IB Physics: K.A.Tsokos

(a)

(b)
(i)
(i)

(d)

TOPICB

Paper 2 Exam Questions

Calculate the volume of 1.0 mol of helium gas at temperature 273 K and pressure 1.0 x 10° Pa.

(2]

Determine the volume that corresponds to each molecule of helium. [2]
The diameter of an atom of helium is about 31 pm. Discuss whether or not the
ideal gas is a good approximation to the helium gas in (a). [2]

Consider now 1.0 mol of lead (molar mass 207 g mol™, density 11.3 x 10% kg m™3). Determine the
volume that corresponds to each atom of lead. [3]

Hence estimate the ratio: separation of helium atoms to separation of lead atoms. [2]
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Question 1 Answers

Marks

a

RT
pV=nRT=v="10 v

p
~1.0x8.31x273

1.0x10° =227x102~23%x102 m* v
UX

There are N, =6.02x10” moleculesv’
so to each molecule corresponds a volume
2.27x107

m:3.77x 10726 ~ 3.8)(10726 I'T]3 4
. X

Assuming a cube of this volume the side is
33.77x107%° =3.35x107° #3.4x10°° m, which is therefore an estimate of the
separation of the moleculesv’

This separation is much larger than the diameter of the helium atom and so the
ideal gas approximation is goodv’

One mole of lead has a mass of 0.207 kg and a volume of
.207

v="o 0207 ) 83410 ~1.8x10° mP v

p 11.3x10

-5
To each molecule corresponds a volume %ﬂ.%xlo‘zg ~3.0x10 7 m*v
X

Assuming a cube of this volume the side is

/3.04x107%° =3.12x107"° #3.1x107°* m which is therefore an estimate of the
separation of the moleculesv’

3.35x10° v

3.12x107"°
~10v
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2.

(a) State what is meant by the specific heat capacity of a substance. [1]
(b) The energies required to increase the temperature of 1 mol of aluminium and 1 mol of copper by

the same amount are about the same. Yet the specific heat capacities of the two metals are very
different. Suggest a reason for this.

(2]
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Question 2 Answers Marks

a Specific heat capacity is the amount of energy required to change the 1
temperature of a 1 kg of a substance by 1 Kv’

b One mole of any substance contains the same number of molecules; to raise the 2

temperature by 1 K the internal energy will increase by the same amount and so
the same heat must be providedv’

But one kg of different substances contains different numbers of molecules and
so different amounts of energy are required to increase the temperature by 1 Kv’
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3.

A hair dryer consists of a coil that warms air and a fan that blows the warm air out. The coil
generates thermal energy at a rate of 600 W. The specific heat capacity of air is 990 J kg™ K. The
dryer takes air from a room at 20 °C and delivers it at a temperature of 40 °C.

(a) Calculate the mass of air that flows through the dryer per second. [2]
(b) The warm air makes water in the hair evaporate. If the mass of the water in the hair is 80 g,
estimate how long it will take to dry the hair. The heat required to evaporate 1 g of water at 40

°Cis 2200 J. Assume that energy is provided to the wet hair at a rate of 600 W. [2]

(c) Suggest why in practice it will take longer to dry the hair. [1]
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Question 3 | Answers Marks
a AQ A A 1
From —Qz—chT we find 600=—m><990><(40—20) v
At At At
A
so that ~ —3.0x 10 kgs™ v
At
b The energy required is Q=mL=80x2200=1.76x10> ] v/ 2
1.76x10°
t=="2"20 _2935~4.9minv
600
c Because not all the energy will go into evaporating the water; some will go into 1

warming surrounding airv’




IB Physics: K.A.Tsokos

4,

The graph shows the variation with time of the speed of an object of mass 8.0 kg that has been
dropped (from rest) from a certain height.
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tfs
The body hits the ground 12 seconds later. The specific heat capacity of the object is 320 J kg™ K™

(a)

(i) Explain how it may be deduced that there must be air resistance forces acting on the object.  [1]
(ii) Estimate the height from which the object was dropped. [2]
(iii) Calculate the speed the object would have had if there were no air resistance forces. [2]

(b) Estimate the change in temperature of the body from the instant it was dropped to just before
impact. List any assumptions you make. (4]
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Question 4 | Answers Marks
a |i | Thegraphisacurvev 2
If there was no air resistance the acceleration would have been constant and
the velocity — time graph a straight linev’
a | ii | We must estimate the area under the graph by counting squares with one small 2
square equal in area to 0.5 mv’
There about 370 small squares so the height is about 185 mv’
a i | y= gh=1/2x9.8x185 v 2
v=60.2~60ms v
b The impact speed is about 18 m s implying a loss of mechanical energy of 4

%XS.OX(GO.ZZ -18%)=1.32x10*J v

Assuming all of this goes into heating the ball and that this amount of energy
warms the entire body uniformlyv’

mcAT =1.32x10* v/
132x10° .
8.0x320

andso AT = Kv
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5.

