing stations in Athens , Greece/ Goose

Bay, Labrador ! Hamilton , Massachusetts / Kennedy Space Flight Center ,

Florida / Ramey Air Force Base , Puerto Rico/Osan , Korea and Lunp ing ,

Taiwan.

Program Support

A satellite ephemeris program , LOKANGL , was developed by the

Analysis and Simulation Branch of the Air Force Geop hysics Laboratory.

Under this Contract (F19628-76-C-0003) the program has been

modified and expanded to aid in improving the accuracy of reported

TL C values .
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OUTPUT: For any given satellite-station pair the program will cal-

culate the satellite ’s orbit and will produce the sub-satellite and

sub-ionosp heric latitudes and longitudes , the satellite ’s right

ascension and declination , elevation , azimuth , and range as a

function of time as observed from the user specified station .

Other output options include :

(1) Position and velocity vectors

(2) Sub-satellite data

(3) Osculating Elements

(4) Table of M-values as a function of time

(5) Conversion table (TEC (constant 
~

) to TEC (varying 7.1) )

(6) Faraday rotation to TEC conversion table

Any of these output options may be generated from one of the

following input sets:

(1) A 2-card orbital element data set

(2) A 2-card input set of position and velocity vectors

(3) A 5-card SPADATS orbital element data set 
-

The 5-card SPADATS orbital element set has been used exclusive-

ly and only this input set will be c-escribed in this report .

FUNCTIONAL DESCRIPTION 
-

I. Ephemeris program

NAME DESCRIPTION

LOKANGL main program - reads input data- calls necessary
rout ines

CONVRT reads 2-card element set

DELEM reads position-velocity vector + converts to SPADATS
elements

35
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NAME DESCRIPTION

DREV obtains change per revolution in orbital elements

NUMINT computes changes per rev due to drag by Simpsons rule
integration

INTGND supplies NUMINT with integrands for each integ. step

DENSEL density model

OSCTMN converts osculating position-velocity to mean elements

PVTELM converts position-velocity to orbital elements

MNTOSC converts elements to osculating position -velocity

ELMTPV converts elements to position-velocity

SHPRDC computes short periodic terms

KEPECN converts mean anomaly to eccentric anomaly

SPSETC sets constants and program initializations for all routines

SPRFCO computes refraction correction due to atmosphere

NEW converts units of output data

CRMXA pr ints headin g on each output page

S P T R A N  t r a n s f o r m a t i o n  m a t r i x  and  s t at i o n  c o o r d i n a t e s  r o u t i n e

SPROU p r i n ts ou t BDC a n d / o r b in a r y  ep h e m e r i s  tapes

M U L T I P  p e r f o r m s  ma tri x mul ti p l i c a t ion

JDATE conver ts Gregorian date to Julian date -li n its Jan 1 ,1950
to Dec 31,1999 -

CDATE conver ts J u l i a n  da t e to G r e g o r ian da te .sa~ Q~~~im its

WRSTA reads M-va liie and TEC convers ion table output tions
and pr in ts e p h e m e r i s  pr ed ic t ions

WRTAP ex tracts lookangle predictions from binary tape

A N G L L 1  r e d u c e s  an a n g l e  to  i n t e r v a l  -71 to  +T t 
•

ANGL E2 reduces an angle to interval 0 to 2 n  -~ . I’
-
.. -

.

N>
‘I
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I I .  M~ VA L UE ROUT I N E S

~NAME DE SCR I P T I ON

MGE~OS CALLED FROM WRSTA , calculates M-value as function
of satellite position , calls necessary routines

GEO~ sets initializations and performs geometric calcula-
tions

FIELDG ~ calculate geomagnetic field , updates the POGO coef-
FIELD J ficients to time of observation , prints M-value table

HOUR calculates hour angle

HEADER prints AFGL header on every page of output

HEAD prints heading on M-value table

III. TEC CONVERSION TABLE ROUTINE

NAME DESCRIPTION

TABLE produces the following output
(1) TEC (constant 74) to TEC (varying M)

conversion table
(2) Faraday rotation to TEC conversion table

F- - - 

• 
-

I N P U T

The i n p u t  w h i c h  is  r e q u i r e d  by p r o g r a m  L O K A N G L  is of two  f o rm s .

One  i s  a s e r i e s  of i n p u t  c a r d s  w h i c h  a re  to  be s u b m i t t e d  w i t h  t h e

- - program deck. The other is an input tape (tape 2) on w h i c h  t he

POGO (8/69) geomagnetic field coeffici ents reside . A sample of

the control deck is included later in this report.
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I. INPUT CARD FORMAT

CARD
N O .  C O L U M N  FORMAT U N I T S  D E S C R I P T I O N

1 1 “5”= 5 card e leme n t  set to be used

I 2 1 “l” = firs t card of element set

4 - 7  A4 s a t e l l i t e  name

46-48 12 year of orbital elements

49-51  F 3 . O  J u l i a n  day  n u m b e r  of o r b i t a l  e l e m e n t s

3 1 “2” = second card  of e l e m e n t  se t

9-13 FS .O Epoch= fractional par t of orb e l e m e n t
d a t e ; = 0 . O  if  e p o c h =  Ohr  U . T .

23-31  F 9 .4  d e g r e e s  M e a n  a n o m a l y

3 2 - 4 0  F 9 . 4  d e g r e e s  R i g h t  A s c e n s i o n  of ascending node(c1)

4 1 - 4 9  F 9 . 4  d e g r e e s  A r g u m e n t  of P e r i g e e  (~ü )

50-58 F9.4 Eccentricit y (e)

59-67 F9.4 degrees Inclination (i)

4 9-1 9 E11 .8 revs/day Mean motion= 1440. (mins/day)/period
- (mins/rev)= n

21- 31 El1.9 rev/day 2

33-40 E8.5 deg/day

4 2 - 4 9  E 8 . 5  d e g/ d a y

51-5 8 E8.5 a/day

60-67 £8.5 deg/day j

5 1 ~‘4” = fourth card of orbital elemen t set

9-19 Ell .8 rev/day 3

21- 31 ~i ll. 8 rev/day
4 h724

33-40 £8.5 rev/day 2

42-49 £8.5 rev/day 2
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CARD
NO. COLUMN FORMAT UNITS DESCRIPTION

6 1 “5” = fifth card of orbital ele-
ment set

9-19 Ell .8 E.R. Semi-major axis (a) E.R.=ear th
- - r a d i i

21-30  E l 0 . 7  E . R . / d a y  a
32-41 £10.7 E .R./day 2 

~ / 2

7 1-3 13 number of stations requesting look
a n g l e  o u t p u t

4-6 13 if number of stations 1 , code in
column 6: 0= output as function of

time
1= output as function of

time

8 station parame ers

1-5 IS I.D. of station

8 13 “2” = geodetic system

9-23 ElS.8 degrees station longitude (+W)

2 4 - 3 8  £ 1 5 . 8  d e g r e e s  s t a t i o n  g e o d e t i c  l a t i t u d e  ( + N )

