
Heat and Thermodynamics. Rec 11

Recitation 11

1. It has been suggested that the surface melting of ice plays a role in enabling speed

skaters to achieve peak performance. Carry out the following calculations to test this

hypothesis. At 1 atm pressure, ice melts at 273.15 K, △H fusion
m = 6010 J mol−1, the

density of ice is 920 kgm−3, and the density of liquid water is 997 kgm−3.

(a) What pressure is required to lower the melting temperature by 5.0oC?

(b) Assume that the width of the skate in contact with the ice has been reduced by

sharpening to 25 × 10−3 cm, and that the length of the contact area is 15 cm. If a

skater of mass 85 kg is balanced on one skate, what pressure is exerted at the interface

of the skate and the ice?

(c) What is the melting point of water under this pressure?

(d) If the temperature of the ice is −5.0o, do you expect melting of the ice at the

ice-skate interface to occur?

2. A P-T phase diagram for potassium is shown below.

POTASSIUM

fcc (II)

bcc (I)

Liquid

0 200 400 600 800

T/K

P/GPa

0

2

8

12

16

(a) Which phase has the higher density, the fcc or the bcc phase? Explain your

answer.

(b) Indicate the range of P and T in the phase diagram for which fcc and liquid
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potassium are in equilibrium. Does fcc potassium float on or sink in liquid potassium?

Explain your answer

(c) Extend P and T on this diagram and indicate where you might expect to find the

vapor phase. Explain how you chose the slope of your liquid-vapor coexistence line.

3. Helium remains a liquid down to absolute zero at atmospheric pressure, but becomes

a solid at sufficiently high pressures. The density of the solid is, as usual, greater than

that of the liquid. Consider the phase-equilibrium line between the solid and liquid.

In the limit as T → 0, is the slope dp/dT of this line positive, zero, or negative? Give

reasons.

4. The pressure inside a container enclosing H2O (which is maintained at T = −1.00C)

is slowly reduced from an initial value of 105 mmHg. Calculate the pressure at which

the phase changes (water → ice and ice → vapor) occur, as shown in p − T phase

diagram for H2O. Assume the vapor phase behaves like an ideal gas.

A

P
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(critical point)

Water

Vapor
4.6

273.16

Specific volume of solid = 1.12 cm3g−1, specific volume of liquid = 1.00 cm3g−1, heat

of melting = 335.2 Jg−1, heat of vaporization = 2514 Jg−1, kB = 1.38 × 10−23 JK−1

and R = 8.314 Jmole−1K−1.

5. In the vicinity of the triple point the vapor pressure of liquid ammonia (in Pascals) is

represented by

lnP = 24.38− 3063

T
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This is the equation of the liquid- vapor boundary curve in a P-T diagram. Similarly,

the vapor pressure of solid ammonia is

lnP = 27.92− 3754

T

What are the temperature and pressure at the triple point? What are the latent heats

of sublimation and vaporization? What is the latent heat of fusion at the triple point?

6. Autoclaves that are used to sterilize surgical tools require a temperature of 134oC

to kill some bacteria. If water is used for this purpose, at what pressure must the

autoclaves operate?

April. 19, 2012 3


