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• VLF/LF Reflectivity of the ft1~ lonosphece

23 April 2 S.pt.mb.r 1978

1. IMTROI)U(TION

This report provides a summarY of high latitude ionospheric reflectivity , as

obse rved by the U SAF’s high resolution V L F / l . F  tonosounder operating in northern

Greenland. 1, 2 As shown in Figure 1. the t ransmit ter  is located at Thule Air  Base .
Greenland (78 ~~‘N. ta t .  • 88° 40 ’W. Long. ). afld the receiving site is 106 km

north at the I)anish Meteorolog ical Insti tute ’s Ionosphe ric Observatory in Qanaq .
Green land (77 24 ’N. Lat. • 69 ° 20 ’W. Long. . Geomagnetic l .at . 89~ 0 6 ’N ) .  The

tonosounding transmissions consist of a series of extremely short (approx imat ely

• 100 ~ see) \ L F  pulses , precisely controlled in t ime , and radiated from ~4 130 m

vertical  antei~na. At the receiving site , orthogonal loop antennas are used to sepa-

• rate the two polarization component s of the ionospher icall y reflec te d skvwave  si~~n aI .

One antenna , oriented in the plane of propagation , is used to sense the groundwave
and the “paral lel ” component of the downcoming skywave. l’he second 1oop, nu lled
on the groundwave . se nses t he “perp endicular ” skywave component . The signal from

each of the  a nten n as is di gi t a l ly  averaged to improve the s igna l - to -noi se  rat i o of the
in di vidual received waveforms before they are recorded On magne t ic  tape . An

(Received for publication 29 March 197 9)

1. l ewI s, F . ~\ . , Rasmussen , .1. F. , and Kossev . I’ . A. ( 1973 )  Measurements of
ionospheric re f l e c t iv i t y  from 6 to 35 kHr , 3. ( ;eoph ys. Res. ~~~

. 19.
2. ~ oS5ey. P. A . , Rasmussen, 3, 1’ . , and l e w i s , F. A . ( 19 74 )  Vi  •F pul se ~ono -

sounder measurements  of the ref le ct ion prope rties of th e  lower ionosphere,
Aka dernie Vert*q . I’OSPAH , July.
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l i~~ure  I . i, t~~n c t r v  of the I ~ t ’ t c a t  ion I’ath

ex~ nip le of t he ~~~~ rv .‘.I ~ ave for i t s  Is ,~ iv cii i i  l i  nrc . where !t c t ’ . t ra I Id ’
w v,’t ’oi.n’ 1- ~., ~~~~~~ !,~

) ,‘oi is ists of .t w~Jw av~ ’ p i ’ i ~~,i t t ’d utilsi’ , .t quie’t in tcrval
c o nt a in t n ~ I~’t% Iev~~l, off pat h ~roun~1~ i v . ’ i’cflc , t ions , fo llowe’,i ~~ t he ft i s t  • hop
pa ra I te l s kv%% ~iV ~‘ coni ponent . ‘1’ he 

~
n’ rpendicular w ave fo t ’  m s s )i~ ’t ~ ii it in’ ,’

Ionospheric ref i t ’,’ t ion parantett’ rs .t . ,Ie NV i ’d by impuft’ r A i t , 1 s ‘1k ’ t~ 600

i o ~’t ’sstng of t he ~ronii l and i~’nospheri~’al lv r e f lec te~i t~ i~ efot ’ n s t~ it h .tl l, s t ~ ,iii, ’e

itiad,’ for fac to rs  suc h , ts ground conduct iv ity ,tii,l , i i i t c i i i ia  i’,itt ,’ rrts isee Section 4 1 ,

