
Solution 1: 

 

a) When system is heated from T0 to T, 

 

Mass  of  water  remains  constant,  but  volume  of  water  changes.  So,  density  of  water 

changes. 
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b) When system is heated from temperature T0 to T=TB  
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Since sphere is suspended completely submerged, Buoyancy force=Gravity Force 
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Problem 2

a)

The two sides undergo free expansion, and the total pressure will be the sum of
the partial pressures. Thus:

P =
2nRT1

3V
+

nRT2

3V
=

nR

3V
(2T1 + T2)

Since the pressure does not change after the reaction, this means that:

T =
P (3V )

nR
= 2T1 + T2

b)

Since no work is done, by the first law ∆Eint = Q. Thus:

Q =
5

2
nR(2T1 + T2)−

3

2
(2nRT1 + nRT2) = nR(2T1 + T2)
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Problem 3: 

(a).  

If we define the heat flow into the water/ice mixture due to conduction to be positive, 
then over a time interval ∆建, we have 芸栂墜墜鳥∆建 噺 倦栂畦健 岫劇張 伐 劇栂銚痛勅追岻					岫喧剣嫌件建件懸結岻 芸直鎮銚鎚鎚∆建 噺 倦直畦健 岫劇挑 伐 劇栂銚痛勅追岻							岫券結訣欠建件懸結岻 

Since the ice does not melt, the heat flow from wood balances the heat flow out to the 

glass at 劇張 噺 劇庁. In degree Celsius, 劇栂銚痛勅追 噺 ど襖. Therefore, by setting 
町葱任任匂∆痛 髪 町虹如尼濡濡∆痛 噺 ど, 

we have 

劇庁 噺 伐 倦直倦栂 劇挑 				岫襖岻  

which makes sense since 劇挑 隼 ど. 

(b).  芸栂墜墜鳥 髪 芸直鎮銚鎚鎚 噺 兼沈頂勅詣沈頂勅 	劇張 噺 に劇庁 噺 伐に 倦直倦栂 劇挑 

Therefore, 兼沈頂勅詣沈頂勅∆建 噺 芸栂墜墜鳥∆建 髪 芸直鎮銚鎚鎚∆建 噺 倦栂畦健 劇張 髪 倦直畦健 劇挑 																																噺 倦栂畦健 峭伐に 倦直倦栂 劇挑嶌 髪 倦直畦健 劇挑 																																噺 伐 倦直畦健 劇挑 

∆建 噺 伐 兼沈頂勅詣沈頂勅健倦直畦劇挑  

  



Problem 4.  

(a).  

										撃岫劇岻 噺 撃待 磐 劇劇銚卑鎚 						 				⇒ 								劇 噺 劇銚 磐 撃撃待卑怠鎚
 											鶏銚撃銚 噺 軽倦劇銚 												 				⇒ 								軽倦 噺 鶏銚撃銚劇銚 噺 鶏待撃待劇銚 	

				⇒ 					鶏撃 噺 軽倦劇 噺 磐鶏待撃待劇銚 	卑 劇銚 磐 撃撃待卑怠鎚 噺 鶏待撃待 磐 撃撃待卑怠鎚
 

鶏岫撃岻 噺 鶏待 磐 撃撃待卑怠鎚貸怠 噺 糠撃怠鎚貸怠 

where 糠 噺 鶏待 岾 怠蝶轍峇迭濡貸怠
 is a constant. 

For 鶏岫撃岻 噺 糠撃迭濡貸怠 to be concave up as is shown in the PV diagram, 
怠鎚 伐 な 伴 な, therefore, 

ど 隼 嫌 隼 なに 隼 な 嫌 隼 な  

(b). 

From 鶏 噺 鶏待 岾 蝶蝶轍峇迭濡貸怠
 

激銚長 噺 豹 鶏穴撃長
銚 噺 豹 鶏待 磐 撃撃待卑怠鎚貸怠 穴撃蝶弐蝶尼  

Let 憲 噺 岾 蝶蝶轍峇, then 穴撃 噺 撃待穴憲 

激銚長 噺 鶏待撃待 豹 憲怠鎚貸怠穴憲態
怠 噺 鶏待撃待 釆嫌憲怠鎚挽怠態 噺 鶏待撃待 峭嫌 磐に怠鎚 伐 な卑嶌	激長頂 噺 ど	激頂銚 噺 鶏待岫撃待 伐 に撃待岻 噺 伐鶏待撃待 

激頂槻頂鎮勅 噺 激銚長 髪 激長頂 髪 激頂銚 噺 鶏待撃待 磐嫌 磐に怠鎚 伐 な卑 伐 な卑  

  



