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ABSTRACT 

Thermal expansion is the increase in the dimensions 

of a material due to the application of heat. 

This project sets out to investigate the linear ex-

pansivities of a set of rods of selected materials which 

include aluminium, copper, brass, iron, quartz glass and 

duran glass. The temperature at which the rods were sub­

jected to investigation ranged from 3 0°c to ao0c. 
The data obtained from the work were plotted from Which 

values of the linear expansivities vere obtained. 
Aluminium was noticed to have expanded faster in terms 

of linear dimensions compared to the other rods. This has 

been attributed to its low cohesive energy state and high 

value of specific heat capacity at constant volume. 

In addition the cubic expansivities of some selected 

liquids namely; olive oil, ethanol, glycerol, ethyl acetate 

and�istilled water were determined an d their coefficients 

of volume expansivities obtained. The liquids were examined 

at a temperature range of 30°c to so0c. It was inferred that 

ethyl acetate expanded in volume faster than the other 

selected liquids which is probably due to its energy pattern 

in the atomic set up and its value of Cv. 



CHAPTER ONt::: 

INTRODUCTION 

Thermal expansion is defined �s the increase in the 

dimensions (e.g lengthivolume, density) of a material with 

an equivalent increase in temperature� 

The uses of thermal expansion in our daily lives are 

readily observable: mercury thermometers to indicate 

temperature, thermostats to control our heating and cooling 

systems and even the use of hot water to "loosen" a stuck 

jar lid. On a hot summer day, the effect of thermal expan­

sion would also be readily apparent if not allowed for by 

the design enyineer in construction work . 

To paraphrase a facetious comment that appeared in a 

small book 'PHYSICS FOR FOOLS', published in Russia in 1968; 
Bridges, railroads, tracks and concrete section of highways 

are always made shorter than they should be since bodies 

always expand when heated. Even so, after an unusually hot 

day, newspapers will have photographs of highways that have 

been buckled and draw bridges that have stuck! The impor­

tance of technology of accurate knowledge of thermal expan­

sion is readily apparent w�en one considers the problems 

associated with high performance engines, atomic reactors, 

re-entry vehicles and others. 

one of the first scientific problems associated with 

dimensional changes in solids caused by temperature fluctua­

tions was the measurement of time with pendulums. Although the 
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periOd T of a pendulum IS almost independent of the amp­

titude, time does critically depend upon its length as 

the period is: 

T-=- f)Tr{f (1> 

L is its length and g, the acceleration due to gravity. 

For instance a change in temperature of 10 degrees 

will cause a change in period of abOut 0.01% (4] if the 

pendulum is made of brass. Therefore it is not surprising 

that some of the first quantitative measurements of thermal 

expansion were made in order to obtain more accurate clocks. 

These measurements were first made by Petrus lan. 

Musschenbrock a professor of astronomy in Utrecht about 

1730. Musschen brock measured the thermal expansion of 

iron, steel, copper brass tin and lead. He found out that 

lead expanded the most and iron the least. He concluded 

that it was better to make the rods of pendulum clocks 

with iron; in his words: "Therefore it is very proper to 

make the rods of pendulums for clocks or iron. They are 

not so good of steel and much wors'e' of brass, yet some­

times they are made of copper because it is not so liable 

to rust but yet that is wrong." 

The reverse situation,that of using the expansion of 

solids to measure temperature even above the boiling point 

of mercury, was described by J.F DanQell in 1831 and was 

intended for various industrial applications including pol;tery 
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and smelting. Since this time, a large amount of informa-

tion on thermal expansion has been obtained and with 

advances in technology the quality of the information has 

improved. A great deal of this information however is 

worthless or nearly so, because the �aterial was not suf­

ficiently chatacterised and/or the experiment was not 

sufficiently documented. In particular accura!e data on 
I 

well characterised materials are needed to understand the 

behaviour of alloy and other composite systems. Even so, 

within the past 20 years, measurements on thermal expansion 

have greatly ·increased our knowledge in areas such as 

lattice dynamics, electronic and magnetic interactions, 

thermal defects and phase transitions. 

This work is intended to examine the expansion of 

various solids (metals and non metals) and some liquids, 

under thermal conditions. Linear expansions will be 

studied on Brass, Copper, Aluminium, Quart� Glass,Duran 

glass and iron rods, while the volume expansion will be 

examined wijh Glycerol, Ethyl acetate, Ethanol, Distilled 

water and olive oil as materials, 

From these results curves will be drawn for each 

case and the coefficients of linear and 

will becalculated to note which of the 

volume expansion 
expand 

solids/liquidsiCfaster, 

and which ones expand least over a given temperature range. 

