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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 | . )(,C‘Ceé e \L
a Eti’?& falling under gravity in a vacuum | ..o Sorn& /‘ "
S KT A RE ) e
p No N ”f . o
water evaporating at constanttemperature \/ .............. ‘““(o"’{"
stretching a wire at constant temperature | .oooeeeeeee oM wdleorse
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 l/\ _ )7 *273 \g
data of Fig. 2.2 to calculate the initial temperature of the pure gold so that the final y
mixture is at the melting point of pure gold. 5 300 ANY \<
gold silver
melting point / K 1340 1240

=

specific heat capacity
(solid or liquid) / Jkg™ K™ 129 235

specific latent heat of
fusion / kd kg™ 628 105
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3

(a) Define specific heat capacily.

(b) A student carries out an experiment to determine the specific heat capacity of a liquid using
the apparatus illustrated in Fig. 3.1.

liquid out,
tube temperature 25.5°C

heating
termnperature 19.5°C coil

liquid in,

Fig. 3.1

Liquid enters the tube at a constant temperature of 19.5°C and leaves the tube at
a temperature of 25.5°C. The mass of liquid flowing through the tube per unit time is m.
Electrical power P is dissipated in the heating coil.

The student changes m and adjusts P until the final temperature of the liquid leaving the tube
is 25.5°C.

The data shown in Fig. 3.2 are obtained.

mfgs™! PIW

1.11 33.3

1.58 449
Fig. 3.2

(i) Suggest why the student nbl§ns data for two values of m, rather than for one valu j

60“‘ ........ )i\*Q—.S)‘ ..................... Canl\...... o~¢0°*‘x ........ ’?oJ ..... »‘Q ............

/’\ésw’\?l;‘g"\:’ J‘lco} \os,g s L¥en o Ve CoV\S&’M&—

(ii) Calculate the specific heat capacity of the liquid.
Show your working. 27\'0} less
OFIVEN-I
P.rt - weh® &+ H
Pf_ "  AO Af_ﬂ_

1A= G‘Zx\;% < @’> + R
At
rlit . @H?\) _ \5&\5”&_(@3

333 - CQLAQC L ). (H%X\DS

N¢ A
225 = Ql] K\o—3>(, [é.) & ﬂ {l\@: - +<22 *Klo Bc =S cC —;,1']”0
specific heat capacity = ........ J/” QLcessmins Jkg 1K1 [3]

When the heating coil in (b) dissipates 33.3W of power, the potential difference V across the
U= given by the expression
V = 27.0sin (3951).
The potential differencisgumeasured in volts and the time fis measured in seconds.

Determine the resistance of the c

[Total: 9]



3 (a) DZinE specific latent heat of fusion.

________ e “’“)“ﬂ:}]’@‘ég)&bc""‘?\d‘la e fhe

by w’\oo(* G\M{\i\ lm*wa \.

(b) A student sets up the apparatus shown in Fig. 3.1 in order to investigate the melting of ice.

pure meting—_
ice

)

heater

beaker & '°€$ avle Q&&"JB
water s ax o C°“$\(°'J3’ ("}-c

Fig. 3.1

The heater is switched on.
When the pure ice is melting at a constant rate, the data shown in Fig. 3.2 are collected.

voltmeter reading | ammeter reading | iNitial mass of | final mass of | y0 ot collection
IV iA i —— /minutes
plus water/g | plus water/g
12.8 4. 60 1215 185.0 5.00

Fig. 3.2

The specific latent heat of fusion of ice is 332Jg7.

(i} Use the data in Fig. 3.2 to determine the rate at which

1. thermal energy is transterred to the melting ice,

LF R‘j AW P: Q

+
- 332 "‘(‘gg 2\- S> P: AN 32

= 2 ‘022 P— 70@/;(360)

\

2. thermal energy is gained from the surroundings.

Qﬂej’@! + So»(loo @ Nﬁeg &J
I\J\' & swoov&\ = )Jogl

Gt VS)‘WB ] Z\JA; — Qz.z)@\,g(g%(?%
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3 (a) A".tats what iz meant by specific latent heat. The readings of the ammater and of the voltmeter are given in Fig. 3.2. (i) From time O to time 10.0 minutes, the mass of liquid evaporated is 56g.

(iiiy Determine a value for the specific latent heat of vaporisation L of the liguid.

