
r
AD—A 034 023 ROME AIR DEVELOPMENT CENTE14 GRIFFIfl Ate N V Ffl Wi

VLF/LF REFLECTIVITY OF TIlE P3LAR IONOSPHERE. ~S MAY — 5 JULY 197——EtC it))
AUe 76 a E RASMUSSEN. R II MCLAIN. J P TURTLE

UNCLASSIFIED RAOC—TR—76—27O Pt

__



i r~ L~. I~2~ ~~25
Iflfl~~~

_ _ _  
L ~ 2 2

III

I i  I~ ~ 2.O

• ~~L8

u)fl~
I .25 11I11i•~ IIIII~

M$(~~~)~~ I~ S(lL ~~J I L ( ~N I I

kl)RIA II ~.I ~~~



- -

‘S 

- ----

~~ 

—

_  

f

I VLJ/LF Reflectivity of the Polar Ionosphere
4 may-5July 1975

~~iIN I. 1A UUEN
IM~ 4 j  MdMN, C~~e, USAF

p .

~~NLKUW~Th

. .~s; d~sdbutIS .a1kud~dj

- ~~~~~~ ~~~~~~~~ 
— ‘

~ 
-

I •
~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

I 
p

4 .

~~~ ~~~~ 

Y~~~~13d l1i

-. ~
y.

.4 ‘ p  1’



I

This r.poxt ha b..n rsviswsd by tb. MDC Thfor~~tion Of fic. (01)
*1 is r.lrnabJ.s to th . lationa] ‘adinical Intor tion Ssrvic.
~W~1l) . At ~T1S it will ha r.l .aaabl. to th. general public, in-
ciuding for.ign nations. -

Thin t dinicai rapcrt has b e n  r.vi.wsd and apçroved for publication .

~~~~l~~}’ 4~~~~~A .  t Z A. L ii$, d~i.f. V L~

~~~~ I~~~~ I A a ~~C.
I]sctxc~~~~ tj c Sojano,. Divisio,

IOR ~~~ 

,~71hJ...P~%.41

P]... Offics

4 ~~ 

r

~~ 
1 k 

I.



- —

•0
T T.i..1..g1flpd

$ICUNIT~ Ct A$$’p14 *TION O~ ‘rw,~ ~2I I~~~~—~ ~~~~~~~~~~

REPORT DOCkJMENIATIOH PAGE ~~l ‘~I I f !  I t  

--

c~ 
— ~~~~ Acc!SSt’N NO T )  • F’~~.’ ~~~~~~~

~ADC-T~~-76-~7 — _____

~ ‘~~~( ) 
t.  r~~ S PtSIoO COV !N~~O

~~~~~~ ~~ FLECTIvrrY oF THE~~~ L~~~~~~~
J

~~~ln-HoUse 
~~P~~~~T NUMS~~~~

• ~ ~~~~~ 
~~~~

JKle
m1 

~~~t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t , ~àj:

Deputy for Electronic Technology (RADC/ETEE) ‘II ’ NUM SE

nsconl • 6—~Massachusetts 01731  
_________

I I .  CONTAOU.ING o~~FICI NA ME AN D ADONESS — - ___________

Deputy for Electronic Technology (RADC / ET EE) 
A

Hanacom AFB IP 
1% 
-

Massachusetts 01731 29
— .-.. M I S  AObN(SS(U~~S,., d fr ~~ CSSf l.II if td OUl e.) II- SI CU NITY CLASS. (.1 Ms ~~~~~~~ 

—

_____ Ir~~~ / Unclassified

~ J . li~~~~ EC~~ASSIIIC A tION ‘DOWN GRADI NG

STA?IMtN~~ ~~~~~~~~ R~~~~~~)

Approved for public release; distribution unlimited.

TI. OISTRIOUTIOI4 STAT EMEN T (~f 0. ~~~frac~ sIIM. d Is It.cA 20. II ~~IIs vMS ks. R.ps.t)

IS. $URRI. EMI N?*RY NOTES

*Bark tey and Dexter L.abora tor ies, Inc. . Fitchburg. Massachusetts

.. KEy NORDi (Cs.0u.S s. ~~~~~ .,~~ if ss.....v s.~ ~~~~~~~ 50.0 sus.0.)

