
❈❤❛♣t❡r ✶✽ ✲ ❚❤❡r♠❛❧ Pr♦♣❡rt✐❡s ♦❢ ▼❛tt❡r

✶✳ ❬✶✽✳✺✺❪ ❆ ❤♦t✲❛✐r ❜❛❧♦♦♥ st❛②s ❛❧♦❢t ❜❡❝❛✉s❡ ❤♦t ❛✐r ❛t ❛t♠♦s♣❤❡r✐❝ ♣r❡ss✉r❡ ✐s ❧❡ss ❞❡♥s❡ t❤❛♥ t❤❡ ❝♦♦❧❡r
❛✐r ❛t t❤❡ s❛♠❡ ♣r❡ss✉r❡✳ ■❢ t❤❡ ✈♦❧✉♠❡ ♦❢ t❤❡ ❜❛❧♦♦♥ ✐s ✺✵✵ ♠3 ❛♥❞ t❤❡ s✉rr♦✉♥❞✐♥❣ ❛✐r ✐s ❛t ✶✺o❈✱
✇❤❛t ♠✉st t❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ t❤❡ ❛✐r ✐♥ t❤❡ ❜❛❧♦♦♥ ❜❡ ❢♦r ✐t t♦ ❧✐❢t ❛ t♦t❛❧ ❧♦❛❞ ♦❢ ✷✾✵ ❦❣ ✭✐♥ ❛❞❞✐t✐♦♥
t♦ t❤❡ ♠❛ss ♦❢ t❤❡ ❤♦t ❛✐r✮❄ ❚❤❡ ❞❡♥s✐t② ♦❢ ❛✐r ❛t ✶✺o❈ ❛♥❞ ❛t♠♦s♣❤❡r✐❝ ♣r❡ss✉r❡ ✭p0 = 1.01325× 105

P❛✮ ✐s ✶✳✷✸ ❦❣✴♠3✳

• V = 500 ♠3✱ T0 = 15o❈✱ mL = 290 ❦❣✱ ρ0 = 1.23 ❦❣✴♠
3
✳ ❚❤❡ ❢♦r❝❡ ♦❢ ❜✉♦②❛♥❝② ❧✐❢ts t❤❡ ❜❛❧♦♦♥✿

Fb = ρoV g = (mL +m)g

❚❤❡ ♠❛ssm ♦❢ t❤❡ ❤♦t✲❛✐r ✐♥ t❤❡ ❜❛❧❧♦♥ ✐s r❡❧❛t❡❞ t♦ ✐ts ♣r❡ss✉r❡ p0 ✭❛t♠♦s♣❤❡r✐❝✮ ❛♥❞ t❡♠♣❡r❛t✉r❡
T > T0 ✭t❤❡ ♠♦❧❛r ♠❛ss ♦❢ ❛✐r ✐s M = 29 ❣✴♠♦❧✱ ❛♥❞ t❤❡ ❣❛s ❝♦♥st❛♥t ✐s R = 8.314 ❏✴♠♦❧✮✿

