Incoherent and Coherent Scatter
Radars:
Jicamarca examples

R. F Woodman

Radio Observatorio de Jicamarca, Instituto Geofisico del Perud, Lima
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Early History
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Incoherent Scatter History

» Gordon (1958) Proposes the technique
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Incoherent Scatter History

o (Gordon (1958) proposes the technique

» Bowles (1958) carries first succesfull experiment.

Electrons do not control the spectrum. The ions
do.
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Incoherent Scatter History

Gordon (1958) proposes the technique

Bowles (1958) carries first succesfull experiment.
Electrons do not control the spectrum. It is the
lons.

Fejer (1960), Dougherty and Farley (1960,1963),
Salpeter(1960), Hagfors (1961), Rosenbluth and
Rostoker (1962), Farley (1966), Woodman (1967),
dGVG'Op the theory : (See Hagfors, EISCAT Summer School

2003, for a comprehensive introduction).
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Let
Co(7) = (Su(t)Sh(t + 7))

on(r,7) = (n(x,t)n(x + r,t + 7))

and

~ —ik.r
pn(kp,T) = dePh(I'aT)e
then

Ch(T) X lah(kBaT)

where

kp = k; — k,
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Ch(1) < pp(kp,7)

e Discussion

— The statistics of the radar signal received is a
(instrumental) functional of the fluctuation statistics of
the medium.

— Of all the spatial Fourier components of the
fluctuations, only one component, that corresponding to
K., contributes to the radar signal.

— For IS, plasma fluctuation theory provides us with an
analytical expression for

Iah(kB7T) - lah(kB7T;nea[nz' ]7ngaTéavj_7@H7B)
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Physical processes responsible for the
fluctuations

e Discrete nature of electrons

e Discrete nature of 1ons

e Particles, electrons and 1ons, interact with the
packground plasma. _

Dressed particle approach
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Measurable parameters

(For all ionospheric altitudes and time)
ph(kBa T) — ph(k37 T;nea[nz’ ]7Tea T%: Vi,Y B)

« Electron density,
 lonic composition
 Electron temperature
e lon temperature

e Drift velocities= Electric
field

» Drag velocity (parallel to

B) (not at Jicamarca)
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ISR Theory ()
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ISR Theory ()
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Figure T: Sketches of equilibrinm spectra and assoclated autooorrelation fune-
tons for Inxdrogen and oeovzen lons with parameters as indicated,




ISR Theory ()
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Figure 6: Early theoretical equilibrinm spectra showing the
line, [Hagfors. 1961]. Figure T: Sketches of equilibrinm spectra and assoclated autooorrelation fune-
tons for Inxdrogen and oeovzen lons with parameters as indicated,
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ISR Theory ()
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ISR Theory ()

lon Jemperature




ISR Theory ()
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ISR Theory ()
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Introduction

e Built in 1961

* Antenna of 300m x 300 m
e 3 txs of 1.5 MW each

e Multiple rx capability
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parameters (temperature and composition) adjusted for best fit, Mag-
netic field has also been connected slightly {~2%) from theoretical
madals for hest fit. (lamnosition used is 60% FH1" and 40% rO7* for
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800 -rKm Woodman and Hafgfors, 1971
JICAMARCA, PERU
DRIFT PROFILE .
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Fig. 1. Typical vertical velocity profile record
obtained ‘on line’ at Jicamarca with 10 min of
integration. The three lowest points are con-

—j taminated by strong electrojet echoes received .y
' through a side lobe of the antenna.
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Fig. 6. Inclination of the magnetic field along
Jicamarca vertical (—11.95° latitude 76°52/20”
longitude). The interrupted solid line corresponds
to values determined experimentally at Jica-
marca; the other two correspond to two of the
latest earth magnetic field models, GSFC 12/66

and IGRTF 10/68.
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Fig. 1. Typical vertical velocity profile record
obtained ‘on line’ at Jicamarca with 10 min of
integration. The three lowest points are con-

—j taminated by strong electrojet echoes received .y
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to values determined experimentally at Jica-
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ISR dens1ty over J1camarca (m™)

% _
ISR gxample (1) £ o
Oblique mode

Hybrid 1
It combines the traditional % |
Faraday Double Pulse ) o
mode with alternating < 2250
code mode. Allowing use
of the available duty W;D
cycle and therefore better '
measurements and higher E 0750
altitudinal coverage than 3 500
before! g
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( a) Jicamarca Vertlcal Dirifts (]11 s D
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ISR example (4)
East-

*Precise measurements allow the
measurements with the addition of
digital rxs at Jicamarca with more
dynamic range.

Incoherent and coherent scatter
observation of F region vortex.

measurements.
» We expect to improve those

Combined measurements of
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ISR example (5)

Perpendicular Mode -Differential Phase
(Kudeki et al. [2003], Feng et al. [2003], Feng et al. [2004])

*This new mode allows the simultaneous measurements of ionospheric
drifts and densities.

*Relative densities are obtained from total power measurements

*Absolute measurements are obtained from the differential phase
measurements (self calibration) or from the ionosonde measurements.
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ISR example (6) .
Perpendicular Mode 1

Differential Phase /i
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JRO Modes
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MST Spectra

(from Woodman [2002])

12 July 1978 16:25 AET
=T W -

20 20

5 ,— Noise contribution
TE Signal power
28 1 L
£3

5
r\a 3 - a4
2

(A) Delay 1 .;SN

xl
Fla) £
40 | {arbitrary units) g
13
Ground clutter
30} ¥
20 15 @
100F
Moise lavel 1
. — . | .
=3 -2 -1 1 2 3
k
(8) w .
Figure 3 Statistical properties of the time series at a given
alfitude, f: (A) its complex, amplitude and phase, temporal
autocorrelation function Cy(r); (B) its cormesponding fraquency SO B Y T S
Epemm, F_l:l{[ﬂ}. -16-12-8 4 0 4 & 12 18

Eastward welacity {m &'}

Sénta Fe CEDAR IR IER R chamarc-a and .

June 27, 2004 ' : Equatorial Aeronomy



MST Winds

WINDS OVER JICAMARCA (MST) — DATE: 13—May—98 to 22—Jun—98
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ESF echoes

(from Woodman and Chau [2001])
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CSR-JULIA: Multimode lonospheric Observations

“Jicamarca Unattended Long term Investigations of the Atmosphere” (Balsley, 1993)
JULIA concept: “Low-power and long-term measurements at Jicamarca”

Signal to Neise Ratio CCF—SPC Channal(s) — Data: 04—Jan—2003
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CSR- JULIA: Parameters from ESF and 150-km echoes

ESF: Interferometry 150-km:Dual beam
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CSR- Bistatic Mode (1)

* This bistatic mode complements Jicamarca capabilities.

E region measurements using ISR are not possible at JRO due to the presence of strong
EEJ “clutter”.

 Technique was introduced by Hysell and Chau [2001] using very small systems. Only
daytime observations were made at the time.

 The technique takes advantage of the strong EEJ echoes to scatter part of the signal
transmitted




CSR- Bistatic Mode (3) - New “permanent” system

Mational Cross Spectra — Date: 20—Mar—2004 11:00:15
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» More antennas
* More tx power

e Digital rx and DDS, using
. . GPS synchronized clocks
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CSR- Bistatic Mode (4) — Nighttime capability (?)
December 2003
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(from Woodman [1997])
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Radar Imaging (1) — ESF

(from Hysell et al. [2004])
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Radar Imaging (2) — EEJ

(from Chau and Hysell [2004])
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