It is expected that results drawn would be of much relevance 

and grea t bearing on the existing pat tern of material 

properties that are thermally controlled. 
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CHAPTER TWO 

THEORY 

2.0 EXPANSION OF MATERIALS 

When a material is heated so that there is a change in 

temperature from T
1 to T2 there is a corresponding change 

in volume, v1 to v2, the mean coefficient of volumetric 

thermal expansion of the material is defined by @,,... qs 
�:. \J:i-\J, (2l 

V, (T1-T,) 
The limiting value of this ratio. (at constant pressure pl 

as the temperature changes by a dirterential amount dT is 
def ined as the true coefficient of volumetric thermal ex-

pansion B� or just as the coefficient of thermal expansion with 

�-temp ( 3 l 

For a linear problem, the coefficient of linear expansion 

Q{l. is I (<>L) 
o< .. , L Ji- P· C3al 

The thermal expansion of the substance on heating from 

T
1 

to T2 is often expressed as percentage expansion thus 

IOO('v';rVJ � 
v. 

loo i!.v 
v ( 4) 

Similarly for linear expansion, the corresponding defi­

nitions in this case are 

d"'"'"' L,-L, 
L.(13 -1.) 

(Sl 

and the % expansion i11 

IOO(La-L� w 

Li 
Ul,04L.... 

l C Sal 
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Where L represents the length. If the expansion is determined 

from measurements of density, then, the mean coefficient 

of expansion, #..,: f.-1. 
f,(T'.)-T() 

and the coefficient of thermal expansion 

(6) 

is f• j-{�)� (6) 
If the substance is isotropic, the coefficient of thermal 

expansion, is equal to three times the coefficient of linear 

thermal expansion, i.e ?=3o< (7) 
The same is not strictly true, however for the mean coeffi­

cients where [6] 

(3117 -::= _3x.,[ 1 t C'i�-T,)<X<Y>J (8) 
Ordinarily, the coefficient of thermal expansion is not 

measured directly but it is either calculated directly from 

consecutive observa�ions of expansion or by differentiating 

an equation that represents the expansion. Under certain 

conditions, the instantaneous coefficient of linear thermal 

expansion will satisfactorily represents the true coefficient. 

The instantaneous coefficient of linear thermal expansion is 

defined as <><,�Li- Li) at the mean temperature Tm, (9) 
l:l'l3(1,-T, 

where L293 1s the length at 293K. If the expansion over a 

limited temperature range can be approximated by a polynomial [6] 
L-L�p +n-l +a 7'1 -� ::. q • 1::i. l fqa I + · · · · GH u I (10) 

I .. ,. 

Then, D(,'-::ol.1 .f�;T.,., �Ch(412m-1i-l.J+-··· (11) 

and 

From 

o(- . ���1,q· . r1 ,.., .,,- � 3 '?.T.,. +. ·) - L \.' i 
+.r-.,z. t/1) . q m 

these equations, it can be shown that 

!X-=- L'l>13 rl){-+ �[01)7.- ..... · J 
L c I 't 

If L293 � L and flT • T2-T1-:i, then o( ec.O(, • 

( 12) 

( 13) 
If the expan-

sion can be represented by a quadratic formulation, et3 • o in 

equation (13) and thus large intervals can be used. 
! 
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2,t ATOMIC EXPLANATION 

POTENTIAL WELL MODEL 

A three dimensional ar.tay of atoms which are free to 

vibrate .about their equilibrium positions is a reasonable 

model for a solid substance. The heat capacity of this model 

can be calculated by ftSsuming that the vibrations are 

harmonic and their energies are quantized� While these 
assumptions are very successful in calculating the heat 

capacity of real solids, the vibrations must be assumed 

t o  be an.harmonic in order to account for thermal expansion. 

This can be understood qualitatively by considering the 

vibrations of a single particle in the asymmetric potential 

well. The equation 

<;P��c�i-�.,c� ( 14) 

is an approximate solution of a non-linear equation of motion 

md�� + Cx -SCJ:.:1==0 lF (15) 

Where C is a constant, m the mass of the particle, x the 

distance covered, t is the time elapsed, s is the harmoni-

city constant. And 

X=A(ecsv.,t -�cos?V4t.) +¥ ( 16.l 

where A is the amplitude of the motion Vo is the initial 

potential energy A.S �osv., �·<Co::. 'J.V.·t) • o. 