•-\ It hough the data are recorded about ott , ’.’ Per t n t  nut c~ for his t , ’ t ’ ,’r t I lit ’ t~ ,i~ ,‘

~~~~~~ are averaged in to  2 —hr time blocks w i t h  t he • ‘\ t ’ t ’p t  ion 0 1 the t t i ret ’  i t t ’  en -

siona l w av ef o rm presentations iS~~’t ion 2. 2~. I tie resulting nifo rtu it ton it ~ presented
in a ~i ct ’k lv format ( I”i~ iirt ’s 3 t hroui~ti :‘ 1 is ,1~ s,’ribe ,l be lois ).
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w & “Parallel” waveform sensed by the loop ntenna oriented In the Øane of propa~eflon
p.. PERPE N DICULAN SKY WAV E
-j COMPONENT

—------ -‘—----.- — —.5-——-—-

b. “Per~ ndlcular ” waveform sensed by the loop antenna oriented perpenilcular to
the wane ot propagatIon

tOO 3~0 400 5~0
TIME — MICROSECONDS

Figure  2. l ’ xan ple of the  Observed W ave forms

2. OliSFK~ El) ~~ %~~ F l ~’OK M S

2 I eekh I~~am~~e of hwIi~iduai a~ef,wtum

In part A of I”i ~~i it’cs :t through 2 1 . a set of averaged parallel and perpendicular

w av ef o r ms  is  presented for t he t inte block centered near local noon of the indicated

.lav. F’ac h of these  waveforms is ~‘otitprised of 256 digitally averaged points spaced

2 ~ sec a pa t’t , In part B of the f igures , the g roun dwave Fourier  ant pli tudes are shown

as a f u n c t i o n  of f r e q u e n cy .  Al though  the data presented in parts C throug h L of the

f igures  are g e n e ra l ly  l i m i t e d  to frequencies in the f i rs t , or pr inc ipa l , lobe of the

spectrum , i n f o r m a t i o n  at higher frequencies can be used when sufficient signal - to-

noise conditions exis t .  The re is , however , a frequency range around each spectral

nul l  where insuff ic ient  signal exists for measurements.

2.2 Thr~~-i~men.irnaI Wa~cform enlatlin

A three-di mensional display of the recorde d II  waveforms covering each weekl y
period is shown in Part R of each figure and the corresponding £ waveforms are
shown in Part S . For these plots the data has been averaged into I S - m m  time

blocks .
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3. KEFI.ECTlo r~ ilUGiliS

The group mirror height ( CMII )  of reflection was obtained by detern iirung the
group de lay of the skyw ay . ,  relative to the g roundwave  and at t r ibuting  the t ime
diff erence , by si mple geometry (assuming a sharpl y bounded m i r r o r - l i k e  ionosphere)
to a d i f ference in propagation distance. As discussed by 1.ewis et al , t he group
de lay can be defined .ts the rate of change of phase with freq uency. For the GM H
da ta presented in this repo rt , a fini t e f reque ncy diffe rence of 1. 0 kUz was used ,
and the corresponding phase difference as a function of frequency for the gro undwave
and both skywave  signals was obtained by Fou r ier anal ys is  of the respective pulses.
The GM }l  calc ulations took into account ground conductivi ty ( 1O~~ mho/m is assumed) ,
and the corrections of Wait and Howe~ were applied .

Group mirror  heights are plotted as a funct ion  of f requency in pa rt s C and 1)
of Fi gures 3 t h rough 2 1, as obtained from the para llel and perpendicular  waveforms ,
re spectively. The G M 1I s are also presented as a function of t ime-of-day for the
ave rage frequency of 16.5 k l l z  in figure ’ parts  F and 1. The parallel  U M I I ’ s in part F
arc shown along with an average reflection height for reference purposes. Each
poi nt of t he refe rence height is a weekly avera ge, by t ime block , fo r the 7-day
pe riod indicated. The corresponding perpendicular  GM H ’ s, part I of the figures ,
a re also shown with the weekly average for comparison. Part C gives the average ,
by time block, for the daily paral lel GM H  da ta of part K , and part K gives t he
cor responding perpendicular C MII averages from the dail y da ta of part I.

4. KFFLECTIO~ COEFFICIENTS

Assuming that the ionosphere acts as a “mirror ” at the GM1I. plane wave re-
flection coefficients4 we re obtained by comparing the ratio of the skywav e Fourier
amplitude at a specific frequency to that of the groundw av e , t aki ng into account the
antenna patterns, wave spreading , earth curvature , ground conductivity, path

• le ngths , and antenna patterns including ground image effects.
The reflection coefficient ~l H II was obtained from analysis of the parallel sky-

wa ve component and is plotted as a function of frequency in part (‘ of Fig u res 3
through 2 1. The It R h coefficient for l6 k liz is plotted as a function of t ime-of-day