A piece of tungsten of mass 50 g is placed over a flame for some time. The metal is then quickly
transferred to a well-insulated aluminum calorimeter of mass 120 g containing 300 g of water at 22
°C. After some time, the temperature of the water reaches a maximum value of 31 °C.

(a) State what is meant by the internal energy of a piece of tungsten. [2]

(b) Calculate the temperature of the flame. You may use these specific heat capacities:
water 4.2 x 103 J kg1 K%, tungsten 1.3 x 102 J kg™t Kt and aluminum 9.0 x 102 J kg™t K. (3]

(c) State and explain whether the actual flame temperature is higher or lower than your answer to

(b). [2]
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The calculated temperature is T = +31 where Q is the heat that went into

myCy

the water and calorimeterv’
The actual Q would have been higher because some was transferred into the air
during the move of the metal into the water, so estimate is an underestimatev’

Question 5 | Answers Marks
a The sum of the random kinetic energy of the moleculesv’ 2
And the total intermolecular potential energy of the moleculesv’
b Energy lost by tungsten: 0.050x130x(T —31) v’ 3
Energy gained by water and aluminum:
0.300x4200%(31—-22)+0.120x900x%(31-22) v’
0.050x130x%(T—31)=0.300x4200x%(31—22)+0.120x900x%(31—22) and so
T=1925~1900 °Cv
c 2
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6.
(a) (i) Explain the origin of intermolecular potential energy in a solid. [2]
(ii) Hence state why the intermolecular potential energy of an ideal gas is zero. [1]

(b) A student claims that the kelvin temperature of a body is a measure of its internal energy. Explain
why this statement is not correct by reference to a solid melting. [2]

(c) In an experiment, a heater of power 35 W is used to warm 0.240 kg of a liquid in an uninsulated
container. The graph shows the variation with time of the temperature of the liquid.

Temperature

Time
The liquid never reaches its boiling point.
Suggest why the temperature of the liquid approaches a constant value. [2]

(d) After the liquid reaches a constant temperature the heater is switched off. The temperature of
the liquid decreases at an initial rate of 3.1 K min™.
Use this information to estimate the specific heat capacity of the liquid. [3]
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Question 6 | Answers Marks

a | i | There are forces between molecules in a solid v/ 2
Intermolecular potential energy is the (negative) work done by these forces as the
separation of the molecules increases v/

a | ii | There are no forces between the molecules in an ideal gas and so no work is 1
involved in increasing their separation v/

b Energy must be provided to a solid for it to melt, thus increasing the internal 2
energyv’
But the temperature of the solid stays constant during meltingv’
So statement is not correct.

c The rate at which energy is provided to the liquidv’ 2
Is equal to the rate at which the liquid is losing energyv’

d 3

P:E:mcﬂ\/
At At
35=0.240><c><£\/

60

c=ﬂ=2.8x103 Jkg KV
0.240x3.1
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7.
(a) In an experiment, a quantity of 52 g of liquid butter is placed outside on a cold day. The graph

shows the variation with time of the temperature of the butter.
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At 650 s all the butter has solidified. The specific heat capacity of liquid butter is
2.0x10° Jkg K™,

(i) Show that the rate at which thermal energy is transferred out of the butter is about 6

W. [2]
(ii) State the main method by which the thermal energy in (i) gets transferred. [1]
(iii) Estimate the specific latent heat of fusion of butter according to this experiment.

