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The acceleration performance of the pellet injection system by using the high-temperature

superconducting (HTS) film linear acceleration (SLA) to fuel the nuclear fusion reactor

has been investigated numerically. To this end, the FEM model and the equivalent circuit

model have been developed for analyzing the shielding current density in the HTS film.

By using the two models, the pellet injection system has been simulated. The results of

the computations show that the numerical result of the FEM model agrees with that of

the equivalent equation one qualitatively. In addition, it is found that the acceleration

performance depend on the parameter of the accelerating coil and the acceleration HTS

film. Consequently, the pellet can be accelerated to 5 km/s or more for 12 seconds.

Therefore, the pellet injection by the SLA is the powerful system to fuel the nuclear

fusion reactor.
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Fig. 1 A schematic view of (a) a pellet injection system

used in a Superconducting Linear Acceleration (SLA), (b)

an HTS film for the propulsion in a FEM model and (c) an

HTS current loop in an equivalent circuit model.
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−W−1U [e(S) + vc(z) + h(z)]
2
m

aT (z)S

v

⎤

⎥⎥⎦ .

Ͱॻ͖ද͞ΕΔɽྻߦW ͸ n × nͷରশີྻߦͰ͋Γɼؔ

਺Q(r)ͱ FEMͷܗঢ়ؔ਺͔Βܾఆ͞ΕΔɽ·ͨɼϕΫτϧ

S ͱ e(S)͸ͦΕͧΕεΧϥؔ਺ٴͼిքE ͔ΒࢉܭͰ͖Δ

nݩ࣍અ఺ϕΫτϧͰ͋Δɽa(z), c(z)ٴͼ h(z)͸ҹՃ࣓ଋ

ີ౓B ʹରԠ͢Δ nݩ࣍અ఺ϕΫτϧͰ͋ΔɽຊڀݚͰ͸ɼ

࿈ཱৗඍ෼ํఔࣜ (4) ΛࠁΈ෯ࣗಈௐઅ෇͖ Runge-Kutta

๏ (10) Ͱղ͘ɽ

2.2. ౳Ձճ࿏Ϟσϧ

ຊઅͰ͸ɼϖϨοτࣹग़ํࣜͷ౳Ձճ࿏ϞσϧΛड़΂Δɽ

Fig. 1 (c)ʹ౳Ձճ࿏Ϟσϧͷ֓೦ਤΛࣔ͢ɽHTSͷःณి

ྲྀ I ͸ HTSͷԑʹ෼෍͢Δ͜ͱ͕஌ΒΕ͍ͯΔͨΊɼःณ

ిྲྀ I ͷۭؒ෼෍͸ HTSిྲྀϧʔϓͰۙ͢ࣅΔ͜ͱ͕Ͱ͖

ΔɽHTSిྲྀϧʔϓͷ൒ܘɼٴ͞ߴͼ෯͸ͦΕͧΕ R, bٴ

ͼW Ͱද͢ɽ·ͨɼத৺ରশ࣠Λ z ࣠ͱͨ͠ HTSബບͱί

Πϧͷॏ৺Λݪ఺ͱ͢Δԁப࠲ඪ (r, θ, z)Λ࠾༻͠ɼr, θ, zํ

ͷ୯ҐϕΫτϧΛͦΕͧΕ޲ er, eθ, ez Ͱද͢ɽ

Ծఆͷ΋ͱͰɼFaradayͷ๏ଇ͸ҎԼͷճ࿏ํఔࣜͱه্

౳ՁͰ͋Δɽ

dI
dt

= − 1
L

[
M(z)

dIc
dt

+
dM
dz

vIc + e

]
. (5)

͜͜Ͱɼeٴͼ L͸ͦΕͧΕ HTSిྲྀϧʔϓͷ༠ಋྗిىɼ

ΠϯμΫλϯεͰ͋ΔɽMݾࣗ ͸ίΠϧిྲྀ Ic ͱःณిྲྀ

I ͱͷ૬ޓΠϯμΫλϯεͰ͋ΔɽLͱM ͸ͦΕͧΕ

L = µ0
R
bw

∫ R+W/2

R−W/2

dr′
√

r′

R

∫ b/2

−b/2

dz′F (kI), (6)

M(z) = µ0

√
RRc

h

∫ Hc/2

−Hc/2

F (kM)dz′. (7)

ͰදͤΔɽ(6)ͱ (7)ͷඃੵ෼ؔ਺ F (k)͸

F (k) ≡ k

[
− 2
k2

E(k) +

(
2
k2

− 1

)
K(k)