------------------------------------ R - y = 3 Use Fig. 3.3 to determine the mass of liquid evaporated from time 12.0 minutas to time
§ ) ammeter readin Wil er readin 1
Shz\ke.qx o\ o\o e lr ..... o 1 A "“\w’\"\‘('c\«.\o‘\a“\ }(L—‘Z— 1A g LY s o i l[)_L‘_ 342 6 l
4 J J i

)f?/‘“fé) “A-U s e s Ysnerss e esaee s 2 from time 0 to time 10 minutes 1.2 230 MESE = e T e -9 1]
{b) A student determines the specific latent heat of vaporisation of a liquid using the apparatus siiter Ume 10 minviga i 190 (li) Explain why, although the power of the heater iz changed, the rate of loss of thermal

illustrated in Fig. 3.1. energy to the surroundings may be assumed to be constant. \
Q o= 2% The dempedoe Heronce beliren e ‘ibg

o8 s e . = : i |
liquid o o The variation with time of the balance reading is shown in Fig. 3.3. w& S\JN Liney ‘s ¢ ,N\k .............. ]
AN 500 J

heater —

pan ot btance(r~es>) as0bF ' I Q - @" ’““) + H > 093('%5 Ck*("% =@«r~;9§ M
balance reading/g : I\/t = @‘f L "’\3 + ([Hooo - 32&.( + 6560 <cde

Fig. 3.1 "'\&“‘kggﬂ M:\éf:\'g\ A'i“(ea%w\a 420 : @DO % ((07‘6") :@"’ *gg* W 1Slloo < #21
The heater is switched on. w.zmmnmmmg i TS LS bro - YA Wt _%‘:9- = e

noted at 2.0 minute intervals.

After 10 minutes, the current in the heater is reduced and the balance readings are taken for 440 ‘ 3 &‘\’ = )"S 0
a further 12 minutes. ]
oA L= ,2200 Jg' [
420 =
= (iv) Calculate the rate at which thermal energy is transfamred to the surroundings.

L P K52

400 : : o
B | . (Sto -SE CL\‘S% o lo xbo
By 4 8 12 16 " 20 24 H i HS)OOT = 7S %3
time / minutes -
Fig. 3.3 75

171 SRS Yo RS P W [2]

[Total: 10]
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(@)

(b)

State the first law of thermodynamics in terms of the increase in internal energy AL, the
heating g of the system and the wlrk w done on the system.

’Wc\wmew\vse"“ ...... Wasﬁx'm _____ 1$.& 0&
A’!7’“{‘!\(0&'5 @\"’&%“ﬁsgpj ..... ’)’Hqtﬁﬂ[\&j@ (1]

on B syshemn.
The volume occupied by 1.00 mol of liguid water at 100 °C is 1.87 x10~-°m?. When the
i i i , the water vapour has a

volume of 2.96x 102m?.
The latent heat required to vaporise 1.00 mol of water at 100°C and 1.03:x10° Pa is
4.05x10% J.

Determine, for this change of state, V /‘\ & 14 »ol\(L
= exXPand - Wl
b

(i) the work wdone on the system,
NFRUWNY

0
NI A5 ,{(z ALk - \.imhéﬂ

- DT

W= ‘3050 J 2]
(ii) the heating g of the system, Q_ 7

g= A'Ll-og')\.) )

1O d 1]

(iii) the increase in internal energy AU of the system.
&): & —+ N
A= 4fies *\J‘> _6Se)
_x 57S oo

w2150

ool [1]

(a) First law of thermodynamics may be expressed in the form AU=q + w.
Explain symbols 1n th.is;&xpressicn

Ll .I'j.U: ’”\L‘Cc-se w :"‘e‘

‘MA‘\N @6 e 5\6\5‘(@\#\

—q:\m}soeekeﬁ\—uhs e~
W ok Joe o\ Yo sfw

() Ve

(1) State what 1s meant by specific latent heat S

(11) Use first law of thermodynamics to explain why specific latent heat of vaporisation is greater

than specific latent heat of fusion for a particular substance

S —
NA eq f,ms‘a‘\

N Q-W = Q- M+ 5o 80, PAY)

L veoY
RN bo?\\wa, e honqe “n \\b\ow\e o queded ,,WS) Hocdse

B Wotl Yog e ‘d«,} Ivne Led ke?)ﬂ@); BO+ W oo e comes 3@&@«

(a) State what is meant by the internal energy of a system.

L e s A «ﬁmwoscﬁe\c\[\’\ﬁ}‘w”"& _____ 4 e ‘X

(b) State and explain gualitatively the change, if any, in the internal energy of the following

systems:

4+ NV :incleode

(i) alump of ice at 0°C melts to form liquid water at 0°C,

3 4\"&!

