
F 320 – Termodinâmica – Lista 1

01. [P.1.2, Sears] Which of the following quantities are extensive and which are inten-

sive?

(a) The magnetic moment of a gas. (b) The electric field E in a solid. (c) The length

of a wire. (d) The surface tension of an oil film.

P.02. [P.1.6, Sears] Two containers of gas are connected by a long, thin, thermally in-

sulated tube. Container A is surrounded by an adiabatic boundary, but the temperature

of container B can be varied by bringing it into contact with a body C at a different

temperature. In Fig.1-6 from Sears, these systems are shown with a variety of bound-

aries. Which figure represents:

(a) an open system enclosed by an adiabatic boundary;

(b) an open system enclosed by a diathermal boundary;

(c) a closed system enclosed by a diathermal boundary;

(d) a closed system enclosed by an adiabatic boundary.

03. [P.1.17, Sears] A mixture of hydrogen and oxygen is isolated and allowed to reach

a state of constant temperature and pressure. The mixture is exploded with a spark

of negligible energy and again allowed to come to a state of constant temperature and

pressure.

(a) Is the initial state an equilibrium state? Explain.

(b) Is the final state an equilibrium state? Explain.

04. [P.1.20, Sears] Give an example of

(a) a reversible isochoric process;

(b) a quasistatic, adiabatic, isobaric process;

(c) an irreversible isothermal process.

Be careful to specify the system in each case.
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P.05. [P.1.21, Sears] Using the nomenclature similar to that in the problem 04 and

characterize the following processes:

(a) The temperature of a gas, enclosed in a cylinder provided with a frictionless piston,

is slowly increased. The pressure remains constant.

(b) A gas, enclosed in a cylinder provided with a piston, is slowly expanded. The tem-

perature remains constant. There is a force of friction between the cylinder wall and the

piston.

(c) A gas enclosed in a cylinder provided with a frictionless piston is quickly compressed.

(d) A piece of hot metal is thrown into cold water. Assume that the system is the metal

which neither contracts nor expands.

(e) A pendulum with a frictionless support swings back and forth.

(f) A bullet is stopped in a target.

06. [P.1.7, Zemansky] The length of the mercury column in the old-fashioned mercury-

in-glass thermometer is 15.00 cm when the thermometer is in contact with water at its

triple point. Consider the length of the mercury column as the thermometric property

X and let θ be the empirical temperature determined by this thermometer.

(a) Calculate the empirical temperature when the length of the mercury column is 19.00

cm.

(b) If X can be measured with a precision of 0.01 cm, can this thermometer distinguish

between the normal freezing point of water and the triple point of water?

07. [P.1.7, Sears] A water-in-glass thermoscope is to be used to determine if two sep-

arated systems are in thermal equilibrium. The density of water, shown in Fig. 1-7

from Sears, is the thermometric parameter. Suppose that when the thermoscope is in-

serted into each system, the water rises to the same height corresponding to a density

of 0.999945 g cm−3.

(a) Are the systems necessarily in thermal equilibrium?

(b) Could the height or the water in the thermoscope change if the systems are brought

into thermal contact?

(c) If there is a change in part (b), would the height increase or decrease?
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P.08. [P.1.9, Sears] The length of the mercury column in a certain mercury-in-glass

thermometer is 5.00 cm when the thermometer is in contact with water at its triple

point. Consider the length of the mercury column as the thermometric property X and

let θ be the empirical temperature determined by this thermometer.

(a) Calculate the empirical temperature, measured when the length of the mercury col-

umn is 6.00 cm.

(b) Calculate the length of the mercury column at the steam point.

(c) If X can be measured with a precision of 0.01 cm, can this thermometer be used to

distinguish between the ice point and the triple point?

P.09. [P.1.10, Sears] A temperature t∗ is defined by the equation t∗ = aθ2 + b, where a

and b are constants, and θ is the empirical temperature determined by the mercury-in-

glass thermometer of problem 08.

(a) Find the numerical values of a and b, if t∗ = 0 at the ice point and t∗ = 100 at the

steam point.

(b) Find the value of t∗ when the length of the mercury column X = 7.00 cm.

(c) Find the length of the mercury column when t∗ = 50.

(d) Sketch t∗ versus X.

10. [P.1.13, Sears] The pressure of an ideal gas kept at constant volume is given by the

equation p = AT where T is the thermodynamic temperature and A is a constant. Let

a temperature T ∗ be defined by T ∗ = B lnCT , where B and C are constants. The

pressure p = 0.1 atm at the triple point of water. The temperature T ∗ = 0 at the triple

point and T ∗ = 100 at the steam point.

(a) Find the values of A, B, and C.

