
– 45 –

1

[2] 3

5

4

2

� �
t = 0[s] O v0[m/s] θ0[rad] m[kg]

t[s] x y x[m], y[m]

x, y t θ0
� �

t x y

vx[m/s], vy[m/s]

{
mv̇x = 0

mv̇y = −mg
(1)

˙= d
dt , g 9.8[m/s]

(1){
vx(0) = v0 cos θ0

vy(0) = v0 sin θ0
(2)

O

y

x

v0

θ0

t = 0

t

x

y

1
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x {
vx(t) = v0 cos θ0

vy(t) = v0 sin θ0 − gt
(3)

{
x = x(t) = v0 cos θ0 × t

y = y(t) = v0 sin θ0 × t− 1
2gt

2
(4)

x(0) = 0, y(0) = 0

y = 0 t(> 0)

t =
2v0 sin θ0

g
(5)

x

x = v0 cos θ0 × 2v0 sin θ0
g

=
v20
g

sin 2θ0 (6)

x θ0

sin 2θ0 = 1⇐⇒ θ0 = π/4(= 45◦)

xmax =
v2
0

g

y

y(0) = y0( �= 0)

y0 ( )+( )

3 y 0

(3)(vy = ẏ)

y = y(t) = y0 + v0 sin θ0 × t− 1

2
gt2 (7)

y 0 (7) y = 0 t(> 0)

t =
v0 sin θ0 +

√
(v0 sin θ0)2 + 2gy0
g

(8)

x

x =
v0 cos θ0

(
v0 sin θ0 +

√
(v0 sin θ0)2 + 2gy0

)
g

(9)

x θ0 dx/dθ0 = 0

θ0

dx/dθ0 = 0 ( 5 ) v0 y0

x θ0
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v0 = 15[m/s]

54[km/h]

y y0 = 1.6[m]

x-θ

( )−40[◦]
x[m]

3.1 + 40 = 43.1◦

xmax =

24.507m

4

[1]

{
F (θ, t; v0) := v0 cos θt

G(θ, t; v0, y0) := gt2 − 2v0 sin θt− 2y0
(10)

G = 0 F θ

H(θ, t, λ; v0, y0) := F (θ, t; v0)− λG(θ, t; v0y0)

Hθ = 0 (11)

Ht = 0 (12)

Hλ = 0 ⇐⇒ G = 0 (13)

(11) ⇐⇒ −v0 sin θt− λ(−2v0 cos θt) = 0

v0t �= 0

− sin θ + 2 cos θλ = 0 ⇐⇒ ∴ λ =
1

2
tan θ (14)

(12) ⇐⇒ v0 cos θ − λ(2gt− 2v0 sin θ) = 0

(14)

v0 cos θ − tan θ(gt− v0 sin θ) = 0 ⇐⇒ v0(cos θ + tan θ sin θ) = g tan θt

∴ t =
v0
g

cos θ + tan θ sin θ

tan θ
=

v0
g

1

sin θ
(15)
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(13) (15)

g

(
v0
g

1

sin θ

)2

− 2v0 sin θ

(
v0
g

1

sin θ

)
− 2y0 = 0 ⇐⇒ v20

g

1

sin2 θ
− 2

v20
g
− 2y0 = 0

∴ 1

sin2 θ
=

2(v20 + gy0)

v20

0 < θ < π/2

sin θ =
1√
2

v0√
v20 + gy0

=
1√
2

1√
1 + gy0/v20

(
<

1√
2

)

θ = sin−1

(
1√
2

1√
1 + gy0/v20

)
(16)

t =

√
2

g

√
v20 + gy0, λ =

1

2

v0√
v0 + 2gy0

F

Fmax =
v0
√
v20 + 2gy0
g

(17)

v0 = 15, y0 = 1.6 (16), (17)

θ = 43.1323◦, Fmax = 24.50701[m]

2

5

3 (9) θ0 θ

x =
v0 cos θ

(
v0 sin θ +

√
(v0 sin θ)2 + 2gy0

)
g

(9’)

θ x θ
dx

dθ

g
dx

dθ
=

v0 sin θ +
√
(v0 sin θ)2 + 2gy0√

(v0 sin θ)2 + 2gy0
(v20 cos

2 θ − v0 sin θ
√
(v0 sin θ)2 + 2gy0)
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dx/dθ = 0 θ v20 cos
2 θ − v0 sin θ

√
(v0 sin θ)2 + 2gy0 = 0

sin θ =
1√
2

v0√
gy0 + v20

0 < θ < π/2 dx/dθ θ

x x

xmax =
v0
√

2gy0 + v20
g

[1] , , 2005.

[2] , 20 , 2002.
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