]
, (8)

Ͱఆٛ͞ΕΔ͕ɼ૬ޓΠϯμΫλϯεM ͸ HTSബບ͕ؒ࣌

ͱͱ΋ʹಈͨ͘Ίɼz ʹґଘ͢Δ͜ͱʹ஫ҙ͠ͳ͚Ε͹ͳΒ

ͳ͍ɽ·ͨɼK(x)ͱ E(x)͸ͦΕͧΕୈ 1छ׬શପԁੵ෼ɼ

ୈ 2छ׬શପԁੵ෼Ͱ͋Γɼͦͷ฼਺ kI ͼٴ kM ͸ͦΕͧΕ

k2
I ≡ 4Rr′

(R+ r)2 + z′2
, (9)

k2
M ≡ 4RRc

(R+Rc)2 + (z − z′)2
, (10)

Ͱఆٛ͞ΕΔɽ

౳Ձճ࿏ϞσϧͷJ-Eߏ੒ํఔࣜ͸ e = eC(|I|/IC)N sgn(I)

Ͱॻ͖දͤΔɽୠ͠ɼeC ͱ IC ͸ͦΕͧΕྟքిѹͱྟքి

ྲྀͰ͋ΓɼeC ≡ 2πREC ͼٴ IC ≡ jCbW ͰܾఆͰ͖Δɽͪ

ͳΈʹɼ্هͷ J-E ੒ํఔࣜ͸ߏ Eθ = EC(|j|/jC)N sgn(j)

͔Β༰қʹٻΊΔ͜ͱ͕Ͱ͖Δɽ͜͜ͰɼEθ ͸ిք E ͷ θ

੒෼Ͱ͋Δɽ

ҰํɼHTSిྲྀϧʔϓͷӡಈ͸ Newtonͷӡಈํఔࣜ

m
dv
dt

= −2πRBr(R, z)I. (11)

ͰܾఆͰ͖Δɽୠ͠ɼBr(r, z)͸ҹՃ࣓ଋີ౓B ͷ r੒෼Ͱ

͋Δɽ

݁Ռͱͯ͠ɼ(5)ͱ (11)Λ࿈ཱ͢Ε͹ɼ3ม਺࿈ཱৗඍ෼

ํఔࣜ

d
dt

⎡

⎢⎢⎣

I

v

z

⎤

⎥⎥⎦ =

⎡

⎢⎢⎢⎢⎣

− 1
L

[
M(z)

dIc
dt

+
dM
dz

vIc + e

]

−2πRBr(R, z)I
m
v

⎤

⎥⎥⎥⎥⎦
. (12)

