
Solution of PS 02:

Epsilite team

Exercise 1: Tire Pressure and Temperature
1. Calculation of the new pressure P2:
Using Gay-Lussac’s Law (P1

T1
= P2

T2
):

T1 = 25 + 273.15 = 298.15 K
T2 = 50 + 273.15 = 323.15 K

P2 = P1 ×
T2

T1

= 3× 323.15

298.15
≈ 3.25 atm

2. Risk Assessment:
Since P2(3.25 atm) < Pmax(6 atm), there is no risk of bursting.

Exercise 2: Ideal Gas Cycle Analysis

Q1: Nature of Transformations

• C → A: Isobaric (P = const).

• A → B: Isothermal (T = const).

• B → C: Adiabatic (Q = 0).

Q2: Detailed Calculation of State Variables (P, V, T )

We use R = 0.082 L · atm · K−1 · mol−1 and n = 1 mol.

Step 1: State A (Initial)

From the graph: PA = 1 atm, TA = 273 K.

VA =
nRTA

PA

=
1× 0.082× 273

1
= 22.386 L

Step 2: State B (Isothermal from A)

From the graph: TB = TA = 273 K and PB = 2 atm.

VB =
nRTB

PB

=
1× 0.082× 273

2
= 11.193 L
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Step 3: State C (Adiabatic from B)

From the graph: PC = 1 atm. For an adiabatic process, we use Laplace’s Law:

P 1−γ
B T γ

B = P 1−γ
C T γ

C =⇒ TC = TB

(
PB

PC

) 1−γ
γ

Given γ = 1.4, then 1−γ
γ

= −0.4
1.4

≈ −0.2857.

TC = 273×
(
2

1

)−0.2857

= 273× (0.5)0.2857

TC ≈ 273× 0.8203 = 223.95 K

Now, find VC :

VC =
nRTC

PC

=
1× 0.082× 223.95

1
= 18.364 L

Q3: Summary Table of Quantities (W, Q, ∆U,∆H)

Using Cv = 20.785 J/mol · K and Cp = 29.099 J/mol · K.

Process ∆U (J) Q (J) W (J) ∆H (J)

C → A +1019.5 +1427.3 −407.8 +1427.3

A → B 0 −1573.3 +1573.3 0

B → C −1019.5 0 −1019.5 −1427.3

Cycle 0 -146.0 +146.0 0

4. Conclusion

• First Law: ∆Ucycle =
∑

∆U = 0, and Wnet +Qnet = 0, verifying the law.

• Cycle Nature: Since Wnet > 0, the cycle is a Reciever Cycle (consumes work).

Exercise 3: Heat Engine Cycle

Q1: Calculation of the ratio γ

Given Cv = 2.9 cal/mol · K and R = 2 cal/mol · K.
Using Mayer’s relation (Cp = Cv +R):

Cp = 2.9 + 2 = 4.9 cal/mol · K

γ =
Cp

Cv

=
4.9

2.9
≈ 1.69
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Q2: Calculation of Q,W , and ∆U (using R = 8.314 J/mol·K)

Constants in Joules (1 cal = 4.184 J):
Cv = 12.13 J/mol · K, Cp = 20.50 J/mol · K.

1. A → B (Adiabatic): QAB = 0 J.
∆UAB = WAB = nCv(TB − TA) = 1× 12.13× (470− 350) = 1455.6 J.

2. B → C (Isobaric): TC = TB
VC

VB
= 470× 5.0

4.5
≈ 522.2 K.

QBC = nCp(TC − TB) = 1× 20.50× 52.2 = 1070.1 J.
∆UBC = nCv(TC − TB) = 633.2 J.
WBC = ∆U −Q = −436.9 J.

3. C → D (Adiabatic): QCD = 0 J. Assuming TD ≈ 388.9 K from cycle properties:
∆UCD = WCD = nCv(TD − TC) = −1617 J.

4. D → A (Isochoric): WDA = 0 J.
QDA = ∆UDA = nCv(TA − TD) = −471.9 J.

Q3: Proof of Thermal Efficiency Rt

The efficiency is defined as Rt = 1− |Qout|
Qin

.

• Qin occurs during B → C (Heating): Qin = nCp(TC − TB).

• Qout occurs during D → A (Cooling): Qout = nCv(TA − TD).

Substituting these into the efficiency formula:

Rt = 1− |nCv(TA − TD)|
nCp(TC − TB)

Rt = 1− Cv(TD − TA)

Cp(TC − TB)
Since

Cv

Cp

=
1

γ

Rt =

∣∣∣∣1− TD − TA

γ(TC − TB)

∣∣∣∣
□

Exercise 5: Calorimetry

1. Heat Balance Equation

In an isolated system (the calorimeter), the sum of heat exchanged is zero:∑
Q = Qcal +Qwater +Qlead = 0

Where:

• Qcal = Ccal(Teq − T1) (Heat gained by calorimeter)

• Qwater = m1Cwater(Teq − T1) (Heat gained by water)

• Qlead = m2Cp,lead(Teq − T2) (Heat lost by lead)
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2. Calculation of Cp,lead

Substituting the expressions into the balance equation:

(Ccal +m1Cwater)(Teq − T1) +m2Cp,lead(Teq − T2) = 0

Solving for Cp,lead:

Cp,lead =
−(Ccal +m1Cwater)(Teq − T1)

m2(Teq − T2)

Numerical Application:

• Ccal = 209 J/K

• m1Cwater = 350 g × 4.185 J/(g · K) = 1464.75 J/K

• ∆Tcold = 17.7− 16 = 1.7◦C

• ∆Tlead = 17.7− 98 = −80.3◦C

Cp,lead =
−(209 + 1464.75)× 1.7

280× (−80.3)

Cp,lead =
−2845.375

−22484

Cp,lead ≈ 0.1265 J/(g · K)

□
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