
TOPIC 9 Temperature 


An 	 ,Idvantage or the platinum resislance Ihermomcter is thm 5 

A 	 it may bc used to mcasure rapidly changing 
temperntures. 

B 	 it hns a linear scale, becnuse the resistance of n 
piece of plntinum varies directly as thel'lnodynnmic 
temperature. 

C 	 il may be used to measure steady lemperatures with 
vcry high accuracy. 

D 	 it absorbs cnergy from its surroundings vcry slowly 
so that it docs not disturb thc condition of Ihc body 
under test when placed in contact with it. 

E 	 it is thc only type or thermometer that can measure 
accurately tcmperatures over :WOO K. 6 

N76/11125; JB4/11/25 

2 	 Thermometers MI and M, are placed insidc an evacuatcd 

enclosure X with opaquc walls maintained nt tempcrature T 

The thermometers nrc identical except that the bulb of MI is 

blackcncd. If TI and T2 arc the temperature indicated by MI 

and M2 respcctively after thermal equilibrium has been 

established. 


A TI > T2 > T D TI = T> T, 
n TI > T> T2 E TI > T=T2 

C T1 ::: T2 ::: T 
N76/11/26; N82/11/26; JB3/11/25; N81/J//30 
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3 	 The triple point of water has been chosen as the fixed point 

for the cstablishment of the kelvin, rather than the melting 

point of il:c, hecause 


A 	 it is more precisely reproducible. 

n 	 it is closer to the derining temperature of 273.16 K. 

C 	 it gives a more convenient scale between 0 °C and 
100°C. 

D 	 vcry accurate gas thermometcrs have shown thnt it is 
better. 8 

E it ensures a more linear scale for gas tilennollletcrs. 
177111/25 

4 	 A solid X is in thermal equilibrium with a solid Y. which is at 
the same temperature as a third solid Z. The three bodies are 
of different materials and masses. Which one of the 
following statements is certainly correct? 

A 	 X <lnd Y have the same heat cap<lcity. 

B 	 Y and Z have the same internal energy. 

C 	 There is no net transfer of encrgy if X is placed in 
thermal contact with Z. 

D 	 It is not necessary that Y should be in thermal 
equilibrium with Z. 

E 	 it is not necessary that X should be at the same 
temperature as Y. N77/11/25 
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When one junclion X or a thermocouple i, plm:ed in n1Cll1ng 
ice and the junction Y in steam at 100 QC, the e.m.r. i!, 

6.0 mY. junction X is rellloved rrom the melting icc and is 
placed in a liquid bath at a constant lemperalllre, JUllctioll Y 
remaining in steam. The e.m.1'. is now -1.5 mY. The 
temperature of the bath 011 the cenligrade scale of Illis 
thermocouple is 

A -75 0 

n -25 0 

C 25 0 

D 75° 
E 1250 N77/11/26 

The kelvin, the SI unit of thermodynamic temperature. is 
defined as 

A 	 one-hundredth of the lemperalure dliTercllcl' betweel' 
the icc-point and the steam-point 

n 	 olle-hulldredth of the temper,lllIle di ITerellce bctweeli 
the triple-point of water and the steam-pnl1ll. 

c 	 the fraction 1/273.16 of the Ihel'lllodynalllll: 
temperature of triple-point or wilter. 

D 	 the fraction 1/373.15 of the thermodynamic 
temperature of the sleam-poin!. 

l~ 	 -273.16°e. N77/1l/27 

For the construction of a thermometer, one 01 tile essential 
requirements is a thermometric substance which 

A 	 remains liquid over the entire range 01' temperatures to 
be measured. 

B 	 has a property that varies linearly with temperat\lre. 

C 	 has a property that varies with temperaturc. 

D 	 obeys Boyle'S law. 

E 	 has a constant expansivity. 178/11/26 

An 	empirical centigrade scale of temperature IS sct up by 
linding the values "steam .1Ild PIC~ of a quantity II ,It the stcam
and icc-points <lnd diving the interval into one htlndred equal 
divisions. 

