








α
α1

α2

αap

γ
γmax

δ
ε
εn

η
ηn n
θ
θ3dB

θmax

θw

κ
λ
μ
ρ
ρV

σ
σbs

σsp

σs

σe

σa

σag

τ
ϕ
χ
χ0

ψ
ω
ω0

Γ
Δ
Δθ
Δφ
Δr
Δt
ΔV
Ψ

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ω
∇
∇2

a
aec

b
b20
bn
bw
c
c1
c2
d
dλ

dn

dw

e
en

emin

ew

f
f0
f∞
fR

g
hn

i
j
jn
lbs

l
(fb)
bs

l
(sb)
bs

lec

k
ka
kx

kV

m
n

nc

p
p0

p1

pθ

pa

pb

pe

plbs

pscat

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


pB

pBf |TS0

pE

pTS

r
r1
rc

s
sa

sx

sA

sV

t
u
v
X
Y
Z
A
B
Bf
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Rwf
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p v ρ

∇2p− 1

c2

∂2p

∂t2
= 0

p c = (E ρ 1/2 ρκ −1/2

E κ
ρ

p = f(n · r/c± t)

p =
f(r/c− t)

r
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f | |
f

c
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v

p v,

Z ρ

I p2 Z

p(z, t) A ω A
k π λ I(z)
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e−jωt

(∇2 + k2)p = 0

B′ B
S p pinc

S

εp(P ) = pinc(P ) +

∫
S

(
p(Q)

∂Gk(P, Q)

∂nQ
−Gk(P, Q)

∂p(Q)

∂nQ

)
dSQ

Gk

Gk(P, Q) ejkr π r P
S nQ Q

ε P
Ω

ε = 1− Ω

4π
= 1 +

∫
S

∂G0

∂nQ
dSQ =

⎧⎨
⎩

0, for P ∈ B
1, for P ∈ B′
1
2 , for P ∈ S

pscat =
1

4π

∫
S

[
p

∂

∂n

(
ejkr

r

)
− ejkr

r

∂p

∂n

]
dS

R T

pscat =
R

4π

∫
S

∂

∂n

(
p
ejkr

r

)
dS

| |
∂ ∂
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p pi)
p

f4

r
c1

c2 ρ κ Z =√
ρ/κ) k ω c ω π

1

r2

∂

∂r

(
r2 ∂p

∂r

)
+

1

r2 sin θ

∂

∂θ

(
sin θ

∂p

∂θ

)
+

1

r2 sin θ

∂2p

∂ϕ2
− 1

c2

∂2p

∂t2
= 0

r θ φ
A

Pn θ jn

r
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pinc = Aejk(r cos θ−ct) = Ae−jωt
∞∑

n=0

(−j)n(2n + 1)Pn(cos θ)jn(kr)

pscat = −Ae−jωt
∞∑

n=0

(−j)n+1(2n + 1) sin ηne−jηnPn(cos θ)hn(kr)

hn ηn n

tan ηn = − jn(x)Fn − j′n(x)

nn(x)Fn − n′n(x)

Fn =
ρ

ρ1

x2
2

2

x1j′n(x1)
x1j′n(x1)−jn(x1)

− 2n(n+1)jn(x2)
(n2+n−2)jn(x2)+x2

2j′′n (x2)

x2
1{[σ/(1−2σ]jn(x1)−j′′n (x1)}

x1j′n(x1)−jn(x1)
− 2n(n+1)[jn(x2)−x2j′n(x2)]

(n2+n−2)jn(x2)+x2
2j′′n(x2)

σ = 1−0.5/(1−(c2/c1)
2) x x1 c1 x2 2

Fn →
Fn → ∞

n
tan η0 = (sin ka/ka)/(−− coska/ka)

η0 = −−ka

pscat = −Aej(kr−ωt) j

kr

∞∑
n=0

(−j)n(2n + 1) sin ηne−jηnPn(cos θ)

