structure of solids, liquids and gasses
[Including and relating their properties to
the forces and distances between
particles and to the motion of the
particles (atoms, molecules, ions and
electrons)].

AﬁercoN\@Wlﬁpter.stude'ntswillbeableto:
» Describe, qualitatively, the particle
= -

» Describe plasma as a fourth state of
matter [In which a significant portion of
the material is made up of ions or
electrons e.g. in stars, neon lights and lightning strear@.

» Describe the relationship between tl’@m i art
idea that there is a lowest possi --.‘ |i 1 > [Adprok/-273°C), known as absolute zero,

where the particlesh & M3 Q=N

. StatetW Retemperature of an object increases its internal energy
* Explain\With-examples, how a physical property which varies with temperature may be

used for the measurement of temperature

« Justify the need for fixed points in the calibration of thermometers [including what is
meant by the ice point and steam point.]

« |llustrate what is meant by the sensitivity, range and linearity of thermometers.

« Differentiate between the structure and function of liquid-in-glass and of thermocouple
- thermometers

« Discuss how the structure of a liquid in-glass thermometer affects its sensitivity, range and
linearity

Heat or thermal energy has always been the necessi uman beings,
animals and plants in this world. Without h @g@@g@ould not have
been possible. In the beginning, th# mn y source of light and heat.
With the discovery offikera e as'started. The uses of heat produced from

fire werew -\ by day and contributed greatly to the comforts and

facilities uman being. Initially, the hot and cold objects were sensed by
touching which was not a good standard to measure the degree of hotness of an
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object. So, man evolved different methods to measure it. Afte erntion of
standard measuring devices, the temperature @ in the list of

A

aeluction of kinetic molecular theory of

basic physical quantities like mass
This chapter pgginswijth 4"‘

N\
]

7.1 Kinetic Molecular Theory of Matter

According to this theory, matter is composed of very small particles called
molecules which are always in motion. Their motion may be vibrational,
rotational or linear. There exists a mutual force of attraction between the
molecules known as intermolecular force. This force depends upon the distance
between the molecules. It decreases with increasing distance between them.

The molecules possess kinetic energy due to motion and potential energy
due to force of attraction. When a substance is heated, its temperature rises and
its molecular motion becomes more vigorous which increases the kinetic energy
of the molecules. Thus, the temperature of the substance d upon the

enerafl x @ BtS'in three states

Fig. 7.1
Most of the properties of solids, liquids and gases

can be explained on the basis of kinetic molecular theory of (OXC]O)
et

matter. In case of solids, the intermolecular forces are so —
strong that they keep the molecules bound. So, the (OIOIO)
molecules are held at fixed positions but still they show -
vibrational motion about their fixed points (Fig. 7.2). This is
why, the solids have a definite shape and a definite volume. (elolo)
In case of liquids, intermolecular force is soweak thatL_— = =

it cannot hold the molecules at fixed positions ang @ @WZ
molecules can slide over each othebin i O i \Tiquid, therefore,

possesses a definite volume b ape. Due to flow of the

Gas molecu \ glatively far away from one and another. Due to which,
gas neit efinite volume nor a definite shape.
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The plasma is a gas in which most of the atoms
are ionized containing positive ions and electr @)
(Fig. 7.3-a). They are freely mow int W 2 5 Bl .
gas. Dueto presenceo %Mectrons, e @

plasma is the co of matter. It allows
electric cu ss through it. Since the gas in . @

plasma state has properties which are quite different d

from ordinary gas, therefore, plasmais knownas fourth ;5 7 3(2) plasma

state of matter. The Sun and the most of other stars are in plasma state. Plasma is
also found in plasma TV and in gas discharge tubes (Fig. 7.3-b) when electric
current passes through them. The plasma state also occurs during the early
stages of lightning formation known as lightning streamers which are the
conducting paths through the atmosphere due to ionized air molecules.