ΛಘΔɽಉํఔࣜͷιϧόʔʹ΋ࠁΈ෯ࣗಈௐઅ෇͖Runge-

Kutta๏Λ࠾༻͢Δɽ

3. ϖϨοτࣹग़ํࣜͷ਺஋γϛϡϨʔγϣϯ

ୈ 2અͰड़΂ͨ FEMϞσϧͱ౳Ձճ࿏Ϟσϧʹ͍ͯͮجɼ

HTSബບ಺ʹྲྀΕΔःณిྲྀີ౓ͷൃؒ࣌లΛղੳ͢Δ྆

Ϟσϧͷ਺஋ίʔυΛ։ൃͨ͠ɽຊઅͰ͸ɼ྆ίʔυΛ༻͍

ͯ HTSϦχΞՃ଎ʹΑΔϖϨοτࣹग़ํࣜͷՃ଎ੑೳΛ਺

஋తʹௐ΂ΔɽຊڀݚΛ௨ͯ͠ɼ෺ཧతɾزԿֶతύϥϝλ

ΛҎԼͷ஋ʹݻఆ͢ΔɿRc = 5 cm, Hc = 10 cm, m = 10 g,

v0 = 0 m/s, N = 20, jC = 1 MA/cm2, EC = 1 mV/m, a = 7

cm, b = 1 mm, W = 5 mm. ҎԼͰ͸ɼ୯Ұͱෳ਺ͷՃ଎༻

ίΠϧʹର͢Δ਺஋࣮ݧΛࣔ͢ɽ

3.1. ୯ҰίΠϧ

͜͜Ͱ͸ɼ୯ҰίΠϧͰͷϖϨοτࣹग़ํࣜͷՃ଎ੑೳΛ

਺஋తʹௐ΂Δ͕ɼίΠϧిྲྀ Icͱͯ͠ɼҰ࣌తʹ Ic(t, z) =

αt(z ≥ 0)Λ༩͑Δɽୠ͠ɼα͸ίΠϧͷిྲྀมԽ཰Ͱ͋Δɽ

·ͣɼFig. 2ʹ૬ޓΠϯμΫλϯεM ͷҐஔ z ΁ͷґଘੑ

Λࣔ͢ɽಉਤΑΓ໌Β͔ͳΑ͏ʹɼ૬ޓΠϯμΫλϯε M

͸ബບ͕ίΠϧ͔Β཭ΕΔʹͭΕͯɼ୯ௐݮগ͢Δ͜ͱ͕Θ

͔Δɽz ! 20 cmͰ͸ɼM ͷ஋͸΄ͱΜͲθϩͰ͋Δɽ͢ͳ



Fig. 2 Dependence of the mutual inductance M on the po-

sition z for α = 20 kA/ms, z0 = 1 mm, and R = 3.5 mm.

ΘͪɼίΠϧ͔Βബບ͕े෼཭ΕΔͱɼίΠϧ͕ൃੜ͢Δ࣓

ଋີ౓ͷӨڹΛड͚ͯͳ͍ͱ͍͑Δɽ

Fig. 3ʹ଎౓ vͷബບҐஔ z΁ͷґଘੑΛࣔ͢ɽಉਤͰ͸ɼ

FEMϞσϧͱ౳Ձճ࿏Ϟσϧͷ਺஋݁ՌΛ͍ࣔͯ͠ΔɽͲ

ͪΒͷ݁Ռ΋HTSബບ͸ܹٸʹՃ଎͞Εͨޙɼz ! 20 cmͰ

͸଎౓͕΄΅ҰఆʹͳΔɽ͜ͷ݁Ռ͸ɼՃ଎ྖҬ͕ଘ͢ࡏΔ

͜ͱΛҙຯ͢Δɽ͑׵͍ݴΕ͹ɼz ! 20 cmͰ͸ɼίΠϧి

ྲྀ Ic Λθϩʹͯ͠΋ Fig. 3ͷ݁Ռ͸มΘΒͳ͍ɽҎ্ͷ݁

ՌΛྀͯ͠ߟɼຊڀݚͰ͸ҎԼʹࣔ͢ίΠϧిྲྀΛ༩͑Δɽ

Ic(t, z) =

⎧
⎨

⎩
αt (0 ≤ z ≤ zlimit)

0 (otherwise)
, (13)

ୠ͠ɼzlimit ͸Ճ଎ྖҬͷ্ݶͰ͋Γɼͦͷ஋Λ zlimit = 20

cmʹݻఆ͢Δɽ

͜͜ͰɼFEMϞσϧͱ౳Ձճ࿏Ϟσϧͷ਺஋݁Ռʹ͍ͭ

.Α͏ɽFig͠ٴݴͯ 3͔Β໌Β͔ͳΑ͏ʹɼFEMϞσϧͷ

v ͕एׯେ͖͍͕ɼ྆Ϟσϧͷ଎౓ v ͷৼΔ෣͍͸ఆੑతʹ

Ұக͍ͯ͠ΔɽఆྔతʹҰக͠ͳ͍ͷ͸ɼബບ಺ʹྲྀΕΔः

ณిྲྀ͕̍ͭͷཁҼͰ͋Δͱ͍͑ΔɽFig. 4ʹ HTSബບ಺

ʹྲྀΕΔःณిྲྀ I ͷؒ࣌มԽΛࣔ͢ɽಉਤΑΓɼՃ଎ͷཁ

ҼͱͳΔःณిྲྀີ౓ͷྔ͸ FEMϞσϧͷํ͕౳Ձճ࿏Ϟ

σϧΑΓେ͖͍ɽ͜ͷݪҼ͸ FEMϞσϧͷബບܗঢ়͕ਖ਼ํ

Ͱ͋Δͱ༧૝͞ΕΔɽFEMϞσϧʹ͓͚Δःณిྲྀີ౓ܗ

j ͷۭؒ෼෍Λௐ΂ͨʢFig. রʣɽͦͷ݁Ռɼjࢀ5 ͸ബບͷ

Fig. 3 Dependence of the velocity v on the position z for

α = 20 kA/ms and z0 = 1 mm in the FEM model and the

equivalent circuit model for R = 3.5 mm.