σs

Iinc A2 ρ
θ φ

σs = πa2 4

(ka)2

∞∑
n=0

(2n + 1) sin2 ηn

a λ
nmax = ka

2ηn
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σs = 2πa2

σs(θ) = πa2 |f∞(ka, θ)|2 = πa2

∣∣∣∣∣ 2

jka

∞∑
n=0

(2n + 1) sin ηne−jηnPn(cos θ)

∣∣∣∣∣
2

θ π Pn π n

f∞

(
ka,

c1

c
,
c2

c
,
ρ1

ρ

)
=

2

jka

∞∑
n=0

(−1)n(2n + 1) sin ηne−jηn

f∞
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∞

|f∞(ka)| c1 c c2 → ρ1 ρ)
c ρ 3

∞

|f∞(ka)| c1 c c2 → ρ1 ρ)
ρ 3

σs = πa2

∫∞
0
|S(ω)f∞(ω)G(ω)|2 dω∫∞
0
|S(ω)G(ω)|2 dω

S(w) G(w)
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∞

|f∞(ka)| c1 c2 → ∞ c1/c2
1/2)

c ρ 3

∞

|f∞(ka)| c1 c2
ρ1

3) c ρ 3

pinc = Aej(kz−ωt) = Ae−jωt
∞∑

n=0

εnjn cos(nθ)Jn(kr)

εn ε0 εn>0
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pscat = −Ae−jωt
∞∑

n=0

εnjn sin ηne−jηn cos(nθ)Hn(kr)

Hn ηn

jn nn Jn

Nn

pscat = −Aej(kr−ωt)

√
2

πkr
e−jπ/4

∞∑
n=0

εn sin ηne−jηn cosnθ

L a χ

pscat(L) ≈ −jA
ej(kr−ωt)

r

L

π

sin(kL sinχ)

kL sinχ

∞∑
n=0

εn sin ηne−jηn cosnθ
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TS χ

σ

σs

σbs

Ps

Iinc

σs =
Ps

Iinc|r=1m
[ 2]
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Ibs

Iinc

σbs = r2
1

Ibs

Iinc |r1=1m

[ 2]

σs =
Ps

Iinc|r1=1m
=

4π r2
1Iscat

Iinc
= 4π σbs

TS = 10 log
σbs

r2
1

TS = 10 log
σs

4πr2
1

σbs

I p2 2

p lbs

TS = 10 logσbs = 20 log |lbs|
lbs

π

λ

σs a
, σs π 2

σbs a2

(a/
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L

TS = m log
L

L0
+ bm

m L0 bm

mL λ) m
bm b20

TS = 20 log
L

L0
+ b20

L2) L3)

TS = 18.9 log L + 1.1 logλ − 23.8 [ ]

L λ

σ̄bs

λ2
= 0.0042

(
L

λ

)1.89

TS = 20 logL− 27.5 (physoclists)

TS = 20 logL− 31.9 (physostomes)

L
σbs

σbs

TS = 20 logL− 26
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L0

lbs = L

TS = 20 logL[ ]− 66

m L
b20

TS = 20 logL[ ]− 65.4− 2.3 log(1 + z/10) + 0.24(GSI)

z

σbsD
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TS �= 10 log σ̄bs

TS
10 log σ̄bs)

γ
σc σd γ σc σd)

λ γ
γ
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σbs =
a2(

f2
R

f2 − 1
)2

+ δ2

a δ

fR =
1

2πa

√
3γpa + 4Re{μ}

ρ

γ ρ pa · 5 ρ
z g

μ · 5 j) 2

δ
σbs(fR) a2 δ2
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δ = δr + δt + δv

δr

δt = d b d b γ
δv μ v ρπ2f2a2)

a L a ≈ L
σbs

σbs =
4π2V 2

sb

λ4

Vsb

L

|lbs(χ)| = lbs0
sin (klec sin(χ + χ0))

klec sin(χ + χ0)

