
Vz



δ



ε



Vx



ε



=



V 2
x (V

−2
z − V −2

x )/2,



V 2
x



(1 + 2ε)V 2
z , and



Vx



≈



(1 + ε)Vz.



Vn



δ



≡



V 2
n (V

−2
z − V −2

n )/2,



V 2
n



(1 + 2δ)V 2
z , and



Vn



(1 + δ)Vz.



ε > δ



ε > 0



δ < 0



Vs/Vp



Vs



Vn ≤ Vz ≤ Vx



δ > 0



η



(ε− δ)/(1 + 2δ)



V 2
x (V

−2
n − V −2

x )/2,



(1 + 2η)V 2
n , and



(1 + η)Vn.



η > 0



Vz, Vx, Vn, ε, δ, η



η



Vz, Vx,



φ



V (φ)



V (φ)−2



V −2
z cos2 φ+ (V −2

n − V −2
x ) cos2 φ sin2 φ+ V −2

x sin2 φ,



V (φ)−1



V −1
x

√
1 + 2η cos2 φ sin2 φ+ 2ε cos2 φ



V −1
x (1 + η cos2 φ sin2 φ+ ε cos2 φ)



V −1
x [1 + η cos2 φ(1 + sin2 φ) + δ cos2 φ].



v(θ)



θ



v(θ)2 = V 2
z cos2 θ + (V 2

n − V 2
x ) cos

2 θ sin2 θ + V 2
x sin2 θ.



t0



z = Vzt0



h



th



t2h = t20 +

[
V −2
n + (V −2

x − V −2
n )

h2

h2 + V 2
z t

2
0

]
h2.



h� Vzt0



h� Vzt0



Vh(h)



Vh(h)
−2



(t2h − t20)/h
2



V −2
n + (V −2

x − V −2
n )

h2

h2 + V 2
z t

2
0



V −2
n

(
1− 2η

1 + 2η
· h2

h2 + V 2
z t

2
0

)
.



t2h = t20 + h2/Vh(h)
2.



Vn ≤ Vh(h) ≤ Vx



η = 0



Vn = Vx



Vz ≈ Vn



Vh(h)
−2 ≈ V −2

n

(
1− 2η

h2

h2 + V 2
n t

2
0

)
.



Vz ≈ V 2
n /Vx



ε ≈ 2δ



t2h ≈ t20 +

[
V −2
n + (V −2

x − V −2
n )

h2

h2 + V 4
n V

−2
x t20

]
h2.



Vh(h)
−2 ≈ V −2

n

(
1− 2η

h2

h2 + V 4
n V

−2
x t20

)
.



Viso



hmax



Viso



Vh(hmax)



Vn

(
1 + η

h2max

h2max + V 2
n t

2
0

)
.



α



Vn(1 + η sin2 α), where tanα = hmax/Vzt0.



Viso ≈ Vx(1− η cos2 α).



Vh(h)
−2 ≈ V −2

iso

[
1 + 2η

(
h2max

h2max + V 2
isot

2
0

− h2

h2 + V 2
isot

2
0

)]
.



V −1
x



Vh(hmax)
−1

(
1− η

V 2
z t

2
0

h2max + V 2
z t

2
0

)



V −1
iso (1− η cos2 α).



V (φ)−1 ≈ V −1
iso (1− η cos2 α)(1 + η cos2 φ sin2 φ+ ε cos2 φ).



0 < ε



η/2 < ε < 2η



0



V (φ)−1 ≈ V −1
iso (1− η cos2 α)[1 + η cos2 φ(1 + sin2 φ) + δ cos2 φ].



V −1
n (1− η sin4 φ+ δ cos2 φ)



V −1
n [1− η(1− cos2 φ sin2 φ) + ε cos2 φ].