p0V = nRT , m = nM

T =
p0V

nR
=

p0VM

mR
=

p0VM

(ρ0V −mL)R
= 544 ❑ = 271oC

✷✳ ❬✶✽✳✺✼❪ ❆ ❝②❧✐♥❞❡r ✶✳✵✵ ♠ t❛❧❧ ✇✐t❤ ✐♥s✐❞❡ ❞✐❛♠❡t❡r ✵✳✶✷✵ ♠ ✐s ✉s❡❞ t♦ ❤♦❧❞ ♣r♦♣❛♥❡ ❣❛s ✭♠♦❧❛r ♠❛ss
✹✹✳✶ ❣✴♠♦❧✮ ❢♦r ✉s❡ ✐♥ ❛ ❜❛r❜❡❝✉❡✳ ■t ✐s ✐♥✐t✐❛❧❧② ✜❧❧❡❞ ✇✐t❤ ❣❛s ✉♥t✐❧ t❤❡ ❣❛✉❣❡ ♣r❡ss✉r❡ ✐s 1.3× 106 P❛
❛♥❞ t❤❡ t❡♠♣❡r❛t✉r❡ ✐s ✷✷o❈✳ ❚❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ t❤❡ ❣❛s r❡♠❛✐♥s ❝♦♥st❛♥t ❛s ✐t ✐s ♣❛rt✐❛❧❧② ❡♠♣t✐❡❞
♦✉t ♦❢ t❤❡ t❛♥❦ ✉♥t✐❧ t❤❡ ❣❛✉❣❡ ♣r❡ss✉r❡ ✐s 2.50× 105 P❛✳ ❈❛❧❝✉❧❛t❡ t❤❡ ♠❛ss ♦❢ t❤❡ ♣r♦♣❛♥❡ t❤❛t ❤❛s
❜❡❡♥ ✉s❡❞✳

• h = 1.00 ♠✱ d = 0.120 ♠✱ M = 44.1 ❣✴♠♦❧✱ p0 = 1.3 × 106 P❛✱ T = 22o❈ = ❝♦♥st✱ p1 =
2.50× 105 P❛✳

p0V = n0RT , p1V = n1RT , m = (n0 − n1)M , V =
πd2h

4

m =
p0 − p1

RT

πd2h

4
M = 213 ❣

✸✳ ❬✶✽✳✻✶❪ ❆♥ ❛✉t♦♠♦❜✐❧❡ t✐r❡ ❤❛s ❛ ✈♦❧✉♠❡ ♦❢ ✵✳✵✶✺✵ ♠3 ♦♥ ❛ ❝♦❧❞ ❞❛② ✇❤❡♥ t❤❡ t❡♠♣❡r❛t✉r❡ ♦❢ t❤❡ ❛✐r
✐♥ t❤❡ t✐r❡ ✐s ✺✳✵o❈ ❛♥❞ ❛t♠♦s♣❤❡r✐❝ ♣r❡ss✉r❡ ✐s ✶✳✵✷ ❛t♠✳ ❯♥❞❡r t❤❡s❡ ❝♦♥❞✐t✐♦♥s✱ t❤❡ ❣❛✉❣❡ ♣r❡ss✉r❡
✐s ♠❡❛s✉r❡❞ t♦ ❜❡ ✶✳✼✵ ❛t♠ ✭❛❜♦✉t ✷✺ ❧❜✴✐♥2✮✳ ❆❢t❡r t❤❡ ❝❛r ✐s ❞r✐✈❡♥ ♦♥ ❛ ❤✐❣❤❛② ❢♦r ✸✵ ♠✐♥✱ t❤❡
t❡♠♣❡r❛t✉r❡ ♦❢ t❤❡ ❛✐r ✐♥ t❤❡ t✐r❡ ❤❛s r✐s❡♥ t♦ ✹✺✳✵o❈ ❛♥❞ t❤❡ ✈♦❧✉♠❡ ❤❛s r✐s❡♥ t♦ ✵✳✵✶✺✾ ♠3✳ ❲❤❛t
t❤❡♥ ✐s t❤❡ ❣❛✉❣❡ ♣r❡ss✉r❡❄

• p0 = 1.02 ❛t♠✱ T1 = 5.0o❈ = 278.16 ❑✱ V1 = 0.0150 ♠3✱ p1 = p0 + 1.70 ❛t♠ = 2.72 ❛t♠✱
T2 = 45.0o❈ = 318.16 ❑✱ V2 = 0.0159 ♠3✳ ❚❤❡ ❡❧❛st✐❝ ❢♦r❝❡ ♦❢ t❤❡ ✐♥✢❛t❡❞ t✐r❡ ❡✛❡❝t✐✈❡❧②
♣r♦❞✉❝❡s ♣r❡ss✉r❡ δp = p1 − p0✱ ✇❤✐❝❤ ✇❡ ♠❛② ❛ss✉♠❡ t♦ st❛② ❝♦♥st❛♥t ✉♥❞❡r t❤❡ s♠❛❧❧ t✐r❡
✈♦❧✉♠❡ ❝❤❛♥❣❡✳

