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SSI =

(
c

2ng

)
Δτ,

c ≈ 3×108 m/s ng ≈ 1.47

SSI ≈ 1.02 m

φx x

φx =
4πngx

λo
.

φ̇x

Δt

φ̇avg,x x

Navg = 4

LW = Navg × SSI LW ≈ 4.08 m

NΔτ = 4 Δφ̇x

Δφ̇x = φ̇avg,x+LG/2 − φ̇avg,x−LG/2,

LG = NΔτ × SSI LG ≈ 4.08 m
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ε̇xx,x =
λo

4πngζLG
Δφ̇x,

ζ

ζ = 1− n2
g

2
[P12 − ν (P11 + P12)] ,

P11 P12 ν

ζ ≈ 0.78

εxx,x

εxx,x =

∫ t

0
ε̇xx,x dt.

Δt/Δτ
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φ = 2π

(
Lo

λo

)
,

Lo λo

Lo = ngL =

(
c

vph

)
L,

c vph L

ΔLo

Lo
= εL − Δvph

vph
,

εL = ΔL/L

L ≈ 2x

εL ≈ εxx = Δx/x

x = LG

Δφ =
2π

λo
ΔLo ≈ 4πngLG

λo

(
ΔLo

Lo

)
.

g



ΔLo

Lo
= εxx −

n2
g

2
[(P11 − P44) ε⊥ + P12εxx] ,

ε⊥ P12 = P11 − 2P44

ΔLo

Lo
≈ 0.7εxx − 0.2ε⊥.

σ⊥ → 0

ε⊥ = ε⊥,1 + ε⊥,2 ≈ −2νεxx.

ΔLo

Lo
≈ ζεxx.

g



g



r

εrr =
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[
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)]
εsource,

εsource f

zs v φ
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zs = 0.60 m v = 1490 m/s

r

θ x

εrr

ε(c)xx = εrr cos
2 θ.

ε
(c)
⊥ = εrr sin

2 θ.

εxx

ε(f)xx = ε(c)xx ,

(f) (c)

σ
(f)
⊥ = σ

(c)
⊥

g



E(c) E(f)

ε
(f)
⊥ =

(
E(c)

E(f)

)
ε
(c)
⊥ ≡ αε

(c)
⊥ ,

α E(c)/E(f)

α

ΔLo

Lo
≈ 0.7ε(f)xx − 0.2ε

(f)
⊥ =

(
0.7 cos2 θ − 0.2α sin2 θ

)
εrr.
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90◦
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ADAS

ADAS =

⎡
⎣sin

(
kxLG

2

)
kxLG

2

⎤
⎦
⎡
⎣sin

(
kxLW

2

)
kxLW

2

⎤
⎦(ΔLo

Lo

)
,

kx LG LW

θ kx = k cos θ =

(2πf/v) cos θ

ADAS =

⎡
⎣sin

(
πfLG

v cos θ
)

πfLG
v cos θ

⎤
⎦
⎡
⎣sin

(
πfLW

v cos θ
)

πfLW
v cos θ

⎤
⎦(ΔLo

Lo

)
,

f v

θ = 0

v = 1490

LG = LW = 4.08
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ADAS ≈
⎡
⎣sin

(
πfLG

v cos θ
)

πfLG
v cos θ

⎤
⎦
⎡
⎣sin

(
πfLW

v cos θ
)

πfLW
v cos θ

⎤
⎦

× (0.7 cos2 θ − 0.2α sin2 θ
)

× 1

r

[
2 sin

(
2πfzs

v
cosφ

)]
εsource.