(ii) a cylinder containing gas at constant volume is in sunlight so that its temperature

rises from 25°C to 35°C.

Tokorod ineeres oS Yhe X q,,}we s

NT
W

pLy

o0
oo

S
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(a) (i) Statethe basic ELSS-LJI'HFI-TIGH of the kinetic theory of gases that Ieads to the conclusion

(i) State what is meant by the infernal energy of a substance.

s ,.sof.‘} .......... “ﬁ\*\%md 9.&9.9@ ‘O\L\“Q)“Ceh@(y@

(i) State the change in internal energy of the gas during cne complete cycle PORP

change = .....ccco...... (@10 s ST J 1]

(i) Calculate the work done on the gas during the change from P to Q.

INFRN|
(1) {(%;g ,&\5}

;’\’2)/\0 J

(iii) Some energy changes during the cycle PQRP are shown in Fig. 2.2

3‘6“\3@:\@( ........ 3% M\(&ea\ ...................... }“{So*\ . ﬂ*“‘“‘"ﬁi“
§ T
........ \‘)N—U\?J* \fbw\wyw‘\\"e 1 \DGE&,—LN\KT‘“\‘%A‘”{O[(E]
3 p3 change work done on gas | heating supplied ~ increase in
(b) A fixed mass of an ideal gas undergoes a cycle PQRP of changes as shown in Fig. 2.1. /d togas/J internal energy / J
b P—Q R ~600 3o N _boo #Llo- 3o
- W SAD: Do
Q—R 0 +720 +7l° LU= Q™ =>
a i - % L( e ‘5€°
R—P . _0.. - | 480
’ Ne QW = W- 0-Q
- ¥ -HBo

M0t m? 7 .
Fig. 2.2
- —%L(p

4 / ‘g'v
\/\l/ . / ‘ Complete Fig. 2.2 to show all of the energy changes. [3]
wo(IL AHY \
e
A Bparp =
e £l nEng
AU PsoR - &\) PR
MpsgsR = - BO
S 4 s 10 15 20 25 30 Poc-R = kP
pressure/10° Pa —32 4:720 . /_\i)&._>p

AU- 3 A KT
D NO- - 3o



2  Acylinder contains 5.12mol of an ideal gas at pressure of 5.60 x 10° Pa and volume 3.80 x 10%em?3. (c) (i) Use your answer in (b)(i) to determine the external work done during the expansion of

the gas.
(a) Determine the temperature of the gas.
H = P’ﬁ A\I \] VL
AWARINE NI PE S BS) (75w - 33 RS
(s x5 GB1e" ) -
_ _ S3lo
\: Soa\g -
temperature = Soo K [2] work done = -5520J [2]
(b) The average kinetic energy E, of a molecule of the gas is given by the expression (ii) Calculate the total thermal energy required to heat the gas in (b).
- 0
B3 5 s 2T AU, Qi W
h kis the Boltz tant and T is the th d ic t ture. -
where k is the Bo mzﬁ\:zrﬁjn and T is the thermodynamic temperature 70‘20 _ Q =S 3lo
The gas is heated at constant pressure so that its temperature rises by 125K.
: . . R 4133
(i) Use your answer in (a) to determine the new volume of the gas. -
NV, PY:n RT 22,
T, T:_ éé%\os)\/ :_Cg\\')/)(l~3\>(él§.\';> energy = "'\dod [1]
i
38xe” N \/: L MTS " C [Total: 10]
Soo.1S &S \S Ke
\/2 - 1 {Soo
volume = J,\—?SDD cm? [2]

(ii) Calculate the increase in internal energy of the gas. Explain your working.

I&,& .SM e to dermdecOond forcer wnd o Ef-Eco
J.2KRE+ 2t AU - —32— N AT ((:.51, N Pw\f\c,\e%
U: 2LE "8 »ﬁeﬂ\*j‘% 23
- 2 (s xé.olx\g> . (\.5% xo )uz«s

_ /7 %o j




2

(a) State what is meant by the infernal gnergy of a system.

......................................................... \'\%m\c( OSLOQ‘O\L\’\Q)"‘/@‘\Q(‘S\ e

(b) An ideal gas undergoes a cycle of changes as shown in Fig. 2.1.

