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VLF/LF Reflectivit y of the Polar Ionosphere

21 September 1975-3 Ja nuary 1976

1. IN TR ODUCT 1O~

This paper provides a summary of high latitude ionospheric reflectivity, as

observed by the USAF s high resolution V L F / L F  ionosoundcr operating in northern
Greenland. 1.2 , 3, 4 , 5, 6 As shown in Figure 1, the transmitter is located at Thule
Air  Base, Greenland (76 ° 33’N. Lat. , 68° 4 0 W . Long.),  and the receiving site is
106 km north at the Danish Meteorological Institute s Ionospheric Observatory in

(Received for publication 15 December 1976)

1. Lewis , E, A ., Ras mussen, J. E. , and Kossey, P. A . (1973) Measurements  of
ionospheric reflectivity from 6 to 35 kHz , J. Geophys. Res., ~~~: 19 .

2 . Kossey, P. A ., Rasmussen, J .E .. and Lewis , E. A. (1974)  VI I-’ pulse iono-
sounder measurements of the reflection properties of the lower ionosphere,
Akademie Verlag, COSPAR , July.

3. Rasmussen, J. E. , McLain , i~.J. , Capt , USAF , and Turtle, J .P.  ( 1 9 7 6)
V L F / L F  Reflectivity of the F’~ lar Ionosphere, 19 January — 2 March  1975,
AFCRL-TR-76-0045.

4 . R asmussen, J. E .,  MeLain . B. J .,  Capt . USAF , and Turtle, J. 1 . ( : 9 7 6 )
V L F / L F  Reflectivity of the Polar Ionosphere. 2 March — ~ May 1975,
RADC-TR-76-004 5 .

5. Rasmussen , I . E. ,  MeLain , R. J .,  Capt. USAF , Turtle, J .P . ,  an’iKlemetti , W .I.
(1976)  VI , I- / L F  Reflectivity of the Polar Ionosphere, 4 Man— S Jul~ 1975,
R AD C -T R - 76 -2 7 0 .

6. Rasmussen. J. l- . • McLa in , H. .1., Capt . USAF , Turtle , J, P.,  and Kle ine t t i ,
W. 1. ( 1976)  V L F / L F  Ref lec t iv i ty  of the Polar Ionosphere, 20 j u l y  —

20 Sept ember 1975 , RA~~~~-TR -76-327 . 
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RECEIVER OANAQ

TRANSMITTER -THULE AB

- - GREENLAND

Figure  1. Geometry  of the I’rop agat ion  Path

Qanaq,  Greenland ( 7 7 °  2 4 N . I ,at . , 69 ° 2 0 W . Long. . Geomagnet ic  I ,at .  89° 06 N . ~.

The ionosounding t r ansmiss ions  consist of a series of extrem ely short ( l e s s  than

150 ji sec) VT ,F ’ pulses,  precisely controlled in t i m e , and radia ted f rom a 130 meter

ver t ical  antenna. At the receiving site , or thogonal  loop an tennas  are  used to sepa-

rate  the two pola r iza t ion  component s of the ionosp h e r i c al l v  ref lected skvwave s igna l .

One an tenna , oriented in the plane of p ropaga t ion , is used to sense the  gr oun dwave

and the “ paral le l ” component of the  downcoming  sk vw a v e .  The second loop. nu l le d

on the  g roundwave ,  senses the ‘pe rpend icu la r ” ~k v w ~iv e component.  The  s ignal
f rom each of the antennas is digi ta l l y averaged to improve the  s i g n al - t o - n o i s e  r a t io

of the  ind iv idua l  received waveforms before they ar e  recorded on m a g n et i c  tape. - \n
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examp le of the observed w a v e f o r m s  is given in I” igure 2 , where the paral lel  wave-
form (F igu re  2a )  consists of ( I )  a groundwave propagated pulse of about 100 gsec
durat ion . (2)  a quiet i n t e rva l , followed by (3)  the fi rst-hop skywave s ignal .  The
perpendicu la r  waveform is shown in F igure  2b.

‘
~~ /‘—GROUND WAVE

PARALLEL SKY WAVE
‘1  ~ \~~~~OMPO NENT

~ 
~~~

_

~
j

_ 
~~~~

,

J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7 “.-~~~~~~~
. — ‘ ‘S - -

w a. Parallel waveform sensed by the loop antenna oriented in the plane of propagation

PERPENDICULAR SKY WAVE

- - S - 

‘S
\
4

C OMPONE NT

b. Perpendicular waveform sensed by the loop antenna oriented perpendicular to
the plane of propagation

0 100 200 300 400 500
T I M E  — MICROSECONDS

Figure 2. t’~~amp le of the (Thserved Waveforms

Ionosph e r i c  reflect ion pa ramete rs  are d e r i v e d  by computer  ( -\ FGI s CDC 6600)

processing of the ground and ionospher ica l lv  reflected wave fo rms  with a l lowance
made  for fac tors  such as ground condu c t iv i ty , and antenna patterns (see ‘~ection 4 ) .