VLF propagation
LF propagation
Lower ionosphere

It APSI *ACT (Csus~~~. ..... .~* N aa ss.~~ s.0 I a, 550* ~~~ S.v) -

This report provides a summary of high latitude ionospher ic reflectlvtty
observed by the USAF high resolution VL.F/LP lonosounder operating in

northern Greenland. Ionospheric reflectivity parameters, Including reflection
heights and coefficients , are pres.ntsd *5 a function of time of day. VLF long
path propagation measurements, along with magnetometer and riometer data.• , 
are presented as supplemental Information. 

~~~~~~~~ -

DO , 
~~~~~~~~~ 1473 IDI ?)ONSP S NOV II I O~SOI.STE

UCUNITV C~ ASS ,YS CAt,. ’W ~~S ?I45$ P501 (~~•s 50a 0Wsu.~) 

~~ c29 ~2~5~ )
~~~~~~~~~~~~~ 

-

~~

-

~~~~~

-- ~~~~~~~~ ~~~~-—~~~~~--rt~~~~ -‘-- 1~~~~~~ - — g  j—



0 flneLaos ified
S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  PAGI(1Ths. 0.15 Z.I. 4)

4

Jnclaaalfi.d
SICUOStY C4.AAMPICA?ION OP twO PAS1~~~~s. DO. &.Ns.O

-~~~



I

Preface

The authors tha nk in particula r Dr. Edward A. Lewis for valuable discussions
on preparing this paper, Mr. Royce C. Kah ier of Bark ley & Dexter Labs for help
with the equipment t hat made the measurements possible , and Mr. Jens Ostergaard
of the Danish Meteorological Inst itute for the outstandi ng operation at Qanaq,
Greenland.

This research effort was funded in pa rt by the Defense Communication Agency
under the Tn -Service Propagation Program .

- ~~~~~~~~~~~~~~ .~.P$

• 

I 

~~~~~ ol

3

- 
— 

5- - - -~~~- - - - -  ~~~~~~~~ -- ---. - -- - -- - --------  -

_ _ _  - - -  - -



- __ .-~5,.__~___. _*_•_____.- - - “——5———-- ———--. -—- — .  - - — - - - - - -

Contents

1 1. INTRODUCTION 7

2. OBSERVED WAVEFORMS 9

3. REFLECTION HEIGHTS 9

4. REFLECTION COEFFICIENTS 10

5. SUPPLEMENTARY INFO RMATION ii

• 6. ADDITIONA L COMMENTS 11

REFERENCES 28

Illustrations

1. Geometry of the Propagation Path 8
2, Exampl, of the Observed Waveform s 9
3. VLFILF Reflectivity Data for the Polar Ionosphere,

DAY 124 (4 May) — DAY 130 (10 May) 1075 12
4. V L.F/LF Reflectivity Data for the Polar Ionosphere,

DAY 131 (11 Ma y) — DAY 137 (17 May ) 197 5 14
5. VLFILJ RCflecttvtty Data for the Polar ionosphere,

DAY 138 (1$ May) — DAY 144 (24 May ) 1975 16
8. VLF/ L? Reflectiv ity Data for the Polar Ionosphere,

DAY 145 (25 May ) — DAY 151 (31 May) 1975 13

S

— ——~~~~~~ 
*

4 
- 

‘r- - - —



- -

I llus tr aHons

7 . VLFILF Reflectiv ity Data for the Polar Ionosphere ,
DAY 152 (1 June) — DAY 158 (7 June ) 1975 20