Fig.4 Dependence of the shielding current I on the position

z for α = 20 kA/ms and z0 = 1 mm in the FEM model and

the equivalent circuit model for R = 3.5 mm.

ԑۙ๣ʹ෼෍͍ͯ͠Δ͕ɼΘ͔ͣʹத৺ۙ๣ʹ΋ଘ͢ࡏΔ͜

ͱ͕Θ͔ΔɽͦΕނɼԁ൘ܗঢ়ͷ HTSͰ΋ಉ༷ͷ͕޲܏ಘ

ΒΕΔͱਪ͞࡯ΕΔɽ

Ұํɼશؒ࣌εςοϓͷࢉܭʹཁ͢Δ CPUؒ࣌Λݕ౼͢

Δͱɼ౳Ձճ࿏Ϟσϧʹൺ΂ͯɼCPUؒ࣌͸ FEMϞσϧͷ

ํ͕֨ஈʹ஗͍ɽͦΕނɼෳ਺ίΠϧͷ৔߹ɼFEMʹΑΔ

ःณిྲྀີ౓ղੳʹ͸ෆ͖޲Ͱ͋Γɼ࣮ݱతͰͳ͍ɽ͜Ε͸

FEM ͰಘΒΕΔ࿈ཱৗඍ෼ํఔࣜ (4) ͷݩ਺͕ n + 2 Ͱ͋

Δͷʹରͯ͠ɼ౳Ձճ࿏ͷ࿈ཱৗඍ෼ํఔࣜ (12) ͸ݩ਺͕

Θ͔ͣ 3Ͱ͋Δͷ͕ݪҼͰ͋Δɽ͔͠͠ͳ͕ΒɼFEMϞσ

ϧͰ͸ɼFig. 5ʹࣔ͢Α͏ʹ࣓ྗઢͱःณిྲྀີ౓ͷൃؒ࣌

లΛՄࢹԽͰ͖ΔͨΊɼ਺஋σʔλΛ֮ࢹతʹଊ͑Δ͜ͱ͕

Ͱ͖ΔɽͦΕނɼFEMͷߴ଎ղੳ͕ඞਢͰ͋Δ͕ɼ͜Ε͸

ͷ՝୊ͱ͍ͨ͠ɽޙࠓ

3.2. ෳ਺ίΠϧ

ຊઅͰ͸ɼ౳Ձճ࿏ϞσϧΛ༻͍ͯɼෳ਺ͷՃ଎༻ίΠϧ

͕ଘ͢ࡏΔ৔߹ͷγϛϡϨʔγϣϯΛ͏ߦɽຊڀݚΛ௨ͯ͠ɼ

ෳ਺ͷίΠϧ͕౳ִؒʹͳΔΑ͏ʹίΠϧΛ഑ஔ͠ɼίΠϧ

ಉ࢜ͷִؒ͸ zp Ͱද͢ɽ·ͨɼHTSͷҐஔ z ͸৒༨ԋࢠࢉ

modΛ࠾༻͢Δ͜ͱʹΑͬͯɼҎԼͷΑ͏ʹ༩͑ΒΕΔɽ

zmod = mod(z + zp/2, zp)− zp/2. (14)

Fig. 5 Time evolution of the shielding current density and

the magnetic flux lines at time t = 6 ms.



Fig. 6 A schematic view of the multiple coils.

(14)Λ༻͍Ε͹ɼബບͷಈ͖͸ྖҬ−zp/2 ≤ zmod ≤ zp/2ͷ

தͰपظతʹද͢͜ͱ͕Ͱ͖ΔʢFig. রʣɽ͜͜Ͱ஫ҙ͠ࢀ6

ͳ͚Ε͹ͳΒͳ͍ͷ͸ɼ(14)Λ༻͍Δࡍɼෆ౳ࣜ zp ≥ zlimit

Λຬ଍ͤ͞Δඞཁ͕͋Δ͜ͱͰ͋Δɽຬ଍͠ͳ͍৔߹ɼՃ଎

ޮ཰͕௿Լ͢Δɽ ෳ਺ίΠϧͷ৔߹ɼίΠϧిྲྀ Ic ͸

Ic(t, zmod) =

⎧
⎨

⎩
α(t− tmin) (0 ≤ zmod ≤ zlimit)

0 (otherwise)
. (15)