39 -53  E 1 5 . 8  m e t e r s  s t a t i o n  h e i g h t

61-72 2A6 name of s t a t i o n

9 start and stop times of ep h e m e r i s
ta b l e

1-15 E15.8 seconds print interval ( t )  -

17-18  12 s t a r t  m o n t h

20-21 12 day

23-24 112 y e a r  ( l a s t two d i g it s)

26-29 F4.1 hour

31-34  P 4 . 1  m i n u t e s

3 6 - 4 1  F 7 . 3  s e c o n d s

43-44 12 end - m o n t h

46-47 12 day
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CARD
NO. COLUMN FORMAT UNITS DESCRIPTION

9 49-50 F4.1 end year (last two digits)

52-55 F4.l hour

57-60 F 4 . 1  m i n u t e s

62-67 F4.l seconds

10 p r i n t  codes  a l l = O  w h e n  l ook  a n g l e s
reques ted

2 12 =0; = 1 to print position/velocity
vec tors

4 12 = 0; =1 to print sub-satellite position

6 12 =0; =1 to print osculating elements

8 12 =0; =1 to print station observation
d a t a

9-10 12 =0; =1 to write binary tape

11-13 E15 .8 =1.0; single correction of range for
r e f r a c ti on

Il 16 U output options for 14-value and Con-
ver sion Tables
“O” = M-v alue table onl y
“l” = 74-value and Faraday to T LC Con-
v e r s i o n Ta b l e s
“2” = al l tables

33-38 F6.2 MHz operatin g frequency

52-55 P4.1 MM Polariz ation reference va lu e (niillimetcrs

60-63 14 Year of requested 74— value preJ i t~tion

12 1—3 “END”

5- 6 “OF”

8-14 “PROBLEM”

13 1 “ 9 ”  = end of all input

40
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II. INPUT TAPE FORMAT

The POGO (8/69) set of geomagnetic field coefficients must be

attached to the local file TAPE2 before program execution . The fcr-

ma t for this file is as follows;

CARD NO. COLUMN VARIABLE NAME FORMAT DESCRIPTION

1 1 J Il =0 if coefficients were de-
r ived  u s i n g  o b l a t e  eart -

- #0 if coefficients were de-
ri ved u s i n g  s p h e r i c a l  e a r t h

1 2 K Il =0 if coefficien ts are Schmidt
normalized
#0 if coefficien ts are ~auss
n o r m a l i z e d

1 4-9 TZERO F6.l epoch for which coefficients
were derived = 1960.0

1 10-72 AID 10A6 )A3 Alphabetic identifica tica

Each succeeding card contains the variables N ,M , GNM , HNM , G~~ M ,

HTN M , GTTNM , HTTNM , in the following format (213 ,6F11.4) where GNV ,

HNM , GTNM , HTNM , GTTNM , i~nd HTTNM are the spherical harmonic coeff i-

c ien ts in un it s of gamma ( 10~~ g a u s s ) .

N = n + l  GTNM =
n i

HTNM = hm - . . - -n k~~time der ivatives

GNM = g
~ s p h e r i ca l  GTTNM = 

I 
a t the epoch da : e

HNM = h m h a r mo n i c  HTTNM = ~ m I
n coefficients n -

~~1

T e r m i n a t i o n  of t h e  c o e f f i c i e n t  se t  is a c c o m p l i s h e d  by a f l ag

card where N is set equal to zero. A list of the POGO (8/69) coeff-

icient file is given in Table 4 of this report .
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EXECUTION REQUIREMENTS

Core memory required = 110 K octal

C o m p i l e  t i m e  = 17.9  d e c i m a l  s econds

Execution time = 8 . 7  seconds  per  s t a t i o n/ m o n t h

Since this program will be used to produce output ta-

bles for many stations each month one would like to minimize

the execution requirements. One way of accomplis hing this

is to store the binary object code as a user-library, thus

avoiding the need for compiling the program each time it is

use whi le greatly reducing the operating costs.

TAPE REQUIREMENTS

The f o l l o w i n g  tapes mus t be in c l uded on the p rog ram c a r d :

TAPE 1 : output tape containing the 7.1 .-value and TEC tables

TAP E 2  : inpu t tape co nt a in ing t h e  POCO (8/69) c o e f f i c i e n t  se t

TAPE 3 : sc ra tch tape

T A P E 4  : s c r a t c h  t a p e

TAPES : input ; card reader

TAPE6 : output; line printer ; contains eph e m e r i s  da t a

42
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- USE OF PROGRAM

In o rder  to use the  Fa raday  to TEC conve r s ion  c o r r e c t l y  an

observer s h o u l d  f i r s t  v e r i f y  t h a t  the  s t a t i o n  l o c a t i o n , o p e r a t i n g

f r e q u e n c y ,  s a t e l l i t e  b e i n g  obs erved , and r e f e r ence  p o l a r i z a t i o n

value match those listed on the computer table headings.

The observer then turns to the page of the conversion tables

with the proper p i-value and finds the millimeter reading which

matches the polarization channel chart reading. He then scans across

the table to find the final TEC value in the column which corresponds

to the time of the observation.

For example , referring to the sample output in Table 3 one can

easily see that for an observer at Lunp ing, Taiwan monitoring the

satellite IS2FS which has a nominal longitude of -161.9 degrees east ,

on a frequency of 136.44 MHz , with a reference polarization value of

13.5 millimeters during the month of September , 1976 , a polarization

chart reading of 271, 15 m i l l i m e ters  at 14 hrs universal time corre-
16 2sponds to a TEC value of 13.8 x 10 el/rn

LI 
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- SA1~1PLE CONTROL DECK 
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-

JjL01~,T~;O,CH1 1 0O00. 2!~3S 1i01iA1’~SON
ATT.~CH, JLfl31 .JHJ1.1lr~293 9~ 

ID JO~1AH~ Ot’1.
MTAC)i, TA PE2 , P0G0X2939, jD~ JOHANS 011.
L~3~~.flY (dL 1~3 )  - 

— 

-

LDSET U~ 1 1 E S Z T = Z iR O )o}<~;c’L. - -

R - I t D1TAP~~1. . 

-

- -

COPY,Tt4PEI ~OUTPUT.

7 /8 / 9
S
I 12F3 - 076127
2 - 0.0 55.83147 514.014414 2c~8.149OO .00199c9 6.6136/i

- . - 
I . 0029E9 — .073 / 4  O . O 2 6~ 

-

4 . - -

5 6.6096106 -

I I - - •
- 

147 — 1 21 .17 25.0 LUNP1~ 1G
3603. 09 15 76 OO~~O 00.0 00.000 0~ 15 76 23.0 0 0 . 0  0 0. 0 0 0

0 0 0 0 01 .0 -

OUTPUT OPT I ON =1 - FREOUENCY =136.14 /i DETAP = 1 3~~~5 1976 LUH
t N D  OF Y’~~~0BLEI1
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SIGNAL STATISTICS OF IONOSPHERIC SCINTILLATION

IN THE W EAK AN D STR ONG SCATTER REGIMES

1. INTRODUCTION

For a successful desi gn of ground to space communication

links , a knowled ge of ionospheric scintillations at a desired

frequency as well as the fine structure of the fluctuations

is required . At mid -latitudes where the amp litude fluctuations

are small , ground based scintillation measurements in conjunction

with the well -dev eloped weak scattering theories allow predictive

systems of scinti llations to be successfully built. On the other

hand , in the equatorial reg ion , where strong irregularities extend

over several hundred kilometers , amp litude fluctuations as large

as  25 dB i n the VHF r ange  and even 2 dB a t frequencies as hi gh as

6 GHz are often observed. The deleterious effects of such intense

sc int i lla t ions on Communication l inks are indeed very formidable .

