AD-A012 628
MODELING OMEGA PCA PHASE ADVANCCS
P. E. Argo

Naval Electronics Laboratory Center
San Diego, California

1 May 1975

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE




¢ ik i lind Zaue )

i : |
i
@D
o\,
o MODELING OMEGA PCA PHASE ADVANCES
i
&
<
(=)
<C
P. E. Argo 1 May 1975
Research and Development
September 1974 through February 1975

Prepared for il D4 | |
Naval Air Systems Command (AIR 370) s

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

NAVAL ELECTRONICS LABORATORY CENTE
SAN DIEGO, CALIFORNIA 92152

NATIONAL TECHNICAL
INFORMATION SERVICE

US Department of Commerce
Springfield, VA, 22151




" — e
R

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGC (When Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE | EEAD HERRUCTIONS I
T. REPORT NUMBER 2. GOVT ACCESSION N0 3 RECIPIENT'S CATALOG NUMBER
NELC Technical Report 1950 (TR 1950)
& TITLE (ant Sudtitie) 8. TYPE OF REPORT & PERIOD COVERED
Research and Development
MCDELING OMEGA PCA PHASE ADVANCIS S0yt I a0 b U759
6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(r)
P.E. Argo
5 PERFORMING ORGANIZATION NAME ARD ADDRESS 10. PROGRAW ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS
TN 1 R Ao . , Conte
Nuval Uu!n‘mlus Ld{)()l’d!()r'\ Center NELC M207
San Diego, CA 92182
11. CONTROLLING OFFIC.: NAME AND ADDRESS 12. REPORT OATE
Naval Electronics Laboratory Center 1 May 1975
San Diego, CA 92152 13. NUMBER OF PAGES
38
% MONITORING AGENCY NAME 8 ADDRESS(I! different from Controlling Office) | 15. SECURITY CLASS. (of thie report)
Naval Air Systems Command (AR 370) UNCLASSIFIED
Washington, DC
15a. DECL ASSIFICATION/ OOWNGRADING
SCWEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

D C

Approved for public release: distribution is unlimited R T

TN ey
8° oy r~

JUL 24 ja75

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, 11 different from Report) :

18. SUPPLEMENTARY NOTES -
19. KEY WORDS (Continue on revaree side if neceseary and identify by block numbar)
Solar flares, propagation ducts, VLF radio transmission, electron particles, propagation phase advances,
geomagnetic influences.
—_—

20. ABSTRACT (Continue or reveree sids if necesea.y and identity by block number)

The ejection of large numbers of protons (and other charged particles) as 4 result of solar flares and their
direction into the polar ionosphere ef! >ctively lowers the reflection height for vIf propagation. Two paths
in the polur region were studied and were found to be aitered significantly by solar-flare activity. Additional
paths in the polar region should be investigated to determine the existence of an enhanced D-region and its effect
upon navigational systems.

DD ,"SR%, 1473  EoiTion OF 1 NOV 68 1S OBSOLETE UNCLASSIFIED
S/l 0102-014-6601 : = _—
SECURITY cuspar@gm OF THIS PAGE (When Date Entered)

SUBJECY T0 Change




TS

Foovug

SUMMARY

PROBLEM

The ejection by solar flares of large numbers of protons (and other charged particles)
and their direction into the polar ionosphere by the geomagnetic field, effectively lowers
ihe reflection height for vif propagation. A study of these effects was made using vif data

obtained in a high altitude investigation in Alaska during the period between May 1969 and
November 1970. )

RESULTS

Analysis of the data obtained during the Alaska investigation, together with pre-
viously published information on the relation of phase advances due to solar protons and
proton flux data obtained from Explozer 41, allowed the development of an empirical
model which was used to reduce phase errors of the Om¢ga navigational system to within
10 centicycles. This made it possible to reduce navigational errors in the Omega system
from greater than 10 nautical miles to less than one nautical mile.

RECOMMENDATIONS

Additiona: propagation paths in the polar region should be investigited in order to
determine the existence of an extra enhanced D-region corresponding to the auroral oval.
Knowledge of such a propagation structure would be very important to the prediction of
the behavior of propagation paths cressing the low-altitude extremities of the polar cap and
would enable the Omega system to warn navigators of the existence of propagation phase
errors and would increase the navigationzl a:iuracy of the system.

ADMINISTRATIVE INFORMATION

This study was made for the Naval Air Systems Command (AIR 370) by the Naval
Electronics Laboratory Center, Propagation Technology Division, Code 2200, under project
M207, as part of an effort to develop earth environment disturbance forecasting techniques.
The author appreciates the technical discussions and manuscript reviewal by Dr. 1. J.
Rothraulles 2nd Mr. J. Hill. This work was performed between September 1974 and
February 1975,
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INTRODUCTION

It has been known for many years that some solar flares eject large numbers of pro-
tens fand other charged particles) and that the geomagretic field directs these particles
into the polar atmosphere. These solar protons increase the ionization in the polar D-region,
causing increased electron densities at aliitudes from 40 to 80 kilometers. These increased
densities effectively lower the “reflection height™ for vif propagation.