√
cos(χ + χ0)
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lbs0 = lec

√
aec

2λ

aec lec

k π λ χ
χ0 x) x

σbs0 ecl
2
ec

lec aec

lec ≈ L
aec ≈ L

0 L

TS0 = 20 log(L3/2/4
√

80λ) = 30 logL[ ] + 10 log f [ ]− 33

c =
λ f

L 0

L

ls

ls = π
Larc

γmax

∫ γmax

0

N∑
n=0

−εn

1 + jCn
cos(nθ)e2jkrc(1−cos γ)dγ

θ = π Cn =
ZJ′

n(k1a)Nn(ka)−−Z1Jn(k1a)N ′

n(ka)
ZJ′

n(k1a)Jn(ka)−−Z1Jn(k1a)J′

n(ka) Z1

Z

Larc γmaxrc rc γmax γmax
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δ

lbs = − j

π

N∑
n=0

εn

1 + jCn
(−1)n e−δ(ka)2

∫ L

0

e2kz(x)dx

x z(x)
L x

z(x)
z(x) α 2

CF (x) =
∫ x

0 cos(πξ2/(2)dξ SF (x) =
∫ x

0 sin(πξ2/(2)dξ

lbs = − j

π

N∑
n=0

εn

1 + jCn
(−1)

n
e−δ(ka)2

√
π

4kα
[CF (x) + jSF (x)]

x = α π 1/2L
lbs
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l
(sb)
bs l

(fb)
bs

lbs = l
(sb)
bs + l

(fb)
bs

lbs(sb)

N

l
(sb)
bs = −j

Rfs(1−R2
wf)

2
√

π

N∑
i=0

Asb

√
kfbai + 1e−j(2kfbai+ϕsb)Δli

Asb i i ϕsb i i Rfs Zsb − Zfb) Zsb+
Zfb) Rwf Zfb − Z) Zfb Z) ai

l
(fb)
bs

l
(fb)
bs = −j

Rwf

2
√

π

N−1∑
i=0

√
kfbai

[
e−j2kaU,i − (1 −R2

wf)e−j(2kaU,i−2kfb(aU,i−aL,i)+ϕfb)
]
Δli

ϕfb π fbaU,i kfbaU,i

aU,i aL,i

Δ i Asb

ϕsb ϕfb

L

RSL =
|lbs|
L

f∞
π 2

RTS = 20 logRSL = 20 log |lbs| − 20 logL

TS = RTS + 20 logL

θ L λ
L λ
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L λ
θ ◦

L λ

p
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u S

S pi ui

i

ε
[
p(P ) + α∂p(P )

∂nP

]
=

=
∫

S

(
p(Q) ∂Gk

∂nQ
−Gk

∂p(Q)
∂nQ

)
dSQ + α

∫
S

(
p(Q) ∂2Gk

∂nP ∂nQ
− ∂Gk

∂nQ

∂p(Q)
∂nQ

)
dSQ

α

Ap = Bu− pinc − α
∂pinc

∂n

A1p = B1u

i

i

1 1

u = (B−AA−1
1 B1)

−1(pinc − α
∂pinc

∂n
)

p = A−1
1 B1u

pscat(r) = a(r)p− b(r)u

i

|lbs| r
r0
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TS = 10 log
|lbs|2
r2
0

= 20 log
r |pscat(r)|
r0 |pinc|
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Δ
Δ τ

Δθ

s(t)
A(t) τ ω0

s(t) = A(t) cosω0t

ps(t) =

n(t)∑
i=1

ps,i(t)

n(t)
t

ps,i(t) = p0(t− 2ri/c)r0 lbs,i b2(θi, ϕi)
10−αri/10

r2
i

ith p0(·)
s(t) r0 , lbs,i

ith b2 θi ϕi)
ith ri θi ϕi.D
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pϕ ϕ 1
2π π

e(t)
s(t)

k(t)

e(t) =

∫ t

0

s(τ)k(t − τ)dτ

k(t) =

N∑
i=1

wiδ (t− τ i)

wi ith

lbs τ i

ith τ i ri c) n

e(t) =

n∑
i=1

Ais (t− τ i)

Ai = wiA(t − τ i) = A(t − τ i)lbs,ib
2(θi, ϕi)10−0.2αri/r2

i

ith

τ

i

L λ

e(t)
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n(s) v(s)