In v iew of the pauc i ty  of expe r imen ta l  da ta  def in ing the s t ruc tu re

of i onosp h e r i c  sc i n t i l la t ions  in th e st rong  s c a t t e r  r e g i m e  and the

fac t that scattering theories in this domain are n o t  fully developed ,

it has no t been possible to develop a successful predictive system

of sc in ti l l a ti ons in the eçua tor i al reg ion fo r  use in c o m m u n i c a t ion

eng i n e e r i n g .  -

in th is report , we present such a study of the characteristics

of  ionosp he r i c  sc intillation in the weak and strong scatter regimes.

Res ults on the frequency dependence of scinti llations , power

spec tra and autocorrelatio n intervals of amp li tude fluctuations in

the two scattering doma ins are discussed.
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2. OBSERVATIONAL MAT ER I A L  AND MET H O D OF AN A L Y S I S

The study has been based on simultaneous amplitude scin-

til lation measurements of 137 and 360 MHz transmissions from

ATS-6 carried out at Huancayo , Peru. The data used in the

study correspond to a high level of scintillation activity

and  were recorded over the interval 2215-2400 LT on Nov. 1 , 19 74

and 2 0 18 - 2 3 3 3  LT on Nov.  4, 1974. In order to study the behavior

of the w a v e l e n g th d e p e n d e n c e  of s c i n t i l l a t ion , low fluctuation

level sc intillation data obtained at Sagamore Hill Radio

Observa tory, H a m i l t o n , Mass. , have also been used. Sagamore

H i l l  da ta were  ob ta i n e d  f rom A T S - 5  t ransmiss ions  at 137 and

412 MHz on A p r i l  12 and May 18 , 1973 . The data were recorded

on FM analog tape which was later digitized at the rate of

6 samp les/seco nd. From each 15-minute data block from Huancayo

and every S-minute block from Sagamore IIill ~ the S4 index of

scintillation has been der~ ved which is defined as the second

moment of intensity normalized to the average intensity.

The 137 and 360 ~~Iz sc in t i la t ion  data reco rded  at Uuancayo

have  a l s o  been p r o c e s s e d  to ob ta in  the a u t o c o r r ela t i o n  i n t e r v a l s

and the power spectrum of scinti ll ations by the use of FFT

a l g o r it h m .

~ I
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3. FREQUENCY DEPENDENCE OF SCINTILLATION
— IN THE W E A K  AND STRON G SCATTER R E G I M E S

From channel modelling considerations there is considerable

in terest  in the study of frequency dependence of scinti l lat ion

as it provides an est imate of scint i l lat ion at a desired frequency

by ext rapola t ing scint i l lat ion measurem ents at another frequency.

Recent in-situ measurements at F—reg ion heights indicate that

the power spectral density of the irregularity wavenumber spectrum

exhibits a power law form with one-dimensional spectral index

“ .. 2. The dependence of three-dimensional irregularity power

spectral density 
~N
(k) on the irregularity wavenumber k may thus

be represented as;

= k~~ (1)

where p = a1 + 2 “ 4 for F—reg ion irregularities .

It  has  been shown that in the weak scatter limit or small

amplitude fluc tuations , the above form of irregularity spectrum

yields a frequency dependence of S4 index of scintillation as;

S4 f~~(P~’ 2 ) / 4  f~ fl (2)

Thus the exponent n for the frequency dependence of scintillation

is related to the spectral index p of three -dimensional irreg-

ularity wavenumber spectrum as;

71 (3)

For F -reg ion irregularities if we assume that p~~ 4 the exponent

for wavelength dependence 71 is e x p e c t e d  to have a value of about

1.5 for weak scinti llation s .

Based on Sagamore iJil~ observations of 137 and 412 MHz

scintillations of ATS- 5 transmissions on April 12 and May 18 ,

1973 , we obtained the expoaent n. In order to examine if the

____ ~~~~~~~ ~~~~~~~~~~~~~~~~ 
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weak sca t te r  conditions are v io la ted  we studied the variat ion

of ~ wi th  S4 index at 137 MHz , corresponding to the lower limit

of the frequency pair. Most of the observat ion points pertained

to S4 < 0.4  at 137 MHz conforming to weak sca t te r  limit. The

data of April 12 , 1973 yielded a median value of T) “.. 1.2 while

M a y  18 , 1973 data yields 71 ‘
~‘ 1.5. These values of fl corres pond

to spectral indices varying between 3.8 to 4.0 which is very

close to that obtained from in-situ measurements of F—region

irregularity power spectrum .

The frequency dependence of scintillation in the regime of

strong amplitude f luctuations was studied by the use of scin-

tillation measurements at }iuancayo with ATS-6 transmissions at

137 and 360 MHz. It may be observed that the exponent n

progressively decreases with increasing S4 in the strong

scatter reg ime . For S4 > 0 .9 , fl “.‘ 0, indicating thereby that

scintil lations become invariant of wavelength for very strong

scattering.

Numerical solu tions to the problem of multi ple scattering

i n d i c a t e tha t sc in ti l l a t i ons g r a d u a l l y  sa tura te as sca tt e r i n g

condi tions become stronger. In the case of our two frequency

(137/360 MHz) observations , scint illations saturate first at

lower frequency while the scintillation index of the higher

frequency still registers an increase with increasing strength

of s c a t t e r ing. This exp la ins  the observed progressive decrease

of 1~ index with S4. Finally, when the scattering becomes so

strong as to drive both 137 and 360 M H z  to the saturated scm-

t i l la t ion  regime , f requency— independen t  sc in t i l l a t ion  (~~~~0)

should resu l t .  The experimental results m ay thus be explained

in the f ramework  of multi p le s c a t t e r  t heo r i es .

_ _ _ _  
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4.  POWER SPECTRUM SCINTI LLATIONS IN THE WEAK
AND MULTIPLE SCATTE R RE G IMES

The power spectrum of scint il lat ions in the equatorial

region was studied and its variation with scintillation activity

was examined.

Figures 2 and 3 illustrate the characteristics of power

spectrum of scintil lations at 137 and 360 MHz over two 15-minute

intervals. The spectra in Fi gure 2 were obtained when the S4
indices at 137 and 360 MHz were 0.36 and 0.13 respectively and

the case therefore corresponds to weak scatter conditions.

