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Quarter Wave (QW)&[&?

+ amode of standing MHD waves on geomagnetic field lines

+ excited when the ionosphere has strongly asymmetric conductances at
conjugate points of a field line

* E has node (antinode)in the sunlit (dark) hemisphere

* because the mode has a % wavelength along the field line, it is calleda
‘quarter-wave’.

+ Longer periods at a given L value than the half-wavelength modes

[Allan and Knox, 1979b]
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Previous Studies of QWs
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Previous Studies of QWs
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= Allan [1983] ... 1 event

- Budniket al. [1998] ... 1 event

= Obana et al. [2008]

... T events from 37 quiet days

* (Obanaetal, 2015... 4 events

* Jayashreeet al,, 2015 ... 22 events

Gradient method

*Cross-phase method @i B
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Previous Observations of QWs
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Gradient method Cross-phase method
[Baransky et al., 1985] [Waters etal., 1991)]
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Obanaetal., 2008 T #-1-E3R8
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width of resonant region:e

hx(f)
H(x, f) = T+
estimate of ¢ [Pilipenko and Fedrov, 1994]
£ f; sin(Ag)
Ax  G? - 26 cos(Ap) + 1

£ @ width of resonant region

Ax @ distance between points x1 and x2
A ; cross phase between x1 and x2

G : peak value of amplitude ratio

damping rate: y/w
Ths"forted, d{!mped harmonic oscillation model [Gough and Orr, 1984]
b¢ + Zwa + wnzbw = &anbzc sin(th)

the cross phase between a latitudinally-separated station pairs
[Waters etal. 1994]

tan(dg) =

—2ywp(wp® = wg?)
(wp? — wp?)wg? — wp?) + 4y2wp?

y : damping coefficient
o, resonant frequency at the poleward station

®, : resonant frequency at the equatorward station
®p : frequency of the driving wave

latitudinal structure of the complex amplitude of magnetic field [GuglieI'mi, 1989]

stl st2
Latitude
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(Sunlit/Dark) (Both Sunlit)
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Table 2. Resonance properties of the events

Resonant Phase Gain of Resonance  Damping Resonance
Code Midpoint Date Time Frequency  Peak Amplitude  Width Ratio Q
L Value uT fR, mHz Ap, deg G £, RE yiw w2y
MDM-EYR 262 22 Jul 2012 1702 142+0.3 46 145 0.30 025 20
21:22 21.0+06 72 212 0.15 033 15
20 Jul 2013 1712 15.2+05 51 1.19 0.31 029 1.7
20:32 25.4+01 74 1.37 0.19 0.07 76
05 Jul 2012 1712 15.8+20 30 1.16 054 - -
20:32 250+0.3 88 28 0.10 - -
08 Jul 2012 16:32 14.2+1.0 56 128 027 - -
21.32 18.6+0.2 113 182 0.09 - -
EYR-TEW 233 22 Jul 2012 1702 16.9+0.5 46 123 0.31 0.18 27
21:22 30.4+03 116 159 0.08 0.09 54
20 Jul 2013 1712 19.0+0.1 34 155 043 033 15
20:32 27.8+01 7 124 017 0.05 97
/7 LD N\
¥ very-low FLR frgquencies ¥ mode transition (from QW to HW)
fow = g3 =g ow began when the terminator line

passed over the stations and ended

¥ wide resonance width when Ep ey’ Zp pank fell to ~5

Egw™ ZE_HI"-
¥ high damping
Y _02-03
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1. HW mode runs

Z,and I, for the both hemisphere ~55
¥'HW mode resonance detected

2. QW mode runs

I,and I, for the sunlit hemisphere ~5 S
I,andZ, for the dark hemisphere ~0.25
v'No QW mode resonance detected

v'highly damped QW resonance structure was__'
masked by cavity mode energy :

3. QW mode runs with modified V,

to reduce the effectiveness of plasmasphere cavity resonances
v'OW mode resonance detected

QW [, Cavity resonanceh? i
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