
1

dI λ+ dλ λ

R(λ) R(λ) dλ

R(λ) =
(

c
4

)(
8π
λ4

)[(
h c
λ

)
1

eh c/λ k T − 1

]
1

k h

I =

∫ ∞

0

R(λ) dλ = σ T 4 , 2

σ :=
2π5 k4

15 c2 h3
= 5.670 × 10−8 W m−2 K−4 3

T a

4π a2 σ T 4

5785 K R⊙ = 7.0 × 108 m

L⊙

L⊙ = 4πR2
⊙σ T 4

⊙ 4



L⊙ = 3.9 × 1026 W 5

λmax λmax λ → ∞ λ = 0 R(λ)

λmax T = 2.898 × 10−3 m · K 6

λmax = 501 nm

12 µm λmax 250 K

2

λmax 12 µm

250 K

T obs
e

Ts

1 0

0.07

0.3

0.3

d a



A (1 − A)

4π a2 σ T 4
e

(1 − A)π a2 L⊙/
(
4π d2

)

4π a2 σ T 4
e = (1 − A)π a2 4 πR2

⊙σ T 4
⊙

4π d2
, 7

Te = 4
√

1 − A

√
R⊙

2 d
T⊙. 8

T (model)
e Te

T (obs)
e T (model)

e

•

•

“ ”

(1 − 1
2α) Te (1 + α) d •

d

(1 + 1
2 ϵ) Te (1 + ϵ) d (1 − ϵ) d

(1 − 1
2 ϵ) 8

258 K 253 K Te 0.017

43 K 34K Te d = 59 × 1011 m ϵ = 0.250



P [105Pa] Ts T (obs)
e T (model)

e A d [1011 m]

90 750 K 230 K 227 K 0.77 1.1

1 280 K 250 K 256 K 0.30 1.5

0.006 218 K 220 K 216 K 0.15 2.3

2 134 K 130 K 98K 0.58 7.8

P A 1011 m d

Te Ts 105 Pa

3

Te Ts

Ts Te Ts ≃ Te

O−
3 CO2 H2O

H2 He N2 O2

N2 4% 96% 250K



3% 95%

10% 90%

4

Pabs = (1 − A)π a2 4πR2
⊙σ T 4

⊙

4π d2
9

Prad = 4π a2 σ T 4
e 10

Prad = 1.0 × 1018 W 11

Pabs = 3.3 × 1017 W 12

P = Prad − Pabs = 7 × 1017 W 13

1017 W 1015 W

M

r ρ = 3 M/(4πR3 )



ψ(r) =

⎧
⎪⎨

⎪⎩

G M
2R

(
r2

R2
− 3

)
r < R

−G M
r

r > R

14

1
2

∫
ρψ dv =

1
2

4π ρ
G M
2R

∫ R

0

dr r2

(
r2

R2
− 3

)
= −3G M2

5R
. 15

−G M2/R

R R

∆E =
G M2

r2
∆r 16

dE
dt

=
G M2

r2

dr
dt

17

dr
dt

=
dE
dt

· r2

G M2
18

P ≃ 1018 W

−P

dr
dt

= −1018 (7 × 107 )2

6.7 × 10−11 × (1.9 × 1027 )2
≃ −2 × 10−11 m s−1 ≃ −1mm/yr 19

1011 7 × 107 m

L⊙≃ 4× 1026 W

dr
dt

≃ −10−6 m s−1 ∼ 10 m/yr. 20



107 1015 s

Io 5

8

0.61 Io

98 K

2000 K

135 K T ∼ 300 K

135 K

π a2 σT 4
J

4 πR2
J

4 π d′2 21

d′ = 4.2 × 108 m RJ = 7 × 107 m

7 TJ = 130 K

4πR2
⊙σ T 4

⊙

4π d2
≃ 50 W m−2 22

A = 0.58

A
(

RJ

d

)2

× 50W m−2 ≃ 1W m−2 23
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