(2]

(b) Suggest

(i) what can be deduced about the internal energy of the butter from the fact that during
solidifying the temperature remains constant, [3]
(i) the changes, if any, to the graph above if the ambient outside temperature was even

lower. (2]
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Question 7 ‘ Answers Marks
ali Q=mcAB@=0.052x2000x11=11441V 2
=1 oWy
190
ii | Conduction from the butter into the air v/ 1
i | Q=Pt=6.02x(650—190)=2.77x10" J v/ 2
_Q_277X10° o5 0 kg'v
m 0.052
b |i The energy removed from the butter decreases the internal energy of the 3
butterv’
This decrease is due to a decrease in the intermolecular energy of the butter v/
The temperature stays constant, so the random kinetic energy of the molecules
is unchanged v/
b |ii | The rate at which energy gets transferred out of the butter is proportional to the 2

difference in temperature between the butter and the outside temperature v/
Hence the rate would now increase, and the melting point would be reached
fasterv’
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8.
(a) State what determines the direction of thermal energy transfer. [1]

(b) A large container of water is heated and the water starts to boil. A smaller container of water
initially at 80 °C is placed in the large container as shown.

T heat

Explain why

(i) the temperature of the water in the small container will reach 100 °C, [2]
(ii) it will not come to a boil. [2]
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Question 8 | Answers Marks

a The difference in temperaturev’ 1

b |i The water in the large container is warmer than that in the small container so 2
heat will be transferred to the water in the small containerv’
until the temperatures become equal i.e. 100 °C v/

b |ii | Forthe water to boil additional energy in the form of latent heat must be 2
providedv’

But this cannot happen because the temperature difference is now zero and no
further energy can be transferredv’
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9.
The volume of air in a car tyre is 1.50 x 102 m? at a temperature of 0.0 °C and pressure 250 kPa.

(a) Calculate the number of molecules in the tyre. [2]
(b) Explain why, after the car is driven for a while, the pressure of the air in the tyre will increase. [3]

(c) Calculate the new pressure of the tyre when the temperature increases to 45 °C and the volume
expands to 1.60 x 1072 m?. (1]

(d) The car is parked for the night and the volume, pressure and temperature of the air in the tyre
return to their initial values. A small leak in the tyre reduces the pressure from P, = 250 kPa to P,

=230 kPa in 8 hours.
h-F

(2]

(i) Show that the fraction of air molecules that escaped is
1

(i) Show that the number of molecules that escaped is about 8 x 102, [1]
(iii) Estimate the rate of loss of mass of air in kg per second (take the molar mass of airtobe 29 g
mol™?). [3]
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Question 9 | Answers

8.0x60x60

Marks
a PV 250x10°x1.50x10°* 2
PV =NKT =N =t = 2222 22002
kT 1.38x10 " %273
N =9.95x10% ~1.0x10* moleculesv’
b As the tyre rolls on the road the tyre gets deformed where it touches the road; 3
this means there is work done by the external forces which is being transferred
as thermal energy that heats the air in the tyre increasing the temperature v/
The increase in volume is very small v/
NkT
So, P =7 increases v/
c NKT 9.95x10%* x1.38x10 > x(273+4 1
p AT _2.95x10 x1.38x 0_2 X@73%85) ) 73410° Pax270kPa v
% 1.60x10
d|i P—-P)V 2
N, -n,= BBV,
kT
(R =RV
N, —N, —__ kT
N, AV
kT
_A-F
A
d i A=k N =250-230 g 5,107 —7.96%102 ~8x107 v 1
P, 250
d | iii 22 3
LX1023=0.1322 moles lostv’
6.02x10
Mass 0.1322x29=3.834g v
3.834x10°°
Rate of loss o=~ __13x10” kgs™ v
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10.
(a) On a hot summer day there is usually a breeze from the sea to the shore. Explain this
observation. [3]

(b) Explain why walking on a day when the temperature is 22 °C would be described by most people
as very comfortable but swimming in water of the same temperature would be
uncomfortable. (2]
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Question 10 | Answers Marks
a Air over land is warmer than air over waterv’ 3
The warm air rises in convection currentsv’
And so cooler air from the sea takes its placev’
b Air is not a good conductor of heatv’ 2

Water is a better conductor v/
(plus people normally wear clothes when walking!)
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11.
A black body has temperature T. The graph shows the variation with wavelength A of the spectral

intensity B of the body. The units of B are arbitrary.
B
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(a) (i) Describe what is meant by a black body. [2]
(i) Estimate T. [2]

(b) On a copy of the axes above sketch a graph to show the variation with wavelength of the
spectral intensity of a grey body of emissivity 0.5 and temperature T. [2]

(c) (i) Describe the conduction mechanism of heat transfer. [3]
(ii) State and explain whether you would expect a typical solid or a typical gas to be the better
conductor of heat. [2]

(d) Two insulated pipes, X and Y, of the same material and cross-sectional area are joined together.
X has length L and Y length 3L. The ends are kept at the constant temperatures shown.