P (k = n(s)) =

(∫
S v(s)ds

)k

k!
e− S

v(s)ds

v(s)
v(s)

n V

P (k = n) =
(ρV V )k

k!
e−ρV V

n ρV V E n

ρV =
n

V

n V

n

τ
τ

t τ

V

σbs emin

V =

∫∫
H(kxb2σbs − emin)dFdV
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H(·) H(x) 1
2 x x x

kx

σbs

F V

V =
1

3
Ψ

[(
r +

cτ

4

)3

−
(
r − cτ

4

)3
]

V = r2Ψ
cτ

2

Ψ

r

nc =
1

r2Δθ2 cτ
2

Δθ

Δ t2 − t1
Δ r2 − r1 Δ

Δ

〈
p2
〉
Δt

=

t2∫
t1

|ps(t)|2 dtD
o
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〈
p2
〉
Δt

=
∑

i

t2∫
t1

|pi(t)|2 dt+
∑

i

∑
j

t2∫
t1

pi(t)pj(t)dt

ri rj

E
{〈

p2
〉
Δt

}
ρV V

t1 t2)

E
{〈

p2
〉
Δt

}
=

1

2
E{e2}ΔtρV V(t1,t2)

ρV V = E n V(t1,t2)

e = kx θi ϕi)lbs kx

e(t)
p(t) e2

sx e = sxp) E e2 Δ

bs)

Ee =
1

2
E{e2}Δt = k2

x E{b2(θ, φ)}E{σBS}

Ee

bs

V

n̂ =
E
{〈

p2
〉
Δt

}
1
2E{e2}Δt

E{n̂} ≡ ρV V(t1,t2) = E{n}
n̂ V

ρV n V

Δ 2 − r1

ρ0
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r2 τ Ω r

dIbs = I1r
2
1

10−0.2αr

r4
b2(θ, ϕ)sV r2 cτ

2r1
dΩ

I1 = 0.1SL

r1
−0.2αr/r4

b2(θ, ϕ)
Ω ϕ θ ϕ

τ c sV

τ V = r2Ψ τ

Ibs =

∫
V

dIbs =I1r
2
1

10−0.2ατ

r2
Ψ(θr)

cτ

2r1
sV

Ψ(θr) =
2π∫
0

θr∫
0

b2(θ, ϕ) sin θdθdϕ

b2(θ, ϕ)
e2

e2 = s2
xI1r

2
1

10−0.2ατ

r2
Ψ(θr)

cτ

2r1
sv

sx
0.05RS μ

Ψ θr)
Ψ

sV e2 sV

V r2Ψ τ r1 kV

kV = I1s
2
xΨ

cτ

2r1

E

EL = SL + RS + SV − 2TLV + 10 logΨ + 10 log
cτ

2r1

e/e1) e1

V r r1) α
SV sV

KV

KV = 10 log kV = SL + RS + 10 logΨ + 10 log
cτ

2r1
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Ψ τ r1

SV

sv Δ r2 − r1

m

〈
e2
〉
Δr

=

n∑
i=1

m∑
j=1

e2
i,j

n e2 Δ
m

s̄V = n̄V σ̄bs

n̄V ρV σ̄bs

sv

σbs

V

〈
e2
〉
Δr
≡ e2 = kV σ̄bsn̄V

ρ0
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b
e σbs

θ ϕ

Ibs = kx
10−0.2α r

r4
b2(θ , ϕ)σbs

kx
−0.2αr r4 b2 θ φD
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EL = SL + RS + TS − 2TL + B

B b2

r r1) α

Kx = 10 log kx = SL + RS

σbs

B

Kx)
r/r1 + α

B θ ϕ θ ϕ

τ τ
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θ

σbs.

