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VLF/LF Reflectivity of the Polar lonosphere
1May 1977 - 3 September 1977

1. INTRODUCTION

This paper provides a summary of high latitude ionospheric reflectivity, as
observed by the USAF's high resolution VLF/LF ionosounder operating in northern
Greenland. b4 As shown in Figure 1, the transmitter is located at Thule Air Base,
Greenland (76° 33'N., Lat., 68° 40'W, Long), and the receiving site is 106 km
north at the Danish Meteorological Institute's Jonospheric Observatory in Qanaq,
Greenland (77° 24'N. Lat., 69° 20'W. Long., Geomagnetic Lat. 89° 06'N). The
ionosounding transmissions consist of a series of extremely short (approximately
100 psec) VLF pulses, precisely controlled in time, and radiated from a 130 meter
vertical antenna. At the receiving site, orthogonal loop antennas are used to sepa-
rate the two polarization components of the ionospherically reflected skywave signal.
One antenna, oriented in the plane of propagation, is used to sense the groundwave
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 before they are recorded on magnetic tape. An
(Received for publication 28 December 1977)

1. Lewis, E.A., Rasmussen, J.E., and Kossey, P.A. (1973) Measurements of
ionospheric reflectivity from 6 to 35 kHz, J. Geophys. Res. 78:19.

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




Figure 1. Geometry of the Propagation Path

example of the observed waveforms is given in Figure 2, where the '""parallel" wave-
form (Figure 2a) consists of a groundwave propagated pulse, a quiet interval con-
taining low level, off path groundwave reflections, followed by the first-hop parallel
skywave component. The perpendicular waveform is shown in Figure 2b.

Ionospheric reflection parameters are derived by computer (AFGL's CDC 6600)
processing of the ground and ionospherically reflected waveforms with allowance
made for factors such as ground conductivity and antenna patterns (see Section 4).

Although the data are recorded about orice per minute, for this paper the wave-
forms are averaged into two-hour time blocks with the exception of the three-dimen-
sional waveform presentations (Section 2. 2). The resulting information is presented
in a weekly format (Figures 3 through 20) as described below.
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a. "Parallel" waveform sensed by the loop antenna oriented in the plane of propagation
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b. '"Perpendicular" waveform sensed by the loop antenna oriented perpendicular to
the plane of propagation

RELATIVE AMPLITUDE

BN | | =Ty |
(o} 100 200 300 400 500
TIME - MICROSECONDS

Figure 2. Example of the Observed Waveforms

2. OBSERVED WAVEFORMS

2.1 Weekly Example of Individual Waveforms

In part A of Figures 3 through 20 a set of averaged parallel and perpendicular
waveforms is presented for the time block centered near local noon of the indicated
day. Each of these waveforms is comprised of 256 digitally averaged points spaced
2 psec apart. In part B of the figures, the groundwave Fourier amplitudes are shown
as a function of frequency. Although the data presented in parts C through L of the
figures are generally limited to frequencies in the first, or principal, 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 measurements.

2.2 Three-Dimensional Waveform Presentation

A three-dimensional display of the recorded I waveforms covering each weekly
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 fifteen minute
time blocks.




3. REFLECTION HEIGHTS

The group mirror height (GMH) of reflection was obtained by determining the
group delay of the skywave relative to the groundwave and attributing this time
difference, by simple geometry (assuming a sharply boundeu mirror-like ionos-
sphere) to 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
groundwave and both skywave signals was obtained by Fourier analysis of the
respective pulses. The GMH calculations took into account ground conductivity
(10 -4 mho/meter is assumed), and the corrections of Wait and Howe3 were applied.

Group mirror heights are plotted as a function of frequency in parts C and D
of Figures 3 through 20, as obtained from the parallel and perpendicular wave-
forms, respectively. The GMH's are also presented as a function of time-of-day
for the average frequency of 16.5 kHz in figure parts 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 fig-
ures, 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. REFLECTION COEFFICIENTS

Assuming that the ionosphere acts as a ""mirror" at the GMH, plane wave re-
flection coet‘fic:ients4 were obtained by comparing the ratio of the skywave Fourier
amplitude at a specific frequency to that of the groundwave, taking into account the
antenna patterns, wave spreading, earth curvature, ground conductivity, path
lengths, and antenna patterns including ground image effects.