When the quantity I' has a value I',. the (;elltigrade 
tcmperature t on the scale of that thermomcter is l!lven by 

A 	 I :: J00 1', degrees 
Psteam - Pice ..., 

1'1-1"
B I:: 100 Ice degrees 

Psteam Pic~ 

t:: 100 !'stenm - PI denrceo., 
JI.'lcam - Pir:~ '" 

C 

D 	 t:: 273.16 lim ~ degrees . ,,-.0 Pice ..... 

E 	 t = 373.15 lim ~ degrees 
1'-0 "steam N78/11/26; N81/1J/25 
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9 	 The values of the pressure and volume <Jt a fixed mass of gas 
in a gas thermometer at the triple puin! of water are 

Plr::: 1.00 X 105 Pa ; VIr = 1.00 X 10-) m 3. 

When the pressure of the ga~ is 1.10 x 105 Pa and its volume 
i~ 1.20 x 10-3 m!. the t:'rnperatun.: of the gas is 

A 207 K n ~98 K 
n 250 K E361 K 
C 273 K N791IJ/26; N85/1 24 

10 A sample of an ideal gas gives the isotherms shown below 
(Fig. I). where TI = 273.15 K. the ice-point, and Tz is the 
boiling point of water at standard pressure. 

pVIJ 

x -------- T3 

y-------T2 

Z -- T. 

~-------~p~ao 
Fig.l 

Tile magnitude of the thermodynamic temperature T) in 
kelvins is 

x-y
A 273.15 y-z 

B 273.15 Zx 

273.15 + lOO~ 

D 273.15 + 100 x- y
y-z 

E 273.15 + 100~ 	 J821I1129 

11 A cold-water pipe and a hot-water pipe are both made of 
copper and are initial electrically isolated. In which one of 
the following arrangements will the galvanometer indicate a 
thermo-electric current? 
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N8211IJ27 

12 Two thermomcters X and Yare placed inside an enclosure 
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whose walls are maintained at a steady temperature T. When 
equilibrium is established. X and Y will give the same 
reading T 

A under all circumstances. 
B only if they absorb radiation at equal rates. 
C only if both are perfect absorbers. 
D only if they have equal thermal capacities. 
F only if the enclosure is evacuated. N831IJ/27 

pVlkJ 
temperature of boiling liquid6.1 

6.0 

5.9 

5.8 L--____--_____ 

o 20 40 
pl105 Pa 

pVlkJ 

2.4 temperature of triple-point of water 

2.3 

2.2 

2.1 	L--____-f______-<~ 

o 	 20 40 
pl10 5 Pa 

The graphs above show how pV varies with p for one mole 
of nitrogen gas and one mole of oxygen gas at the 
temperature of a boiling liquid and at the temperature of the 
triple point of water. What is the probable temperature of the 
boiling liquid? 

A I04K 
B 262 K 
C 273 K 
D 373 K 
E 716 K N84/11/25 

14 Which one of the following thermometers would be most 
suitable for monitoring the temperature of gases in a factory 
chimney if the temperature can vary over a range of 200 K in 
a minute? 

A alcohol in glass 
B mercury in glass 
C constant-volume gas 
D thermoelectric 
E platinum resistance N85/1/23 
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15 What is 273.00 K on the Celsius scale of temperature? 

A -0.15 0 C 
n O.OO°C 
C 0.15°C 
D 273.150 C 
E 546.15°C J86/1/24 

16 A fixed mass of an ideal gas is maintained at constant 
volume. The pressure of the gas at the triple point of water is 
ptf. What is the thermodynamic temperature of the gas when 
its pressure is p? 

A 273.16 ( P~r ) K 0 27?o.16 ( P ~Plr ) K 

n 273.16 (-;-) K E 273.16 ( P ; Ptr ) K 
Ir 	 Ir 

C 273.16 ( I' - hI' ) I( 187/1123
Ptr 

17 Which thermodynamic temperature is equivalent to 
501.85 DC? 

A 	 775.00 K C 228.85 K 
n 	 774.85 K D 228.70 K 

188/1126; 195/1/23 

18 Which of the following is a useful property of the platinum 
resistance thermometer? 

A 	 It may be used to measure rapidly changing 
temperatures. 

. n 	 It may be used to measure steady temperatures with 
very high accuracy. 