18°C X Y 58 °C
(i) Draw an arrow to indicate the direction of energy transfer. [1]
(i) Calculate the temperature at the point where the pipes join. [2]

(e) The red curve shows the cooling curve of a hot solid object thrown into a container of cooler
water. The blue curve shows the variation of the temperature of the water.
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/

time

A second solid object of the same mass and initial temperature but of higher specific heat
capacity is thrown into an identical container of water (same mass and initial temperature).
Draw, on the axes above, the corresponding curves for this solid and the water. [2]
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Question 11 | Answers

Marks

a

A black body is a theoretical body that absorbs all the radiation incident on it,
reflecting none v/
Radiating intensity oT* v/

The peak wavelength is 2.0x107" m v

2.9x10°
By Wien’s law T=""—"_ —145x10*K v
2.0x10

B
10 ¢

08 r

06 r

04 ¢

02 ¢

00
0

Same peak wavelengthv’
Half the max heightv’

Atoms/electrons at the hot end vibrate/move faster and collide with
neighboring atomsv’

Transferring energy to them so they too begin to vibrate fasterv’
Since average kinetic energy is proportional to absolute temperature,
temperature increasesv’

Gases are not good conductors of heatv’

In a gas, molecules are further apart from each other than in a solid (and the
intermolecular forces are much weaker) for effective transfer of energy from
molecule to molecule v/

X &——Y

T=28°Cv

(The dashed lines are the original curves)
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T/°C
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Same shapes as beforev’
Approaching a higher temperaturev’
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12. The diagram shows a black body of temperature T; emitting radiation towards a grey body of
lower temperature T, and average emissivity e. No radiation is transmitted through the grey
body.

T, e

(a) Using all or some of the symbols T3, T, e and o, state expressions for the intensity:

(i) radiated by the black body (1]
(i) radiated by the grey body (1]
(iii) absorbed by the grey body (1]
(iv) reflected by the grey body. (1]
(b) The net intensity leaving the black body is zero. Show that T; = Ts. [2]

(c) A climate model assumes an incident intensity of 342 W m at the top of the atmosphere. An
intensity 79 W m is reflected by the clouds and 23 W m2 from the surface. None of the incident
radiation is absorbed by the clouds. The diagram describes the energy balance of the planet as a
whole. Interactions between the surface and the clouds are not relevant and are not shown.

incident on planet 342 W m-2

Calculate
(i) the albedo of the planet. [2]

(ii) the total intensity I; radiated back into space from the planet. [1]
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(iii)  The intensity absorbed by the surface. [1]

(d) The diagram shows interactions between the clouds/atmosphere and the surface for the model
in (c).

Is radiated into space by clouds /¢
A

/\
<_> clouds/atmosphere >
v

396 W m2
radiated back to surface by

clouds Ic

17 W m? I

convection currents

radiated from|surface

Using the answers to (c), determine

(i) e (3]

(ii) the part, Is, of the surface radiated intensity that escapes into space, [1]

(iii) Hence, calculate the part of the surface radiated intensity that is absorbed by the clouds,
[1]

(iv) Explain the significance of I,

(v) Verify that the cloud/atmosphere system is also in equilibrium. [2]

(d) Hence determine the equilibrium temperature of the surface by making the simplifying
assumption that the surface radiates like a black body in the infrared. [2]
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Question 12 Answers Mark
s
a i 57'14 v 1
a ii eaT;' v 1
a | iii eng“ v 1
a | iv | (l-eoT'v 1
b | ii | Netintensity oT,' —(l-e)oT,' —eoT,' v/ 2
I =eo(T'-T,)=0v
Hence the result.
c i | Total reflected intensity 23+79=102Wm?> v 2
a:E:O.298z0.30 v
342
c i | 1. =342-(79+23)=240Wm?*V 1
i | 342—(79+23)=240 Wm™?V
d i | Equilibrium of surface 3
In: (240+/.)Wm? v/
Out: (396+17) Wm™? v/
Hence /. =173Wm™ v/
it | | =240-173=67Wm* v 1
iy =396-67=329Wm*V 1
iv | This is radiation that is emitted by greenhouse gases that have absorbed part of 2
the radiation emitted by the surface v/
Part of this radiation that is absorbed by the surface provides extra heating of
the surface v/
d | v |In:(342+17+329)=688Wm~* v 2
Out: (263+79+2x173)=688Wm™* v
e oT*=396 Wm?Vv 2
T=2 39—678 =289K v
5.67x10
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13. The power radiated by the Sun is P and the Earth—Sun distance is d. The average albedo of the
Earth’s atmosphere is a.