The reflection coefficient 1 R” was obtained from analysis of the parallel sky-
wave component and is plotted as a function of frequency in part C of Figures 3
through 20, The I R” 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 I R _L was obtained and appears

3. Wait, J.R., and Howe, H.H. (1956) Amplitude and Phase Curves for Ground-
Wave Progagation in the Band 200 Cycles per Second to 500 Kilocycles, Nat.
ur. Stand. U.S. Circ. No. 974,

4, Budden, K. G. (9161) Radio Waves in the Ionosphere, p. 85, Cambridge
University Press, London.
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as a function of frequency in part D. The 16 kHz || Ry is shown along with its
reference in part J. Parts H and L present the average, by time block, of the
daily ||R|| and [|R_| data presented in parts F and J, respectively.

For certain coefficient data points, plotted as asterisks (¥), the reflection
coefficient appears without a corresponding GMH. For these particular data, only

the skywave-groundwave ratios could be obtained as the skywaves were too weak

to provide reliable group delay information. The reflection coefficients were there-
fore estimated using a nominal GMH of 80 km in the calculations. These estimated
coefficient values are included in the averages presented in parts H and L, but the
assumed heights are not used in the GMH averages shown in parts G and K.

5. SUPPLEMENTARY INFORMATION

For purposes of comparison and interpretation, certain supplementary data are
presented. Part M of the figures shows the magnitude of the horizontal component
of the polar magnetic field as recorded on a three axis fluxgate magnetometer and
part N presents 30-MHz riometer data, an indicator of D-region particle precipita-
tion. These supplementary data were recorded at 30-sec intervals by RADC/EEP
at Thule AB; the curves represent the average of 10-minute periods. The solar
zenith angle is given in part O of Figures 3 through 20 for the indicated mid-week
date.

6. IONOSPHERIC DISTURBANCE DATA

It is noted that during this period one minor energetic particle event occurred
beginning on DAY 207 (27 July). This disturbance produced less than 0.5 dB of
absorption on the 30 MHz riometer; however, its effects are clearly seen in the
VLF/LF reflectivity data (Figure 15). There was a drop in the apparent reflection
height to about 70 km, followed by a gradual return to normal conditions over the
next 3 days.

7. ADDITIONAL COMMENTS

This report is one of a series, @0 €5 s S5 NG b £8

Comments and suggestions
for improving its usefulness should be addressed to the Propagation Branch (EEP),

Electromagnetic Sciences Division, Deputy for Electronic Technology (RADC/EEP),
Hanscom AFB, Massachusetts 01731,

(Because of the large number of references cited above, they will not be listed
here. See Reference Page 85 for References 5 through 12,)
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Figure 3. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 121 (1 May) — DAY 127 (7 May) 1977 (Cont)
Part R. || Waveform Display

14




System
R SYVCHRONIZATION

T, LOCAL NOON —

RECEIVED WAVEFORMS - PERPENDICAAR

AY 121 - DAY 127

ot 7 §

t T s T T =
o 100 200 300 400 200

Figure 3. VLF/LF Reflectivity Data for the Polar Ionosphere,

DAY 121 (1 May) — DAY 127 (7 May) 1977 (Cont)
Part S, L Waveform Display

15




e ——— — —

LLBT (BN %1) $€1 AVA — (KB 8) 821 AVA ‘aaaydsouc] Jejod oy} 1oy eyeq £31a13091J0Y ATT/ATA ‘¥ 24nsL4

VYO JAVMANS ¥VIND 1N3d¥3d WO SIN3ID 144300 NOLLOTIA 8" QLY 120SSY ONY SLHOI3 NOILOTIS38 HONHIW dNO¥9 "Q

(ZHM) AJIN3NO3Y¥4 X r (ZHMX) >UZm:cuzmﬁ .
L LA L SE0} Al g50e gige g PR L 351 IAVMONIO¥ 40 WNKL3AS 30011 \dwy ¥318N04 8
e Ho
5 - (e01X)AININDINS
- - 008 0'0r 0-02 0'0o
2 ~ 2 4 s
o o =3
@ s & =
H g g
3 .2 3 =
5 5
B L
3 ® - 2 3
m
) f- 38 D
R ) =
3 g =
e | 5
= 4 .0]
a3 o—
s~ N
o
m
S
.0 o
o T
b3 ©
i
:
5
nvo
. 5
VAVG IAVMAXS 13TIVEV4 WONS SINIID 144300 NOLLDTI3 4" GIIVID0SSY ONY SIHOIH NOLLOTIS3Y HOUNIW dNO¥D
ks (ZHY) AININD3IYJ b ot 2 AIN3ND3Y o. .
(A 30 ol ey e £ Pm = €1 AV “LN0091 - SWHOI3AVM G3AIDI3Y ¥
g g
~ ~ (SONOIISONIN) IWIL
& 008 oov ooc [ oot °
: PRI
14 -
s LA
8 8
3 38 3 :
] B WIND10N3NIe 3
1 =
® z 3
o 30 £
o S H
' m ﬂm
3 = RER
%.‘\. “u
82
g
s
7 8
s




e

AU0D) LLET (KB ¥1) €T AVA — (KEI 8) 821 AVA ‘2Iaydsouo] Jefod 2y} 10§ eyeq Apanoeyey JA1/A7TA  ‘p sanSig

