For Live Classes, Recorded Lectures, Notes & Past Papers Visit:
www.megalecture.com

Name of Candidate:

11 Temperature

A link between temperature and the behaviour of gas molecules was introduced in Topic 10. In this topic,
the concept of temperature is explored in further detail.

Reference to twa types of practical thermometer enable aspects of the measurement of temperature to
be considered.

Learning outcomes
Candidates should be able to:

11.1 Thermal a) appreciate that (thermal) energy is transferred from a region of
equilibrium higher temperature to a region of lower temperature

b) understand that regions of equal temperature are in thermal
equilibrium

y be used for the measurement of temperature and state

11.2 Temperature sc@les 4a) understand that a physical property that varies with temperature
-- ples of such properties

b)

d that there is an absolute scale of temperature that does
on the property of any particular substance (i.e. the

ic scale and the concept of absolute zero)

c) [ nperatu
recall that T/K

measured in kelvin to degrees Celsius and
/°C+273.15

11.2 Practical a) compare the relative a es and disadvantages of thermistor
thermometers and thermocouple th et@rs as previously calibrated
instruments

Q
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12 Tharmal properties of materials

A simple kinetic model of matter is used to study properties of the three states of matter, including
melting and vaporisation.

Thiz topic then introduces the concept of internal energy and the first law of thermodynamics.

Learning outcomes
Candidates should be able ta:

12.1 Specific heat a) explain using a simple kinetic model for matter:

capacity and + the structure of solids, liquids and gases

specific latent heat * why melting and boiling take place without a change in

tempearaturs

* why the specific latent heat of vaponsation is higher than
specific latent heat of fusion for the same substance

* why a cooling effect accompanies evaporation
b) define and use the concept of specific heat capacity, and identify
the main principles of its determination by electrical methods
fine and use the concept of specific latent heat, and identify the
ain principles of its determination by electrical methods

tand that internal energy is determined by the state of

and that it can be axpressed as the sum of a random

of kinetic and potential energies associated with the
ystam

peratura of a hody to an increase in its intarmal

12.2 Internal energy
and the first law of
tharmodynamics

b)

energy

¢ recall and use the fiFst law of thermodynamics AU= g+ w
axprassad in terM& of the increase in internal energy, the heating of
the system (enarg 1o the systeam by heating) and the
work done on the syst

Q
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Changes of state

The kinetic model of matter can be used to describe the structure of

solids, liquids and gases.

You should recall that the kinetic model »

describes the behaviour of matter in terms

of moving particles (atoms, molecules,

etc.). b

Figure should remind you of how we

picture the three states of matter at the

atomic scale: <
o Inasolid, the particles are close o

togethér, tightly bonded to their o .
nei nd vibrating about
fixed pasitions.

(e

o Inagas,t rticles have broken free from their neighbours;
they are wid rated and are free to move around within

their contai

Energy changes: (

to heat the liquid and to boil it.

Where does this energy go? It is worth taking a e look at a single
change of state and thinking about what is ha Xi’&n the atomic
scale.

Energy must be supplied to raise thesiﬁa;ure of a solid, to melt it,

Figure a shows a suitable to datalogger h
arrangement. " A
- meltin
A test tube containing temperature polnt b A
octadecanoic acid (a probe v | B0
white, waxy substance = D
; a
at room temperature) is a room temparature
warmed in a water bath. octadecanolc a0
° acld oD Tima
At 80 °C, the substance

is a clear liquid.
The tube is then placed in a rack and allowed to cool.
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e |ts temperature is monitored, either with a thermometer or with a
temperature probe and datalogger.

e Figure b shows typical results.

e The temperature drops rapidly at first, then more

e slowly as it approaches room temperature.

e The important section of the graph is the region BC.

e The temperature remains steady for some time.

e The clear liquid is gradually returning to its white, waxy solid state.

e |tis essential to note that energy is still being lost even though the
temperature is not decreasing.

e When no liquid remains, the temperature starts to drop again.