The noise and frequency resolution error bars as computed at

0.1 Hz are indicated in the diagram. The spectral structure

aroun d 1 Hz corresponds to satellite sp in modulation. It may

be observed that the spectra are characterized by a relatively

flat portion and then a linear roll-off p o r t i o n .  The spectral
-3 6 ±0 .5s lopes  of the ro l l - o f f  port ions correspond to f and

-2 3±0 5f . If we consider the spectral slope to be approximately

3 , then from weak scatter theory an irregularity power spectral

index of ~ is obtained in agreement with in-situ measurements

of F reg ion irregularities

F i gure 3 ~1lustra tes the power spectrum of scintillations

when multi ple sca tter conditions prevailed at both frequencies ,

t h e  S4 indices at 137 and 360 MHz being 0.95 and 0.84 respec-

tively. The marked variation of the spectral feature s in this

case as compared to that under weak scatter domain , i l l u s t ra ted

in the previous diagram , is eviden t. The flat portion of the

spectrum extends to much  h~~gher frequency and the slopes of the

roll -off portions become very steep as strong scattering is

59
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- encountered. The frequency extension of the flat portion

indicates that the noise band becomes more white in the strong

sca t te r  case and is more red in the weak sca t te r  condit ion.

A close examination reveals that the limiting frequency

- I of the flat portion is higher at 137 MHz as compared to 360 MHz.

The results were confirmed independently by determining directly

the autocorrelation intervals at the two frequencies. That the

autocorrelation interval-is shorter at lower frequency as compared

to the hi gher frequency is opposite to what is expected under

weak scatter theory.

From a knowledge of irregularity velocity, the autocorrelatior i

intervals may be transferred to autocorre lation distance. This

result has important implications in space diversity systems.

We find that for combating weak scintillations the space diversity

at lower frequencies is to be larger than that required at hi gher

frequency but the reverse situation will hold when strong scm-

t i lla t i ons  are encountered.

60 
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LIST OF FIGURES

Figure 1. The variation of the power law exponent , n,
defining the frequency dependence of scintil lations

- : ( f 71), with S4 index at 137 MHz.

Fi gure 2. The power spectra of amplitude scintillations

at 137 and 360 MHz when scattering is weak.

Figure 3. The power spectra of scintillation s at 137 and

360 MHz when scattering is strong.
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IV .

ON THE NATURE OF E L E C T R O J E T  I R R E G U L A R I T I E S
RESPONSIBLE FOR DAYTIME VHF SCINTILLAT IONS

1. INTRODUCTION

Scintillation measurements made at Huancayo , Peru by the use

of 41 and 140 MHz transmissions of ATS-6 indicate that scintilla-

- 
- tion is almost a regularly occurring phenomenon during dayt ime

near the magnetic equator. In view of the much lower level of

daytime scintillation as compared to ni ghttime , the character-

istics of daytime scintillation have remained unexplored whereas

equatorial ni ghttime scintillation has been extensively studied.

The mos t viable portion of the equatorial ionosp here  w h e r e  p l a s m a

dens i t y  i r regu la r i t ies  are gene ra ted  during dayt ime cor responds

to t he e l e c - t r o j e- t  reg i o n  which is to be associated with the

obse rved  day t ime  sc int i l la t ions .

The nature of electron density irregularities with meter

waveleng th pr esent in the equatorial electrojet has been exten-

sively explored , exper imentally, by the radar spectral techni ques

and theoretically in the li ght of plas ma instability mechanisms.

These studies reveal the existence of two distinct types of meter

wav e i r r e g u l a r iti es , n a m e l y , types 1 and 2. Type 1 irregularities

are c o n s i d e red to be g e n e r~ t ed b y a modified two-stream instability

when the electron drift velocity relative to the ions exceeds the

ion-acoustic velocity of about 360 in/sec. Type 2 irregularities ,

on the other hand , are generated by gradient drift instability

mechanism when the electron dfift velocity exceeds a velocity of

about 30 in/sec in a region of steep density gradient.

In view of the fact that a backscatter radar is sensitive to

half the transmitted wavelength , swcep frequency radars have been

opera ted over the frequency r~in gc of 15 -150 5 1i ~z to study the
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electroje t irregularities with wave lengths ranging between lOm -

un . These studies indicate that the long wave irregularities

correspond to type 2 g e n e r a ted by g r a d i e n t d r i ft  ins ta b i l i ty

mechanism whereas short wave irregularities correspond to type 1

being generated by two-stream instability mechanism . In an

effort to extend the study of electrojet irregularities to

waveleng ths longer than those explored by radar measurements ,

the features of equatorial sporadic-E (E5q ) in r e l a t ion  to rada r

m e a s u r e m e n t s  have been recently explored. The spo rad ic -E  si gnature

on ionogram s corresponds typ ically to 30-80m irregularity wave-

lengths. I t has been found that the long wave Esq i r r e g u l a r it ies

are related to type 2 meter wave irregularities which are

genera ted  by the gradient drift mechanism. This indeed conforms

to the theoretical predictions. Recent theoretical studies show

that the gradient drift mechanism generates still longer irreg-

ularity wavelengths in the kilometer range. From experimental as

well as theoretical standpoint there exists considerable interest

in exploring the long wavelength end of electrojet irregularities.

The presen t  report  b a s e d  on V h F  s c i n t i l l a t i on  measuremen ts

and iori ograms obtained at I uancayo as well as NOAA obli que  V H F

radar measurements made at Jicamar ca attempts such a study of the

charact eristics of electrojet irregularities. It is known that

sc intillations arise from irregularities with wavelengths of the

o rde r of F r e s n a l  d i m e n s i o n  of  the exp l o r i n g  w a v e l e n g t h  at  t h e

irregularity hei gh t . For ATS-6 observations from Iluancayo the

I- r c s n - 1  dimensio ns at 41 and 140 M H z  with 110km slant range of

t~ie e l ec t r oj e t  reg ion co r respond  to  1km and 0 . 5 k m  r e sp e c t i v e l y .

The s tudy  of E 5q on ionograms o b t a i n e d  at h luancayo p rov ided
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s imul taneous in fo rmat ion  on 30-80m irregularity wavelengths whereas

SO M H z  o b l ique radar backscatter measurements carried out at

Jicamarca reveal the existing types of irregularities at 3m

w a v e l e n g t h .  This s tudy ,  t he re fo re , c o v e r s  t he wide range of

irregularity wavelength from a few meters to about a kilometer in

the  eq ua to r i a l  e le c t r o j e t .

2. RESULTS AND D I S C U S S I O N S

On normal days , t he onset  of s c i n t i l l a t i o n s  occur immed ia te l y

be fo re  0800 LT and cont inue until about 1800 LT. Around noont ime ,

sc in t i l l at i ons  a t t a i n  maximum d a y t i m e  leve l  which can be as large

as 13 dB peak to peak at 41 MHz and a few dB even at 140 MHz.

On so m e occa sio ns , the ni ghttime F—region scintillation continues

through the early morning hours to merge with the daytime scintil-

lat ion. On these days it is impossible to determine the onset

time of daytime scintillation. On some other occasions , the o n s e t

of pos t-sunset F-reg i on sc in ti l l a ti on t a k e s  p l a c e  b e f o r e  the

day t i m e sc i nti L l ati on eve nt h a s  c e a s e d  co mp l e te l y .