(b) Find the value of T ∗ when p = 0.15 atm.

(c) Find the value of p when T ∗ = 50.

(d) What is the value of T ∗ at absolute zero?

(e) Sketch a graph of T ∗ versus the Celsius temperature t for −200◦C < t < +200◦C.
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11. [P.2.1, Zemansky] The equation of state of an ideal gas is PV = nRT , where n

and R are constants. Show that the volume expansivity β is equal to 1/T and that the

isothermal compressibility κ is equal to 1/P .

P.12. [P.2.2, Zemansky and P.2.22, Sears] The equation of state of a van der Waals gas

is given as(
P +

a

v2

)
(v − b) = RT,

where a, b, and R are constants.

(a) Calculate the following quantities: (i) (∂P/∂v)T and (ii) (∂P/∂T )v.

From parts (i) and (ii), calculate (∂v/∂T )P .

(b) Show that the compressibility of a van der Waals gas is

κ =
v2(v − b)2

RTv3 − 2a(v − b)2
.

(c) What is the expression for κ if a = b = 0.

P.13. [P.2.25, Sears] A substance has an isothermal compressibility κ = aT 3/p2 and an

expansivity β = bT 2/p, where a and b are constants. Find the equation of state of the

substance and the ratio a/b.

14. [P.2.13, Sears] In all so-called diatomic gases, some of the molecules are dissociated

into separated atoms, the fraction dissociated increasing with increasing temperature.

The gas as a whole thus consists of a diatomic and a monatomic portion. Even though

each component may act as an ideal gas, the mixture does not, because the number of

moles varies with the temperature. The degree of dissociation δ of a diatomic gas is

defined as the ratio of the mass m1 of the monatomic portion to the total mass m of

the system, i.e., δ = m1/m. Show that the equation of state of the gas is

pV = (δ + 1)
m

M2
RT,

where M2 is the molecular weight of the diatomic component.
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15. [P.2.6, Zemansky] Consider a wire that undergoes an infinitesimal change from an

initial equilibrium state to a final equilibrium state.

(a) Show that the change of tension is equal to

df = −αAY dT +
AY

L
dL.

(b) A nickel wire of cross-sectional area 0.0085 cm2 under a tension of 20 N and a tem-

perature of 20◦ C is stretched between two rigid supports 1 m apart. If the temperature

is reduced to 8◦C, what is the final tension?

Assume that α and Y remain constant at the values of 1.33× 10−5 K−1 and 2.1× 109

Pa, respectively.

P.16. [P.2.7, Zemansky] The equation of state of an ideal elastic substance is

F = KT

(
L

L0
− L2

0

L2

)
,

where K is a constant and L0 (the value of L at zero tension) is a function of temperature

only.

(a) Show that the isothermal Young’s modulus is given by

Y =
F
A

+
3KTL2

0

AL2
.

(b) Show that the isothermal Young’s modulus at zero tension is given by Y0 = 3KT/A.

(c) Show that the linear expansivity is given by

α = α0 −
F

AY T
= α0 −

1

T

L3/L3
0 − 1

L3/L3
0 − 2

,

where α0 = (1/L0)(dL0/dT ) is the value of the linear expansivity at zero tension.

(d) Assume the following values for a sample of rubber: T = 300K, K = 1.333 ×
10−2N/K, A = 1 × 10−6m2, α0 = 5 × 10−4K−1. When this sample is stretched to

length L = 2L0, calculate F , Y , and α.

17. [P.2.17, Sears] Show that β = 3α for an isotropic solid.

5



18. [P.2.11, Zemansky] Calculate
(
∂E
∂T

)
p

and
(

∂p
∂T

)
E

for a dielectric material obeying

the equation

p = V E

(
a+

b

T

)
.

P.19. [P.2.4, Zemansky]

(a) A block of copper at a pressure of 1 atm (approximately 100 kPa) and a tem- pera-

ture of 5◦C is kept at constant volume. If the temperature is raised to 10◦C, what will

be the final pressure?

(b) If the vessel holding the block of copper has a negligibly small thermal expansivity

and can withstand a maximum pressure of 1000 atm, what is the highest temperature

to which the system may be raised?

The volume expansivity β and isothermal compressibility κ are not always listed in hand-

books of data. However, β is three times the linear expansion coefficient α and κ is

the reciprocal of the bulk modulus B. For this problem, assume that the volume expan-

sivity and isothermal compressibility remain practically constant within the temperature

range of 0 to 20◦C at the values of 4.95×10−5 K−1 and 6.17×10−12 Pa−1, respectively.