€0 AYQ - 319NV HIINIZ ¥¥10S O
11N0) JulL
2

v oow s
el

"

2

o

[onn ™

k3

=

e e e |

» »

2

2

-

o g

s
“os

vava ¥ niva 0 ovaav

[ JOU. 0. 00 FOON JO0S 0

e

WIY0 1BV VID10NI¥3d) HWO ATIVO S0 JOVHIAY X
L !

B.N.B..0..0

1N B B i o & & HLWOR B N
=
: &

9 1Y t I [y & 0T LN D INNOAWOD H W

e e s T S
é{!{({l\)\/}(’\} .‘m

1WD - AYG 40 WL 2430 9 804 SINIID144300 NOLLIT430 Tl 1
Lo e a0 o N, IR0 e et TINT O T O B 5ok SO TR I e ot R T O s I oo e,
*gtet, tes grltets £°.%0, Sese Paesd i ety BT ¢ é 4
£ : N s b+ 2. . : vei. s
i R LT SO UG TS e SR PR SR L I T flaee. 4
. . AL B

D2 0L B

VAVO AYMAXS ¥VINDION3A¥3d WOHS ZHx § 91 B0 SIHO I3 BOB¥IW 4N0¥9 |

503

e e

£ . i

vive "' A1iva 10 TovEAY W
| TR T SO T

§ JOU JO0 ) U TS TS T T8 %) PO T )

-oo-.ocnccu-o..-o-u-

.
Tee?

.
cese.,

1 v
5. 0.3

i/ Jo )

h......._...m

AW9 - AYQ 30 WIL

2 o
5.0 3

D208 0. 8.0 0. 0

5

ZHX 091 804 SINIID 144300 NOLLD I3 "¢ 5

-
YOO IO JO0 J00 300 3008 JOUC IO 3

»

m........__.. .m

VAVOOITIVEYY! WO ATIVE 40 JOVEIAY "9

i)

$ e VA C s RS, s Wi

| SRR S ) 1 R SO )

uo.n-u.u.on».~un-uucu.n ..@

VAVQ 3AYMAXS TITIVEVE WOBS ZHX § 91 303 SIHO13H BOUNIW oy 3

LS N6 Y G YO S0 00 UK JOUS JON JON O TS PO ) LTSN J00 ) U S NN JOUG TOOU TN . U6 500 JOUS TOU JOUL N S T0% I JUOC JOUL JOUT YO0 TN TG IO T O T T O T e
u...-.. 2 Cefeceny faeecg,? sooelve. e® %00, * ea%cee, ceveve, uo..... :
- LT o 3 LR ‘egee? O Cestet Ce 00 “eveenid Cret.t.
= S = “ = = - - < =
3 i " & £21 A¥O - 121 AYQ 001¥3d 1 ¥04 XDUTE IWIL IOH OML AB JOVHIAY AYONIAKS « s

SHJ0 WL ¥NOH OML NI QI9VHIAY VIVO ATIVE

17




138
197

1341800
34,4000 8

NOON —

o < 200 300 400 500
TIME - MICROSECONDS

—_—

Figure 4, VLF/LF Reflectivity Data for the Polar Ionosphere,
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VLF/LF Reflectivity Data for the Polar Ionosphere,

DAY 135 (15 May) — DAY 141 (21 May) 1977 (Cont)

Part R. || Waveform Display

Figure 5,
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DAY 135 (15 May) — DAY 141 (21 May) 1977 (Cont)
Part S. L. Waveform Display

Figure 5.
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Figure 6. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 142 (22 May) — DAY 148 (28 May) 1977 (Cont)
Part R. [} Waveform Display
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Figure 6,

DAY 142 (22 May) — DAY 148 (28 May) 1977 (Cont)

Part S, L. Waveform Display

27




LLBT (Unf %) GST AVA — (KB 62) 6% AVA ‘dI9ydsouo] Je[0d 3y} J0] eyed AJIAIPLJOH JT1/dTA ‘L 2andig