Fi gure 1 indicates the tine intervals over which both the NO-\ -\

o b l i que VHF radar d etected electro i et irregularities and scintil-

lations were recorded at i-iuancayo . On a f e w  days scintillation measure-

ments at 41 MHz only were available and on some others scintil-

lation measure m ents at 140 MHz only could be made. The shading

for th ese diff~ rcnt measurements have been indicated in the

diagrams. The breaks ~n the bar diagrams indicate either no

observations were made dur ng the period or no satellite trans-

mission was avai ab lc . During the period February 1-8 , 1975 ,

scin tillations are observe c only when 50 MHz radar is also able

to detect elcctrojet irrcg~i 1ariti e s. In  v i e w of the h i gh e r  —
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f r e q u e n c y ,  scin tiL lat ions at 140 M H z  are detected slig htly after

the radar detects the presence of electrojet irregularities.

Similarly, the cessation of scintillation activity at 140 MHz

occurs earlier than the cessation of radar echo. We shall

later provide estimates of irregularity amp iitudes required to

give measurable scintillation at 140 MHz. T~.is will indicate

that the irregularity amp l i tudes  need  to be l a r g e r  than  some

th resho ld  l e v e l  t o g ive measurable 140 MHz scintillation.

It is i n t e res t i ng  to note that on February 4, the electrojet

i r r egu la r i t i es  are absent during the major part of the day as

ind i c a t e d  by the radar measu remen ts  and sc in t i l l a t i ons  are a l s o

~.onsp icuous by t heir a b s e n c e .  The w e a k  i r regu la r i t ies  d e t e c t e d

by the radar between 1500 and 1800 LI are not sufficiently strong

to ca u se 14 0 MHz sc in t i l l at ion .  Sc in t i l l a ti on a t 14 0 MHz

o b s e r v e d  on F~.bruary 1 immediately prior to 2000 LT without any

assoc iated radar echo is attributed to the post-sunset F region

i r r e g u l a r i t ie s . On th~~s day, the ni ghttime scintillation at

• 140 MHz occurred at 1945 L? and cont inued until 0445 LT on the

next day. Between February 18 and March 5 , 1975 , scintillation

- 
- 

m eas ure m ent s c o u l d  be m a d e  a t the l o w e r  f r e q uen c y of 4 1 M H z  and

it may be noted that the time synchronism between the radar echo -

and scin tillation is excellent. The weak irregularity amplitudes

wh ich become detectable with the radar g ive rise to immediate

sc intillation effects at tii c lower frequency.

Th e comparative study of radar echoes and VHF scintillation-

illustrated by Fi gure 1 indicate that daytime scintillation is

c~’uscd b y e1 ectr~~jet irregularities and that the i~~re gu l a r it i es

with wavelengths of the or~~e r of  a k m ( c o r r c s~~ond in~ to ~-resn c1

d imensions) as exp lored by s c i a t i l l a t i o n  measurements co-exist

68

- 
- - 

~~~~~~~~~~~~ ~~~~~~~

— -

~~~~~~ 
-

, 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~ :1



TTT JII ~~~~ ~~~~~~
----

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

--

~
---

~ ~~~~~~~

- —

~~~~

-- --

~~

with the short-wavelength (3m) i r regular i t ies de tec ted  by the

50 MHz radar.

We shall next illustrate the behavior of q-type sporadic-E

~~sq~ 
echoes on February 20 in relation to 41 MHz scintill ation

• and VHF radar echo. Fi gure 2 shows that both the scintillati on

activity and radar echo corresponding to type 2 ceased at 1820

LT. The bottom panel of this figure shows the ionogram sequence

be tween 18(~O and 1830 LT. The presence of Esq echoes in the

f i rs t  two frames may be observed but in the final frame obtained

at 1830 LI , E5q is seen to have d i s a p p e a r e d .  Such a co r re la t i on

b e t w e e n  t hese even ts  is found to ex i s t  on other days also. It

shows  t hat VHF sc in t i l l a t ion, ty pe 2 radar echo and E5q e c h o e s

appear and d isappear  togct~t e r .  An ex tens ive study of E sq ec hoes

in re la t ion  to ty pe 2 radar echoes  has been r ecen t l y  car r ied

ou t . Our  r e s u l ts es tab 1 is~i the fact that type 2 i r regu lar i t ies

are synchronized not only with the appearance of irregularities

at 30-80m-wave lengths as viewed by Esq echoes  on i o n o g r a m s  bu t

w i th k i l o m e ter wav e l e n g th ir re g u l a r it ies as w e l l  w h i c h  ca use

41 MHz scinti llations. Thus this correlative study indicates

that type 2 irregularities cover about a 3-decade range in

w av e l e n g th .

The radar observa tions provided information on the nature

of electrojet irregularities observed at 50 P11hz . It has been

es ta b l i shed  tha t bo th ty p e  1 and  type 2 are equa l ly  important

i n  g iv ing 50 MHz radar backscatter echoes whereas at frequencies

h i gher than 50 Mi:z , t ype 1 i r r e g u l a rit ies  p r e d o m i n a te and r a d a r

ec hoes at l owe r  frequencies are dominated by type 2 irregular-

it ies .  The p resent  50 P11hz radar observations y i e l d  the t ime
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evolution of type 1 and type 2 irregularities and also provide

the s t rength of e i ther  type  of  echo s imp ly  as weak or strong.

Figure 3 shows the t ime var ia t ion of sc int i l la t ion index SI at

140 MHz and the evolut ion of type 1 and type 2 i r regular i t ies

as observed by the 50 MHz radar. The levels 1 and 2 marke d in

NOAA radar plots represent respectively the presence of weak

or strong type 2 irregularities whereas levels 3 and 4 correspond

respectively to weak and strong type 1 irregularities. On

February 2 , 140 M Hz scintillation becomes discernible at 0915 LT

when the radar echo reveals the presence of strong type 2 and

weak type 1 echo. At 1210 LI when the radar echo indicates the

cessation of type 1 irregularities and presence of type 2

i r regu la r i t i es  only,  the scintillation index does not show any

change. This implies that the presence or absence of type 1

irregularities do not introduce any marked variation of the

scintillation leve l indicating thereby that VHF scintillation

a c t i v i t y  is related to type 2 i r regu la r i t ies .

The l o w e r  da t a se t ob t a i n e d  on F e b r u a r y  4 s h o w s  an u n u s u a l

day w it h no e le c t r o j e t  i r r egu la r i t i es  and consequen t l y  no scin-

tillation during the major part of the day. The s p o r a d i c

appeara nce of radar echo between 1600-1920 LT corresponding

mostly to weak type 2 is not associated with scintillation

ac tivity at 140 MHz.  The absence of scintillation activity on
r. 1

th at day as well as any type 2 irregularities during the major

par t of the day may be reiated to a reversal of electric field

at E— reg ion hei ghts. On a normal day, the 13-reg ion e l e c t r i c

field near the magnetic equator is eastward , an upward h a i l

electric field is generated w h i ch in the p r e s e n c e  of an up wa rd

70

~~~~~~~~~ -r ~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

. -



plasma density gradient generates type 2 irregularit ies. The

generation of these irregularities is inhibi ted when the electric

field reverses its direction to become westward . The reversal

of the electric field , termed as coun ter-electrojet , has been

diagnosed from a decrease in horizontal magne tic field intensity

and has been shown to be correla ted with the disappearance of Esq
echoes  and decrease  of si gnal intensity in transequatorial VHF

sca tter links.

