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Q.1

(a) Explain what is meant by the statement that two bodies are in thermal equilibrium.

(b) Suggest suitable types of thermometer, one in each case, to measure

(i) the temperature of the flame of a Bunsen burner,

(ii) the change in temperature of a small crystal when it is exposed to a pulse of ultrasound

energy.
..................................................................................................................................... [1]
(c) Some water is heated so that its temperature changes from 26.5°C to a final temperature of
38.0°C.
State, to an appropriate number of decimal places,
(I) the change in temperature in kelvin,
280 - 26.§ = 1SC =1WSK
g (28:0427315) ~ (26:C6272:10) = W€K
ol 0= 4 Te (= K [1]
(ii) the final temperature in kelvin.
TIK._; B"[E. £ 2713 \$
= 2¢0 * 2728 hrgwet  Shold &itfer
be i 300 oL 4o
final temperature = ... K [1]
[Total: 5]

10.3/ June 2016 /42 variant)
2,

(a) A resistance thermometer and a thermocouple thermometer are both used at the same
time to measure the temperature of a water bath.

Explain why, although both thermometers have been calibrated correctly and are at
equilibrium, they may record different temperatures.

Ther  tRermomalvic.  gumanidy W% hﬂ:!‘.......'?f‘i!ﬁ
Qin@aﬂ% oA 08AUMR D b@
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(b) State

(i) in what way the absolute scale of temperature differs from other temperature
scales,

Aiselale . &cele. ia indaperdont 2] Hemamot, ﬁ]mwj
wlidh  yader ,wa_a.lﬂd with %0 vice. aﬂB P

(ii) what is meant by the absolute zero of temperature.

0 Keﬂuin
RS EF R TS S tw)

quwcﬂu ----- Nowe o e WS S alagsﬂmn R

(c) The temperature of a water bath increases from 50.00°C to 80.00°C.
Determine, in kelvin and to an appropriate number of significant figures,

(i) the temperature 50.00°C,
= 5000 +273-1§

—

20218

EEMPEEaIE ™ oot e e e e e L)
(ii) the change in temperature of the water bath. O
Qo000 — Sorod = 30:60C
—3 g Or Oc’ K
temperature change = ..o K [1]

10.2/ Nov. 20011 /43 variant|
3
(a) The resistance of a thermistor at 0°C is 3840 2. At 100°C the resistance is 190 <.
When the thermistor is placed in water at a particular constant temperature, its resistance
is 2300 €2.

(i) Assuming that the resistance of the thermistor varies linearly with temperature,
calculate the temperature of the water.

, = B
o/; = Q‘?a E)lm
I.un" D
: 2200 - 384D ) o0
19p - 330

uD e

tamperallie = aaaaninaiaainiiis °C [2]
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(i) The temperature of the water, as measured on the therfMeaynamic scaie o1
temperature, is 286 K.

By reference to what is meant by the thermodynamic scale of temperature, comment
on your answer in (i).

Tk« e{c+2?3 1S ._,-..nzu k2+2'?3 15 '319 1S K

;}\Qfmd@mwc acale. B ivdoporded § erpedcl
wicl, \pavieg wrtrﬂ Twnp wﬁ-ﬂa L&W@ew

T%x’rwca_ 6{ ‘\'E\Qfmﬁ.ﬂ‘ﬂﬂ- withs Gp g’FP

-------------------------------------------------------------------------------------------------------------------------

(b) [4 marks guestion from Thermal properties of materials]

10.3/ June 2010 /42& 43 variant )}

4. The e.m.f. generated in a thermocouple thermometer may be used for the measurement of
temperature. Fig.4.1 shows the variation with temperature T of the e.m.f. E.

1.5 — —_—

E/fmv

{ ) emmansnafr—-an s aanea S =R

0.5 —

1 |
500 600 700
T/K

Fig. 4.1
(a) By reference to Fig. 4.1, state two disadvantages of using this thermocouple when the e.m.f.

is about 1.0mV.
Mo obleined
vweol s n & et el
. [2]

(b) An alternative to the thermocouple thermometer is the resistance thermometer.
State two advantages that a thermocouple thermometer has.over a resistance thermometer.