ͰදͤΔɽୠ͠ɼtmin ͸ zmod = 0 mͱͳΔࠁ࣌Ͱ͋Δɽ

ҎԼͰ͸ɼ࣮ݧ৚͕݅ϖϨοτࣹग़ํࣜͷՃ଎ੑೳʹٴ΅

͢ӨڹΛௐ΂Δɽ۩ମతʹ͸ɼ4ͭͷύϥϝλɿബບͷॳظ

Ґஔ z0ɼίΠϧͷిྲྀมԽ཰ αɼίΠϧִؒͷൺ zp/zlimitɼ

ిྲྀϧʔϓͷ൒ܘ R ΛมԽͤ͞Δɽ·ͣɼബບͷॳظҐஔ

ʹ͍ͭͯɼՃ଎ੑೳΛௐ΂Α͏ɽFig. 7ʹബບͷ଎౓ v ͷ࣌

ؒมԽΛࣔ͢ɽಉਤΑΓ໌Β͔ͳΑ͏ʹɼബບ͸ୈ 1൪໨ͷ

ίΠϧͰܹٸʹՃ଎͠ɼ଎౓ v͸ؒ࣌ͷ૿Ճͱͱ΋ʹ୯ௐ૿

Ճ͢Δ͜ͱ͕Θ͔Δɽ͞Βʹɼz0 = 1 µmͷ଎౓͸ɼz0 = 1

mmͷ଎౓ΑΓશͯͷࠁ࣌Ͱ଎͍ɽ

͜͜Ͱɼಉ͡ίΠϧ਺Ͱ଎౓Λൺֱ͢ΔͨΊɼऴ୺଎౓ vf

Λఆٛ͠Α͏ɽୠ͠ɼऴ୺଎౓ vf ͸ୈ 20൪໨ͷՃ଎ྖҬΛ

ബບ͕௨աͨ͠௚ޙͷ଎౓ͱ͢ΔɽFig. 8ʹऴ୺଎౓ vf ͷ

ॳظҐஔ z0 ΁ͷґଘੑΛࣔ͢ɽಉਤΑΓ໌Β͔ͳΑ͏ʹɼ1

µm ≤ z0 " 5 cmͰ͸ɼऴ୺଎౓ vf ͕୯ௐݮগ͢Δͷʹର͠

ͯɼz0 ! 5 cmͷ৔߹ɼബບ͕ίΠϧ͔Β཭ΕΔʹ൐͍ɼऴ

୺଎౓͕૿Ճ͢Δɽ͜ͷ݁Ռ͸ɼॳظҐஔ͕ݪ఺ʹۙͮ͘΄

ͲɼՃ଎ੑೳ্͕͢޲Δ͜ͱΛ͍ࣔͯ͠Δɽ͔͠͠ͳ͕Βɼ

Δ͜͢ޚҐஔΛ੍ظ͸ɼϛΫϩϯΦʔμʔͰബບͷॳʹࡍ࣮

Fig. 7 Time comparison of the velocity v for the case with

α = 20 kA/ms, zp/zlimit = 5, and R = 3.5 mm.

Fig. 8 Dependence of the velocity v on the initial position

z0 for α = 20 kA/ms, zp/zlimit = 5, and R = 3.5 mm.