(a) (i) Deduce that the solar constant (i.e. the intensity of the solar radiation) at the position of the

P
Earthis S=
4n

dZ
(i) State what is meant by albedo.
(iii) Suggest why we refer to an average albedo.

(b)(i) Explain why the average intensity absorbed by the entire Earth surface is

S(1-a)
=

(i) P=3.8x10%%W, d=1.5x%10"m and a = 0.30. Assuming the Earth surface
behaves as a black body in the infrared, estimate the average equilibrium temperature
of the Earth.

(c) The average Earth temperature is much higher than the answer to (b) (ii). Suggest why
this is so.

(2]

(1]
(2]

(3]

(2]

(3]
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Question 13 | Answers Marks
a | i | Intensity is the power received per unit areav’ 2
The power radiated is received over an area 47d> v’
which gives the result.
ii | The fraction of the incident intensity that is reflectedv’ 1
iii | The albedo varies because it depends on latitude which affects the angle at 2
which light is receivedv’
And the type of surface, vegetation, ice cover and cloud coverv’
b | i | Theintensity reaching Earthis (1—)S since a part oS will be reflectedv’ 3
The radiation incident on the Earth has to pass through a disc of radius R where
R is the radius of the Earth so the power through the discis P=7R*xSx(1—a) v
Distributed over the entire Earth surface of area 47R* v/
gives the answer.
L g 38x10° o wmiv 2
A7rx(1.5x10")
5(1—a):JT43T:</5(1—a) :</1340x(1—o.i(3)) ysaKy
Vi¥oy 4x5.67x10
c The calculation ignores the greenhouse effect i.e. that greenhouse gases in the 3

atmosphere absorb infrared radiation radiated by the Earthv”
The gases subsequently re-radiate this radiation in all directionsv’
Including back down to the surface of the earth, warming it furtherv’
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1
14. Two equations obeyed by an ideal gas are PV = NkT and Pzg,oc2 .

(a) Use these equations to show that the average kinetic energy of molecules is proportional to

the kelvin temperature. [3]
(b) The mass of a molecule of a gas is 3.2 x 10726 kg. Calculate the r.m.s. speed of molecules of
this gas at a temperature of 23 °C. [2]

(c) The volume of a fixed mass of the ideal gas in (b) is doubled at constant pressure. Calculate

the new r.m.s. speed of the molecules. [3]



IB Physics: K.A.Tsokos

Question 14 | Answers Marks
a 1M . _NkT 3
3V "4
Nmc® =3NkT v/
L 3krv
2 2
b 1 3 2
E><3.2><10’26 xc’ :§x1.38>< 10 32 x296 vV
c=618.8620ms v
3

The density is halved v/

1
From Pzg,oc2 , ¢’ is doubled v’

So, c=618.8/2=875~880ms ' v
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15. A fixed mass of an ideal gas is trapped in a container with a movable piston of negligible mass.
The cross-sectional area of the piston is 0.14 m2. When a mass m = 280 kg is placed on top of the
piston, the piston moves down compressing the gas. The piston is in equilibrium when h =35
cm. The atmospheric pressure is 100 kPa.

e

(a) Show that the pressure of the gas when compressed is 120 kPa. [2]

(b) The temperature of the gas is constant at 22 °C. Calculate the number of moles in the gas.

[2]

(c) Another mass is placed on the piston compressing the gas quickly so that h =32 cm and the
temperature rises to 28 °C.

(i) Calculate the new pressure of the gas. [2]
(ii) Determine the additional mass that was placed on the piston. [2]
(iii) Explain in terms of molecular motion why the pressure increased. [3]

(d) With both masses on the piston, it is required to keep the piston in equilibrium with h = 18
cm at a temperature of 45 °C. Determine the amount of gas that must be removed. [3]
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Question 15 Answers

Marks

a

280x9.8

0.14
P=1.00x10> +1.96x10" =1.196x10° Pa v/
P~120kPa

=1.96x10* Pav

PV=nRT:n=ﬂ\/
RT

. 1.196x10°x0.14x0.35
8.31x(273+22)

=2.391~2.4VY

ﬁ:%: 120xAx0.35 P, xAx0.32 ,

T T, 295 301

P, = 120><M =133.9~134kPav
0.32x295

Additional pressure is 133.9-120.0=13.9 kPa v’
Mx9.8

=13.9x10° Pa=M =198.6 ~200 kg v’
0.14

Molecules are moving faster because temperature increasedv’