VAV JAVMANS ¥VIND1ON3d¥3d WORS SINIID 144300 NOLLOTA3Y Tu'" GLVIDOSSY ONY SIHOI NOILITIZE HONIW dNOYD “Q

] (ZHY) AIN3NO3Y4 ] _LZH®) AIN3INO3¥J .
0-0r 0°0€ 002 0°01 oo oo 0°0¢ 0°02 0°01 0 m P 25774 JAVMONIOND 50 WHALISS 3001 31O °8
e 3
g 8
~ ~ (¢01X)AIN3INO3YA
A 0°09 0" 0¥ 0°02 000
2 ] T
3 o S o o g
1 g o 3 e
3 8 2
3 -2 9 &
el @
58 le %
> & o §
3 2 = 2 3
E | i z D
| E ] £
E | 3 x =
{ = =~
] = {on
! 8z o—
i e~ N
]
I m
W ] g
1 5 19
| i mU (-]
= N
= 5
3
5
uvo
o
(9

VIVO IAVMAXS TATIVEVA WOU SIN3ID 144300 NOILITZY "y" GLUVID0SSY ONY SLHOI3H NOILOTIAZY BOXYIW dNO¥D )

. L (ZHNY) %uzuscumu ’ . (ZHM) %Uzusowm_m ;
0oy 0°0¢ 00z 0ot e ; 00y 0°0¢ 00 g 2 m § 261 AVQ "IWO0091 - SWHOL3AVM GIAIDO3N Y
= & Copiesiiy oo 0
008 oo
: 3.2
2 S0
m - m — T z
] 23 z
m om WINIIONIAN H
>
2 5 !
| 2 .
| - =
A -
m £
g
M 5
1-

0°021




(U0D) LL6T (Unr %) SST AVA — (AeW 62) 6% AVA ‘dI2ydsouo] Jefod 2y} I0] eyed A3raldayay J71/4TA L 2andid

261 AVQ - JYONY HLINIZ 8V10S O
(1M0) WIL
a
—— e S

WOl e e N

VIVO ¥33W01¥ ON

T
e

10301 30Ny HLINIZ WHI0S

% O34 JIINWVW 0 INNOGWOD H W

e e ok b M
Sos l{?)})\f\{)\(ﬂ%
e

viva T A1iva 10 vy 1 W9 - AV 40 WIL ' ZHY 0 9 303 SIN3ID 144300 NOLDTIAE Tl 7
a0 i

PO TR0 T SO ) TI00. J00 000 3000 JOUS T8 JOUS 0000 50008 U OU0 JO0. J00 300 000k TR JOU0 T 0030 S 00t VR IO 00 T00. 000 D0o TOUR SO0 JOU SO0 060 300k TOUC IO O 00 100 000t WL OO )
i % . 7 0 =

) . . 5

L .
% 5 5 L gaeE .o”".u.- ou. L SO o . n..'o- e Sy ol % £ .
L ..m L e Ul | LA R Ay it v, TR Sed ss .xm
i e i i i i -

29

VAVQ JAYMAXS ¥VIND 1ON3d¥3d WONS ZHX § 91 ¥O04 SIHO I BOU¥IW ¢N0¥D |

YAV I8V IO 1ONIGE3E) HWO AVIYQ SO JOVEIAY
13 j U 00 50 TN JOUS JN YU . JOU ) 506  FUOK JOUR SO TN YO0 TG ) SO TOUS JUUR JUU YU U S JUUL JOUR SR JUU_ JON ) U S UL JUUR JUUL JOU  JUU ) JUN I SO JUUS NS JOU _ J0U SO S J0UK JOUS S ]

4

-.o..n--..m.uon-o.-no

£]

.
M AR L PP

Pee
.
-
.
.
.
.
.
.
.
.
.
'
-
.
.
.
.
.-
.
.
.
.
-
tiie

1wd - AvQ 20 WiL 2104 0°91 803 SIN3ID144300 NOLLOTZY ¥ 5
= .

H - i i i i i i ‘ 3

i 3
VAYOTETIVEYA) HWO ATIVD 0 J0VA3AY 9 VAVO JAVMAXS TITIVEVS WOUS ZHX § 91 %04 SIHOIIM HONXIN dN0¥D 3
IO TN TN T | J TR 00 T SO0 JOUU U0 T 00 100 TS JOUS JOUU JOU_ J0 ) JO0 J FOUR JOUS TS JOU 3 00 JOU TUUN JOUU JUNE YU 00 JOUTOU JOUU JOUL JOU . J00J0% ) JUUL JOUU JUUE JOU._ U0 ST JOUL SO0 IO
- - - i - -
- . i Y = ..