Note: Resistance Thermometer is excluded from June 2016. {Q.7/ Nov 2004 / 9702-4
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Q. 5 The electrical resistance of a thermistor is to be used to measure temperatures in the range
12 °C to 24 °C. Fig. 5.1 shows the variation with temperature, measured in degrees Celsius,

of the resistance of the thermistor.
2400

h"'\ i ] ] I.
K ]
8 ]
Ty | |
2200 TN : T EEEEEEEE A
resistance I T""-.. an =
Ty =
i i e O -
2000+ LS .
T N A P A . =
4 " = i
T I
1800 . '-
i Eae=w
- ! S -
1800 ' am H
o= thor ' IS az =Rl
I —+ -
H HH
1400 £ H ' i
12 14 16 18 20 P 24 20
1“. N "l"__ }.'—’ temperature /°C
a L3
a‘) Fig. 5.1

(a) State and explain the feature of Fig. 5.1 which shows that the thermometer has a sensitivity
that varies with temperature. AR

%enghuﬂa = 7B anadi%-i‘ l’"B "ﬂ(?'Pg

oo ko B Ao f-‘-enm\-m'ﬁa

(b) At one particular temperature, the resistance of the thermistor is 2040 + 20Q).
Determine this temperature, in kelvin, to an appropriate number of decimal places.

6/¢ = 150 % 0:28

T/K':. /¢ % 27315
1 5+ + 27318

- 2%%"’5_ K
= 288-2K

temperature= ............co i eeen. K[3]
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Marking Keys:

Q.1 {Ref 0.3/ June 2016 /42 variant)
(a) no net energy transfer between the bodies

ar
bodies are at the same temperature B1 [1]
(b) (i) thermocouple, platinum/metal resistance thermometer, pyrometer Bl [
(ii) thermistor, thermocouple B1 [1]
(c) (i) change = 115K B1 [1]
(ii) final temperature = 311.2K B1 [1]

Q. 2 {Ref.Q.2/ Nov, 2011 /43 variant |
(a) temperature scale calibrated assuming linear change of property with

temperature B1
neither property varies linearly with temperature B1 [2]
(b) (i) does not depend on the property of a substance B1 [1]
(ii)) temperature at which atoms have minimum/zero energy B1 [1]
(c) (i) 323.15K Al 1]
(ii) 30.00K A1 [1]
Q. 3 {Ref: ().3/ June 2010 /42& 43 variant)
(a) (i) 1deg C corresponds to (3840 - 190)/ 100 Q C1
for resistance 2300 2, temperature is 100 = (2300 — 3840) / (190 — 3840)
temperature is 42°C Al [2]
(ii) either 286 K=13°C or 42°C =315K B1
thermodynamic scale does not depend on the property of a substance M1
so change in resistance (of thermistor) with temperature is non-linear A1l [3]

Q. 4 {Ref-Q.7/ Nov 2004 / 9702-4}
(a) variation 1s non-linear
two possible temperatures 1 [2]

(b) e.g. 1. small thermal capacity/measure A8 ol small object /short response time
2. readings taken at a point/physically small
3. can be used to measure temperature difference
4, no power supply required
ete, (any two, | mark each) 2 [2]

Q.5 (a) gradient of graph 1s (a measure of) the sensitivity
the gradient varies with temperature 2]

(b) 2040 £ 20 2 corresponds to 15.0+ 0.2 °C
T/K=T/°C+273.15 (allow 273.2)
temperature 1s 288 2 K [3]
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2 (a) On Fig. 2.1, place a tick (v) against those changes where the internal energy of the
body is increasing. [2]

water freezing at constant temperature | ..... dUs} ............................

a stone falling under gravity in a vacuum | ....... 5“::‘3 .......................

‘ a~d AT JO
water evaporating at constant temperature | ....... QLL‘"I‘MﬂGp’T (b8« )
stretching a wire at constant temperature éu{f"‘bﬁﬁﬁ

Fig. 2.1
(b) A jeweller wishes to harden a sample of pure gold by mixing it with some silver so that
the mixture contains 5.0% silver by weight. The jeweller melts some pure gold and then
adds the correct weight of silver. The initial temperature of the silver is 27 °C. Use the
data of Fig. 2.2 to calculate the initial temperature of the pure gold so that the final
mixture is at the melting point of pure gold.
gold silver
melting point / K 1340 1240
specific heat capacity
(solid or liquid) / Jkg 1K 129 235
specific latent heat of
fusion / kd kg 628 105
0-95m M Fig.2.2 Silver of
Q E-m&fﬂ ol & i
ol Logh . d&d 8§, d 0, &@- 0,
™ > tolon >—() >
9: s ? 9\ 9,_.":‘3 .
A7 ¢ 2Up 1240 V3o K
11—1_—31*73;5
= 200
| epk Lo'sl"t{j Cod = WHest f]f-\lro.cl \:n Cilver

a ],

=
_—

a, +

.-.|..