z hx hy d =√
z2 + h2y r =

√
h2x + d2 h =

√
h2x + h2y θ = arctan (d/hx) φ = arctan (h/z)
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hx = 0 hx

d t0

d =
v

2Δτ

(
h2x
v2

− (Δτ)2
)
,

t0 = t{hx=0} − τ{hx=0} = t{hx=0} −
d

v
,

v t

τ

Δτ τ hx = 0 τ

hx Δτ = τ{hx} − τ{hx=0} τ{hx=0} = d
v

d
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hy

hy =
√
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ΔtNMO,direct tdirect

tz

z

ΔtNMO,direct ≡ tdirect − tz =

√
t2z +

h2

v2
− tz,

tdirect =
√
t2z +

h2

v2
h ≡

√
h2x + h2y hy =

√
d2 − z2 z

hx = 0

tz

Tdirect ≡ tdirect + tz,

tdirect

Tdirect

Tz = 2tz.
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ΔTNMO,direct ≡ Tdirect − Tz = tdirect − tz = ΔtNMO,direct.

ΔTNMO,direct = Tdirect − Tz =

√
T 2
z

4
+

h2

v2
− Tz

2
.

ΔTNMO,reflected = Treflected − Tz =

√
T 2
z +

h2

v2rms

− Tz,

Treflected

Tz

vrms
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τ

τNMO τ ΔτNMO

τNMO = τ +ΔτNMO.

ΔτNMO/τ
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Tz +ΔTNMO,direct
,
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,
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LW LG

v θ

Leffective = LW +LG

ΔτDAS = (Leffective cos θ) /v τ

ΔτDAS

τ
=

f (LG + LW )

v
cos θ,

f = 1/τ cos θ = hx/
√

z2 + h2x + h2y
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Pnoise

(S/N)i =
Psignal,i

Pnoise
=

(
Asignal,i

Anoise

)2

,

Asignal,i ith

Anoise

(S/N)dB = 10 log10 (S/N) .
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t0 t

τ

τ = t− t0.

v

hx

vτ =
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d2 + h2x,

d

hx

τ{hx} =
1

v

√
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τ hx

hx = 0

τ{hx=0} =
d

v
.

Δτ = τ{hx} − τ{hx=0} =
1

v

√
d2 + h2x −

d

v
.

Δτ +
d

v
=

1

v

√
d2 + h2x(

Δτ +
d

v

)2

=
1

v2
(
d2 + h2x

)

(Δτ)2 + 2(Δτ)

(
d

v

)
+

d2

v2
=
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v2
+

h2x
v2

d =
v

2Δτ

(
h2x
v2

− (Δτ)2
)
.

g

D
O

I:1
0.

11
90

/g
eo

20
20

-0
83

4.
1



g

D
O

I:1
0.

11
90

/g
eo

20
20

-0
83

4.
1



Tdirect h

(
Tdirect − Tz

2

)2

=
T 2
z

4
+

h2

v2

T 2
direct − TdirectTz +

T 2
z

4
=

T 2
z

4
+

h2

v2

T 2
direct − TdirectTz =

h2

v2
.

τ

τNMO = τ +ΔτNMO,direct

Tdirect Tdirect + τ Tz Tz + τNMO

(Tdirect + τ)2 − (Tdirect + τ) (Tz + τ +ΔτNMO,direct) =
h2

v2

(
T 2
direct + 2Tdirectτ + τ2

)
−TdirectTz − Tdirectτ − TdirectΔτNMO,direct

−τTz − τ2 − τΔτNMO,direct =
h2

v2

[(
T 2
direct − TdirectTz

)− h2

v2

]

+(Tdirect − Tz) τ = (Tdirect + τ)ΔτNMO,direct.

ΔTNMO,direct

(ΔTNMO,direct) τ = (Tz +ΔTNMO,direct + τ)ΔτNMO,direct

ΔτNMO,direct
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τ � Tz

ΔτNMO,direct

τ
≈ ΔTNMO,direct

Tz +ΔTNMO,direct
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LG = LW = 4.0852

θ = 0

LG = LW = 4.0852

v = 1490

α = 0 α = 0.5 α = 1
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Figure 1 
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Figure 2 
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Figure 15 
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