p1V1 = nRT1 , p2V2 = nRT2

p2 =
nRT2

V2

=
V1T2

V2T1

p1 = 2.94 ❛t♠

p2 − p0 = 1.92 ❛t♠

✺



✹✳ ❬✶✽✳✻✺❪ ❆ ❧❛r❣❡ t❛♥❦ ♦❢ ✇❛t❡r ❤❛s ❛ ❤♦s❡ ❝♦♥♥❡❝t❡❞ t♦ ✐t✳ ❚❤❡ t❛♥❦ ✐s s❡❛❧❡❞ ❛t t❤❡ t♦♣ ❛♥❞ ❤❛s
❝♦♠♣r❡ss❡❞ ❛✐r ❜❡t✇❡❡♥ t❤❡ ✇❛t❡r s✉r❢❛❝❡ ❛♥❞ t❤❡ t♦♣✳ ❲❤❡♥ t❤❡ ✇❛t❡r ❤❡✐❣❤t h ✐s ✸✳✺ ♠✱ t❤❡ ❛❜s♦❧✉t❡
♣r❡ss✉r❡ p ♦❢ t❤❡ ❝♦♠♣r❡ss❡❞ ❛✐r ✐s 4.20×105 P❛✳ ❆ss✉♠❡ t❤❛t t❤❡ ❛✐r ❛❜♦✈❡ ✇❛t❡r ❡①♣❛♥❞s ❛t ❝♦♥st❛♥t
t❡♠♣❡r❛t✉r❡✱ ❛♥❞ t❛❦❡ t❤❡ ❛t♠♦s♣❤❡r✐❝ ♣r❡ss✉r❡ t♦ ❜❡ 1.00×105 P❛✳ ✭❛✮ ❲❤❛t ✐s t❤❡ s♣❡❡❞ ✇✐t❤ ✇❤✐❝❤
✇❛t❡r ✢♦✇s ♦✉t ♦❢ t❤❡ ❤♦s❡ ✇❤❡♥ h = 3.50 ♠ ✭t❤❡ ❤♦s❡ ♦♣❡♥✐♥❣ ✐s ✶✳✵✵ ♠ ❛❜♦✈❡ ❣r♦✉♥❞ ❛♥❞ t❤❡ t❛♥❦✬s
❤❡✐❣❤t ✐s ✹✳✵✵ ♠✮❄ ✭❜✮ ❆s ✇❛t❡r ✢♦✇s ♦✉t ♦❢ t❤❡ t❛♥❦✱ h ❞❡❝r❡❛s❡s✳ ❈❛❧❝✉❧❛t❡ t❤❡ ✢♦✇ s♣❡❡❞ ❢♦r h = 3.00
♠ ❛♥❞ h = 2.00 ♠✳ ✭❝✮ ❆t ✇❤❛t ✈❛❧✉❡ ♦❢ h ❞♦❡s t❤❡ ✢♦✇ st♦♣❄

• p0 = 1.00× 105 P❛✱ h0 = 1.00 ♠✱ H = 4.00 ♠✱ h1 = 3.5 ♠✱ p1 = 4.20× 105 P❛

p(h)(H − h)A = nRT ⇒ p(h) =
nRT

A(H − h)
=

H − h1

H − h
p1

p(h)+ρwg(h−h0) =
ρwv

2

2
+p0 ⇒ v =

√

2(p(h)− p0)

ρw
+ 2g(h− h0) =

√

2

ρw

(

H − h1

H − h
p1 − p0

)