C 	 It has a linear scale, because the resistance of a piece 
of platinum varies directly as the thermodynamic 

temperature. 
D 	 It absorbs energy from its surroundings very slowly so 

that it does not disturb the condition of the body under 
test when placed in contact with it. 

E 	 It is the only type of thermometer that can measure 
accurately temperatures over 3000 K. N8811/24 

19 Measurements are taken to determine the product of the 
pressure p and the volume V of a sample of a gas for various 
pressures. The results obtained are shown below for three 
different temperatures; the triple point of water, the boiling 
point of water, and T, an unknown thermodynamic 
temperature lying between the other two. 

zr------___ 

pV yr------_ 
XI-

-
p 
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Which of the following expressions gives the value of I! 

(y-x) 100 K A (z -x) 

(y-x)273.l6K 
(z -x)

n 

C 	 ~273.16K 
Y 

D 	 i273.16 K 

E 	 (y-x) 100 + 273.16 K J89/1125
(z -x) 

20 When one junction X of a thermocouple is placed in melting 
ice and the other junction Y in steam at 100 DC, the e.m.f. is 
6.0 mY. Junction Y is removed from the steam and is placed 
in a liquid bath at a constant temperature, junction X 
remaining in the ice. The e.m.f. is now -1.5 mY. 

What is the temperature of the bath on the centigrade scale 
of this thermocouple? 

J9011124 

21 Which of the following instruments would be most suitable 
to measure a rapidly changing temperature in the' range 
25 DC to 50 DC assuming that they had all been previously 
calibrated to give direct read-outs? 

A an alcohol-in-glass thermometer 
n a clinical thermometer 
C a mercury-in-glass thermometer 
D a platinum resistance thermometer 
E a thermocouple J9111123 

22 Which combination of thermometers would be most 
appropriate for measuring the following three temperatures? 

J 2 3 
temperature at boilillg poillt of boiling point of 
various positiolls sulpllUr(717K) liquid nitrogell 
ill a flame (8DK) 

A Iiquid-in-glass resistance thermocouple 
n resistance liquid-in-glass thermocouple 
C resistance thermocouple liquid-in-glass 
D thermocouple liquid-in-glass resistance 
E thermocouple resistance resistance 

N9311/22 

23 The table lists the approximate range, accuracy and response 
time of different types of thermometer. 

thennometer rallgelK accuracy respollse time 

A 3 -1750 very good long 
n 30 - 1750 average short 
C 75 -1550 good long 
D 230 - 630 poor medium 

Which set of properties belongs to a thermocouple? 
J9411123 
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24 The temperature 01 a body at 100°C is increased hy 6.0 as 
mC;lsured on the Celsius scale. 


How is this lemperalure change expressed on the Kelvin 

scale? 


A 6.0+ 'J7'J C 6.0+ 100 
B 6.0+ 273 D {}.O 

N9711/23; N2000/l/24 

25 ihe temperalllre is to he me;tsurcd in each of two dilTerelll 
situations: 

recording thc tcmperaturc of approximately 3 em' of 
watcr In an insulated container; 
monitoring the tempcrature of a large sphere of copper 
at approximately 1300 K, cooling at approximately 
20 K S·I. 

What are thc most suitable typc~ of thcrmometer for these 
situations? 

2 
A resistance liqllld-in-gJass 
II resistance resistance 
C thermocouplc reslstancc 
D thcnnocouple thennoeou pie J98/1123 

26 The graph shows how the volume of I g 01- water varics 
between 273 K and 280 K. 

1. 
0002 11--1111111111111 

- 1-	 .. 
volumelcm3 	 -, 

-1-

1.0000 
273 275 277 279 temperature/K 

Why would a thermometer, based on the variation of the 
volume of a fixed mass of water, be unsuitable for 
mca~urements in this range? 

A 	 The decrease in the volume over this range is greater 
than its increase. 

D 	 The varhltion of volume IS negligible over this range. 

C The variation of volume is non-linear over this range. 

D The variation of volume i~ not single-valucd over this 
range. N98/1123 

27 What IS a necessary requirement for :\ thermometer which 
depends on a particular physical property? 

A 	 The property must give an empirical temperature scale 
which agrees precisely with the absolute scale of 
temperature over its whole range. 