20. [P.2.3, Sears] A cylinder provided with a movable piston contains an ideal gas at

a pressure p1, specific volume v1, and temperature T1. The pressure and volume are

simultaneously increased so that at every instant p and v are related by the equation

p = Av, where A is a constant.

(a) Express the constant A in terms of the pressure p1, the temperature T1, and the gas

constant R.

(b) Construct the graph representing the process above in the p− v plane.

(c) Find the temperature when the specific volume has doubled, if T1 = 200 K.

P.21. [P.2.8, Sears] Figure 2-20 from Sears shows five processes, a − b, b − c, c − d,

d− a and ac, plotted in the p− v plane for an ideal gas in a closed system. Show the

same processes (a) in the p− T plane and (b) in the T − v plane.
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P.22. [P.2.11, Sears] A quantity of air is contained in a cylinder provided with a movable

piston. Initially the pressure of the air is 2 × 107 N m2, the volume is 0.5 m3 and the

temperature is 300 K. Assume air is an ideal gas.

(a) What is the final volume of the air if it is allowed to expand isothermally until the

pressure is 1× 107 Nm2, the piston moving outward to provide for the increased volume

of the air?

(b) What is the final temperature of the air if the piston is held fixed at its initial position

and the system is cooled until the pressure is 1× 107 Nm2?

(c) What are the final temperature and volume of the air if it is allowed to expand

isothermally from the initial conditions until the pressure is 1.5 × 107 Nm2 and then it

is cooled at constant volume until the pressure is 1× 107 Nm2? (d) What are the final

temperature and volume of the air if an isochoric cooling to 1.5× 107 Nm2 is followed

by an isothermal expansion to 1× 107 Nm2?

(e) Plot each of these processes on a T − V diagram.

P.23. [P.2.12, Sears] A volume V at temperature T contains nA moles of ideal gas A

and nB moles of ideal gas B. The gases do not react chemically.

(a) Show that the total pressure p of the system is given by p = pA + pB, where pA

and pB are the pressures that each gas would exert if it were in the volume alone. The

quantity pA is called the partial pressure of gas A and the above equation is known as

Dalton law of partial pressures.

(b) Show that pA = xAp, where xA is the fraction of moles of A in the system.
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PROBLEMS 1t 

the pressure and temperature of electromagnetic radiation in a cavity; (e) the magnitude 
of the specific heat capacity of a solid. BrieHy justify your answers. 
l-2 Which of the following quantities are extensive and which are intensive? (a) The 
magnetic moment of a gas. (b) The electric field E in a solid. (c) The length of a wire. 
(d) The surface tension of an oil film. 
1-3 The density of water in cgs units is I g em-•. Compute (a) the density in MKS units; 
(b) the specific volume in m1 kg-1 ; (c) the MKS molal specific volume. (d) Make the same 
computations for air whose density is 0.00129 g em-•. The mean molecular weight of air 
is 29; that is, the mass of I kilomole of air is 29 kg. 
1-4 Estimate the pressure you exert on the flonr when standing. Express the answer ln 
atmospheres and in Torr 
l-5 One standard atmosphere is defined as the pressure produced by a column of mercury 
exactly 76 em high, at a temperature or o•c, and at a point where g - 980.665 em s-•. 
(a) Why do the temperature and the acceleration of gravity have to be specified in this 
definition 7 (b) Compute the pressure in N m-• produced by a column of mercury of 
density 13.6 g em-•, 76 em in height at a point where g - 980 em s- •. 

Two conlainers of gas are connected by a long, thin, thermally insulated tube. 
Container A is surrounded by an adiabatic boundary, but the temperature of container 
8 can be varied by bringing it into contact with a body Cat a different temperature. In 
Fig. 1-6, these systems are shown with a variety of boundaries. Which figure represents 
(a) an open system enclosed by an adiabatic boundary; (b) an open system enclosed by a 
diathermal boundary; (c) a closed system enclosed by a diathermal boundary; (d) a 
closed system enclosed by an adiabatic boundary. 

6e EQUATIONS OF STATE 

Figurel-18 

H The J-shaped tube, of uniform cross section, in Fig. 2-19 contains air at atmospheric 
pressure. The barometric height is h0• Mercury is poured into the open end, trapping the 
air in the closed end. What is the height h or the mercury column in the closed end when 
the open end is filled with mercury 7 Assume that the temperature is constant and that 
air is an idfal gas? Neglect any effect of the curvature at the bottom. As a numerical 
example, let h0 - 0.75 m, h1 - 0.25 m, h1 - 2.25 m. 

Figure l - 19 

l-7 If n moles of an ideal gas can be pumped through a tube of diameter d at 4 K, what 
must be the diameter of the tube to pump the same number of moles at 300 K 7 

p 

Figure l-20 
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