σbs

r θi φi)

e2
n = knb2

n(θi, ϕi )σbs

e2
w = kwbn(θi, ϕi)bw(θi, ϕi )σbs

en,w kn,w = 100.1(SL+RSn,w)

σbs

b θi φi) θi ϕi n w

bw

σbs
∼= e4

wkn

e2
nk2

w

σbs =
e4

wkn

e2
nk2

w

kd(θ)
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kd(θ) = 1/b2
w(θ)

σbs

En = TS + 2Bn + Kn

Ew = TS + Bn + Bw + Kw

TS = 2Ew − En + Kn,w + Kd

En en e1 Ew ew e1

Kn,w = Kn − 2Kw = 10 log
(
kn/k2

w

)
Kd = −2Bw

Bw bw θ)

KD =
Bn

Bn −Bw

TS = En −Kn + 2KD [(Ew − En)− (Kw −Kn)]

KD

KD
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bn,w(θ) =

[
2J1(xn,w)

xn,w

]2

≈ e−
1
4 xn,w(θ)2

xn,w π dn,w λ θ dn dw

KD =
10 log bn

10 log bn − 10 log bw
=

(
dn

λ

)2
(

dn

λ

)2 − (dw

λ

)2
d λ θ3dB

KD =
θ2
3dB,w

θ2
3dB,w − θ2

3dB,n

KD
◦ ◦

KD = 142/(142−62) = 1.225 KD
◦ ◦

KD

θmax

e2
n

e2
w

=
bn(θ)

bw(θ) θ=θmax

σbs

θmax θ3dB
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i =
pbs,i(t)

pbs,i(t) = r2
1

10−0.1α(r+ri)

rri

lbs

r1
p1 (t− (r + ri)/c) e−j(ωt−k(r+ri))

p1(t) r
ri

k(r + ri)
Δφ1 Δφ2

a1,2

Δφ1,2 1,2)
λ

a1,2

λ
=

Δφ1,2

2π

d1,2

a1,2 = d1,2 ϕ1,2

α1,2 = arcsin

(
λ

2πd1,2
Δφ1,2

)
.

d1,2

αap

sin αap =
λ/2

d1,2

α1,2 ≈ αap
Δφ1,2

π

α1,2

θ = arccos(1 + tan2 α1 + tan2 α2)
−1/2

ϕ = arctan(tan a1/ tan α2)

θ ϕ

τ
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α

α

b2 θ ϕ

TS = TSU −B (θ(α1, α2), ϕ(α1, α2))

U
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n0 = A0N0

n1 = A0N1 + A1N0

n2 = A0N2 + A1N1 + A2N0

.... ....................................
nk−1 = A0Nk−1 + A1Nk−2 + ... + Ak−1N0

ni ith Ni ith

Ai ith

n0 N0

A0 n1 N1

A0 N0 A1

N0 = n0/A0

N1 = (n1 −A1N0)/A0

Nk−1 = (nk−1 −
k−2∑
i=0

Ak−1−iNi)/A0

⎡
⎢⎢⎢⎢⎢⎣

n0

n1

n2

nk−1

⎤
⎥⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎢⎣

A0 0 0 · · · 0
A1 A0 0 · · · 0
A2 A1 A0 · · · 0

0
Ak−1 Ak−2 Ak−3 · · · A0

⎤
⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎣

N0

N1

N2

Nk−1

⎤
⎥⎥⎥⎥⎥⎦

N = A−1n
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−1

I
kxσbs b2 θ ϕ

pA(a)

pI(i) = C

AMAX∫
0

1

a
pA(a)pB

(
i

a

)
da, i ≥ AT

C AT

p̂A(a)
pA(a)

pA(a) =
1

C

n∑
j=1

αja
j

αj
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p̂I(i) =
∑
j=0

αj

AMAX∫
o

aj−1pB

(
i

a

)
da

E −y B e−x

pE(E) =

∞∫
−∞

pB(E − TS)pTS(TS)dTS

pE pB pTS

Z

Ibs = kx
10−0.2ar

r4
b2 σbs

r2
1

p
bs

=
√

kxZ0
10−0.1ar

r2
b

lbs

r1

pbs kxZ0)
1/2 −0.1αr r2) r1e

e = lbsb
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e

=

pz(z) =

∫ ∞

−∞

py(z/x)px(x)dx/x

px(x)

pe(z) =

∫ ∞

0

pb(z/x)plbs
(x)dx/x

2 = 2σbs)

pe2(z) =

∫ ∞

0

pb2(z/x)pσbs
(x)dx/x

E = B + TS

E e B b

= +

pz(z) =

∫ ∞

−∞

px(x)py(z − x)dx

pE(z) =

∫ ∞

−∞

pB(z − x)pTS(x)dx

plbs
(lbs) pσbs

(σbs) pTS(TS)
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z(t) =

∫ b

a

K(x, t)f(x)dx

K(t s)
z(t) f(x)

z(t) = λ

∫ b

a

K(x, t)f(x)dx + f(t)