, we can deduce the melting point of octadecanoic acid.

used to help identify substances by finding their

Heating ice: 6 :
e |nsome ways, it is ink of the experiment above in reverse.
e What happens when we t a substance?

e Imagine taking some ice from ghe deep freeze.

e Puttheicein a well-insulated c and heat it at a steady rate.

e |ts temperature will rise; eventual have a container of water
vapour. (Note that water vapour is an ? gas; the ‘steam’ that you
see when a kettle boils is not a gas but a of,tiny droplets of liquid

water.) /\@

e Figure shows the results we might expect if we could carry out this
idealised experiment.
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e Energy is supplied to the ice at a constant rate.

e We will consider the

e different sections of this graph in
some detail, in order to describe
where the energy is going at each
stage.

e We need to think about the kinetic
and potential energies of the

wip-—-——————-—-———-

/c

Temparature
(=]
L J

molecules.

e If they move around more freely and faster, their kinetic energy has
increased.

e If they break fsee of their neighbours and become more disordered,
their elec patential energy has increased.

e Youknowt inetic energy of a particle is the energy it has due to
its motion.

e Figure shows how g] trical potential energy of two isolated atoms
depends on their separa -);0

e Work must be done (energy mustde put in) to separate neighbouring
atoms — think about the work y6u must do to snap a piece of plastic or
to tear a sheet of paper.

e The graph shows that:

o the electrical potential energy /, Separationr
of two atoms very close
together is large and negative |___|

o as the separation of the atoms
increases, their potential
energy also increases

o when the atoms are completely separated, their potential energy
is maximum and has a value of zero.

Pc:lerllia
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Now consider the figure again.

Section AB

e The ice starts below 0 °C; its temperature rises.

e The molecules gain energy and vibrate more and more.

e Their vibrational kinetic energy is increasing.

e There is very little change in the mean separation between the
molecules and hence very little change in their electrical potential
energy.

Section BC

e Theice melts at 0 °C.
e The molec become more disordered.
e Thereisa increase in their electrical potential energy.

Section CD @
e Theice has becom r
e |ts temperature rises to@ 100 °C.
e The molecules move
increasingly rapidly. N, ool ___.

e Their kinetic energy is
increasing.

e There is very little change in
the mean separation between

the molecules and therefore very little change i(’h@lectrical

potential energy.

Section DE

e The water is boiling.

e The molecules are becoming completely separate from one another.

e Thereis alarge increase in the separation between the molecules and
hence their electrical potential energy has increased greatly.

e Their movement becomes very disorderly.

Section EF

e The steam is being heated above 100 °C.
e The molecules move even faster.
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e Their kinetic energy is increasing.
e The molecules have maximum electrical potential energy of zero.
e You should see that, when water is heated, each change of state
(melting, boiling) involves the following:

o there must be an input of energy

o the temperature does not change

o the molecules are breaking free of one another

o their potential energy is increasing.

In between the changes of state:

o the input of energy raises the temperature of the substance
o the molecules move faster
o thei etic energy is increasing.

e The hardest p ippreciate is that you can put energy into the
t

system without | ature rising.
e This happens duri clapge of state; the energy goes to breaking
the bonds between nei ring molecules.

e The energy which must be supplied to cause a change of state is

sometimes called ‘latent heat™
e The word ‘latent’ means ‘hidden’ @ s to the fact that, when you

melt

e something, its temperature does not rise ( e energy that you have

put in seems to have disappeared. @

e It may help to think of temperature as a measu average kinetic
energy of the molecules.

e When you put a thermometer in some water to measure its
temperature,

e the water molecules collide with the thermometer and share their
kinetic energy with it.

e At achange of state, there is no change in kinetic energy, so there is no
change

e intemperature.

e Notice that melting the ice (section BC) takes much less energy than
boiling the same amount of water (section DE).

e This is because, when a solid melts, the molecules are still bonded to
most of their immediate neighbours.
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e When a liquid boils, each molecule breaks free of all of its neighbours.
e Melting may involve the breaking of one or two bonds per molecule,
whereas boiling involves breaking eight or nine.

Evaporation:

e Aliquid does not have to boil to change into a gas.

e A puddle of rain-water dries up without having to be heated to 100 °C.
e When a liquid changes to a gas without boiling, we call this evaporation.
e Any liquid has some vapour associated with it.

e If we think about the microscopic picture hese o c{
of this, we can see why (Figure) Within the ﬁz‘lﬁggﬁ‘"" —
liquid, molecules are moving about. escape.

e Some mo sterthan others, and can
break free f e bulk of the liquid.
They form the'v above the liquid.

e Some molecules vapour may
come back into co iththe surface of
the liquid, and return to iqui

e However, there is a net outflowfof energetic molecules from the liquid,
and eventually it will evaporatéaw, mpletely.

e You may have had your skin swab ith alcohol or ether before an
injection.

e You will have noticed how cold your skin [ es as the volatile liquid
evaporates.