Assuming long-path conditions, at the low Omega frequencies (10.2 and 13.6 kHz)
single-mode propagation is in effect and the lowered reflection height results in phase ad-
vances. Recently, Westerlundl observed that the maximum phase advance of a transpolar
vif signal was proportional to the jog of the protor flux (> 10 MeV).

In this report. an empirical model is presented which relates vIf phase advances to
incident proton flux. This model uses the viIf data obtained in a high-latitude propagation
study by the Naval Electronics Laboratory Center (NELC) in Alaska during the period frem
May 1969 to September 1970. The model also uses inforngation on phase advances due to
solar protons for 15 events previously reported by Martin.~ Proton flux data was obtained
from Explorer 41. The ¢mpirical model deduced from these data car: be used to reduce
Omega phase errors to within 10 centicvcles which., in turn. reduces navigationa® errors from
greater than 10 nautical miles to iess than one nautical mile.

At the present time, the Omega system does not have the capability of warr ing
tavigators of phiase ¢iiors caused by solar disturbances 1or even of warning thau un €iTor-
causing event is i~ noggiesch | Fioture mod liodlioss 1 the Omega syatem shiodd vwlade
these extended eiror-correcting modeling capabilities.

ANALYSIS

UNDISTURBED DIURNAL AND SEASONAL PHASE VARIATIONS

The undisturbed phase variations need to be accurately modeled because the dis-
turbance phase advances are deter :.ined by the difference between the measured phase
and the usual undisturbed phase.

‘The major phase variations are diurnal. During daylight hours, the phase is advanced
relative to the nighttime. These diurnal variaticns are solar-caused because the D-regio is
formed basically by solar X-ray and Lymun-ulpha ionization. VLF radio signals are reflected
in the D-region.

Initially, the monthly average phase (at each hour) was expected to be close to the
undisturbed phase. During the summer and winter months. this is almost the case. But.
during the equinoxes. the sunlight conditions change rapidly (relative to a one-month
period) and the monthly average may not correspond to any real day whatsoever. This ef-
fect is illustrated in figure 1.

The Omega system has developed an extensive “skywave’ correction scheme to al-
low accurate estimates to be made of the expected phase. However, in this study, a simpler
method has been developed. The diurnal variations of each path were modeled by using

1. Westerlund. S., F. H, Reder, and C. Asom, “Effects of Polar Cap Absorption Events on VLF Trans-
1issions,” Planet, Space Science, Vol. 17, p. 1329, 1959,

2. Martin, J. N., Omega Phase Variations During PCA Events, NELC TR :835, 17 August 1972.

Preceding page blank
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Figure 1. Monthly average phase versus real-day phase.

only thai portion of the path which was in sunlight. Indeed, a single mode! is good for all
seasons (as sliown in figure 2), indicating that the seasonal effects on the diurnal variations
are almost completely due to the varying amounts of the path in sunlight. The amount of
cunlit path (for the two paths reported upon) may vary from zero to 50 percent during the
winter, from 50 percent to 100 percent during the summer, and from zero to 100 percent
in the spring and fall months.

The diurnal phase variations appear complex often with apparent |2-hour periods.
These variations are immediately explained by examining the diurnal variations in the
amount of path in sunlight. as shown in figure 3. This 12-hour period is seen on paths
which lie near the North Pole and is caused by alternating ends of the path being in sunlight.

The unexpected fact that the phase variations are almost completely explained by
the fraction of the path being in sunlight indicates that the undisturbed D-1zgion seasonal
chemistry changes (increased summer-loss rates)~: 4,5 aie offset by some other factors. All
that is determined in this report is that the quiet-time vif reflection height is a function only
of the day-night conditions.

3. Montbriand, L. E., and J. S. Belrose, “Effective Electron Loss Rates in the Lower D-Region During the
Decay of Solar X-Ray Events,” Radio Science, Vol. 7, No. 1, p 133-172, 1972.

4, Larsen, T. R., Disturbances in the High Latitude Lower lonosphere, NDRE Report 62, Norwegian De-
fznse Research Establishment, March 1973,

S. Argo, P.E., and I. J. Rothmuller, Effective Electron Loss Rates in the Polar D-Region During Polar Cap
Absorption Events, NELC TN 2890, 18 February 1975.
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Figure 3. Diurnal variation versus path in sunlight.

PCA PHASE ADVANCE MODELS

Once the polar cap absorption (PCA) disturbance phase advances (A¢ = measured
phase minus the normal undisturbed phase) were determined, a regression fit to log-log
(10 flux (>10 MeV)) was used to generate a first-order model to the PCA variations. The
factor of 10 in the log-log term was chosen to give a needed expansion in the flux axis.
Another factor might be equally suitable.

Although the basic shape of the calcuiated phase-advance curve was similar to mea-
surements, a distinct diurnal pattern was observed. This is shown in figure 4a. New regres-
sion fits, using only total-day and total-night data, vielded an envelope to the phase varia-
tions as shown in figure 4b. The model was constrained to give zcro phase advance for
some minimum flux (0.3 protons cm“zst'lsec‘l) under all diurnal conditions. These
divrnal variations are fitted as changes in the slope of the A¢ versus log-log (10f) relation-
ship in figure 5. This fit is reasonable because the quiet model was developed to describe
dinrnal variations where the usual “quiet’ flux is approximately 0.3 protons cm™“st™ sec™
The two paths showed distinct seasc nal variations with tho winter day being much more
scnsitive to changes in proton flux tihan the summer day.