K

z(t) = λ

∫ x

a

K(x, t)f(x)dx + f(t)
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z(t) =

z(t) =

∫ x

a

K(x, t)f(x)dx

z(t) f(x)
x b

M(x, t) x b M(x, t) K(x, t) x b
f(x)

K(x, t) = λ
N∑

i=0

Mi(x)Ni(t)

x

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


f(x) = λ

∫ b

a

Γ(x, t, λ)z(t)dt + z(x)

Γ(x, t, λ) =
∑∞

i=0 λiKi+1(x, y, λ)

K Kn(x, t) =
∫ b

a
K(x, τ)Kn−1(τ, t)dτ K1(x t) = K(x t)

K(x, t) = K(t, x)

K(x t) = K(x− t),
K(x t) = K(x t) x

M [f ; s] ≡ F (s) =

∫ ∞

0

f(t)ts−1dt

f z

z = K f + n

K n

κ = cond(K) = ‖K‖ ∥∥K−1
∥∥

|| ||
L2 κ2

K
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f̂λ = (K∗K + λ I)−1K∗z

∗ λ

λ

λ fx

L2 fx(x)

K∗K fx −K∗fz = λ C fx

K
fy ⎡

⎢⎢⎢⎢⎢⎢⎢⎣

c11 c12 0

c21 c22 c23

c32

0 cnn

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

ci,i /h2 i ...n−
c1,1 cn,n +k h2 k = f ′x f

′

x(n) k fx = fx(n)
ci,i−1 = ci−1,i = −1/h2 i = ..n h

fxD
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p̂TS = (PT
BPB + λ C)−1PT

BpE

p̂TS B
T
B B,λ

E

‖z −Kx‖2 + λ
n∑

i=1

xi log(wixi)

xi wi

x
x

−1

T −−1 T

K = USVT = [U] diag(si)
[
VT

]
K# = US−1VT = [U] diag(1/si)

[
VT

]
#

U,V S
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KT K
f

KT K

f =
∑

j
γ−1

j [Kf, hj ] ej

γj KT K ej KT K hj

hj = K(ej) || ej)|| ‖.‖2 L2

[ , ]
KT K

f̂SV D
w =

∑
j

wjγ
−1
j [z, hj] ej

wj z
wν = 1

ν wν = 0 ν
wν = k2

ν/(k2
ν + λ)

wν = (1− (1− μ k2
ν)m) m−

#

p̂TS = P
#
BpE

ψj,k = 2j/2ψ(2jt− k) j, k ∈ N

Kf =
∑

j

∑
k

dj,kψj,k =
∑

j

∑
k

[Kf, ψj,k]ψj,k
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dj,k

f

f̂ =
∑

j

∑
k

δλ([y, ψj,k])K−1ψj,k

δλ

λ ψj,k

d̂j,k dj,k

f n

w = W f

W n × n
ψj,k(t) t/n t = n−

d = Wy

f = (WK)−1d̂

K
K

K
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fx(x) lbs

σbs

fE(j) =

n∑
i=1

fTS(i) fB(j − i)Δi

i j B

z = Kx

B
E x

z(x)

z(n) = E

(
z|

N∑
i=1

zij , x
(n)
ij

)

(n) nth

E (zij |x) = z(n)

x
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x(n′) =
∑

j

Sijx
(n)

z

x(n) =
x(n−1)∑
i

Kij

(
zt

x(n−1)KT
K

)