e Similarly, you can become very cold if you get \/{“@

e stand around in a windy place.

e This cooling of a liquid is a very important aspect of evaporation.

e When a liquid evaporates, it is the most energetic molecules that are
most likely to escape.

e This leaves molecules with a below-average kinetic energy.

e Since temperature is a measure of the average kinetic energy of the
molecules, it follows that the temperature of the evaporating liquid
must fall.
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Internal energy:

e All matter is made up of particles, which we will refer to here as
‘molecules’. Matter can have energy.

e For example, if we lift up a stone, it has gravitational potential energy.

e If we throw it, it has kinetic energy.

e Kinetic and potential energies are the two general forms of energy.

e We consider the stone’s potential and kinetic energies to be properties
or attributes of the stone itself; we calculate their values (mgh and
1/2mv?) using the mass and speed of the stone.

e Now think about another way in which we could increase the energy of
the stone: we could heat it.

e Now wher es the energy from the heater go?

e The stoné’s tional potential and kinetic energies do not increase;

it is not highe er than before.

e The energy seen& e disappeared into the stone.

e Of course, you alr the answer to this.

e The stone gets hotter, a@at means that the molecules which make
up the stone have more energy,4#oth kinetic and electrical potential.

e They vibrate more and faster, d&move a little further apart.

e This energy of the molecules is kn s the internal energy of the

stone.
e The internal energy of a system (e.g. th ted stone) is defined as
follows: >

“The internal energy of a system is the sum of the m distribution of
kinetic and potential energies of its atoms or molecules.”
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Molecular energy:

Earlier in this chapter, where we studied the phases of matter, we saw
how solids, liquids and gases could be characterised by differences in the
arrangement, order and motion of their molecules.

We could equally have said that, in the

three phases, the molecules have different N ™ f}
amounts of kinetic and potential energy. » Lo <:‘
Now, it is a simple problem to find the ¥ "
internal energy of an amount of matter. “ ;;-f.‘

We add up thg kinetic and potential

energies a iated with all the molecules in that matter. For example,
consider th own in Figure.

@Ies in the box, each having kinetic and potential

There are ten
energy.

We can work out hese are and add them together, to get the
total internal energy of &s in the box.

%,
%
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Changing internal energy:

There are two obvious ways in which we can increase the internal
energy of some gas: we can heat it (Figure a), or we can do work on it by
compressing it (Figure b).

Heating a gas

The walls of the container become hot and so its molecules vibrate more
vigorously.

The molecules of the cool gas strike » b | compressive
the walls and bounce off faster.
They have gained kinetic energy,
and we say the temperature has
risen.

Doing wo S

In this case, a the container ey |
is being pushed — <>

The molecules of t E as strike a moving wall and bounce off faster.

They have gained kiffeti€ energy and again the temperature has risen.
This explains why a gas gets hott€r when it is compressed.

There are other ways in whichithe internal energy of a system can be
increased: by passing an electric c&t through it, for example.
However, doing work and heating are @ ed to consider here.
The internal energy of a gas can also de

or example, if it loses
heat to its surroundings, or if it expands so thatgdt does work on its
surroundings. @
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First law of thermodynamics:

¢ You will be familiar with the idea that energy is conserved; that is,
energy cannot simply disappear, or appear from nowhere.
e This means that, for example, all the energy put into a gas by heating it

and by doing work on it must end up in the gas; it increases the internal
energy of the gas.

We can write this as an equation:

increase in =  energy supplied + Energy supplied by
internal energy by heating doing work
In symbols:
AU=qg+w
e Thisis known as t w of thermo dynamics and is a formal

statement of the phi ofyconservation of energy.

e (It appliesto all situatio@i simply to a mass of gas.)

e Since you have learned previo&hat energy is conserved, it may seem
to be a simple idea, but it took Sgi a good many decades to

understand the nature of energy a reciate that it is conserved.