+ 2g(h− h0)

v(h = 3.5 ♠) = 26.30 ♠✴s

v(h = 3 ♠) = 16.10 ♠✴s

v(h = 2 ♠) = 5.44 ♠✴s

v = 0 ⇒ p(h)− p0 =
H − h1

H − h
p1 − p0 = ρwg(h0 − h)

(H − h1)
p1

ρwg
− (H − h)

p0

ρwg
= (h0 − h)(H − h) = h2 − (H + h0)h+ h0H

h2 −

(

H + h0 +
p0

ρwg

)

h+

(

h0 +
p0 − p1

ρwg

)

H +
h1p1

ρwg
= 0

h± =
1

2







H + h0 +
p0

ρwg
±

√

(

H + h0 +
p0

ρwg

)2

− 4

[(

h0 +
p0 − p1

ρwg

)

H +
h1p1

ρwg

]







h− = 1.74 ♠ , h+ = 13.46 ♠ > H

✺✳ ❬✶✽✳✼✶❪ ❨♦✉ ❜❧♦✇ ✉♣ ❛ s♣❤❡r✐❝❛❧ ❜❛❧♦♦♥ t♦ ❛ ❞✐❛♠❡t❡r ♦❢ ✺✵✳✵ ❝♠ ✉♥t✐❧ t❤❡ ❛❜s♦❧✉t❡ ♣r❡ss✉r❡ ✐♥s✐❞❡ ✐s
✶✳✷✺ ❛t♠ ❛♥❞ t❤❡ t❡♠♣❡r❛t✉r❡ ✐s ✷✷✳✵o❈✳ ❆ss✉♠❡ t❤❛t ❛❧❧ ❣❛s ✐s ◆2 ✇✐t❤ ♠♦❧❛r ♠❛ss ✷✽✳✵ ❣✴♠♦❧✳ ✭❛✮
❋✐♥❞ t❤❡ ♠❛ss ♦❢ ❛ s✐♥❣❧❡ ◆2 ♠♦❧❡❝✉❧❡✳ ✭❜✮ ❍♦✇ ♠✉❝❤ tr❛♥s❧❛t✐♦♥❛❧ ❦✐♥❡t✐❝ ❡♥❡r❣② ❞♦❡s ❛♥ ❛✈❡r❛❣❡ ◆2

♠♦❧❡❝✉❧❡ ❤❛✈❡❄ ✭❝✮ ❍♦✇ ♠❛♥② ◆2 ♠♦❧❡❝✉❧❡s ❛r❡ ✐♥ t❤✐s ❜❛❧♦♦♥❄ ✭❞✮ ❲❤❛t ✐s t❤❡ t♦t❛❧ tr❛♥s❧❛t✐♦♥❛❧
❦✐♥❡t✐❝ ❡♥❡r❣② ♦❢ ❛❧❧ t❤❡ ♠♦❧❡❝✉❧❡s ✐♥ t❤❡ ❜❛❧♦♦♥❄

• d = 50.0 ❝♠✱ p = 1.25 ❛t♠✱ T = 22.0o❈ = 295.16 ❑✱ M = 28.0 ❣✴♠♦❧✱ kB = 1.38× 10−23 ❏✴❑