During the development phase of VHF scintilla tions , a sc in-

tillation index (SI) of about 50% at 41 MHz typically corresponds

to moderately strong type 2 echoes at meter wavelengths. The SI

index of 50% corresponds to the theory based S4 index of about

0.25. A knowledge of S4 index allows us to compute the electron

dens i t y  dev ia t ion  in the irregularities of realistic assumptions

can be made regarding the irregularity layer thickness (L), layer

hei ght (z) and irregularit~’ power spectrum. The slant range (z)

of e l e c t r o j et reg ion to Huancayo for ATS-6 observations during

the period was about 110 km. The thickness (L) of this layer

over wh ich the irregularities are assumed to be distributed

undi minished in magnitude is considered as 5 km. We have also

assumed that the 3-dimensional irregularity power spectrum has

a spec tral index of 4 in agreement with other experimental and

theoretical results. The outer scale of the irregularity has

been  ta k e n  as 2 km in keep ing wi th the n u m e r i c a l  stu d i e s  of

type 2 irregularities. We find that S4 index of 0.25 at 41 P41h z

may be observed when the electron density deviation of the

i r r e g u l a r i t ies  is t~N = 6x10
9
n1

3
. This corre sponds to irreg-

ulari ty amplitudes of 6% and 3% respectively for ambient
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ionizat ion density of lO ] 1 and 2x 10~~ m 3 corresponding to

cr i t ica l  frequencies of 3 and 4 MHz. At 140 MHz , similar

l e v e l  of  S4 is attained only if the irregularity amp litudes

increase by a factor of about 5. Theoretical studies of type 2

irregularities indicate that when the amp litude of type 2

irregularities in the tens of meter wavelength range attains

a level of about 4% under the linear theory of gradient drift

instability, shorter wavelength irregularities in the meterwave

range may be generated through non linear cascading mechanism.

Our computations of irregularity amp litudes based on VHF scin-

tilla tion measurements indicate that when the r .m .s. irregularity

ampli tude in the kilometer wavelength range is found to be of

the order of 5% , the 50 M h z radar is able to detect simultaneously

the presence of type 2 irregularities. The highest level of S4

index at 41 MHz during day time is found to be of the order of 0.5 ,

w h i c h  is found to correspond to an electron density deviation

= l .6xlO~ °m
3 wi th the above assumed parameters . This value

corr e spo n ds to r . m . s .  i r r e g u l a r i ty amp li tudes of 16% for ambient

i o n i z a t ion  d e n s i ty of 1CUm
_ 3
.

For a power la w type of irregularity power spectrum , the

sc intillation index (S4) is expected to have a power law Variation

w ith frequency. Assuming that such a power law variation exists~

we defined the spectra l m dcx (ii) of scint illation as

1-a g (S4 / S 4 )
1 211 = Log (f 2 / f 1)