é”‘@
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The meaning of temperature:

e Picture a beaker of boiling water.
e You want to measure its temperature, so you pick up a thermometer
which is lying on the bench.
e The thermometer reads 20 °C.
e You place the thermometer in the water and the reading goes up ..30 °C,
40 °C, 50 °C.
e This tells you that the thermometer is getting hotter; energy is being
transferred from the water to the thermometer.
e Eventually, the thermometer reading reaches 100 °C and it stops rising.
e Because the reading is steady, you can deduce that energy is no longer
being transférred to the thermometer and so its scale tells you the
temperattir water.
e This simple, e
o Weareu
temperatur

7 activity illustrates several points:

idea that a thermometer shows the

thing with which it is in contact.

o Infact, it tell n temperature.

o Asthe reading on the scalgfwas rising, it wasn’t showing the
temperature of the watér.

o It was showing that the te ure of the thermometer was
rising. C

o Energy is transferred from a hot % t to a cooler one.

o The temperature of the
water was greater than the

thermometer 4 | thermometer

temperature of the cooler than @ in equilibriurn

t .
thermometer, so energy water with water

s -

a b

transferred from one to the
other.

o When two objects are at the ) energy (]
same temperature, there is \ /

v

no transfer of energy
between them.

o Thatis what happened when the thermometer reached the same
temperature as the water, so it was safe to say that the reading on
the thermometer was the same as the temperature of the water.

water at 60°C

e From this, you can see that temperature tells us about the direction in
which energy flows.
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e If two objects are placed in contact (so that energy can flow between
them),

e it will flow from the hotter to the cooler.

e Energy flowing from a region of higher temperature to a region of lower
temperature is called thermal energy. (Here, we are not concerned with
the mechanism by which the energy is transferred. It may be by
conduction, convection or radiation.)

e When two objects, in contact with each other, are at the same
temperature, there will be no net transfer of thermal energy between
them.

e We say that they are in thermal equilibrium with each other.

ermal energy is transferred from the hot water to the

r because of the temperature difference between

e See figure. a
cooler th

them.
e See figure. b

transfer of therm!; :

ey are at the same temperature, there is no
and they are in thermal equilibrium.

Q (@
%,
Q
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The thermodynamic (Kelvin) scale:

e The Celsius scale of temperature is a familiar, everyday scale of
temperature. It is based on the properties of water.

e |t takes two fixed points, the melting point of pure ice and the boiling
point of pure water, and divides the range between them into 100 equal
intervals.

e There is nothing special about these two fixed points.

e |In fact, both change if the pressure changes or if the water is impure.

e The thermodynamic scale, also known as the Kelvin scale, is a better
scale in that one of its fixed points, absolute zero, has a greater
significance than either of the Celsius fixed points.

e to have a temperature lower than 0 K.

e Sometimés if gested that, at this temperature, matter has no

energy left in it.

e Thisis not strict@ is more correct to say that, for A
any matter at abs it is impossible to remove T/KT8/°C
any more energy fro iQ

e Hence absolute zero is thettemperature at which all
substances have the minimunfiinternal energy. (The 400 -+127
kinetic energy of the atoms or mo@s is zero and
their electrical potential energy is i .

e We use different symbols to represent
these two scales: 0 for the Celsius scale, a
thermodynamic (Kelvin) scale.

e To convert between the two scales, we use these & 200--13
relationships:

3004 +27

273.15+0.00

eatures on

0 (°C) =T (K) - 273.15 1004--173
T (K) = © (°C) + 273.15

e For most practical purposes, we round off the 0L -773
conversion factor to 273 as shown in the conversion
chart.

e The thermodynamic scale of temperature is designed to overcome a
problem with scales of temperature such as the Celsius scale, which
depends on the melting point and boiling point of pure water.
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e To measure a temperature on this scale, you might use a liquid-in-glass
thermometer.

e However, the expansion of a liquid may be non-linear.

e This means that if you compare the readings from two different types of
liquid-in-glass thermometer, for example a mercury thermometer and
an alcohol thermometer, you can only be sure that they will agree at the
two fixed points

e on the Celsius scale.

e At other temperatures, their readings may differ.

e The thermodynamic scale is said to be an absolute scale as it is not
defined in terms of a property of any particular substance.

e ltis based ongthe idea that the average kinetic energy of the particles of

i es with temperature.

energy is the same for all substances at a particular
thermodynamic@erature; it does not depend on the material itself.

e |Infact, as you will s pcoming chapter, the average kinetic energy
of a gas molecule i nal to the thermodynamic temperature.

e So, if we can measure t@rag inetic energy of the particles of a
substance, we can deduce thegeémperature of that substance.

e The thermodynamic scale has t ,& points:
o absolute zero, which is defi

o the triple point of water, the teré?fre at which ice, water and

water vapour can co-exist, which is ed as 273.16K (equal to
0.01°C). /
e So the gap between absolute zero and the tripl p@f water is divided
into 273.16 equal divisions.
e Each division is 1K.
e The scale is defined in this slightly odd way so that the scale divisions on
the thermodynamic scale are equal in size to the divisions on the Celsius
scale, making conversions between the two scales relatively easy.

