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Assignment 10: Thermal properties of matter

1.

A student wants to investigate the relationship between the amount of energy absorbed by water and
its subsequent increase in temperature. He observed that a certain amount of water absorbed 10.0 kJ
and its temperature increased by 5.0 °C. He then concluded that "the specific heat capacity of water is
2000 J °C' " However, he found in a textbook that the correct value for the specific heat capacity of
water to be 4200 J kg °C-'.

(a) Explain why the student's conclusion is incorrect. [1]

(b) State the name of the quantity the student had calculated instead. Give the correct unit for this
quantity. (1

(c) Determine the mass of water the student used, in kg. [1]

A chef pours 2.00 x 102 g of water at a temperature of 15.0 °C into a hot aluminium saucepan with a
mass of 2.50 x 10?2 g and a temperature of 120.0 °C.

Determine the temperature, &, of the water and the saucepan when thermal equilibrium is reached.
Assume no energy is transferred to or from the surroundings.

Take the specific heat capacity of water = 4 200 J/(kg K) and the specific heat capacity of aluminium
= 0.900 kJ/(kg K). [2]



3. When a lead ball is dropped vertically on a hard surface, it is deformed upon impact.

Assuming all the energy in the kinetic store is transferred to the internal store in the ball upon impact,
from what height, h, above the surface, must the ball be dropped to raise its temperature by 1.0 °C?

Take the specific heat capacity of lead = 130 J/(kg K) and the gravitational acceleration, g = 10 m/s?.
Neglect air resistance. [2]

4, A lead bullet of mass 3.00 x 10-% kg is fired horizontally from a gun such that it hits a steel plate. The
speed of the bullet just before impact is 4.00 x 102 m s'. Upon hitting the plate, 18 % of the energy in
the kinetic store is transferred to the internal store of the bullet.

If the specific heat capacity of the bullet is 130 J kg™' K, calculate the rise in temperature of the bullet

immediately after impact. [3]
5. A 1.00 kg copper block is placed at the top of a ramp as shown in the diagram below.
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block
A
ramp 2.00 m
Y

When released from rest, the block slides down the rough ramp and reaches the bottom with a speed
of 3.50 m s-'. Take gravitational acceleration, g = 10 m s2.

(a) Calculate the amount of energy transferred to the internal store of the block-ramp-earth system,
due to work done against friction, when the block reaches the bottom of the ramp. [2]

(b) Assume 75 % of the energy calculated in (a) is transferred to the internal store of the block.
Determine the specific heat capacity of copper, if the temperature of the block increases by
0.027 °C, [2]



(c) Explain the change in the motion of the atoms in the copper block as its temperature increased.

[2]

Wet clothes dry faster when they are placed outdoors in the sun on a hot, windy day as compared to
when placed indoors without any wind.

(a) Explain, in terms of molecules, how the haot outdoor environment allows the wet clothes to dry
faster. [2]

(b) Explain, in terms of molecules, how the windy outdoor environment allows the wet clothes to dry
faster. [2]



7

The diagram shows a graph of temperature, T, against time for 15.0 g of water when it was placed in a
freezer. The water is initially at 44.0 °C.

50.0 A

40.0 N

30.0 \

o N

2 200

~ \
10.0

Y

-10.0 r T T v r r r
0.0 t t2

time /s
(a) Calculate the amount of energy removed from the water in t2 s.

Take the specific heat capacity of water, cwater = 4200 J kg' K' and the specific latent heat of
fusion of ice, k = 336 kJ kg-'. Assume the water became entirely frozen in t; s. [3]

(b)  Given the freezer removed energy at a constant rate of 220 J s*', determine the value of t; and
ta. (3]



8.

0.20 kg of ice at -20.0 °C is put in an insulated calorimeter of negligible heat capacity. Energy is
supplied at a constant rate by an immersion heater. The temperature is taken at two-minute intervals
as shown in the diagram below. Take the specific heat capacity of water = 4200 J/(kg K).
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(a) "The melting point of pure ice is 0 °C." Define melting point. [1]
(b)  Calculate the power of the immersion heater. [2]

(c)  Determine the following quantities.
(i) specific heat capacity of ice [2]
(ii) specific latent heat of fusion of ice [2]



(d) Explain, in terms of molecules, why the temperature of the ice did not increase between 2 min
and 18 min even though energy was supplied. [2]

(e) Suggest why the slope of the graph between —20 °C and 0 °C is greater than that between 0 °C
and 20 °C. [1]
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(a) State what is meant by "The specific latent heat of vaporisation of alcohol is 840 J g-.". [2]



10.

In one minute, 25.0 g of alcohol condenses at the end of the heat pipe in the water tank.
Calculate the maximum rise in temperature that this produces in 0.500 kg of cold water.

The specific heat capacity of water is 4.2 J g'' K-'. Neglect any change in the temperature of the
alcohol. [2]

Some data on the thermal properties of water are shown below.

Specific heat capacity of ice, cice = 2100 J kg K

Specific heat capacity of water, cwater = 4200 J kg' K*
Specific heat capacity of steam, Csieam = 2000 J kg' K-
Specific latent heat of fusion of ice, = 336 kJ kg’

Specific latent heat of vaporisation of water, /, = 2260 kJ kg™’

(@)

A student claimed that "a burn caused by 100 g of water at 100 °C is worse than a burn caused
by 100 g of steam at 100 °C as the specific heat capacity of steam is lower than the specific
heat capacity of water. As such, water can transfer more energy to the skin for 1 °C change in
temperature than steam at 100 °C, causing more severe burns."

Comment on the validity of the student's claim. Support your answer with calculations. 2]

Steam is used as a heating agent in cold climates. In a water heater, steam at 100 °C is passed
through a pipe. The pipe runs through a tank of water containing 50.0 kg of water at 5.0 °C. The
steam condenses and leaves the pipe as water at 100 °C. The cross-sectional view of the tank
is shown below.
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(i) Calculate the amount of energy required to raise the temperature of the water in the tank to
40.0 °C. [1]



(ii) Hence, determine the mass of steam required, in kg, to bring about the temperature change
in the water in (b)(i). [2]

(iii) State the assumption needed for the calculation in (b)(ii) to be valid. [1

(iv)Determine the flow rate of steam in the pipe, in kg s, if the water in the tank took 13 s to
reach 40.0 °C. (2]