where S4 and S4 are the scin tillation indices (S4
) a t f

1 and f ,
1 2

72

~~~~~~~~~~ -- T 1  ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~~~ v---—-~ ~~~~~~~~ ~



—~~~~~~~~~~ —-“—~ --- -- - - - -~~~~~~~~~~~~~ - - - - - -

respectively. From simultaneous dayt ime scint i l lat ion measure-

ments at 41 and 140 MHz the spectra l  index T) is obtained.

Fi gure 4 indicates the variat ion of Th w i th S 4 index at 41 MHz.

It is found that for S4 varying between 0.2 to 0.4, r~ varies

between 0.6 to 1.2. For weak scattering spectral index of

scintillation related to the spectral index (p) of the irreg-

ularity power spectrum as n = Ej.?-. Thus the results indicate

that during the development or decay of type 2 irregularities ,

the irregularity power spectrum is very f lat but a t ta ins a

spectra l  index of about 3 when the irregularities are fully

developed. It should be emphasized that the Fresnal dimensions

of 41 and 140 MHz at the electrojet height corresponds to

0.5 km and 1 km respect vely. Thus the derived spectral indices

of the irregularities correspond to the above wavelength range

which is close to the oLter scale of type 2 irregularities.

3. SUMMARY-

The study reveals that daytime VHF scintillatio ns are

g e n e r a ted when  13sq echoes appear on ionograms and 50 MHz radar

detects type 2 electrojet irregularities. Since VHF scintillations

are sensitive to kilometer wavelength irregularities , Esq monitors

30-80m wavelength irregularities and 50 MHz radar detects 3m wavelength

i r r e g u l a r i t ies , i t may be c o n c l u d ed tha t type 2 irregularities

cov ering the wavelength range of a few meters to a few kilometers

co-exis t. We have also found that during periods when the radar

does no t detect .ay electrojet irregularity, neither Esq nor  VHF

scin tillation is observed.
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With the time sca le  of our measurements , it is not poss ib le

to loca te  the time per iod when non-l inear cascading mechanism

s t a r t s  to generate meter  wave i r regulari t ies, the theore t ica l l y

predicted time interval being of the order of a second.

• We have shown that when type 2 meter wave irregularities

and VHF scintillations are simultaneously observed the irreg-

ulatity amplitudes ranging between 4% to 16% (for ambient

ioniza tion density of l0~~ m 3) at kilometer wavelengths are

obtained. Further in the wavelength range of 0.5-1 km corres-

ponding to the Fresnal dimensions of scintillation measurements ,

the spectral index of the irregularity power spectrum indicates

a var iat ion wi th  irregularity ampl i tudes.  At low l eve l s  of

scintillation , the power spectrum is very flat but confirms to

a power law spectral exponent of about 3 when fully developed.

The observed e-i,ulution of irregularity spectrum corresponds to

wav elen gths in the vicinity of outer scale of type 2 irreg-

ular ities which is typically assumed to lie in the range of

2-3 km.
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S I G N A L  A N A L Y S I S  P A C K A G E

The si gnal ana lys i s  packag e descr ibed  in a Final Repo — t

AFGL -TR-76-0041 , has been modifie d for greater ease of use.

Following is a descri ption of the deck setup required to

operate this program on the CDC 6600. In all that follows ,

op tional parameters are enclosed in square brackets [ ].

Deck Se tup

Job Card  Jobn am e ,CM110000 ,Txxx ,TP1. Job# Name

VSN , TAPE1=xxxxxx.

REQ I JE ST ,T A P E I  ,HY ,S(xxxxxx/NORING )

ATTAC II ,S I G ,SIGNALYSISx 3828,ID=CANTOR .

CALL , I=SIG , P=r unoption.

7/8/9

Calibra tion control card[s]

control card[sJ

Ti t l e  card

T calibration control card[s}fl
I I cont inua t ion
i [contro l card[s]]
I I r u n s
LT~

t
~~ 

c a r d  J
Run  op t ion

T h e r e  are  f ive r un op ti o n s :
ON RE 0

ONBLACK ON or OFi~ for on or offline plot

OF F RED
OFFBLACK RED or BLACK ink

NOP LOT
Calibra t i - n  Control Cards

Txx ,C x x ,Fxx (T 1, T2,R1, R2][,11 3 [, U ]

Tape number xx is floating po int (137, T45.1)

Cal number (C3)

P i l e  nu mb e r ~F 2 )
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T1, 12 are start and end ti -~ ~..i dig itization for this file

R 1, R2 ar~ start and end time (real time of data acquisition
for this f i le)
T. , R. are of the form hhmmss

1 1

Here cals follow

Up date - update cal file

Calibration Cards (H option)

Card 1 - Cha nne l  n umber , id entification (12 ,Al 0) - b2 36OMH Z

Card 2-n - digitized count level , dB level free format

separa ted by blank or comma. Need not be one

l e v e l  pe r  ca rd.  C a l i b r a t ions  are en tered wi th
h i g h s i gna l  f i rs t an d n o n d e c r e a s i n g  s ign al
strengths. All dB levels are normaliz ed to

0 dB hi gh si g n a l

Exa mp l e :
128 ,0,100 ,1 ,90 ,2 is n o r m a l i zed to

128 0

200 - 1

9 0 - 2  :11
Calibra tions can be added at either end. 4
E x a mp le:

140 ,-2 ,135 ,-l

28,O ,l00 ,l ,90 , 2

85 ,3 is n.rm alized to

140 0

235 - 1

128 - 2

100 - 3
90 - 4

85 - S

Card n+ l ~b1an~ . I c h a n n e l( end of < .-9 ~ Lca~~
1b1

~~
t1ons

If no calibrations are entered

( i . e .,  n.l=2) ~B 1eveL

81

- 
~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ — --~--  
-



“ -  ~~~-r-~~ .-.--- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~ w

E~ amp les :

1) Ex i s t i ng  cal  f i le
137, C2 , F3

2) To add new file or redefine old file with previously

defined calibrations

T37 ,C2 , F4= 1800 . 30 , 1815 . O S , 200 ,400 ,U
3) To use new calibrations but not to redefine

T37 ,C2 ,F3=l800 , 1900 ,200 ,400 ,1-I

cals

It should be noted that calibrations are catalogued under

tape and calibration number. Any redefinition of cali-

brations for any file under that tape and calibration

number , redefines calibrations for all files.

Control Cards

Control cards are free form concatenations of option

selections of the form

Op tion or Option = parameter list

(opt ions are separated by commas)

Parame ter lists have the following forms:

a) OFF turn the option off for all channels

b ) none “ ‘‘ ‘‘ on “ “
c) n 1,.

turn the option off for channels n 1, off

for other channels

d) hhmm.ss time

e) • d
1 

n u m b e r
f )  dB ,, dB 2 dB levels limits for dwell analysis

g) t 1 ,. •tn
times for dwell analys is
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parameter
opt ions l ist types meaning default

END end of control cards

CHANS a,b ,c restrict analysis to 1 ,2,.. .,lO
these channels

I ;
CDF a ,b ,c CDF ’ s on these channels OFF

DWELL a,b ,c dwell time ahalysis OFF
for these channels

MSG a,b ,c message reliability OFF
Statistics for these
c h a n n e l s

DATA a,b ,c p lo t da t a fo r  these  OFF
c h a n n e l s

SPECTRA a,b ,c p lot smoothed power OFF
spectra for these
cli anne Is

RAW a,b ,c plot raw power spectra OFF
for these channels

AUTO a,b ,c perform autocorrelation OFF
for these channels

CROSS a ,b ,c* perform cross-correlation OFF
for these channels

CORR e correlation limit for 0.3
p lotting of auto and
c r o s s - c o r r e l a t i o n s .

CORR=0 - plot all
CORR= 2 - suppress plots

SECONDS c number of seconds (real 900
t i m e )  i n each  p e r i o d  of
a n a l y s i s

PERIODS e numb er of periods to 999
a n a l y z e

R E W I N D  re wi nd da ta t ape

S K I P  b ,e s k i p d , ( o r  0) f i les  on
data tape after ski p p i n g
to end of current file
if not already there
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parameter
options list types meaning default

START d real time start of current real time
data analysis on data tape or

start of current
data file

CLEAR all analysis options
and all channels off

NIH e use every n ’th point 1

DBS f dli range for dwell -10 to +5
times and message
reliability analysis

TIME S g time ranges for dwell t~ tn+l t~t

time and message
reliability anal ysis .25 1 .25

1 6 .5
6 10 1

10 20 2
20 40 5
40 60 10
60 t

m a x

all times in sec.

* Cross correlation channel list consists of sublists

separated by semicolons . The first channel in the
sub list is correlated with the remaining channels.

The last subli st may be terminated by a comma or

end of card.

For example:

CROSS= 1 ,2 ,3; 2,3,4

or

CROSS= 1 ,2 ,3;
2 ,3 ,4

or

— - CROSS=l ,2
3;2 ,3,4

will yield cross-correlations of channel 1 vs 2+3

and 2 vs 3+4 , wh i l e
CROSS= 1 ,2 ,3
2 ,3,4

will yield cross -correlations of 1 vs 2,3 , and 4.
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T I T L E  CAR D

A t i t le card is any card that cannot be mistaken for

a calibration card or control card. Care should be taken

not to use a contro l  card option word as the first word

of a title.

Processing beg ins after each title card is recognized .

Example:

To run 4 fifteen-minute data samples on channels

1 ,3,4 on da t a tape OS 1 , file three starting at 415 .

Statistics wanted are only print statistics including

those for correlations. Further , one hour samples

of smoothed spectra and autoco rrelations , decimated

4 to 1 are w a n t e d  for the fourth file of the tape.

Cross -correlations are wanted only for channel 1+2

versus the rest , and are to be plotted only if

grea ter than 0.4. There are 5 channels on the tape.

The calibra tiors are catalogued as tape 17 , c a l i b r a ti on
I , f i l e s  2 and  3 . P l o ts a re  to be o f f  l ine , red ink.

Deck

CANTOR , CM 11 00C ,TSOO.

VSN , TAPE1=OS0001 .

R E Q U E S T ,TAPE 1 ,I-Y ,S.(OS0001/NORIN6)

ATTAC II ,SIG ,S I G N A L Y S I S X 3828 ,ID=CANTOR.

C A L L , i=SIG ,P=OFFRED.

7/8/9

T l7 ,Cl ,F2

PERIO bS=4 ,S K I P ~-2 ,START=41 5 ,
CHANS= 1 ,3 ,4, CD~~, D W E L L , M SG

AUTO , C ROSS , CO R~ =2 , END
TITLE FOR FIRST SAMPLE RUN

T 17 ,Cl ,F3
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PERIODS=999 , SECONDS= 3600

NTH= 4 ,SK I P , CLEAR ,SPE CTRA ,AUT O ,
C R O S S =l , 2 , 3,4 ,5 ;2 , 3 ,4 ,5 ,CORR =0 .4 ,E N D

- - 
TITLE FOR SECOND SAMPLE RUN

6/7/8/9

FOLLOWING THIS SECTION ARE :

CALIBRATION ERROR MESSAGES (3 pages)

E R R O R  MESSAGES

A P P E N D I X  1 - Ca ta l o g u e d  P r o c e d u r e s  on
File SIGNALYS ISX3828

A P P E N D I X  2 - C a l ib rat ion F i l e Fo rm a t

APPENDIX 3 - Control Card Decoder
inc~~u d i n g

Sample Main Program
Fun c t ions
Sample Output
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_
~-.*0NREO.
DISPOSE,PLOT,’PL.
ATT ~~cH,L Gi 1c.~.co3I N x 2 c ~+’~ 

, IC-C ANTOa,JIR- 1...,
CO PYL,LGI,LGO ,LG2.

—UNLOAO,LG1,L&O.—
A T T A C H ,PEN,0N1I~4EPEN....tIOP8RY,PEN. 

- 
—

A TTACH ,TAP EI ,CALIeX29’44,ID~ C A N T 0R ,PW=CJC .
t&2 .
EXTEND ,TAPE 1O.

_-E-X-I4~.-— —  —--- —---- - -- --  --

EXTEN 3,TAPE 1C.

±QEFRED.__________________________ 
~~~—