The time average position of the particle is 

<�'7-:: SAt. 
:l. 

( 17) 

i•"' 
' ' 

.l I 
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An increase in temperature T, (with the application 

of heat)causes the vibrational amplitude of the atoms in the 

crystal lattice of the solid to increase. The potential 

curve (Fig. 1) of the binding forces corresponds only 

to· a first approximation to the parabola of a harmonic osci­

llation (dotted lines); generally flatter in the case of 

large interatomic distances than in the case of small ones. 

If the vibrational amplitude is large, the centre of oscil­

lation moves to larger interatomic distances. 

The average spacing between the atoms increases and there-

fore does the total volume V(at constant pressure p). 
4· 

"<• 

\ I I ,' 
�, :1 I 

' _, 

Fig. 1.1 Potential curve as a function of the interatomic 

spacin<J r. 

A shift in the average position which is proportional 

to the an-harmonicity constant S has therefore occured. 

towards the softer side (i.e region of largerr of the poten-

tial well)J· 

According to classical theory A2:1s·proportional to tem­

perature so that the value of (x) can represent the thermal 
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expansion of the system and the coefficient of thermal 

expansion is a constant that is proportional to s. 

In the case of a harmonic potential where S s O, the 

average position of the particle does not shift and 

there is no corresponding thermal expansion. 

2.2 DERIVATION OF THE GRUNEISEN R�LATION 

In the quasi-harmonic approximation, the effect of an­

harmonic interactions is simulated by treating the vibrations 

as harmonic but with frequencies that ace volume dependent. 

Applying statistical mechanics to this model it can b e  shown 

that [ll 
ft - _, 
oVJT - \J 

'3N Lx�c (18) 
"" ' 

where F is the free energy of the system and C.,is the 

contribution of the vibrational mode to the heat capacity 

at constant volume� with 

C _ c· 
( 19> 

I/ - � 

i.;, 
The quality l/ is a measure of the volume dependencies 

on the frequency of the vibrational mode 4.• thus, l. 
oi.,. y_ .� ·= .d.b.1l;_ 

V; 6 \I dln V (20) 

hence indicates the effect of the anharmonic interac-

tions. If we define 

'!=- 2. 1•cfc.., ( 21) 

then e,__ ac., 
�di - "-;}v (22) 

It can also be shown from thermodynamics that 

....£E- � avdT -�� ( 23) 
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whe re �T is the isothermal bulk modulus. The expression 

�:: � (24) W1 
is known as Gruneisen relation and � is known as the 

GRUNEISEN PARAM�TER. 

Since both r and the product of V and BT are weak 

fu nctions Of temperature, the value of B is nearly proportional 

to'1 at all temperatures. Thus at high temperatures B is 

nearly a constant and at low temperatures where the atoms 

must be treated as quantum oscillators €-»o as T-t 0 K. 

2.3 DEBYE EQUATION OF STATE 

For many models of a solid, one can separate the free 

energy F into two parts: Q, the EFFECTIVE FREE ENERGY of 

the state lattice including the 111ero point energy and Fth, 

the contribution of lattice thermal excitations. The thermal 

pressure is a solid Pth is (6; Pth-;_{bfu_ \ \;,}\/ .h 
and the static Pressure Pst as 

0 :. -d� 1st av 

(25) 

( 26) 

The total pressure is equal to the sum of these quantities. Thus 

A-or= -a¥..::. -(ar-��\ 
�v .av"}; (27) 

In Debye's model of a crystal structure, the effect of 

anharmonic inte.cactions can be expressed as a change of all 

lattice frequencies Vi, of the Deb)Ct frequency V and of the . 0 

characteristic temperature, 

80.,,, hlJll 
K 

(28) 
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has a value that is large when compared to Ee. 

The constant k is best determined by expeciment but can be 

related t o  the potential energy function. 

The Expansion coefficient of a solid is related to 

the type of bonding exhibited by the c·rystal and hence 

its heat capacity [3]. The �xpansion coefficient is largest 

for materials with the shallowest potential curves [3_] and 

these are weakly bound materials such as the Alkali metals. 
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where fj0 is the D�bye temperature, '))D the Debye frequency, h is 

planck's constant and K is the Bol\sman's constantt 

This is used to approximate the effect of enharmonic interactions 

and hence the temperature. In this model of the lattice heat 

capacity. is a function of yolume only. 