e A change in temperature of 1K is thus equal to a change in temperature
of 1 °C.
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Thermometers:

e Athermometer is any device which can be used to measure
temperature.

e Each type of thermometer makes use of some physical property of a
material which changes with temperature.

e The most familiar is the length of a column of liquid in a tube, which gets
longer as the temperature increases because the liquid expands — this is
how a liquid-in-glass thermometer works.

e Other properties which can be used as the basis of thermometers
include:

o the resistance of an electrical resistor or thermistor
o the voltage produced by a thermocouple
o th an electrically heated wire

o thevol fixed mass of gas at constant pressure.
e In each case, th@a meter must be calibrated at two or more known
temperatures (suc@ melting and boiling points of water, which
correspond to 0 °C ), and the scale between divided into equal

divisions.

e There is no guarantee that twérmometers will agree with each other
except at these fixed points.

e Now we will look in detail at two ty ﬂyectrical thermometer.

e In previous chapters, we saw that electhi

stance changes with
temperature. 4
e For metals, resistance increases with temper at a fairly steady rate.

However, for a thermistor, the resistance changes ly over a
relatively narrow range of temperatures.

e A small change in temperature results in a large change in resistance, so
a thermometer based on a thermistor will be sensitive over that range of
temperatures.
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e Athermocouple is another electrical device which can be used as the
sensor of a thermometer.

e Figure shows the principle.

e Wires of two different metals, X and Y, are required.

e A length of metal X has a length

Y O]
of metal \

e Ysoldered to it at each end. This X v
produces two junctions, which o
are the important parts of the junction— '/Jumon
thermocouple. heat

e If the two junctions are at
ViV 2.0+

different temperatures, an e.m.f. L5
will be produc€ed between the Lo /
two free (—% os]
@” be ol /K
r

thermocouple,
measured using a

e The greater the di ~1.07
temperatures, the great&e
voltage produced; however, t%m.f. may not vary linearly with
temperature, i.e. a graph of e. .@'st temperature is not usually a

straight line.

e Electrical thermometers can measure éazgreat range of

temperatures, from OK to hundreds or ev @ands of kelvin.

- T T T T T
_05_ 100 200 300 400 500
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Table below compares resistance and thermocouple thermometers.:

Feature Resistance Thermocouple
thermometer thermometer
robustness | very robust robust
range thermistor: narrow can be very wide
range
resistance wire: wide
range
size larger than smaller than resistance

thermocouple, has
greater thermal
capacity therefore
slower acting

thermometers, has
smaller thermal
capacity, so quicker
acting and can measure
temperature at a point

thermistor: high

nsitivity ower narrow
nge
§ cewire: less

linearity

can be sensitive if
appropriate metals
chosen

irly linear | non-linear so requires
owver ¥ range calibration
resistance wire; ggfd
linearity
rernote long conductin i@mgmndumingwi%ﬁ
operation | allow the operator low the operator to be
be at a distance fro a Mtance fram the

the thermometer

herm ter

Q
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Calculating energy changes:

e So far, we have considered the effects of heating a substance in
qualitative terms, and we have given an explanation in terms of a kinetic
model of matter.

e Now we will look at the amount of energy needed to change the
temperature of something, and to produce a change of state.

e Specific heat capacity

e |f we heat some material so that its temperature rises, the amount of
energy we must supply depends on three things:

o the mass m of the material we are heating
o the temperature change A8 we wish to achieve
o the rial itself.

e Some materj easier to heat than others.

e |t takes more to raise the temperature of 1 kg of water by 1 °C
than to raise the@ ature of 1 kg of alcohol by the same amount.

e We can represent equation.
e The amount of ene E@must be supplied is given by:
E=mcA®

e where cis the specific heat cap i@he material.
e Rearranging this equation gives:

equation as follows:

energy supplied
mass x temperature change

specific heat capacity =

e Alternatively, specific heat capacity can be defined in words as follows:

The specific heat capacity of a substance is the energy required per unit mass
of the substance to raise the temperature by 1 K (or 1 °C).

e The word ‘specific’ here means ‘per unit mass’, i.e. per kg.
e From this form of the equation, you should be able to see that the units
of careJ kgt Kt (orJ kgt °C™?).
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Table shows some values of specific heat capacity measured at 0 °C.