in part I” along with the average of the indicated week for reference purposes.
From the perpendicular skywave pulse, the coefficient IIHJ.. was obtained and appears

3. Wait . J. R . ,  and h owe, it .  U. (1956) Ampli tude  and Phase Curves for Ground-
Wave Propagation in the Band 200 ~~ cles per Second to 500 Kilocycles,
Nat. Bur. Smand. U .S. Cj rc. No. 5~ 4.

4. Budden, K .G . ( 196 1)  Radio Waves in the ionosphere. p. 85 . Camb rid ge
University Press. London.
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-• func t ion  of f r e q u en cy  in part I). l’he 16 k l iz  I I R .L is shown along wi th  it s  re fer-
ence in part J. I’a r t s  it and 1. present the ave r ag e , b y t ime block , of the l .~i l v  1111 1$
and I I RI  data wh ich  ar e  presented ~ri par ts  F and J , respectively.

I or certain coefficient  d a ta  points, plotted as as ter isks  I - 
~ . the reflect ion c ef-

fic ient  appear s without -t corresponding GMII .  For the se ’ p a r t i cu la r  da ta , only  the
skvwave-gz-oundway e  ratios could be obtained ~s the’ skywaves  ~ cre too weak to p ro-
v i d e  reliable group de l . tv  in forn iat i on .  The reflect ion coeffic ients  were therefore
est imated using a nominal  G M I I  of 80 km in the  c~~l c u I a t i ~~ns . These est imated e- .t~~f -
f i ct en t  values are included in the averages presented in part s hi  and L. but the
assumed heights arc  not used in the ( IMII  averages  shown in part s ( and K.

5. SUPPLEM EN TARY INF ORMATION

For purposes of comparison and interpretat ion , cer ta in  supplement a ry data are
prese nted . Part \1 of the f igures  shows the magnitude of the hor izontal  component
of the polar magnetic field as recorded on a th ree -ax i s  fluxgate magnetometer  and
part N presents 30- MHz riometer data , an indicator of D-region particle  precipita-
tion . These supple m entary  data were recorded at 30-sec intervals  by RA L ) C /E E P
at Thule AR ;  the curves represent the average of 10-mm periods. The solar zenith
angle is given in part 0 of F igures  3 t h r o ug h  21 for the indicated mid-w eek  date .

6. IONOSPHERIc DISTURBANCE DAT A

The period covered by this  report contained the largest number  of energetic
particle disturbances that hav e occurred since VLF/LI” ionosounding operations
began at Thule  AR in 1974. The report begins during  a Polar Cap Absorption IPCA )
event that had started on 16 Apri l (DAY 106) . The entire period from 16 A pril
ID/t I 106) to 15 May ( D A Y  136) shows lowered reflection height s a~ one particle
event after another occurred. The strong est event occurred on 30 A pri l  (DAY 120).
During this event the riometer indicated a maximum of about dR absorption and the
parallel group reflection height d ropped to approximately 55 km. Subsequent event s
were recorded on 7 May (DAY 127 ) and I I  May  (DAY 131), Final recovery to normal
propagation conditions did not occur until  15 M ay (DAY 136). The effects  of other
particle events can be seen during the following periods.

31 May (DAY 151) — 4 Jun e (D A Y 15- i)
9 June (DAY 160) — 11 June (DAY 162)

23 June (DAY 174) — 29 Jun e (DAY 180)
11 July (DA Y 192) — 19 July (DAY 200)

11



In ad d it i o n  to the  energe t ic  pa r t i c l e’ e v e n t s  the  e f fec t s  of so lar  x — r ay  f l .  res c~oi

be seen in the’ de t . . . ~\ Sud den ionospher ic  Dis tu rbanc e  (511) 1 wh ich  resu l t s  f rom a
sol t r f l a re  c cii he seen in t h e  3—i )  w a v e f o r m  p lots as a r ap id  drop in ref lect ion
heig ht followed by a slower  recovers ’ , The SI t )  us u a l lv  l a s t s  f rom about 30 n u n  to

or 3 h o u r s .  \ l anv  f l a  i e re lated  SI1~S can he seen in t h i s  pe n e d , c ~~~~ Ia l i v
f rom 1 \ l . v  ( I  ~-\ \ I J~~

) — 5 June ’  ( l)/ t \ 156) . •~~ p a r t i cu lar l y  large ’ 511) oc c u r r e d  on
I I  J u ly  ( l ) A \  l~~~) .

7. ADDITIONAl. ( :OMMFNTS

1’hi~ repo ii is one of a se’ n e ’s. ‘~~ 15 C o n un u e i i t s  and s ti~ g e ’st iuns f o r  i nip u o v i n ~
i t s  usefuln ess should h. add resse l to t h e  I ‘r o p .g ct ion l l ranch 1 1’) , Electr o —
mag net ic Sc ien c e s  ) iv i  stein , 1 ) eputv  for  Elect  ron ic I echnologv 1 R~ I )C i : i - I ’ ) ,
i l an scom Al- il , \ l a s~~a c h u s e t t  s 01 73 1 .

~Peca u~7~~ 1 the large number  of references  cited above , the  wi l l  not he lis ted her c.
~~e e ’ Reference  Page 13, for Refe rences  5 th roug h 15. I
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