A l thoug h the data Ire recorded about once per m i n u t e . for th i s  p aper  the W 1 V 0
f o r m s  : ir ~ averaged into 2 -hr  t i m e  blocks and  the res ’i l t ing i n f o r m a t i o n  is presented
i n a weekly  fo rma t  ( I . i~~II r ei-  3 th rou gh  l~ a~ i f e s c r j h e d  below .

~~. OBSI- ~R °~ H) %~ ~~~ FFORM~

In pa rt -\ of F i g u r e s  3 through 15 . a set of averaged pa ra l l e l  and pe rpend i cu l a r
wave fo rms  is  presented for the  t ime  hiock centered n e a r  local noon of the  ind ica ted

d”~;. Each of these waveforms is comprised of 2~ f i d i g i t a l ly  averaged  points  spaced

2 ;~sec apa rt . Tn part  13 of the l- ’igures. the groundwave Four ie r  a m p l i t udes  a re
shown IS a funct ion of f requency.  -\ lthough t h e  da ta  presented in parts C th roug h I.

p
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of the f i gu re s  are  gei~~’ r i i v  l i m i t e d  to f r equenc i e s  in the f i r ~it , or p r i nc ipa l . laT e of

the spec t rum , i n f o r m a t i o n  at hig her  f r e q u e n c i e s  can be used when s u f f i c i e n t  s ignal

to noise condi t ions  ‘x t s t ,  There is , however , a f r e q u e n cy  range  a round  eac h

u o c C t r : i l  nu l l  whe re  i l i ’ i I i f t i c i e n t  s ignal  ex ist s  for  m e a s u r e r i i e i l t v .

-h R I - I- I t- : i i n \  IlI-:I( ;)IF ~

The group  m i r r o r  he ig ht ( G \ I I l )  of r e f l ec t ion  was ob t a ined  l v  I l e + e rm ! n i n g  t h e

g roup  d e l  j V of the skvw ay e  r e l a t i v e  to the  g roundwav e  and a t t r i i i l l t i r 8  t h i s  t i n e

d l i f e i -enl -e , i v  s i m p le geometry  ( a s s u m i n g  a sharp ly bounded n , i r r o i - - l i ke ionos-

phere) , to a d i f f e r e n c e  in propagation d i s tance .  As  d i scussed  i n  l ,e s - i ~ et a~ ,

t h e  group delay can he def ined  as the rate of change  of phase  - - ~ t H  fr e q i i en r ’ : . For

th e  G \ l I i  data  p resen ted  in th is  paper , a f i n i t e  f r e q u e n cy  d i f f e r e n c e  of 1• (I k I I z  u-as

u s ed , and the cor responding  phase d i f f e r ence  as a func t i on  “f f r e q u e n cy  for  t h e

g r o u i i l h w a v e  and both skvwave signals was obtained hr F o u r i e r  an n l v s ’ i s  a 1’ th ~’ re-

spect ive pulses .  The G I \ I H  calculations took into a e r c - a i i t  g round  1 v ’ n ) i ’ t i - ; l f v  ( l 0 ’~
:. h o ;  r a c ie r  is z i s s u r l e h ) , ta d the cor rec t ions  of \V ai t  and Howe were  app ~ir ’d .

G roup m i r r o r  he ights  are  plotted as a f u n c t i o n  of f r e q u e r t c v  in pa rt s C - n d  D

of Figures  3 th roug h 15 , as obtained f rom the  paral le l  and p e r p e n d i c u l a r  w’, veh a r r : s .

res p e c t iv e ly . The G ?ilII’ s are also presented as a func t ion  of t i m e - o f - d a y  for  the

v e r a u c  f r e q u e n cy  of 1 3 . 5 kl - Iz in f igures  nar t s  F and I . The p a r a l l e l  G~~h I - i s  in

cart  I ;  are shown along with an ave rage  r e f l ec t ion  h e i g ht for re fe rence

Each  point of t he  r e f e r e n c e  h e i g h t  is a weekly average , by t i m e  h l n c - ,,  for t h e

7 - d ay  period ind ica ted .  The cor responding  pe rpend icu la r  G \ T 1 I ’ s , ct I of the fig-

ures . - i r e  also ahown with the weekl y average for compar ison.  r ’. r t  C g i ve s  t a o

v e r i ge . by t i i r  b lock , for the dai ly  paral le l  (~ U 1i data of part  E . and pa rt ih g ives

the  c o r r e s p on d i n g  perpendicular  G G I I  av er a g e s  f rom t he  daily data of pa r t  1.