ͱ͸೉͍͠ͷͰɼ࣮ݱతͳ஋ͱͯ͠ɼҎԼͰ͸ɼॳظҐஔΛ

z0 = 1 mmʹݻఆ͢Δɽ

ɼίΠϧͷిྲྀมԽ཰ʹ࣍ α͕Ճ଎ੑೳʹٴ΅͢ӨڹΛௐ

΂Α͏ɽFig. 9ʹ଎౓ vͷؒ࣌มԽΛࣔ͠ɼऴ୺଎౓ vf Λί

ΠϧͷిྲྀมԽ཰ αͷؔ਺ͱͯ͠ධՁͨ݁͠ՌΛ Fig. 10ʹ

ࣔ͢ɽ͜ΕΒͷਤΑΓ໌Β͔ͳΑ͏ʹɼిྲྀมԽ཰ͷ૿Ճʹ

൐͍ɼՃ଎ੑೳ্͕͢޲Δ͜ͱ͔ΒɼίΠϧͷిྲྀ͸Ͱ͖Δ

Γେ͖͍ిྲྀΛྲྀ͢͜ͱ͕๬·͍͠ͱ͍͑Δɽ͔͠͠ͳ͕ݶ

Βɼ༄౳͸ిྲྀมԽ཰ α ≃ 20 kA/msͰͷ࣮ݧΛݕ౼͍ͯ͠

Δ͜ͱ͔ΒɼҎԼͷ਺஋࣮ݧͰ͸ɼα = 20 kA/msΛ༩͑Δɽ

ɼίΠϧִؒൺʹ࣍ zp/zlimit͕Ճ଎ੑೳʹٴ΅͢ӨڹΛௐ

΂Α͏ɽͳ͓ɼִؒൺ zp/zlimit ͕େ͖͘ͳΔͱɼίΠϧִؒ

.ͳΔɽFig͘޿͕ 11ʹ଎౓ v ͷؒ࣌มԽΛࣔ͢ɽಉਤΑΓɼ

ബບͷ଎౓͸ίΠϧִ͕ؒ͘ڱͳΔʹͭΕͯɼඈ༂తʹ૿Ճ

͢Δ͜ͱ͕Θ͔ΔɽҎԼͰ͸ɼίΠϧִؒൺͷ஋Λ zp/zlimit

= ఆ͢Δɽݻʹ2

Rʹؔ͢ΔՃ଎ੑೳΛௐ΂ܘɼHTSిྲྀϧʔϓͷ൒ʹޙ࠷

Α͏ɽFig. 12ʹऴ୺଎౓ vf ͷ൒ܘ R΁ͷґଘੑΛࣔ͢ɽಉ

ਤΑΓ໌Β͔ͳΑ͏ʹɼऴ୺଎౓͸൒ܘͷ૿Ճʹ൐͍ɼ୯ௐ

૿Ճ͢Δ͜ͱ͕Θ͔Δɽ·ͨɼϖϨοτͷՃ଎͕ؒ࣌ t ! 12

sͷ৔߹ɼR = 4.5 mmͰ໿ 5 km/sҎ্ͷ଎౓ΛಘΔ͜ͱ͕

Θ͔ͬͨʢFig. 13 ɼHTSނরʣɽͦΕࢀ ϦχΞՃ଎ʹΑΔ

ϖϨοτࣹग़ํࣜ͸ɼϔϦΧϧ֩ܕ༥߹࿍ͷ೩ྉڅڙͱͯ͠

༗ޮͳख๏Ͱ͋Δͱ͍͑Δɽ

Fig. 9 Time comparison of the velocity v for the case with

zp/zlimit = 5 and R = 3.5 mm.



Fig.10 Dependence of the final velocity vf on the increasing

rate α for the case with zp/zlimit = 5, and R = 3.5 mm.

4. ݴ݁

ຊڀݚͰ͸ɼHTSബບ಺ʹྲྀΕΔःณిྲྀີ౓Λղੳ͢

ΔͨΊͷ FEMϞσϧͱ౳Ձճ࿏Ϟσϧͷ਺஋ίʔυΛ։ൃ

͠ɼಉίʔυΛ༻͍ͯɼHTSϦχΞՃ଎ʹΑΔϖϨοτࣹग़

ํࣜΛ਺஋తʹ͠ݱ࠶ɼಉํࣜͷՃ଎ੑೳΛධՁͨ͠ɽຊݚ

ͰಘΒΕͨ݁࿦Λཁ໿͢ΔͱɼҎԼͷΑ͏ʹͳΔɽڀ

1. HTSϦχΞՃ଎Λ༻͍ͨϖϨοτࣹग़ํࣜͷՃ଎ੑೳ

͸ബບͷॳظҐஔɼίΠϧͷిྲྀมԽ཰ɼίΠϧͷؒ

ґଘ͠ɼҎԼͷ৔߹ʹ൐͍ɼ͘ڧʹͼബບͷେ͖͞ٴִ

ϖϨοτͷՃ଎ੑೳ্͕ͨ͠޲ɽ

(a) ॳظҐஔ͕ݪ఺ʹ͍ۙͮͨ৔߹

(b) ίΠϧִؒΛͨ͘͠ڱ৔߹

(c) ίΠϧͷిྲྀมԽ཰ͱബບͷ൒૿͕ܘՃͨ͠৔߹

2. 12ඵҎ্ͷՃ଎ؒ࣌ͰϖϨοτ͸໿ 5 km/sΛ௒͑Δ

଎౓ͰՃ଎͞ΕΔɽͦΕނɼHTSϦχΞՃ଎ʹΑΔϖ

Ϩοτࣹग़ํࣜ͸ɼϔϦΧϧ֩ܕ༥߹࿍ͷ೩ྉڅڙͱ

ͯ͠༗ޮͳख๏Ͱ͋Δͱ͍͑Δɽ
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Fig. 13 Time comparison of the velocity v.