m1 =
M

NA

= 4.65× 10−26 ❦❣

〈E❦✐♥

1 〉 =
3kBT

2
= 6.11× 10−21 ❏

pV = NkBT ⇒ N =
pV

kBT
=

p× π
6
d3

kBT
= 2.01× 1024

〈E❦✐♥〉 = N〈E❦✐♥

1 〉 = 12.3 ❦❏

✻



✻✳ ❬✶✽✳✼✼❪ ❙❤♦✇ t❤❛t ❛ ♣r♦❥❡❝t✐✈❡ ✇✐t❤ ♠❛ss m ❝❛♥ ❡s❝❛♣❡ ❢r♦♠ t❤❡ s✉r❢❛❝❡ ♦❢ ❛ ♣❧❛♥❡t ✐❢ ✐t ✐s ❧❛✉♥❝❤❡❞
✈❡rt✐❝❛❧❧② ✉♣✇❛r❞ ✇✐t❤ ❛ ❦✐♥❡t✐❝ ❡♥❡r❣② ❣r❡❛t❡r t❤❛♥ mgRp✱ ✇❤❡r❡ Rp ✐s t❤❡ ♣❧❛♥❡t✬s r❛❞✐✉s ❛♥❞ g ✐s t❤❡
♣❧❛♥❡t✬s ❣r❛✈✐t❛t✐♦♥❛❧ ❛❝❝❡❧❡r❛t✐♦♥ ❛t t❤❡ s✉r❢❛❝❡✳ ■❣♥♦r❡ ❛✐r r❡s✐st❛♥❝❡✳ ✭❛✮ ■❢ t❤❡ ♣❧❛♥❡t ✐♥ q✉❡st✐♦♥ ✐s
t❤❡ ❊❛rt❤✱ ❛t ✇❤❛t t❡♠♣❡r❛t✉r❡ ❞♦❡s t❤❡ ❛✈❡r❛❣❡ tr❛♥s❧❛t✐♦♥❛❧ ❦✐♥❡t✐❝ ❡♥❡r❣② ♦❢ ❛ ♥✐tr♦❣❡♥ ♠♦❧❡❝✉❧❡
✭♠♦❧❛r ♠❛ss ✷✽✳✵ ❣✴♠♦❧✮ ❡q✉❛❧ t❤❛t r❡q✉✐r❡❞ t♦ ❡s❝❛♣❡❄ ✭❜✮ ❲❤❛t ❛❜♦✉t ❛ ❤②❞r♦❣❡♥ ♠♦❧❡❝✉❧❡ ✭♠♦❧❛r
♠❛ss ✷✳✵✷ ❣✴♠♦❧✮❄ ✭❝✮ ❘❡♣❡❛t ♣❛rt ✭❜✮ ❢♦r t❤❡ ▼♦♦♥✱ ❢♦r ✇❤✐❝❤ g = 1.63 ♠✴s2 ❛♥❞ Rp = 1640 ❦♠✳ ✭❞✮
❲❤✐❧❡ t❤❡ ❊❛rt❤ ❛♥❞ t❤❡ ▼♦♦♥ ❤❛✈❡ s✐♠✐❧❛r ❛✈❡r❛❣❡ s✉r❢❛❝❡ t❡♠♣❡r❛t✉r❡s✱ t❤❡ ▼♦♦♥ ❤❛s ❡ss❡♥t✐❛❧❧②
♥♦ ❛t♠♦s♣❤❡r❡✳ ❯s❡ ②♦✉r r❡s✉❧ts ♦❢ ✭❜✮ ❛♥❞ ✭❝✮ t♦ ❡①♣❧❛✐♥ ✇❤②✳

• ✳✳✳

mg = G
mM

R2
p

⇒ G
mM

Rp

= mgRp

mv2

2
−G

mM

Rp

> 0 ⇒ E❦✐♥ > G
mM

Rp

= mgRp

• ✭❛✮ ❊❛rt❤✬s ❛✈❡r❛❣❡ r❛❞✐✉s ✐s Rp = 6371 ❦♠✳ ❋♦r ♥✐tr♦❣❡♥✿

〈E❦✐♥

1 〉 =
3kBT

2
= mgRp ⇒ T =

2mgRp

3kB
=

2MgRp

3kBNA

= 1.4× 105 ❑

• ✭❜✮ ❋♦r ❤②❞r♦❣❡♥ ♦♥ ❊❛rt❤✿
T = 1.01× 104 ❑

• ✭❝✮ ❋♦r ❤②❞r♦❣❡♥ ♦♥ ▼♦♦♥✿
T = 433 ❑ = 160o❈

✼