Substance c/JkgtK1?
aluminium 880
copper 380
lead 126
glass 500-680
ice 2100
water 4180
seawater 3950
ethanol 2500
mercury 140

e Specific heat
the graph show

O

@ is related to the gradient of the sloping sections of

e The steeper the gr e faster the substance heatsv up, and hence
the lower its speci e acity must be.

{
GC‘/g/
Q
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How to calculate the specific heat capacity of a substance:

e The metalisin the form of a cylindrical block of mass 1.00 kg.

e An electrical heater is used to supply the energy.

e This type of heater is used because we can easily determine the amount
of energy supplied — more easily than if we heated the metal with a
Bunsen flame, for example.

e An ammeter and voltmeter are used to make the necessary
measurements.

e Athermometer or temperature sensor is used to monitor the block’s
temperature as it is heated.

e The block must not be heated too quickly; we want to be sure that the
energy has tifme to spread throughout the metal.

e The bloc e insulated by wrapping it in a suitable material — this

is not shown i ustration.
e It would be pos inciple to

determine c by m stone
measurement of teffpe
change, but it is better to fecor

values of the temperature as i
rises and plot a graph of
temperature @ against time t.

~ temperature

computer

1eater cylinder datalogger

ﬁhents of specific

heat capacities. @
e As noted earlier, it is desirable to have a relatively rate of heating, so
that energy spreads throughout the block.

Sources of error

e This experiment can give reasonably good méea

e If the block is heated rapidly, different parts may be at different
temperatures.

e Thermal insulation of the material is also vital.

e |nevitably, some energy will escape to the surroundings.

e This means that more energy must be supplied to the block for each
degree rise in temperature and so the experimental value for the
specific heat capacity will be too high.

e One way around this is to cool the block below room temperature
before beginning to heat it.
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Then, as its temperature rises past room temperature, heat losses will
be zero in principle, because there is no temperature difference
between the block and its surroundings.

Specific latent heat:

Energy must be supplied to melt or boil a substance. (In this case, there
is no temperature rise to consider since the temperature stays constant
during a change of state.)

This energy is called latent heat.

The specific latent heat of a substance is the energy required per
kilogram of substance to change its state without any change in
temperat

When a substaficesmelts, this quantity is called the specific latent heat of
fusion; for boiIi@s e specific latent heat of vaporisation.

To calculate the am f energy E required to melt or vaporise a mass

m of a substance, @xeed to know its specific latent heat L:

,(
L is measured in J kg™*. (Note th @ is no ‘per °C’ since there is no
change in temperature.)

For water the values are: C?/
r

o specific latent heat of fusion of wa @d kg-1

o specific latent heat of vaporisation of .26 MJ kg-1
You can see that L for boiling water to form ste m@ghly seven times
the value for melting ice to form water.
This is because, when ice melts, only one or two bonds are broken for
each molecule; when water boils, several bonds are broken per
molecule.
Determining specific latent heat L
The principle of determining the specific latent heat of a material is
similar to determining the specific heat capacity (but remember that
there is no change in temperature).
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e Figure shows how to measure the specific latent heat of vaporisation of
water.
e A beaker containing water is heated using an electrical heater.

insulation
(shown partly
ol /remoued)

e A wattmeter (or an ammeter and a
voltmeter) determines the rate at watimeter —1— /|
which energy is supplied to the -
heater. heater

e The beaker is insulated to minimise e
energy loss, and it stands on a
balance. 128+

e Athermometeris included to 1274
ensure that thytemperature of the 126
water re at 100 °C. 125

Mass /g

e The wateri ed at a steady rate 124 I B e —
and its mass rec at equal Time / min
intervals of time. Its ﬁ decreases as it boils.
should be a straight line whose gradient is

e A graph of mass agaifi;
the rate of mass loss.
e The wattmeter shows the ratedt which energy is supplied to the water

via the heater.
e We thus have:

specific latent head =

e Asimilar approach can be used to determine th( ic latent heat of
fusion of ice. In this case, the ice is heated electricm a funnel; water
runs out of the funnel and is collected in a beaker on a balance.

e As with any experiment, we should consider sources of error in
measuring L and their effects on the final result.

e When water is heated to produce steam, some energy may escape to
the surroundings so that the measured energy is greater than that
supplied to the water.

e This systematic error gives a value of L which is greater than the true
value. When ice is melted, energy from the surroundings will conduct
into the ice, so that the measured value of L will be an underestimate.
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