8. VLF/LF Reflectivity Dat a for the Polar Ionosphere .
DAY 159 (8 June ) — DAY 185 (14 June ) 1975 22

9. VLF/ LF Reflectivity Data for the Polar Ionosphere ,
DAY 173 (22 June ) — DAY 179 (28 June ) 197 5 24

10. VLFILF Reflectivity Data for the Polar Ionosphere ,
DAY 180 (29 June ) — DAY 186 (5 July ) 1975 26

I

6

• —

_ _ _ _  -— - __



— 

_

I
VLF/ LF R.fl .ct iv ily of the Polar Ionosp here

4 May— 5 July 1975

L ITITIODUCTION

This paper provides a summary at high latitude ionospheric reflectivity, as
observed by the USAF ’s high resolution VLF/LF ionosounder operating in northern
Greenland, 1, 2.3.4 As shown In Figure 1, the transmitter is located at Thule Air
Base Greenland (70’ 33’N. Lat. , 68~ 40W. Long. ), and the receiving site is
106 km north at the Danish Meteorological Institut e’s Ionospheric Observatory in
Qsnaq. Greenland (77 ’ 24’N, Let.. 69 20’W. Long. . Geomagnetic Lat .
39~ 06 N. ). The tonosounding transmissions consist of a series of extremely
short (less than 150 ~Lsec) VLF pulses, precisely controlled In time, and radiated
from a 130 meter vertical antenna. At the receiving site, orthogonal loop antennas

• are used to separate the two polarization components of the ionoapherically
reflected skywave signal. One antenna, oriented in the plane of propagation is
(Received for publication 30 August 1976).
1. L ewis , E. A., Rasmussen, i.E. • and Kossey, P. A. (1973) Measurements of

ionospheric reflectivity from 6 to 35 k}fz , J. Geopltys. Res., 78:19.
2. Kossey, P. A. , Rasmussen, i.E., and Lewis , E.A. (1974) VLF pulse iono-

osonder measurement s of the reflection properties of the lower ionosphere.Akademie Verlaq , COSPAR, July.
3. Rasmussen , J. K. • McLain, Li. • Capt . USAF, and Turtle, J. P. (1976)

VLF/ LF R.flsctivlty of the Polar Ionosphere , 19 Janu ary — 2 March 1975,
A FVkL-TJ1 -75-5045.

4. Rasmuss en , i.E. , MoLain, Li. , Capt. US.AF, and Turtle, J. P. (1976)
VL.P/LY Reflectivity of the ~ oIar Ionosphere, 2 March — 3 May 1975,
RAIX .frR.T..145.
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Figure 1. Geometry of the Propagation Path

used to sense the groundw*ve and the “parallel” component of the downcoming
skywave. The second loop, nulled on the groundwave, senses the “perpendicular ”
skywave component. The signal from each of the antennas is digitally averaged to
Improve the signal-to -noise ratio of the individual received waveforms befor e they
are recorded on magnetic tape . An example of the observed waveform s is given in
Figure 2 , where the parallel waveform (Pigure 2a) consists of (1) a groundwave
prop agated pulse of about 100 Iiaec duratIon, (2) a quiet Int erval, followed by (3) the
first-hop skyways signal. The perpendicular waveform is shown In Figure 2b.