7.2 Temperature and Heat

When we touch ice, we feel cold. When we dip
our fingers in warm water, we feel hot. Thus, by sense of
touch we can tell which of the bodies is colder or hotter.
A hotter body is said to be at higher temperature as «
compared to a colder body.
Temperature of a body is defined as degree
of its hotness or coldness. e
It is our common experience that when we heat a - R
body, its temperature rises. Process of heating provides . S5 =
heat or thermal energy to the body ich i w@ o@© ' Warm water
of the rise in temperature. Fig. 7.4
~ Thefollowing ' efine temperature.
et A e

:fl_" A

The teach d arrange hot water in some tea cups, thermometers and metal spoons.
Make groups of the students. Each group will put the spoon in the hot water and stir it. Ask
them what do they feel. Does the other end of the spoon also become hot?
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Do they observe that the spoon also gets hotter? It means heat is being transferred from the
hot water to the spoon because the temperature of the water was hlgher than that of the

spoon.
Thus . . @
defingd-as %ﬂ; tlty WhICh

This mean t'thermal energy is transferred from one obJect to another
due to te @ference of the two bodies. Therefore, we can define heat
as follows:

Heat is the energy which is transferred from one object to another due to
difference of tem peratu re between the two bodies.

We knowthat matteris composed
of molecules which are always in
motion. Molecules of a solid are
vibrating about their fixed positions.
The molecules of a liquid are sliding |

are randomly moving. The |
possess kinetic energ Fig. 7.5 The internal energy of air

their moW@ gy is also inside a hot-air balloon increases as
associate th ‘molecules because of the temperature increases.

their attractive forces.

The sum of kinetic and potential energies of the
molecules of an object is called its internal energy.

When we heat a substance, its molecular motion becomes more vigorous
which means an increase in its internal energy. As a result, temperature of the
substance rises. The heat energy transferred to a body increases the internal
energy of its molecules due to which its temperature rises.

Remember that, it is not true to say that a substance contains heat. The
substance contains internal energy. The word heat is used only w%ﬁeferring to

Our sense of % whetheran object is hot or cold. It gives an
idea abo s temperature but we cannot measure the actual
151




temperature of the body just by touching it. For the exact measurement of the
hotness of a substance, we require an instrument called a thermometer.

Thermometers use some property of a ﬂ* chh changes

prIyW|th the changeoftem ra ,‘u

Some basic t
athermom ?ollowing:

Itis a good conductor of heat.

It gives quick response to temperature changes.

It has uniform thermal expansion.

It has high boiling point.

It has low freezing point.

It has large expansivity (low specific heat capacity).

It does not wet glass.

It does not vapourize.

Itisvisible.

properties for a material suitable to construct

=0 O NOUTEWN

. One such liquid which is commonly used in
ercury. Figure 7.6 shows a mercury thermometer. It is made of
glass. It has a bulb at one end filled with mercury.

Capillary tube &
P ry\ Linear scale

Mercury

L T T I T o L N N T T
L ' 1

-10 10 20 30 a0 50 '70'.0‘9’9'100'10-'@)

Measured temperatu/re = 38°C

_ Fig. 7.6
When the temperature rises, the mercury expands and moves up through
the narrow capillary tube in the form of a mercury thread. As shown in Fig. 7.6, the
position of the end of thread reads the temperature. Mercury.is aque and can
be easily seen due to its silvery col Ofce for the
thermometric liquid, but i must it wsuble.

Glass stem -

Point to Poncie)! : fisne Bra'lI!TeaseﬂT

BRED
Coul ‘i‘nrcury (@) Why the walls of the
therme eter if expansion thermometer bulb are thin?
of glass would have been (b) Why the inner bore must be
greater than mercury? . narrow?
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For the measurement of temperature a s

scale is to be constructed which rec&r
reference temperatures called two fiéd

of the scale. The second fixed point is the
melting point of pure ice or simply ice point. It is
called the lower fixed point. Different scales of
temperature have been constructed by
assigning different numerical values to these
fixed points. Three different scales are:

(i) Celsius or centigrade scale

(ii) Fahrenheit scale

(i)  Kelvinscale

=%
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o
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fixed points are 0 and adifferénce
between two 05 the space
between thé&S@!points Is diwded mto 100 equal
parts. Each partis known as 1°C.

In Fahrenheit scale, the lower fixed point
is labelled as 32 and upper as 212. As the
difference between these two numbers is 180,
so in this scale the space between these points
is divided into 180 equal parts. Each part is
known as 1°F. Celsius and Fahrenheit scales are
generally used in ordinary life.

