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Principle of Doppler Radar
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C(T) ~ fAz,T) exp(-ikz) dr |
required: ‘REFRACTIVE INDEX OF CLEAR AIR UP TO
§(z7) 100 KM ALTITUDE FOR VHF

spatial and temporal autocorre_lation

function of the fluctuations in the
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For purs scattering: : n1'=—-3-—-- WET TERM
(1) P~ intensity of turbulence fluctuations &=
- -
(2) w =%+ v=Doppler shift n2'=77°6 10%n DRY TERM
v=mean (bulk) velocity of == T
scattering volume 3
1603 ..
va S () - signal frequency) ny'= 240.3-Ne_ joNOSPHERIC TERM
2 W (2] f
(3) @ 2 VA W, B e = PARTIAL PRESSURE OF WATER VAPOR IN mb
Ch e . p = PRESSURE IN mb
—2 | | T = TEMPERATURE IN K :
a4V =mean squared velocity fluctuations of Ne= NUMBER OF FREE ELECTRONS PER m
turbulence in scattering volume ‘=§=: f= EREQUENCY%N s

REFRACTIVITY N=(n-1)-10%
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ALTITUDE IN KILOMETER

VHF-RADAR (f=50 MHz}
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The echo power at VHF (with quasi-vertical beawm)
and at UHF (at oblique incidence)
MESOSPHERE
is due scattering and partial reflection:
—~ _ P=P, + P
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scattering
P, A Az
t
P, = -
s 49z

P_ = TX power
A = antenna area
4z = height resolution (? wﬁAkJ/wQ?y 4QMJ¢£J}

z = height

a ' 1
R =— is the radar reflectivity R=— Lo
v v ¥ 1

(total backscatter cross section per unit volume)

\F

backscatter cross section

2
o = . -
A‘ n

r’ | |an

-
F ()

®
F (k) = 3-dimensional wave number spectrum of
refractive index variations

‘ Thomson scatter (ionized atmosphere):

F*(E) 4 filuctuation density by random thermal motions
of charged particles (free electrons).

Turbulence scatter (neutral atmosphere):

|
F (k) = fluctuation density by random motions of
turbulent irregularities in humidity,
temperature and density.
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Thomson scatter (ionosphere):
S T AT
s ’ ‘
Vin Bi%

n = Nece -—» ‘—') D< A/e_
) - Ni- number density of negative ions
A = - .
Ne number density of free electrons
e T GWr + isi f ions and neutrals
el 142 (1+“2)(1+Te/Ti + a2 Vin ™ collision frequency o
Ti}l = temperature of ions (neutrals)
QrAD 1/2 ni,n = mass of ions (neutrals)
Q= AD = g9 - (Telﬂe)
A
Av in v n; radar wavelength
' = i —— =
i 4y V2« T, mean free path
N, = number density of free electrons
'1'e = glectron temperature
) 4 Ui
AD = Debeye length oy % " - N
F3 e
= Sl oSS Sechbe ol e Rl e lec ' : -
bﬁ{i = LMQ o ofe ’ ¢ b o Uy = bulk velocity of ions (neutrals)
A = radar wavelength
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- 2, ,-1/3
n=0.39 ¢ %A

Turbulence scatter (MST):
n

n

an = turbulence refractive index structure constant

For locally homogeneous and isotropic turbulence:
F (k) a ¢ 2-x33 (1-din spectral density)

\

S g s i Ty e Sy

ﬂ.deJSmnm,xﬁmw [H 003 oSV !

L

A3uanbaay pazi{eunoN

le w~c
; >

L /% 1

Uy UOAIIID

3ut| ewsed

Saug| uot

JaMod aAjIe|ay

ad

21




etelhy

Figure 4.3 Skeitch of the hierarchy of eddies for energy
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KOLMOGOROFF SPECTRUM
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J=|*
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PI-A
Az ‘2
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r = reflection coefficient

¥

oxp(-ikz)dz

dn(x)
2z

1
2n

FYourier transform of the vertical gradient of refractive index
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definition of technical terms used in

radar experiments -
transmitter
pulse Tadar , P
signal

noise

L
XT.

T = interpulss pericd (IPP), also Tipp

F. = 1. pulse repetition frequencyi(PRF)

T T
Z; = pulse length (duration), P = pulse peak pouwser
> _
.?x = duty cycle, . !.‘.E'F‘ = average power
one-way distance to the radar target:
c.t
o
T ==
2
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signal in noise:

E(t) = £,(t) +4 Ez(t)
= 5(t) + N(t)
N(t) =N, (L) +1 N, (t)
s(t) = 5 {(t)+1 52(1;)

incnhérsnt addition or inteqration

(postdetection filtering):

+_ 2 .2
P -E1+E2
2
-5) )1*"”‘ +S BN,

coherent addition or integration

(predetection filtering):

P -=E—12+-Em2 S & const
2 X
w2 =—2 —2 —2 2 =2
=5)" +35q T 45, + 2540, £
P =§2
35

coherent integration to improve

the "signal=to=-noise™ ratio:

SiGaaL
I ¢ I FATES .
AlilE

coherent signal § (& const)

(vector addition)

Py =5 = (Es)2 = (n.5)?
5 = ﬁ!-ls = n-S
incoherent ‘signal N (e.g., noise)
PN = i N:2 = n-l*.l2
K =m =Jn N
improvement of signal—to-nuis.a ratio S/N:

ELEE N
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Correlation between two signal time sseries

Ex(t) Ex1(t) + i Exz(t)

Ey(t) Ey1(t) + i Eyz(t)

??A’OEE) A‘TV?BA/A/’q'S’ Cross—covariance function {CCF):

ny(z') = Ex(t)-Ey(t +7)

Cross spectrum:

A.\.J.ww ¢ Al tonnn

f
4 2 L P ) = = €, (£) exp(-iwT) dr

\ / Power specira:

AN L
dﬁ\ /dl! Frax@) = f;fcxx(t) exp(~iwT) dT
3
Al

FuyW) = 5117 C, (T) exp(~iwT) dT°

L,tw.‘- L.
24

a4
F=F+4ifF

Coherence:

P Ly Antofre ol
E‘\V‘f‘j "‘I’\ ?"\"" ,Fiy . ?iy

P S g - 2
ot € V- LY efn fevl oo~ H (W) = (r2 . §2)1/2

p o i QEH(M&N' ,;f Flg (oo vd] = Ol ef- Lt xx © yy

R SN s;fmoea(

ﬂ,\\.hccxﬁml 2::.! B IZMFU\Wé 1y e gt r;(?\i;& Phase:
{M‘Mﬂ_‘“'& 10 #&m i &
/(re‘L}-tB«- Flu T o oy m/x(_f}\"\-a"t. tan+| .z ny/;;y
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MST RADARS ARE CAPABLE TO OBSERVE:

(1) Reflectivity Structure:

(a) morphology of turbulence,
e.d., intensity, intermittency, thickness
and anisotropy

(b) stability index (coherency »230/9z),
e.g., air mass mixing zones, inversion layers
and tropopause

(2) Velocity Field:

(a) mean horizontal and vertical velocities u,v,w,
e.g., winds and convective processes

(b) fluctuating (oscillating).velocities u',v',w',
e.g., gravity waves and turbulence
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