By differentiating equation (28) with respect to V it can be 

shown with the help of eqn (20) that 

c:'l8o::. � (29) �" " 
It follows that in this model r is also a !unction of volume 

only. It can also be shown from thermodynamics that 

..afui_ ·- 1- . �(F� /T) = � 
d8o - 90 d(i!T) 91> (301 

where Eo is the Debye energy of the lattice vibrations. The Debye 

equation of state can be written as 

P= _ �cp9 _ (Jlii. \(;ie.),,, -� + CYEo ,31) Jv \;Je;} J v av v 
Gruneisen's relation can be obtained by differentiating P 

with respect to temperature at constant volume: 

(s1!\ ·= 7fCv =- �r � \j1)v V 
If the pressure is set equal to zero in eqn 

(32) 
(31), v ci)�/dV) 

can be expanded in a Taylor series in volume and the constants of the 

series evaluated at zero Kelvin. Then the Gruneisen equation can be 

obtained 

where 

as� ·= 
v • . 

5, 
Q- (<fi, 

Q=� 0 

(33) 
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CHAPTER THREE 

MATERIALS AND METHODS 

The aim of the work is to calculate the coefficient 

of thermal expansivS.ty � and that of· volumetric expansivity 

flv from the slopes of sets of expansion curvea. 

The volume of the pycnometer was determined and the 

scale clllibrated by weighing it empty and then filled 

with distilled water and weighed again. The results were 

then recorded. 

The pycnometer which was filled with the liquid to be 

I worked on was in thermal contact with a water bath (thermostat} 

The change in volume was then read from the scale on the tube 

built to its stopper. 

The connecting tube to the thermostat was removed 

and the dialometer was connected to the bridge on which the 

rod under examination was clamped and hoses were connected 

to both springs on the tube. The thermestat was s�itched' 

on and water was allowed to circulate through the insides 

of the tube. The change in length was then read on the 

dialometer with a rotary scale. 

When the initial temperature at which measurement was 

to be carried out was about to be reached, the dial guage 

was set to zero �efore expansion of the rod was measured at 

regular intervals of temperature. The change in lengths 



'f) ;. 
� ... 

i "' c-_12_ _. ----

bO 
H 
c.... 
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of the tube was measured in a temperature range between 

30°c and ao0c, while that of the liquids was in a range 

between 30°c and so0c. 

The same procedure was then carried out on the other 

tuoes and liquids. 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 . 

11. 
12. 

13. 
14. 
1s. 

The materials used in the experiments were: 

Support rods ( square) 

Right angle damp 

Syringe 

Measuring tubes (300mm length) 

Dialometer with rotary clock guage 

Circulating thermostat (with temp· up to as0c) 
Plastic wash bottle 

Flat bottom flask (50ml) 

Glass Beaker (Tall, 100ml) 

Universal Clamp 

Rubber Tubing 

Plastic bath for thermostat 

Bridge with cooling coil 

Electronic precision balance 

Thermometer 

QUANTITY 

1 
2 

1 
2 
1 
1 
2 
2 
1 
2 

2 
1 

1 
1 
1 

The experimental accessories included metal and non­

metal tubes (rods). They were aluminium, brass, iron, copper, 
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quarts and duran glass tubes of original length 600mrn each. 

The liquids chosen for investigations were olive oil, 

ethanol, glycerol Ethyl acetate and distilled water. 

The original value of liquids used was 67•4ml eacn. 

For quarts glass which has a very-small expansion rate, 

the temperature bath was first heated to ao0c and the 

length was recorded at this temperature. The water in the 

bath was then drained and filled with cold water and 

allowed to attain the temperature of 30°c. Cont�action 

was then measured. 

The experiments were carried out to investigate the 

expansion properties of these materials/substances. 

GYaphs were plotted as in the next sections. 
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CHAPTER FOUR 

DISCUSSION OF RESULTS 

� 
For the solid rods all the graphs are linear. 

The graphs showed that aluminium has the fastest rate of 

expansion while quartz glass has the lowest (Table 2). 

These are followed in succession by copper, Brass, iron and 

duran glass • .  

From the potential well model diagram on (Fig. 1), it 

is deduced that 'luminium atoms are weakly bound (Figure 2) 
i.e low interatomic forces because of a shallow potential 

curve i.e region of attractive forces. Hence, its weak bond. 