Ionospheric reflection parameters are derived by computer (AF~~~’s CDC 6600 )
processing of the ground and ionosphertcaUy reflected waveforms with allowance
made for Mctors such as ground conductivity, and antenna patterns (see Section 4).
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a. “Parallel” waveform sensed by the loop antenna oriented in the plane of propagation

~~~~~~~~~~~~ SKY WAVE
COMPONENT

— —

b. “Peflundlcular” waveform sensed by the loop antenna oriented perpendlcular to
the plane of propagation

I
_ 
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Figure 2. Examples of the Observed Waveforms

Although the data are recorded about once per minute , for this paper the wave-
forms are averaged into 2-hr tim e blocks and the resulting informat ion is presented
in a weekly format (Figures 3 through 10) as described below .

2 OBSERVED WAVEFORMS

- 

• In part A of Figures 3 through 10, a set of averaged parallel and perpendicular
wave form s is presented for the time block centered near Local noon of the indIcated
day. Each of these waveforms is comprised of 256 digitally averaged point s spaced
2 psec apart. in part B of the figures , the groundwave Fourier ampli tudes are

• shown as a function of frequency . Alt hough the data presented in parts C through L
of the figures are generally limited to frequencies in the first, or principa l, lobe of
the spectrum, Information at higher frequencies can be used when sufficient signal
to noise conditions exist. There is, however , a frequency range around each
spectral null where Insufficient signal exists for measurement.

3. REFLECTION HEIGh TS

- 
- The group mirror height (GMH ) of reflection was obtained by determining the

group delay of the skyway. relative to the groundwave and attr ibuting this time differ-
ence , by simple geometry (assuming a sharply bounded mirror -like ionosphere), to

F t  
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a difference in propagation distance. As discussed in Lewis et al , the group
delay can be defined as the rate of change of phase with frequency. For the GMH
data presented in this paper, a finite frequency difference of 1. 0 kHz was  used,
and the corresponding phase difference as a function of frequency for the ground -
wave and both skywave signals was obtained by Fourier analysis of the respect ive
pulses. The GMH calculations took into account ground conductivity (lO ’

~ mh o/rn
is assumed), and the corrections “~~ “alt and Howe5 were applied.

Group mirror heights are plotted as a function of frequency in parts C and D
of Figures 3 through 10, as obtained from the parallel and perpendicular waveforms ,
respectively. The GMH’ s are also presented as a function of time-of-day for the
average frequency of 16.5 kHz in figure part s E and I. The parallel GMH’ s in
part E are shown along with an average reflection height for reference purposes .
Each point of the reference height is a weekly average, by time block , for the
7 -day period indicated. The corresponding perpendicular GMH’s, part I of the
figures, are also shown with the weekly average for comparison. Part G gives
the average, by time block , for the daily parallel GMH data of part E, and part K
gives the corresponding perpendicular GMH averages from the daily data of part I.

4. REFLECTIO N COEFFICIENTS

Assuming that the Ionosphere acts as a “rr,irror” at the GMH, plane wave
reflection coefficients6 were obtained by comparing the ratio of the skywave
Fourier amplitude at a specific frequency to that of the groundwave, taking into
account wave spreading, earth curvature, ground conductivity, path lengths , and
antenna patterns Including ground Image effects.

The reflection coefficient fl Rft was obtaine d from ana lysis of the parallel
skyways component and Is plotted as a function of frequency in part C of Figures 3
through 10. The coefficient for 16 kHz is plotted as a function of time-of-day
In part F along with the average of the indicated week for reference purposes .
From the perpendicular skywave pulse, the coefficient was obtained and
appears as a function of frequency In part D. The 16 kHz is shown along with
its reference in part J. Parts H and L present the average, by t ime  block, of the
daily 11R11 and 11 R1 data presented in parts F and J, respectively.

For certai n data points, plotted as asterisks(*) in parts F or J of the figures .
the reflection coefficient appears without a corresponding GMH In part E or I. For
5. Wait , J, R . ,  and Howe , H. H, (1956) Amplitude and Phase Curves for Ground-

Wave Prop agation in the Band 200 Cycles per Second to 500 Kilocyclea.
Nat, Bur. Stand. U.S. CIrc., p. 574.

6. Budden , K. C. (1961) Radio Waves in the Ionosphere , p. 85, Cambridge
University Press, London.
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.4 • • • • • • - - _ _ _ _ _ _



— --5- -

these particular data , only the skywave -groundwave ratios could be obtained, as

the skywaves were too weak to provide reliable group delay information. The re-
flection coefficients were therefore estimated using a nominal GHM of 80 km in the
calculat ions. These estimated coefficient values are Included in the averages pre-
sented In parts H and L, but the assumed heights are not used in the GMH averages
shown in parts G and K.

S. SUPPLEMENTARY INFORMAT IO N

For purposes of comparison and interpretation, certain supplementary data
are presented. Figure parts M and N giv e the received VLF phase and amplitude
from the 17. 8 kHz station NAA (transmitter location: Cutler, Maine), as observed
at Thule AB over a 3500 -km propagation path. Part 0 of the figures shows the
magnitude of the horizontal component of the polar magnetic field observed with a
three-axis fluxgat e magnetom eter , and part P presents 30-MHz riometer data , an
indicator of D-reglon particle precipitation. These supplementary data were
recorded at 30-sec intervals by AFGL ’s Geopole Observatory at Thule AB ; the
curves represent the average of 10-mm periods. The solar ?enith angle is given
in part Q of Figures 3 - 10 for the indicated mid-week date.

6. ADDITIONAL COMMENTS

This paper is one of a series. ~~~~~~ Comments and suggestions for improving its
usefulness should be addressed to the VLF/ULF Techniques Branch (ETEE).
Electromagnetic Sciences Division, Deputy for Electronic Technology (RADCIETEE) ,
Ha nscom AFB, MA. 01731.
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