(c).  継銚 噺 5に 軽倦劇銚 噺 5に 鶏待撃待	継長 噺 5に 軽倦劇長 噺 5に 軽倦劇銚に怠鎚 噺 5に ∙ に怠鎚鶏待撃待	継頂 噺 5に 軽倦劇頂 噺 5に 軽倦岫に劇銚岻 噺 5鶏待撃待 

芸銚長 噺 ∆継銚長 髪 激銚長 噺 磐5に ∙ に怠鎚鶏待撃待 伐 5に 鶏待撃待卑 髪 鶏待撃待 峭嫌 磐に怠鎚 伐 な卑嶌									噺 鶏待撃待 磐5に 髪 嫌卑 磐に怠鎚 伐 な卑 伴 ど	芸長頂 噺 ∆継長頂 髪 激長頂 噺 5鶏待撃待 伐 5に ∙ に怠鎚鶏待撃待 噺 5 磐な 伐 に怠鎚貸怠卑 鶏待撃待 隼 ど	芸頂銚 噺 ∆継頂銚 髪 激頂銚 噺 磐5に 鶏待撃待 伐 5鶏待撃待卑 髪 岫伐鶏待撃待岻 噺 伐 7に 鶏待撃待 隼 ど 

A faster way to see why 芸長頂 is negative is to observe that ∆継長頂 噺 継頂 伐 継長 隼 ど because 劇長 伴 劇頂 from the PV diagram. 

Therefore,  芸沈津 噺 芸銚長 噺 鶏待撃待 磐5に 髪 嫌卑 磐に怠鎚 伐 な卑 

From the PV diagram, we know that 激頂槻頂鎮勅 伴 ど, thus it is a heat engine. Therefore, 

結 噺 激頂槻頂鎮勅芸沈津 噺 嫌 磐に怠鎚 伐 な卑 伐 な岾5に 髪 嫌峇 磐に怠鎚 伐 な卑  



Problem 5

a)

Method 1

Use the first law, the given relation of dQ = 1

2
dW and the definition of internal

energy to find an expression between P, V and T

dE = dQ− dW

dE = −PdV +
1

2
PdV

dE = −

1

2
PdV

3nRdT = −PdV

We integrate the left hand side from Ta to Tb

∫ Tb

Ta

3nRdT = 3nR(Tb − Ta)

Using the relationship PV β = const. given

P (V ) = Pa

(

Va

V

)β

Now use this to integrate the pressure side of the equation

−

∫ Vb

Va

PdV = −

∫ Vb

Va

Pa

(

Va

V

)β

dV = −

PaV
β
a

1− β
(V 1−β

b − V 1−β
a ).

Now we’ll write this in terms of T, to better compare with the other side of the
equation

−

∫ Vb

Va

PdV = −

1

1− β
(PaV

β
a V 1−β

b − PaVa)

= −

1

1− β
(PbV

β
b V 1−β

b − PaVa)

= −

1

1− β
(PbVb − PaVa)

= −

1

1− β
(nRTb − nRTa)

This must equal 3nR(Tb − Ta), so this means:
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3 =
1

β − 1

β =
4
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Method 2

Use the first law, the given relation of dQ = 1

2
dW and the definition of internal

energy to find an expression between P, V and T

dE = dQ− dW

dE = −PdV +
1

2
PdV

dE = −

1

2
PdV

3nRdT = −PdV

Use ideal gas law to eliminate P and arrive at an integrable expression

3nRdT = −

nRT

V
dV

3
dT

T
= −

dV

V

Integrate both sides and do some algebra

−3

∫ Tb

Ta

dT

T
=

∫ Vb

Va

dV

V

−3 ln

(

Tb

Ta

)

= ln

(

Vb

Va

)

(

Tb

Ta

)

−3

=
Vb

Va

T 3

aVa = T 3

b Vb

Now rewrite this in terms of P and V

T 3V = const.
(

PV

nR

)3

V = const.

P 3V 4 = const.

PV 4/3 = const.

So, we get that β = 4/3.
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b)

Using the definition of entropy,

S =

∫ b

a

dQ

T
=

∫ b

a

dW

2T
=

∫ Vb

Va

PdV

2T

Using the ideal gas law,

S =

∫ Vb

Va

nRdV

2V
=

nR

2
ln

(

Vb

Va

)

To put this in terms of T, use the ideal gas law with PV 4/3 = const. to get that
T 3

aVa = const. Thus,

S =
3nR

2
ln

(

Ta

Tb

)

.
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