R The propcrty must have a differcnt value at each 
temperature. 

C The property must have zero value at 0 1(. 

D The thermometer must be capable of use over a· very 
wide range of temperature. N99/1/23 

28 The table lists the approxllllate range and response tili1C 
or di rfcrent typcs of thermometer. 

Which set 01 properties belongs to a liquid-in-glass 
thermometer'? 

thcrmometer range/K response timc 

A 3  1750 Illcdi um 

n 30-1750 short 

C 75  1550 IOllg 

D 240  630 mediulll J2000/1/24 

*29	A certain thermocouplc thermometcr is calibrated by 
placing its hot and cold junctions in stcam and melting icc 
respcctively and measuring an e.m.1'. of 5.6 mY with a 
potentiometcr. Subsequently, thc thennocouplc, of resistancc 
10 n, is uscd in series with a millivoltmeter of resistance 
100 n. If the millivoltmcter reads 2.8 mY whcn the cold 
junction is in melting ice ancl the hot junction is in a liquid 
bath, what is the temperature of the bath on the certigradc 
scale of this thermometer? J77/117 

30 The e.m.f. of a certain thermocouple with one Junction X 
in melting pure ice and the other Y in stcam from water 
boiling at standard pressure is 4.1 mY. With Y still in 
the steam, and X in a certain boiling liquid. the e.m.f. is 
11.6 mY, in the samc direction as hefore. Dcduce the 
boiling point of the liquid on the ccntigradc scale of the 
. hcrmoclectric thermometer. J85/11/3 

31 A certain resistance thermometer has a resistance of 9.97 n 
at I.he ice-point and 14.04 n at the steam-point. Find the 
temperature on the centigrade scale of this thermometer 
when its resistance is 11.51 n. If the least detectable 
change of resistance is 0.0 I n. what is the least change of 
temperature that can be dctccted with this thermomcter? 

Nc5/1114 

32 Centigrade Celsius Kelvin 

Absolute ze ro -275.15 -273.15 0.00 
Freezing pOint of water 0.00 0.00 273.15 
Triple point 01 water 0.01 0.01 273.16 
Boiling point of water 100.00 100.00 373.15 

The above table gives the numcric'11 values of the tcmperature. 
to 2 decimal places. of four refcrcnce points on threc di ITerent 
temperature sl:ales. In each column,two of the values an; exact 
by delinition and two arc found by experiment. Which. for each 
sl:alc, arc the cxact temperatures? [3J 

JRH/III4 

33 (h) 	 State why the thellnodynamlc scale of tempeflllurc is 
called an absolute scalc. [2J 

(c) 	 Name types of thermomcters that would be sUltahle for 
measuring each of the following: 

(i) 	 the boiling point of oxygen (ahout 90K), 
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(ii) 	 a rapidly changing temperature, 

(iii) 	 the temrerature of a very small quantity of a 
liquid. [3] 

Give a reason for your choice of thermometer in (ii). [I] 
J90111/6 (rart) 

34 (a) Outline how a physical property which varies with 
temperature may he used for the measurement of 
temperature. [2] 

(b) How docs the absolute (thermodynmnie) 
temperature differ from that described in (a)? 

scale of 
[2] 

(c) Suggest types of thermometer (one in each case) which 
would be suitable for measuring each of the following: 

(i) the melting point of ethanol (about 160 K), 

(ii) the temperature 
1800 K). 

inside a blast furnace (about 
[2] 

(e1) Brielly discuss whether .1 thermistor could be used to 
monitor the variation with time of the temperature of 
a room. [3] J93/1I/6 

35 (a) 	 State two properties 01 glass which makes 11 a 
particularly suitable material to use in the construction 
of a mercury-in-glass thermometel. [2] 

(b) 	 Contrary to popular opinion, mercury expands only a 
small amount when it is heated; there are many liquids 
which expand a great deal more. State two reasons why 
mercury is still orten used in thermometers. [2] 

(c) 	 Suggest how the following factors affect the operation 
of a mercury-in-glass thermometer. 