There is a third scale of temperature
known as Kelvin scale or Absolute temperature
scale. It is used in scientific measureg
Kelvin scale, the lower and upp
are labelled as 273 and
between theW 300; 50 the width of 1 K
isthe same a of 1°C. The zero point of this
scale is the temperature at which the molecules
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For Your lnformationf

.ithe'nnome“tr_!c property which is _used

in gas thermometers, The resistance

of a given length of wire also

depends upon temperature. It
increases with the increase in
temperature. So, the resistance of a
wire is also a thermometric
substance and is used in platinum
resistance thermometer.

=

1

u |

100 divisions
100 divisions

Comparison of
three scales of temperature
Fig. 7.7



of a substance cease to MOVe. Their average kinetic energy becomes zero. This is
known as absolute zero. Its value is -273.15 °C. For calculations, itis Es\}'@ply taken

as -273 °C. Absolute zero is the lowest pgssible temy g@ be in the
¥ li} utezéro temperature.

of a body is T, on Celsius scale, T, on Fahrenheit scale
and T, on Kelvin scale, then these readings are related by the following formulae:

(I) Conversion of Celsius (centigrade) to
Fahrenheit scale: For Your Information!

T = % e R T 7.1) .

Inside hot stars
(ii) Conversion of Fahrenheit to

Celsius scale:
T, = _Z_ (T,=32), .. woon (7.2)

Inside the Sun

Nuclear explosion

(iii) Relationship between Kelvin and
Celsius scales: o e ""’W@O
1. =T +2(3 ; (Eégg& Ml
e (@ﬁﬁk@ peing point 152 (00, s 3
o Kitroqen Rquefie ey

Example 7 = 10
Hydrogen Liquefies ——t 1
HoW much 30°C temperature  Quterspace o fuid — e
- ¥ es su u e ‘.
would be on Fahrenheit and Kelvin g AR 10° - 1K
scales? 10"
107
< *He becomes superfluid : Ao ol
Solution = ks

Lowest temperature obtained for ‘He,

—_— 10"

Temperature Tc = 30°C

_ g L Lowest temperature for 10
Usmg TF = c X Tc + 32 electrons in a metal i e
=9 4 30°C+ 32°=86°F Ll
> 10°
: Lowest temperature obtained
USIF\g Tk = Tc +273 for nuclei i

n a soli
— 10° - 1 nK
= @O@ v

ter consists of two wires of different materials such
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as copper and iron. Their ends are joined together to M@ ClALIEILEIEL
form two junctions. If the two junctions are at different
temperatures, a small current flows across them.
current is due to the potential diffe

across the two junctions,as % SR Thermocouple

have different resist%é w of Hot Metal A Voltage
current. T e difference of J'Uﬂction_< v
temperatures, the greater is the potential

difference or voltage produced across ki Cold junction
the junctions. If one end of the junction is Fig- 7.8

kept at a fixed lower temperature, say by placing it in an ice bath at 0°C for
reference, the temperature of other junction at a higher temperature can be
measured using a millivolt meter by a calibrated scale on it (Fig. 7.8).

This type of thermometer is particularly useful for very high temperatures
and also rapidly changing temperature as there is only a small mass of metal
(the junction) to heat up.

7.4 Sensitivity, Range and Linearity of Th rmometers

sensitivity, range an “?‘ ey—help determme the suitability of the
thermometer f
temperat

Sensitivity of a thermometer refers to its ability to detect small changes in
the temperature of an object. For example, the minimum division on the scale of
a thermometer is 1°C. The accuracy of its temperature measurement will be 1°C.
On another thermometer the marks are 0.1°C apart. Hence, its accuracy will be
up to 0.1°C and said to be more sensitive. Its measurement will be more precise
than the measurement by a thermometer with an accuracy of 1°C.

Range
g@t@i@er which the

This refers to the span of temperatur
e, a clinical thermometer

thermometer can measure ac
designed for human as a narrow or short range, say from

35°Cto45°C. Al rmometer is usually used for science experiments
in the labwm markings from —10°C to 110°C. The choice of liquid for
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thermometers put a lower and upper limit for the range of a ometer. For
example, Mercury freezes at 39°C and.boils can construct
mercury in glass thermometers\wi arking scale depends on

desired range of me @ y low temperatures, alcohol is used.
Alcohol has a .\N |

Ing point about -112°C which increases its lower

Bt it has lower upper limit as it boils at 78 °C.