The phase advances versus log-log (10f) for the Norway-to-Alaska path are plotted
for three different conditions in figure 5: summer day (100 percent of the path in sunlight),
spring and fall day (100 percent of the path in sunlight), and winter night (zero percent of
the path in sunlight). During the summer, the Norway-to-Alaska path is always 2¢ least
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partially sunlit while. during the winter, the pati is 7ever totally sunlit. The spring-{all
oeriods are nore complex. Extrapolating the 100 percent and 50 percent sunlit spring-fall
data to zero percent sunlit conditions, results in a phase advance (zero percent suniit) versus
proton-flux curve taat approximates the winter zero-percent sunlit data. For this reason,
the three seasons were combined into one mod:l. For the Norway-to-Alaska path, a com-
plete d:urnal model was developed for the fall-winter-spring seasons. The Norway summer
path is always sunlit 100 percent of the time. and so no estimate cof the summer nighttime
phases could be mude.

Except for summer, the New York-to-Alaska path has conditions in which there is
sunlight ranging from; zero to 100 percent for most of the year. This complete range of
variation enabled the development of a complete diurnal model having the fall-spring model
nicrged with the winter model ‘or this path. The summer-day (100 percent sunlit) and the
spring-Tall day (100 percent sunlit) phase advances were best fit by a linear relationship to
log-log (10f) for the range of proton fluxes which were observed. However, the extremely
large event of 2 November 1960 produced a nonlinear phase advance versus log-log (10f)
relationship for the winter night. The summer and spring-fall paths may also respond in a
nonlinear manner during events larger than those observed during the corresponding period.
To simplify the winter model. two straight lines were fitted to the curves. Diurnal variations
are predicted by weighted averaging of the measured (zero percent) and deduced (100 per-
cent) sunlit curves and are shown in figure 6.

Table | contains the models for the New York-to-Alaska and Norway-to-Alaska
paths for summer and winter (spring-fall) conditions and diurnal variations. These models
provide an accurate fit to the measured phase advances for the fifteen available events.

Ad (CENTICYCLES)

LOG ! OG (10F)

Figure 6. Diurnal variations predicted by weighted averaging




TABLE I. PROPAGATION MODELS.

Norway-Alaska
Summer:
A¢ [loglog (10f) +0.3] [-20.- 0.33 = % sunlit]
model errcs, 0 = 3.6 centicycles

Winter:
A = -[log log (10f) + 03] * 1.05 * % sunlit - XNIGHT * [1 -0.01 » % sunlit]
XNIGHT = { [log log (10f) +0.3] » 33 of log log (10f) <. 2
[log log (10£) - 0.1} = 170 of log log (10) = 2

model error, 0 = 8.8 centicycles

New York-Alaska
Summer:
A¢= [log log (10f) + 0.3] = [-20.--0.20 * % sunlit]

model error, 0 = 9.96 centicycles

Winter:
Ag= "o log {10£) + 0.3] = [-37.-0.43 = % sunlit]

model ervor 0 = 9.0 centicycles

DATA DESCRIPTION

In this section, the individual ever. .. -ed in this study will be examined. Figures
7 through 22 include all of these events ana . 1tain the measured and modeled phase ad-
vances. The 25 September 1969 event has a double peak in the proton flux (o2 on 25
September and another on 28 Sentember.) Both show up in the Omega phase d-ta.

The Z Noven.cer 1969 event was the largest in the data set. The proton flux (> 10
MeV) exceedrd 103 ster~!em™2sec”! , while the next largest event had a proton flux (> 10
MeV) of 10<. Notice the differences in the phase advances caused by path conditions (sun-
light variations). The Norway path never has more than 25 percent of the path in sunlight
while the New York path was modulated by zero to 100 sercent of the path being in
sunlight.

The 30 December 1969 event was very small. The proton flux never exceeded 2
ster™! em™2sec”! , with phase advances in the 10-to-15 centicycle regime. The Norway path
was undergoing a strange, unexplained phase retardation during the event and so ke
modeled advances have the correct shape but are shifted by ~10 centicycles.

During the 28 January 1970 event, the Norway to Alaska path had a variation in
sunlight between zero and 25 percent while the New York to Alaska path underwent changes
of from zero to 100 percent. The Norway puth (which has almost no diurnal variations)
shows the trinle-peak structure in the solar proton flux (peaks at 0000 hours UT on 30 Janu-
ary and 0000 houss UT on i February). The New York path has diurnal variations which
almost equal the proton flux effects.

The 6 March 1970 event was the first in the set to have a geomagnetic sudden com-
mencement (SC) during the phase advance. According to some models of PCAs, there
should be an expansion toward the equator at the time of the SC. This would show up as

(text resumes on p 29)
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Figure 9. PCA events, 2, 3,4 and 5 November 1969,
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