K

K
pB pE

pTS pB

K

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl




pθ

z
θmax

pz(z) =
1

zmax

zmax

z = R tan θmax

pR(R) =
1

Rmax

Rmax = zmax/ sin θmax

θ =
θ

pθ(θ) =
1

1− cos θmax
sin θ

θmax
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θ

θ = a cos
z

r
= a cos

1√
1 +

(
ρ/z

)2
ρ

2 = ρ2 + 2

2 α
= 2 α

ρ2 = r2 + t2 − 2 r t sin α = r2
(
1− (2 sin α)2(u− u2)

)

α

ρ

θ

z = r tan θmax

pθ(θ) =
1

tan2 θmax
K

(
tan θ

tan θmax

)
sin θ

cos3 θ

K(x) =
∫ π/2

0
(1− x2 sin2 ϕ)−1/2dϕ
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b(·)

b(θ) =

(
2J1(x)

x

)2

x x = x θ θ k a
Jn(x) = 1

π

∫ π

0
cos(nθ − x sin θ)dθ n

b(·) b2

D2

bt Dt) br Dr)
Dt Dr

b Dr · Dt D2

B(θ) = 10 log b2(θ) = 20 log b(θ)

θ

pb(b) =
pθ(θ)∣∣ db

dθ

∣∣
pb(b) b θ pb θ θ

pb(b) =

⎛
⎝(2J1(x)

x

)2

,
pθ(θ)tgθ∣∣∣ 8J1(x)J2(x)

x

∣∣∣
⎞
⎠

pθ

B(b) b

pB(B) =
ln 10

20

∣∣∣10
B
20

∣∣∣ pb

(
10

B
20

)
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θ

θ

b(θ) =

(
1− (1− 2−γ)

1− cos θ

1− cos θ3dB

) 2
γ

γ

pb(b) =
cb

b1−2/γ

cb

pB(B) =
ln 10

20

γ

1− 2−γ

1− cos θ3dB

1− cos θmax
10

γB
20

θmax

θ

pB(B) =

(
20 log b(θ) ,

ln 10

20

γ

1− 2−γ

1− cos θ3dB

tan2 θmax
K

(
tan θ

tan θmax

)
b(θ)γ

cos3 θ
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pb

θ
B pB(B)

b−1(·)
θ b

θ b)

pB(·)

pE()
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E′ = TS′ + B′

pE′(E′) = pE(E|E > Emin)

pTS′(TS′) = pTS(TS|E > Emin)

pTS′(TS′) = pTS(TS|E > Emin)

Emin

σ̄′

σ̄
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pE(E|E > Emin) =

0∫
Emin−B

pTS(E −B)pB(B)dB

pTS pB(B)

pTS pTS | Emin)

pTS(TS|E > Emin) = pTS(TS|TS + B > Emin)

pTS(TS|E > Emin) =

∞∫
Emin−TS

pTS,B(TS, B)dB

+∞∫
−∞

∞∫
Emin−TS

pTS,B(TS, B)dBdTS

pTS(TS|E > Emin) = c1pTS(TS)

∞∫
Emin−TS

pB(B)dB

FB()

pTS(TS|E > Emin) = c1 pTS(TS) [1− FB(Emin − TS)]

pB | Emin)

pB(B|E > Emin) = c2 pB(B) [1− FTS(Emin −B)]

c1 c2
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χ χ0

TS = TS0(lecb, aecb) + Bf (χ, χ0, lecb)

0 lbs0 Bf

Bf (χ, χ0, lecb) = 20 log

(
sin (klecb sin(χ + χ0))

klecb sin(χ + χ0)

√
cos(χ + χ0)

)

0 f

lecb

z = x+y

pz(z) =

∫
px,y(x, z − x)dx

px,y(x, y)

px(x)

pz(z) =

∫
px(x) py|x(z − x, x)dx

0 Bf

pTS(TS) =

∫
pTS0(TS0)pBf |TS0

(TS − TS0, TS0)dTS0

0

pBf |TS0
(Bf , TS0)

0 Bf

χ χ0
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◦ ◦

χ0

χ0
◦ σχ

◦
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◦ ◦

N N N

pE(E)
Emin = −70

pTS

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


θ
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γ
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Θ Θ