3.00
2.80 QR IT2K
T
pressure
/110°Pa
2.60
{
5 40 g7 .0
2.20
5F 280 K H At
32K H A
2 00 amm
a00 450 1000 1050 1100 1150
volume fcm?3
Fig. 2.1

At point P, the gas has volume 950cm?, pressure 2.10 x 10°Pa and temperature 2B0K.

The gas is heated at constant volume and 97.0J of thermal energy is transterred to the gas.

ALV: Qx\W

Some energy changes that take place during the cycle PQRP are shown in Fig. 2.2.

AU Qs W

----- _Sv.S-=3% [ - \,\\

NS

=" pressure and temperature change so thal the gas is al point & on Fig. 2.1.

The gas then undergoes the change from point Q to point R and then from point R back to
point P, as shown on Fig. 2.1.

change P — Q | change O — R | change R — P
thermal energy transferred to gas/J +37.0 0 oAlS
work doneongas/d | ... Qi —-42.5 +37.0
increase in internal energy of gas/J | ...... ""179 ']_(25 *ﬂkq .......

Fig. 2.2

(i) State the total change in internal energy of the gas during the complete cycle PORP.

Explain your answer.

(ii) On Fig. 2.2, complete the energy changes for the gas during

1. the change P — Q,
2. the change Q — R,

3. the change R — P.

/&) P & = BQ P —-5‘&
&OP,>& -—5& =~ = &)({ ¥
AT -H 2—§ - ’AUQ%P

ADasp. -SHST

[5]
[Total: 9]



2 Afixed mass of an ideal gas has volume 210cm? at pressure 3.0 x 10°Pa and temperatyre 270K.

NV Seoerk Jone e (& {(b) For this change in volume and temperature of the gas, the thermal energy transferred is 53 J.
The volume of the gas is reduced at constant pressure to 140cm?, as shown in Fig. 2.1.

Determine AU, the change in internal energy of the gas.

210em’ 140cm’
3.0x 105Pa = 3.0x 10°Pa
270K T
/50: QA ’\’N
Fig. 2.1

The final temperature of the gas is T.

AU - _52 4 2|

(a) Determine:

(i) the amount of gas NV 3L
p\/: AT \ AUS oo Y J [3]
Q‘*\"g} (AM‘KOI S} N (% ’)’\\CZ e [Total: 10]
Neo. .old
amount = .......... O'Dl& .................... mal [3]

(iii) the external work done on the gas.

NN
(i
-+ 2\



(a) The first law of thermodynamics may be expressed in the form
AU=qg+ w
(i) State, for a system, what is meant by:
1. +q§
_____ h AWO\\S év?Q\\C&EM&&é’@M

12

(ii) State what is represented by a negative value of ALL
Beceme an M dernad e 9(33’%"\ _____ syem
_______________________________________________________________________________________________________________________________________ [1]

(b) An ideal gas, sealed in a container, undergoes the cycle of changes shown in Fig. 2.1.

7.0

L1
:::'B’ 8.7 x10%m3
Ok 6.6 x 10°Pa
450K
6.0
pressure
/10°Pa
5.0
Q.’: ’\\ . ).
4.0
T \ n
i = A=
2.4 x103m3 |
3.0 n 1.6 x10°Pa [
8.7 x107*m? . 300K .
1.6 x 10°Pa g s -
110K
20 =
1.6 - 3
1 C A
1.0
0.75 037 1.00 1.25 1.50 1.75 2.00 225 21250
volume /103 m?
Fig. 2.1

At point A, the gas has volume 2.4 x 10-*m?, pressure 1.6 x 105Pa and temperature 300K.

The gas is compressed suddenly so that no thermal energy enters or leaves the gas during
the compression. The amount of work done is 480J so that, at point B, the gas has volume

8.7 x 10~*m?, pressure 6.6 x 10°Pa and temperature 450 K.

The gas is now cooled at constant volume so that, between points B and C, 1100J of thermal
energy is transferred. At point C, the gas has pressure 1.6 x 10°Pa and temperature 110K,

Finally, the gas is returned to point A.

(M)

(ii)

(iii)

State and explain the total change in internal energy of the gas for one complete
cycle ABCA.

Calculate the external work done on the gas during the expansion from point C to

point A.
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WOrk done = ... A e J [2]
Complete Fig. 2.2 for the changes from:
1. point Ato point B
2. point B to point C

3. point C to point A.

change +g/d +w/l AU/

A—B | .. . ) LT Ao
B—C Neo | L = k% lleo
C—A 3o Mo | +Qe

M poe. -
AOmwe = DN ch

H4o -\eo -
4 él@ = BUCA

2
c