-I .  RI iFIk .CTIO \  (:oH FICIEVI s

A s s u m i n g  t h t  the ionrsp here  acts as a m i r r o r  at the ( 1 \ h T , plane  sa lVO re-

f l ec t ion  c o e f f i c i en t s ’ ’  were obtained by compar ing the  ra t io  of the  sk ’ w a v e  l- ’our ie r

1r r i pl i tude  at a spec i f i c  f r e q u e n cy  to that of the  groundwave,  t a k i n g  into ‘c - n a t  t h e

n t en n a  pa t te rns , wa ve  s p r e a d i n g ,  earth curvature , ground c o n d u c t i v i t y , p a t h

i” i i g t h s . ‘n d  antenna pa t te rns  inc luding ground i m a g e  effects .

7 . \t i t ,  J. R. • and h owe , 11.11. (1256 )  Amp l i tu de  and Phase Cu r v e s  for  ( ;r ’or iad -
a v e  P rop a t i on  in the Band 200 Cy cles per Second to ~fl0 Tci locvc les

~~~t~~~~Fr .~~~ - n d . F. S. Circ . , p. 574.
2 , F i ’ l d e r i , h , G . ( 1 9 6 1 )  R a d i o  Waves  in t he  Ionosphere ,  p. 29 , Cambr id ge

I. u i v e r s i t v  Press , l ondon.
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The ref lec t ion coefficient  1 11I1 was obtained from anal ysis  of the paral lel  sky-
wave component and is plotted as a funct ion of f r equency  in part  C of F igures  3

t~..ough 15. The l~~l l  coeff ic ient  for 16 kHz is plotted as a func t ion  of t i m e - o f - d a y

in part F along wi th  the average of the indicated week for reference  purposes.
From the perpendicular skywave pulse, the coeff ic ient  1 Rj  was obtained and
appears as a funct ion of f requency in part 1) . The 16 kHz II RJ is shown along with
its reference in part .J. Parts H and L present the average , by t i m e  block , of the
dail y 1 R~1 and 11 R~~ data presented in parts F and J , respectively .

For certain coefficient data points , plotted as as ter i sks  (*1 , the ref lect ion coef-
ficient appears without a corresponding G\ I H .  For these par t icu la r  data , onl y the
skywave-groundwave ratios could be obtained as the skvwaves were too weak to pro-

vide reliable group delay information. The reflection coefficients  were t h e r e f o r e
estimated using a nominal  G~\ 1H of 80 km in the calculations.  These es t imated
coefficient values are included in the averages presented in par ts  11 and L , but the
assumed heights are not used in the GMH averages shown in parts C and K .

5. SL . PPI.F M F;r ’~TAR ~ I - 5ORM ,~TIO~.

For purposes of comparison and in terpre ta t ion , certain supp lemen ta ry  data are
presented. Figure  par ts  \I and N give the received VLF phase and a m p l i t u d e  f rom
the 17 . 8 kHz station N \ A  (t ransmi t te r  location: Cutler , M a ine ) , as observed at
Thu le  -I B over a 3500-km propagation path . Part 0 of the figures shows the mag-
ni tude of the h o r i z - ) n t a l  component of the polar magnetic field observed with a th ree-
axis fl uxgate magne tomete r , and part P presents 30- Sl TT z r iometer  data , an indica-
t o r of 1) -reg ion - ar t i r l e  are - i p i t a t i a n .  These supplementary data were recorded at
30-sec inte- ’v als  by , \ F G J . ’ s Geopole Observatory at Thule AB;  the curves represent
the a v e rag e  of 10-mm periods. The solar zenith angle is given in part Q of F igu re s
‘3 — 15 for the  i n d i c a t e d  mid-week date.

6. \ E i l ) I TU ) \  “.1 . (( )\I ‘41 F, \1’~-~

It is noted that  a very minor  particle event occurred on DAY 325 (21  Nov ) . The
effects associated with this  disturbance can be seen in the ionosp he r i c  ref lec t ion
heights and in the N A \  phase and amp litude data. The event was too weak to show
any appreciable absorption in the 30 MHz riometer data .

Thi s report is one of a series. 3 ‘~~ 5 , 6 Comments and suggest ions  for  i m p r o v i n g
its usefulness should be addressed to the V L F / U T . F  Techniques  l3ranch (E T E E ) ,
Elec t romagnet ic  Sciences Division , Deputy for E lec t ron ic  Technology ( I 1 A D C / E T K E ) ,
Hanscom AFTI , t IA .  01731.
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