(i) 	 The fact that mercury freezes at 234 K 

(il) 	 The amount of heat required to raise the 
temperature of the thermometer by I K 

(iii) 	 The diameter of the bore of the thermometer's 
c.lpillary tube 

(iv) 	 The volume of mercury used in the bulb of the 
thermometer [7] J96/11/5 

36 (a) 	 Suggest suitable, and different, thermometers (one in 
each case) for measuring the following: 

(i) 	 the boiling point of oxygen, (about 90 K), 

(ii) 	 a rapidly varying temperature 10 be recorded by 
remote sensi ng, 

(iii) 	 a small chllnge in human body temperature. [3] 
N97/1I/7 (part) 

LOl1g Questiolls 

37 A thermodynamic temperature may be found from 
measurements with a constant-volume gas thermometer. The 
thermodynamic temperature T is given by 

T= Tlr lim (PT/Plr)' 
1'-0 
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where Ttl" the thermodynamiC temperature of the tnpl<' pOlili 

or water. = 273.16 K and 1'1' and I'll' nrc lhe pressures 01 lhe 
gas at Tand at the triple pOint respectively 

(b) 	 What is meant by the triple pall/I o/lIl11"/' 

Ie) 	 What IS the meaning of 'hm' in thc formula for 1, .l!rc!,,-.'1 
how is it found from the mea~uremellts Hl:tll;lll~ lakell" 

(d) 	 Exphlin why. when a thermodynamic tempelatun: IS 
found in thiS wlly. it i<; unnecessary to speciry what gas 
is contained in the thermometel. 

]7(}/l1I5 (part) 

38 (aJ 	 What features are desirable ill a lhermomelrl( plOp':lty 
if it is to be used for thermometry? Give tWII examples 
ofthennometric properties commonly used. 

Considering one type of thermometer as an example. 
give nn equation from which temperatures on an 
empirical centigrade scale may be derived, and 
describe briefly how the necessary readings would be 
tnken. (Details of the operation of the thermometer are 
not required.) 

J79/11 15 (part) 

39 Two bodies are in thermal equilihrium. What docs this 
statement mcan? 

State the zeroth Jaw of thermodynamics and cxplnin its 
importance in relation to the usc of a thermometer to 
measure temperature. 

(a) 	 The temperature of a hot liqUid. Illcaslired on the 
empirical centigrade scale or a cen,1I1l resistance 
thermometer is 68.4° 

0) 	 What is meant by descnbing the resistaltf.:e 
thermometer scale as (,IIIIJlI/Car' 

(ii) 	 Write down nn equation which dcllne~ Ihe 
centigrade scale or the therrllometcr in terms or 
resistance readings. 

*(bJ 	 The element of the resistam:c thermometer In (II) 

is of mass 0.013 kg and has a speciJic heat cnpacity 
of 4.5 x 102 J K-I kg-I. Initially. II was at room 
temperature, for whil:h n rending of 17. I° was obtained. 
It was then completely immersed 111 0.30 kg of liquid 
of specil1c heat capacity 2.5 x 10' J K I kg-I giving an 
equilibrium reading 68.4°. 

(i) 	 What was the temperature 01 thc liquid just before 
the thermometer wns immersed'! (Fnr the range 01 
tempemture of tile expenment. assume that the 
specific heat cap,lcitl':s or the tllerrnometel 
and thc liquid arc independent of thermodynamic 
temperature and that the empirical scale of the 
resistance thermometer is I inenr with respect 
to thermodynamic telllperature. Neglect the heat 
capacity of the container.) 

(ii) 	 How could the (;()oling elrecl of the thennomelel 
be made less sigl1llkanl" 

HB/l/5 (p,lIll 
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40 40 	 (b) 

RlkO 

30 
(e) 

20 
(eI) 

10 
(e) 

0 
-25 0 25 50 75 100 125 orc 

Fig. 2 

Fig. 2 shows the way in which the resistance R of a sample 
of a certain intrinsic semi-conductor depends upon its 
Celsius temperature O. 

(j) 
(a) 	 (ii) A theory shows that R is related to thermo

dynamic temperature T by the equation 
R = Ae(Bffl, where A and B are constants. Without 
carrying out any calculations, state how the 
experimental points shown on Fig. 2 could be 42 (a) 
re-plotted to give a linear graph; explain how you 
would obtain A and B from that graph. 