L ol B! Sty 0., : W $.%s : . e U4 LY
= ......um “ee RS TR LT R ......«....-....-.q. -...-....m.n....-.-.nm. * ...u....m
i = - - - - - - -
< & = . . = 1 AVG - 291 AVQ QO1¥3d 31 404 XD018 IWLL 8NOH OML AR J0VHIAY AVONIAK + -

SXJ08 IWIL ¥N0H OML NI Q3OVE3AY VIVO AIVE ©




()
&
A &
P
Yow
CSa=
v~ Q
280
\;l(\
- *
- .
T
e T
o
~ -




VLF/LF Reflectivity Data for the Polar Ionosphere,

DAY 149 (29 May) — DAY 155 (4 Jun) 1977 (Cont)
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Figure 9. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 163 (12 Jun) — DAY 169 (18 Jun) 1977 (Cont)
Part R. Il Waveform Display
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Figure 9. VLF/LF Reflectivity Data for the Polar lonosphere,

DAY 163 (12 Jun) — DAY 169 (18 Jun) 1977 (Cont)
Part S, L. Waveform Display
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y Data for the Polar Ionosphere,
977 (Cont)
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VLF/LF Reflectiv
DAY 170 (19 Jun) — DAY 176 (25 Jun) 1

Part R. Il Waveform Display

Figure 10,
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Figure 10. VLF/LF Reflectivity Data for the Polar Ionosphere

DAY 170 (19 Jun) — DAY 176 (25 Jun) 1977 (Cont)

Part S. L Waveform Display
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Figure 11. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 177 (26 Jun) = DAY 183 (2 Jul) 1977 (Cont)
Part R. II Waveform Display
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Figure 11. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 177 (26 Jun) — DAY 183 (2 Jul) 1977 (Cont)
Part S. L Waveform Display
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FCTIVED WAVEFORMS - PARALLLL
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Figure 12.
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VLF/LF Reflectivity Data for the Polar lonosphere,

DAY 184 (3 Jul) — DAY 190 (9 Jul) 1977 (Cont)
Part R. || Waveform Display
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Figure 12, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 184 (3 Jul) — DAY 190 (9 Jul) 1977 (Cont)
Part S. .L. Waveform Display
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Figure 13, VLF/LF Reflectivity Data for the Polar Jonosphere,
DAY 191 (10 Jul) — DAY 197 (16 Jul) 1977 (Cont)
Part R. 1l Waveform Display
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Figure 13. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 191 (10 Jul) — DAY 197 (16 Jul) 1977 (Cont)
Part S, 1 Waveform Display
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Figure 14. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 198 (17 Jul) — DAY 204 (23 Jul) 1977 (Cont)
Part R. |l Waveform Display
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VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 198 (17 Jul) — DAY 204 (23 Jul) 1977 (Cont)
Part S. L Waveform Display

Figure 14,
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Figure 15, VLF/LF Reflectivity Data for the Polar [onosphere,

DAY 205 (24 Jul) — DAY 211 (30 Jul) 1977 (Cont)
Part R. |l Waveform Display
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DAY 205 (24 Jul) — DAY 211 (30 Jul) 1977 (Cont)
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Figure 16, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 212 (31 Jul) — DAY 218 (6 Aug) 1977 (Cont)
Part R, W Waveform Display
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Figure 16. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 212 (31 Jul) — DAY 218 (6 Aug) 1977 (Cont)
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Figure 17. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 219 (7 Aug) — DAY 225 (13 Aug) 1977 (Cont)
Part R. Il Waveform Display
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Figure 17, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 219 (7 Aug) — DAY 225 (13 Aug) 1977 (Cont)
Part S. L. Waveform Display
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Figure 18. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 226 (14 Aug) — DAY 232 (20 Aug) 1977 (Cont)
Part R. (] Waveform Display
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Figure 18. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 226 (14 Aug) — DAY 232 (20 Aug) 1977 (Cont)
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Figure 19. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 233 (21 Aug) — DAY 239 (27 Aug) 1977 (Cont)
Part R. |l Waveform Display
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Figure 20. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 240 (28 Aug) — DAY 246 (3 Sep) 1977 (Cont)
Part S. | Waveform Display
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RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
(c3) activities, and in the 3 areas of information sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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