¢,

@-qff.m)qu)(g'_ 13 '-lb> = @ psm) (22.5)(12%-3:.::) +(a—n5m')(m5'xlD

9,- 1LB2K

Iemperalure = ....cocciciiiiiasisensasssns

+ (o-08m)(238) (1240 - 1210)

st )

(c) Suggest a suitable thermometer for the measurement of the initial temperature of the

gold in (b).

.......... WETMDQ@M{}&T@L@TMM@ [1]
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3 When a liguid is boiling, thermal energy must be supplied in order to maintain a constant
temperature.

(a) State two processes for which thermal energy is required during boiling.

1 bead Aubilied o aded t. bieek Youndirg aed
| ih(‘.anJ_ua muEfﬂ-g? fﬂh’\ 9/ Pﬂf%'cgﬂ)&-

(b) A student carries out an experiment to determine the specific latent heat of vaporisation
of a liquid.
Some liquid in a beaker is heated electrically as shown in Fig. 3.1.

{
to electrical
circuit
i8]
:; :;:; :::::::::::_" / heater
= ey =3
liquid — L - - - — — - — -
T g,
Fig. 3.1

Energy is supplied at ajconstant rate|to the heater. When the liquid is boiling at a constant
rate, the mass of liquid evaporated in 5.0 minutes is measured.

The power of the heater is then changed and the procedure is repeated.

Data for the two power ratings are given in Fig. 3.2.

power of heater mass evaporated in 5.0 minutes
/W /g
50.0 6.5
70.0 13.6
Fig. 3.2

Elechved enorg = Mot 6 bl 4 tef lou b Cuiod
P_;_ C ~ M1 P‘\\“ T 'ﬂ;

e

e ﬂ t < Qv < 1 ___'Ql.
© UCLES 2009 &)L N p]) L om dﬂiﬁﬂf m,JPu 4 L—R; ;-ﬂg
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(i) Suggest

1. how it may be checked that the liquid is boiling at a constant rate,

2. why the rate of evaporation is determined for two different power ratings.

o olinvinsle / Yedue. Ao qufmer%
to‘\'%o, ...... adereg phﬁ:fﬂ: .................................................................. [1]

(i) Calculate the specific latent heat of vaporisation of the liquid.

A~ mFb
Pi- Pt = (mo-m) %
t"”'” "5"'”)('5?*6@ =~ (126~ 5-6) 0,
b o

specific latent heat of vaporisation = .......cccccocceevevcveveee. J@7' [3]

© UCLES 2009 9702/04/M/J/09
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2 (a) Define specific latent heat of fusion.

Examingr’s

(b) Some crushed ice at 0°C is placed in a funnel together with an electric heater, as shown
in Fig. 2.1.

joule- :
* meter ] a SUEply
crushed ice —____
heater
funnel —
beaker

Fig. 2.1

The mass of water collected in the beaker in a measured interval of time is determined
with the heater switched off. The mass is then found with the heater switched on. The
energy supplied to the heater is also measured.

For both measurements of the mass, water is not collected until melting occurs at a
constant rate.

The data shown in Fig. 2.2 are obtained.

mass of water energy supplied time interval
/g to heater / J / min
heater switched off 16.6 0 10.0
heater switched on 64.7 18000 5.0
Fig. 2.2

(i) State why the mass of water is determined with the heater switched off.

Jbecange S (b 2l w&bn@[ ..... .l% losubirg Rod.

...... m ’-bllf'.l"ﬂvmclﬂ% R SOOI £ |

© UCLES 2008 9702/04/0/N/DB



7

(ii) Suggest how it can be determined that the ice is melting at a constant rate.

w@wmm&mm ..... Wk in 2peal

Dire nler

(iii) Calculate a value for the specific latent heat of fusion of ice.

latent heat = .ovnunsnsasasn ki kg™ 3]

© UCLES 2008 9702/04/0/N/DB
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