Θ

lbs
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lbs

lbs−

lbs−
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⎯

⎯⎯ ⎯

⎯ ⎯

⎯
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χ ◦
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χ0
◦

lecb L aecb L
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χ0

χ0
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χ0
◦

χχχχ χχχχ χχχχ χχχχ χχχχ χχχχ

χχχχ χχχχ χχχχ χχχχ χχχχ χχχχ

χ0

χ
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χ0
◦
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α α
θ

⎧⎨
⎩

y = r cos θ
x = y tan α1

z = y tan α2

θ = arctan
√

tan2 α1 + tan2 α2 r
α1 α2

z
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α

α

∼

∼
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x y z
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x y z)
y0z

L

TS = 20 logL− 29, 2

y0z
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−
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σbs

lbs
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X = f(Qp) Qp

r

θ ϕ

Iinc
2

Iscat θ ϕ 2

Ibs(r) Iscat(r,−?, 2

z

I(z) 2

n −3

V 3

σbs

10 log sv

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


α α 10 I(z) I Δ Δ

σ θ ϕ σ(θ ϕ) r2Iscat θ ϕ ar/10 Iinc
2

σbs σbs = r2Ibs(r)
ar/10 /Iinc

2

σsp σsp π 2Ibs(r)
ar/10 Iinc

2

σs
2π
0

π
0

s(θ, ϕ) sin(θ)dθdϕ 2

σe σe ΔIo(z) Δ z) 2

σa σa σe σs
2

σag σag = σbs
2

sV sV = σbs/V −1

sa sa = z2
z1

sV dz 2 2

sA sA = π 2sa
2 2

10 σbs) 2

SV SV 10(sV ) −1

Sa Sa 10(sa) 2 2

SA SA 10(sA) 2 2

z1 z2
a sA

ρa =
sa

〈σbs〉
[ −2] =

sA

4π 〈σbs〉
[ −2]

〈σbs〉
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B

EL = SL+RS + TS − TL+B

μμ

μ

μ

μ

θ

μμ

μ μ

μ

μ

τ 400μ

θ ◦ α ◦
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Kx

Kx

SV

EL = SL+RS + SV − TL+ 20 log V

V
Ψ

τ

μ 2 μ 2 EL = SL + RS + TS − TL + B

μ
p1

I1−

SL = 20 log (p1/p0) = 10 log (I1/I0)
SL = 170.8 + 10 log Pe + 10 log η + DI
SL = Tx + 20 log VRMS

p0 I0 p0 μ I0 = p2
0 ρ 2

c
T S

c ≈ 1410 + 4.21T − 0.037T 2 + 1.1S
T = S = c ≈

η

Pe Pe = V 2
RMS/RP

Tx

μ

VRMS V 2
RMS = V 2

PP

RP Ω
RS S

RP = RS X2
S R2

S)

d = a, π 2

DI = 10 log (4π/Ψ) ≈ 10 log 4πA/λ2

DI ≈ 20 log πdλ = 45.5− 20 log θw

Ψ Ψ =
2π

0

π/2

0

b2(θ, ϕ) sin θdθdϕ

θw

dλ = d/λ = df/c −

θw = θ3dB b θ3dB ϕ b
θw[◦] ≈ 60/dλ

dλ θw

b θ ϕ

x = πdλ sin θ

b θ ϕ I1 θ ϕ I1
b(θ, ϕ) = (2J1 (x) /x)2 , πdλ θzdB
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B B b2 θ ϕ b θ ϕ

TL = 10 log (I(r)/I(r1)) , r1

2TL = 40 log(r/r1) + 2αr

r
τs = 1/fs −

n
τd τ

r = c(nτs − τd)/2 = nc/2fs − cτd/2
τd ≥ τ

α

fr
6−1520/(T+273)

α ≈ 2Sfrf2/ f2
r + f2 + 2.9f2/fr [10−5]

f = T = S = α≈

μ G

V R ≤ Sx

Sx Sx Tx R2
s X2

s ) J

J J = − 354 − 20 f

G G = GA GADC

GA

VI VO

GA VO VI)

GADC

n
VREF

GADC = n VREF = n− VREF
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