This refers to a direct proportional relationship between the temperature
and scale reading across entire range of measurement. A good linear
thermometer should measure equal increments on the scale corresponding to
equal change in the temperature. It means that marking on the scale should be
evenly spaced over the whole range. High linearity means more consistent and
proportional scale readings over the entire range to ensure accuracy of!
measurement.

hawngasmall bulb # : I
the glass bulb all % uction through glass to the liquid from a hot
object M ure is to be measured. Mercury being metal is a good
conduct®rand hence responds quickly to the change in temperature. The small
amount of liquid also responds more quickly to a change in temperature. The
quick response makes the device sensitive. Use of mercury is quite sensitive for
normal measurements. For greater accuracy, alcohol can be used as its
expansivity is six times more than mercury but it has range limitation to higher
temperature measurements due to its low boiling point (78°C).

The uniformity of the narrow tube or bore ensures even expansion of the
liquid required to make the linear measuring scale. The choice of mercury allows

to use it over a long-range temperature due to its low freezing point and higk
boiling point. It provides a fairly long range of measurement of temperature.

Mercury Thick glass steg\ © Range from

-10°C to 110°C

904, 110% C‘r

J?‘s-f"so

3 y in 1° divisions Fine-é)re,

ut can read to 0.1°C on very uniform
long, fine-bore tubes evacuated tube
Fig. 7.9 Labelled diagram of a laboratory thermometer
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KEY POINTS

 According to kinetic molecular theory of matter, the matter is composed of molecules
which are in motion. The molecules possess a mutual force of attraction. The molecules
have kinetic energy due to their motlon and potential energy due t@ﬁ{?rce of

attraction. XQ

* Plasma consists of ionized atoms of a ‘“@ mount of positive and
negative charges. Q

¢ Temperature is the ess or coldness of a body and it determines the
direction of flow hen two bodies are brought in thermal contact.

* Heat is the form of energy which is transferred from one body to the other due to the
difference in temperature.

* Abody does not contain heat. It contains internal energy which is the sum of kinetic and
potential energy of the total molecules of an object.

e Temperature is the degree of hotness of an object. According to molecular theory of
matter, itis a measure of the average kinetic energy of the molecules of an object.

* Thermometerisa device used to measure the tempeérature of a body.
* Conversion of temperature from one scale to the other:

(@) Relationship between Kelvin (T,) and Celsius (T.) temperature

(b) Relationship between Celsius (T,) aiasy r‘{a
temperature (T,) K m

5 Fahrenheit

®)

(c) Relationshi horenheit(TF)tOCeISIus(Tc) : '55; (T,=32)

¢ Thermocouple thermometer is based on the flow of electric current between two
junctions of two wires of different materials due to difference of temperatures at the

junctions.
EXERCISE

A Multiple Choice Questions

Tick (v) the correct answer.
7.1. Howdothe moleculesin asolid behave?

(a) Move randomly
(b) Vibrate about their mean positions m
(c) Rotate and vibrate randomly att | 0@©
(d) Movein a stralght line fr
7.2. Whattype of motion %% s ina gas?
(a) Linear W (b) Random motion
(c) Vibratory motion (d) Rotatory motion
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7.3. Temperature of a substance is:
(a) the total amount of heat contained.jn-i @O@C@m
(b) the total number of M@W
(c) degree of ho -
(d) depend tﬁmintermolecular distance

7.4. HW 9
(a) total kinetic energy of the molecules

(b) the internal energy
(c) work done by the molecules
(d) the energy in transit
7.5.  InKelvin scale, the temperature corresponding to melting point of ice is:

(a) zero (b) 32 (c) -273 (d) +273

7.6. The temperature which has the same value on Celsius and Fahrenheit
scaleis:
(a) -40 (b) +40 (c) +45 (d) -45

7.7. Whichoneis abetter choice fora liquid-in-gla r
(a) Is colourless

(c) Expand linearl O- Wetsglass |
7.8. Onedisadvant Olin aliquid-in-glass thermometer:
(@) Wg Ivity (b) it has low freezing point (-1 12°C)