Its vibrational �mplitude is the largest during heating 

hence it produces a large interatomic spacing which m�ans 

it expands fastest �3], 
For the case of quartz glass, it has a stronger intera­

tomic binding force due to a deeper potential curve i.e 

larger attractive forces, therefore it has the smallest· 

vibrational amplitude hence it produces the leaat expanaion 

[3,5] . •  This is also because of low vibrational amplitude 

hence the centre of oscillation does not move to larger 

interatomic distances. 

The cohesive energy which is the measure of the strength 

of materials give alternative explanation for the observed 

phenomena. For example, the cohesive energy of Alu11inium is 

327 kJ'./mol, while that of copper is 336 kJ/mo1and Iron, 413k KJ/mo 
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[5) • It is seen that Aluminium with the least value 

of cohesive energy will expand fastest and the rate of 

expansion will decrease with increase in the cohesive 

energies. 

From the Gruneisen relation, the coefficient of linear 

expansion is proportional to the specific heat at constant 

volume at all temperatures (Eqn ( 24)� From these it is seen 

that aluminium has the largest value of Cv while quarts glass 

has the least value of Cv amCilng the selected rods. 

LIQUIDS 

From the graphs drawn, it is seen that Ethyl acetate 
and ethanol had · linear rates of expansion while distilled 

water, giycerol and olive oil showed slight irregularity 

of expansion with increase in temperature. This means that 

for these three liquids due to the graph producing curves, 

Figs. 3•10, 3.11, 3.12,·'their slopes were found at several 

points and the coefficients of valume expansion were calcu­

lated from tnese points. The mean values of these were then 

computed. 

From the results obtained from the graphs (Table 4) 

it can be seen that ethyl acetate has the highest rate of 

-3 -1 
expansion of about 1.39 x 10 K while distilled water has 

the least rate of valume expansion of about 3.41 x 10-4 K-1 

These are followed in succession by ethanol, olive oil and 

glycerol. 
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From the potential well models ethyl acetate would be 

weakly bound because of low interatomic forces [3] • 

With the application of heat it would have large vibra­

tional amplitudes which would increase its atomic spacing 

faster hence its expansion. For distilled water, it could 

be due to a deep potential well curve which means it is 

strongly bound, it would have a smaller vibrational amplitude 

with application of heat and hence it produces a smaller 

interatomic separation. Thus it has a lower rate of 

expansion. 

Also from Gruneisen's relation, it can be seen that 

the coefficient of volume expansion is equivalent to the 

specific heat capacity at constant volume Cv .at all tempera­

tures (eqn ( 14)). Water will have a smaller value of Cv 
than ethyl acetate. 
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CONCLUSION 

From the experiments and results obtained it is seen 

that, in the case of the solid rods, aluminium has the largest 

value of �' the coefficient of linear expansivity hence it 

expands the fastest with increasing temperature. 

For the liquids examined, ethyl acetate has the largest 

value of �' the coefficient of volume expansion followed 

by ethanol, olive oil glyce�ol and then finally distilled 

water. 

The reasons for the fastest rate of expansion of 

aluminium and the slowest rate for quartz glass can be 

attributed to the weaker bond eitl:iibLted .. by aluminium because 

of its low cohesive energies and interatomic forces 

(due to a shallow potential curve) while the reverse is the 

case for quartz glass. Another reason is due to the large 

specific heat at constant volume Cv for aluminium and the 

smaller cv values for quartz. 

For the case of the liquids, ethyl acetate's largest 

rate of expansion among the liquids eitamined can be attributed 

to its possesing a weak bond because of small interatomic 

forces and a deep potential curve [3] • It can also be attributec 

to its having a. large Cv value. However for distilled 

water the .opposite ia the case hence its slow rate of 

expansion. 

The results from this work show that the pattern of 

eitpansion of substances ( liquids and solids) tollowa; the 
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predicted behaviours of these substances and that this 

correlat1aiin results has been a major objective of this 

project. The results thus consolidated the behavioural 

pattern of these substances as depicted from theory and 

formulations. 
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TABLE 1: TABLE: OF Rt;SUL'!'S OF CHANGE: IN LENGTH f!L AGAINST 
TEMPERATURE. 