oIsposE,TAPE3 c ,~~LR .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
COPYL,LG 1,LGO,LG2. -

UNLOAfl~~ L G~~~, L 3 C .~~~~
AT TACH ~ PEN,CFF LINEPEN .
JICRIIRY,PEIC. —______________________

A T T A C H ,TAPF ,C4LI 6X2 4,IO~ C11 t~TOR,P~(=CJC.
1 ,2 .

EXTENO ,TA PE I.j.
_EX 1 I _______________________

EX TEND, T A P Ei.~~. 
-

_ ‘OFFOL.Y~K. — - - -——- -------- — — - - — - - — - - -

DIsposE,TA r~ 3~ ,~~LL .—4r T-ACH ,L ~
. j., ~r C~~I J~J X~-~44 -I-C= ~~~~~~~~ 1-~.--- --~-----——

COPYL,L.~. ,LGO , LG?.
- UNLO~ fl ,LG1 ,LGO. --— ——- - - - - — -—- — --— -- - -

A1T ~ cH,PEW ,Or FLrN ~ PEN .
-- L Ifl R A~~Y,~~EN. - - ----- - - --— - - - — - ----— - —-— — ~

—- - - -

A T~ CH, T A P €  ~ ,CAL IIJX29Y4, l D z C A : ~T O R , ?4 CJ C. 
— — ------------ -—-- — ----- ---- - -- - - -—- - -- --- - -—- -- 

C x T i U r ) , I~~P E 1~~.
- LX II. -

EXTUJL ).TAPEID.

~~~~~~~~~~~
—_ — -----—- ---_~~~--——-- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —... .-~~.. —

- —- - - -~~ —----.- —~-‘--~ --- - -‘
~
-
~~~~~~~~~~~—--~~
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DISPOSE, PLOT , ~ OL.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

C OP Y L, L G 1  , L G O ,L G 2 .

_UMLOAD÷L~~1,-LG~~. - —

A T T~ CH,PEN, ONL INEPEr ’~.
_.LLf3RARY~42~Et. .
ATTA CH ,TAPE 13,CALIBX2 .,IO~ CAN TOR ,P~~ CJC .

EXT END, T A PE IC
EX LI.
EXT E N D  , TA PE 13

— 4 O~ L-OT~~~ _______--________

U N L O A D ,LG 1,LGO. ‘

-—AT-I ACH ,PEN, ONL-INEPEN,— - - ---— 
-

LIBRARY,PE~~.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L G 2
—E~JLNQ,LAP~~1C. _____ - ——

EXIT. -

—EXTEND ,T~~PE 1~ . -- - - -  -

- 
- 

~~~~~

I- 

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



APPE NDIX 2

Ca l ibrat i or. File Format

Catalogued calibatio n s res i de on ~ CDC 6600 m a s s  sto r a g e

file. See the CDC FORTRAN Extended manual for general

— definitions and usage details. The defining parameters for

a p a r t i c u l a r  c a l i b r a t i o n  are type  n u m b e r  and  cal i bra t ion n u m b e r ,

referred to hereafter as a calibration id. Each calibration id

may have associa ted with it up to twenty files. Calibration id ’ s

a re  n u m e ri c a l l y  i n d e x e d  in the ma i n f i l e  in d e x  in the o r d e r  of

rece i pt , e x c a p t tha t a d d i t i o n s  or chan ges to an existing

calibra tion id overwrite it. Up to one hundred calibration id ’ s

m a y  be ca talogued.

The follo wing is a description of the calibration file

structure.

M a i n  I n d e x  St r u c ture
Word

1 Pointer to control record 1

2 Po in ter to c a l i b ra t io n sub i n d e x  1

2n -l Po inter to control record n

2n Poin ter to calibration index n

2r .+l 0

200 0

L 
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Control Record Forma t

Word 1 2 3 7 8 12

Tapel Call File id #1 (5 words) File id #2

Calibration id from calibration control card

Word 13 97 98 102

File id 120

All variables in the control record are strictly

positive floating point numbers except that a

null file id consists of -999.0’s.

File id Format

Word 1 - Fi le I from calib rat ion con trol card

2 - Start time (tape) from calibration control card

3 - End time (tape) from calibration control card

4 - Start time (real) from calibration control card

5 - End time (real) from calibration control card
(Time formats are hhmm .ss)

Calibration Subindex Structure

Wo rd

1 Pointer to channel 1 calibration record

2 Pointer to channel 2 calibration record

10 Pointer to channel 10 calibration record

11 0

r
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Calibration Record Format

Word 1 256

dbs dBs
1 coun t 256 coun ts

Word 257 258 259 260

0 if signal decreases #characters Alpha.from
wi th counts.

1 if si gnal increases alpha in input

with count 259-260
-1 see Note 1

dB’ s are < for all coun ts excep t that ori ginal
input calibrations are positive .

Note I. A null calibration on input will result in

setting dR~ =i. Calibrations should not be

catalogued this way , but various statist ics
on uncal ibrated data can be generate d this
way.

Examp le:

T999 ,C999 ,F999~ t1,t2,r1,r2,H

1137MHZ
blank

2256MHZ

-9

DATA ,SPECTRA ,START~ r1)END

QUI CK LOOK AT SPECTRA OF RAW DATA .

Ji
~~~~ 

96



APPENDIX 3

As part of Signal Analysis Packa ge, a control card

decoder was -wr itten . This relies heavily on two functions

NUM and IFIELD which are of more general interest.

Taken together , these functions will scan a card , stripping

off EDITOR defined sequence numbers if desired , and return

individual fields on the card between user defined

terminators.

The fiel d is return ed either as alphabe ti c array or

a floating point variable. In addition , the len gth of the

field and the terminator is available.

• Foll owing is a samp l e ma in pro gram , the functions ,

and sample output. Usage instructions are contained in

commen ts to the functions.

97
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