(b) 	 It would be possible to use this semi-conductor sample (b) 
as a resistance thermometer and to detine a centigrade 
scale of temperature based on changes in its resistance. 

(i) 	 Write down the formula relating temperature t on 
the centigrade scale of this resistance thermo (e) 
meter to the resistance Rt at that temperature and 
the resistances at the ice- and steam-points, Ri and 

Rs· 

(ii) 	 Read off from Fig. 2 the values of Ri and Rs, and 
deduce the temperature on this scale to which a 
resistance of 4.0 kn corresponds. Use Fig. 2 to 
tind the equivalent Celsius temperature. 

(iii) 	 Comment on the discrepancy between these 
temperatures. N84/11l6 (part) 

41 	Any physical quantity which varies with temperature can, (d) 

in theory, be used to measure temperature. Three such 
quantities are - the volume of a sample of water, the 
resistance of a platinum wire and the resistance of a sample 
of silicon. The table gives the values of these quantities at 43 (b) 
different temperatures. 

Temperature Volume of Resistance Resistance 
1°C water/cm3 ofplatinumlQ ofsiliconlQ 

0 3.47 5.26 2800 
8 

30 
3.47 
3.49 

5.41 
5.84 

2710 
2310 

(c) 

50 3.52 6.22 1800 
80 3.58 6.80 620 

100 3.63 7.19 72 

Use data from this table where necessary to respond to parts 
(b), (c), (d), (e), (f) which follow. 
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What advantage would be gained by using a quantity 
which varies linearly with thermodynamic temperature? 

[ I] 

Give one advantage and one disadvantage of using the 
variation in the resistance of a sample of silicon. [2] 

In what way does the table make it clear that water is 
unsuitable as a thermometric liquid? [I] 

A constant ex, called the temperature coefficient of 
resistance, is detined by the equation 

Rt =Ro (I + cxt) 

where Rt is the resistance of a wire at tOe, Ro is 
the resistance of the wire at 0 °e and t is the Celsius 
temperature. Find the average value of ex for the 
platinum wire between 0 °e and 100 °e. [3] 

A microbiologist needs accurate measurements of a 
temperature which varies between 90°C and 91 0c. 
Which type of thermometer would you advise? 
Explain your choice. [4] N90111115 (part) 

Explain how a physical property of a substance 
which varies with temperature may be used for the 
measurement of temperature. [2] 

(ii) 	 Discuss the relative advantages and disadvantages 
of a liquid-in-glass thermometer and a resistance 
thermometer which may be used in the same 
temperature range. [7] 

A resistance thermometer is placed in a bath of liquid 
at 0 °C and its resistance is found to be 3740 Q. At 
100°C, its resistance is 210 n. The bath is now cooled 
until the resistance of the thermometer is 940 n. 
(i) 	 What is the temperature of the bath, as measured 

using the resistance thermometer? 

(ii) 	 The reading taken at the same time on a mercury
in-glass thermometer placed in the bath is 40°C. 
Suggest a reason for the difference between this 
rr.miJnq" wd.t.!J~ '~1IJlf'~".;Il/:JU.'ltf'.;t ;n.~'~IJ~.". rl1-1J 

(i) 	 What do you understand by the absolute (thermo
dynamic) scale of temperature? 

194111116 (part) 

By reference to thermal energy transfer, explain what is 
meant by 

(i) 	 two bodies having the same temperature, 

(ii) 	 body H having a higher temperature than body C. 
[2] 

(i) 	 Brietly describe how a physical property may 
be used to measure temperature on its empirical 
centigrade scale. 

(ii) 	 Hence explain why two thermometers measuring 
temperature on their empirical centigrade scales 
do not agree at all temperatures. [5] 

J99111l/2 (part) 
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44 (c) (i) State two physical properties which llldY be used 
for the measurement of temperature. [2] 

(iv) Express 273 K and your value of T from (iii) as 
temperatures measured on the Celsius scale. [I] 

(v) Comment on the statement 'Today the 
temperature is 40°C and yesterday it was 20 °C 
so it is twice as hot today as it was yesterday.' 

[2] 
N2000/l1I15 (part) 
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