1. QUARTZ GLASS ROD: 

2. IRON ROD; 

li'- (mm) I ec·c) 
o.oo I 00° 

0.015 I 30° 

Al (mm) 8(°c) 

o.oo 30 

0.05 35 

0.10 40 

0.104 45 

0.19 50 

0.24 55 

0.29 60 

0.35 65 

0.38 70 

0.42 75 

0.47 80 

AbU&U•N I AfAWt.. IALEWA 
UNIVElnlft LllllAllY 

BAUC�I 



3. DURAN GLASS ROD 

4. ALUMINIUM ROD 

22 

/Jl (mm) 

0.03 

o.o 

0.06S 

0.1 

o.12s 

0.17 

0.19 

0.22S 

0.255 

0.28S 

0.315 

.6t (mm) 

o.oo 

o.os 

0.13 

o.10s 

0.26 

0.32S 

0.38S 

0.46 

0.52 

O.S9 

0.65 

&("c/ 
30 

3S 

40 

45 

so 

SS 

60 

6S 

70 

7S 

80 

e-C"c) 

30 

3S 

40 

4S 

so 

SS 

60 

6S 

70 

75 

80 

/ 



a 

S. COPPER ROD 
·-

D{ (mm) e ("C) 
o.oo 30 

0.055 35 

0.09 40 ' 

0.145 45 

0.20 50 

0.255 55 

0.32 60 

0.37 65 

0.435 70 

0.47 75 

0.51 80 

6. BRASS ROD 
At (mml ec·c) 

o.oo 30 

0.05 35 

0.095 40 

0.16 43 

0.21 30 

0.25 38 

o.303 60 

0,36 65 

o.41 70 

o.•1 75 

Q,52 80 
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TABLE 2: TABLE OF RESULTS OF CHANGE IN VOLUME AGAINST 

TEMPERATURE T OF LIQUIDS USED. 

1. OLIVE OIL 

v <.ii &(oc) 
0 30 

o.os 32 
: 

I'; 0.12 34 

r; 0.19 36 : 
fl 0.28 38 

0.37 40 
I I I i 

42 0.48 
I 

I I 
0.60 44 I I· 
o. 72 46 

I 0.01 48 
·' 

0.92 50 

I I . I i 
2. GLYCEROL 

v (ml) B("C/ 
I I I : 

0 30 �· 
0.03 32 

o.07 34 

I 0.11 36 

0.16 38 
. 

0.21 40 

o.27 42 

o.33 44 

o.40 46 

o.48 48 

o.55 50 

L---- _ ..... 

i-



3·. ETH>.NO£: 

4. ETHYL ACETATE 

25 

1-v <111> t)-(0c) 
0 30 

0.09 32 

0.20 34 

0.33 36 

0.48 38 

0.65 40 

0.78 42 

0.89 44 

1.02 46 

1.16 48 

1.31 50 

v l 111) I €l(•c) 
0 30 

0.07 32 

0.26 34 

0.43 36 

0.65 38 

o.eo <la 
1,02 42 

1.19 44 

1.36 46 

1.59 48 

1.02 jo 



3. ETHANO� 

4. ETHYL ACETATE 

I 

25 

I./ (1111) ty(oc) 
0 30 
0.09 32 
0.20 34 

0.33 36 

0.48 38 

0.65 40 

o. 78 42 

0.89 44 

1.02 46 

1.16 48 

1.31 50 

V <111l I ec·c) 
0 30 

0.07 32 

0.26 34 

0.43 36 

0.65 38 

o.eo to 
1,02 42 

1.19 44 

1.36 46 

1.59 48 

1.02 .§a 
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'l'ABLE 3: TABLE OF RESULTS OF THE SLOPES AND COEFFICIENTS 

OF LINEAR E:XPANSIVITy 10( OF THE GIVEN MATERIALS 

MATERIAL SLOPE: �(mm r1), � -1) D( 
COPPER 1.0769x10-2 1. 7948x10-3 

IRON 9.33x10-3 1.sssx10-5 

DURAN liLASS 5. 9184x10-3 9.864xto-6 

BRASS 1.101a2x10-2 1.697x10-S 

ALUMINIUM t.3x10 -2 2.166 7x10-3 

QUARTZ GLASS 3x10-4 Sx10-? 

;·, /•. ·• 
" 
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TABLE 4: TABLE OF RESULTS or THE SLOPES ANO COEFFICIENTS 

OF 'niE CUSIC EXPANSIVITY, fl., OF THE GIVEN LIQUIDS 

LIQUID I 

ETHYL ACETATE 

ETHANOL 

GLYCEROL 

DISTILLED WATER I 

OLIVE OIL I 

SLOPE cAV;f:,f/ (ml rl) 

0.09 4  

o.oG5 

0.031 

0.023 I 

0.058 I 

�v (K.-1) 

1.39x10
-3 

9.57x10-4 

4.53x10-4 

--

3.48x10
-4 

--

8.50x10-4 
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