(c) he glass tube (d) its expansion is linear

7.9. Wateris notused as a thermometric liquid mainly due to:
(a) colourless (b) a bad conductor of heat
(c) non-linear expansion (d) a low boiling point (100°C)

7.10. Athermometer has a narrow capillary tube so that it:
(@) quickly responds to temperature changes
(b) can read the maximum temperature
() gives a large change for a given temperature rise
(d) can measure a large range of temperature
7.11. Which thermometer is most suitable for recording rapidly varying
temperature?

oA
(@) Thermocouple thermometer %7@0©O
(b) Mercury-in-glass laborat m@r
(c) Alcohol-in-g
(d) W" imcal thermometer
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B Short Answer Questions

1.1

72

7.3,
7.4.
15
7.6.
7.7.

7.8.
1.9,

7.10.
TokR
7.12.
7.13.
7.14.

7.15.

Why solids have a fixed volume and shape according to particle theory of
matter?

AV
What are the reasons that gases ha\@ W nor a fixed

shape?
Compare the spacin O@E@ e solid, liquid and gaseous state.
What is theW e temperature of a liquid?
What is meantby temperature of a body? |
Define heat as ‘energy in transit'.

What is meant by thermometric property of a substance? Enlist some
thermometric properties.

State the main scales used for the measurement of temperature.

What is meant by sensitivity of a thermometer?

What do you mean by the linearity of a thermometer?

What makes the scale reading of a thermometer accurate?

What does determine the direction of heat flow?

Distinguish between the heat and internal energy. @@ B
u

When you touch a cold surface, does.co
hand or does energy travel fro ace?
Canyou feel your fever rown forehead? Explain.

A lL\MW O
C Constructed Response Questions

Tl

1.2;

7.3.

7.4,

.58

7.6.
1.7.

s kinetic molecular theory of matter applicable to the plasma state of
matter? Describe briefly.

Why is mercury usually preferred to alcohol as a thermometric I|qU|d?
Why is water not suitable for use in thermometers? Without calculations,
guess what is equivalent temperature of 373 K on Celsius and Fahrenheit
scales?

Mention two ways in which the design of a liquid-in-glass thermometer
may be altered to increase its sensitivity.

One litre of water is heated by a stove and its tempera re °C If
two litres of water is heated on the sam & , what will

be thenrise in temperature?
Why are there no nega Kelvm scale?
Comment o) - A thermometer measures its own

tem peratur
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7.8. There are various objects made of cotton, wood, plastic, metals, etc. In a
winter night, compare their temperatures with the air temperature by
touching them with your hand. |

7.9. Whichisgreater: an increase in temperature

7.10. Why would not you expectdal m@% gas to have the same
speed?

711, Does it make @% he temperature of a vacuum?

te

7.12. C . "Ahot body does not contain heat”,
7.13. hether the Sun is matter.
D Comprehensive Questions *

7.1.  Describe the main points of particle theory of matter which differentiate
solids, liquids and gases.

7.2. What is temperature? How is it measured? Describe briefly the
construction of a mercury-in-glass thermometer.

7.3. Compare the three scales used for measuring temperature.

7.4.  What is meant by sensitive, range and linearity of thermometers? Explain
with examples.

7.5. Explain, how the parameters mentloned Inw @wnproved in

the structure of liquid-in- glag

Numerical Preblems

The tempe \\u“ ! mal human body on Fahrenhelt scale is 98.6°F.
CM elsius scale and Kelvin scale. -

| (37°C, 310 K)

7.2 At what temperature Celsius and Fahrenheit thermometer reading would

be the same? (-40°

7.3  Convert 5°F to Celsius and Kelvin scale. (-15°C, 258 K)
7.4  Whatisequivalent temperature of 25°C on Fahrenheit and Kelvin scales?

(77°F, 298 K)

7.5  The ice and steam points on an ungraduated thermometer are found to

be 192 mm apart. What temperature will be on Celsius scale if the length
of mercury thread is at 67.2 mm above the ice point mark?

(35°0C)

7.6  Thelength between the fixed pomt of hquu - ometer is
20 cm. If the mercury level i iy mark what is the
temperatureonﬁe Fahm% (72.5°F)
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