Molecules collide with the walls more frequently (because they move faster
and because volume has decreased) v/

Pressure depends on the speed of molecules and the frequency of collisionsv’

v

RV, _PV, _ 133.9xAx032_133.9xAx0.18
nT, n,T, 2.391x301 n, x318

0.18x301
N, =2.391x——o" """ 21273 v
0.32x318

S0 2.391-1.273=1.12~1.1 mol must be removedv’
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16.
(a) (i) State what is meant by the internal energy of a system. [2]
(ii) Two identical steel balls are dropped from the same height. One ball falls through a vacuum
and the other through air. Describe the changes in the internal energy of each ball. [2]

(b) A gas undergoes the changes shown in the graph.

P/x10° Pa
50 |

45+

40+

35+ <

i i i i i — Vix10" 3md
042 044 046 048 050 052

The temperature at A is 290 K.
The change B to C is adiabatic.
The work done from B to Cis 36 J.

(i) Determine the temperature at B. [2]
(ii) Show that the thermal energy supplied to the gas during the change A to B is about 82 J.[2]
(iii) Estimate the net work done during the cycle. [1]
(iv) Calculate the efficiency of the cycle. [1]

(c) State and explain the change in entropy of the gas during the change from B to C. [2]



IB Physics: K.A.Tsokos

Question 16 | Answers Marks
a i | The sum of the total random kinetic energy of the moleculesv’ 2
And the total intermolecular potential energy of the moleculesv’
a ii | There will be no change in the internal energy of the ball falling through the 2
vacuum since no work and no heating takes placev’
There will be an increase in the internal energy of the ball falling through air
because thermal energy will be generated, part of which will stay in the ballv’
b| i [A_B_ 35 48, 2
T, T, 290 T
T=397.7~400K v
b ii Q=AU+W=AU+0V 2
3 3 3.5x10°x0.42x10°
Q=AU=>NKAT =2 x 22222 X222X 20 (397.7-290)=81.9~82 )V
2 2 290
OR
3 3 3 5
QzAUzEVAPzszAleO x(4.8—3.5)x10°=81.9~82 |
iii | W_ =36-3.5x10°x(0.507-0.42)x10*=5.55Jv 1
iv . 1
e= 535 6.8% v
81.9
c Zerov 2

Because no heat was taken out or given to the gasv’
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17. Anideal gas undergoes a cycle ABCA. AB is an isothermal. The temperature at A is 1280 K.

P/x 10%
10
A
8
A
6 N
N,
k!
‘\\
4
M
™
‘“h""--..
C = ~ B

2 8 B

o Vix 103w’

0.0 05 1.0 135 20 25 0 35
(a) Determine the number of moles in the gas. [2]
(b) Determine the heat
(i) taken out of the gas along BC [2]
(i) provided to the gas along CA [2]
(c) Compare the magnitude of the change in entropy along BC to that along CA. [3]

(d) (i) Calculate the energy that must be removed from 2.0 kg of water at 0°C to turn the water into ice
at 0°C. The specific latent heat of fusion of ice is 334 kJ kg*. [2]

(ii) Determine the change in the entropy of the water. [1]
(iii) Explain how the result in (ii) is consistent with the second law of thermodynamics. [2]
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Question 17 Answers Marks
a PV 8.0x10°x0.80x10 1
PV=nRT =n="—v =220 XDX0 _g60v
RT 8.31x1280
b | i 3 5 2
Q=AU+W=—EPAV—PAV=—EPAV v
5
Q:—Ex2.0><106 x(3.2-0.80)x107° =-1.2x10" } v/
b ii 2
Q=AU+0=§VAP 4
Q:%xO.SOxlO’3 x(8.0—2.0)x10° =7.2x10° J v/
c AScycle:O:ASAB—i_ASBC—i_ASCA‘/ 3
AS,. +AS., =—AS,, <0V
—|ASy| <=AS, = |ASy | > AS, v
d| i | Q=mL=2.0x334x10°>=6.68x10° ~6.7x10° JvV 1
d ii 2 1
As=Q_ 5880, 4100 skt
T 273
d iii | The second law states that the entropy of the Universe never decreasesv’ 2
Since the entropy of the water decreased by some amount, the entropy of the
surroundings must have increased by at least that amountv’
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18. The diagram shows a thermodynamic cycle in which an ideal gas expands from A to B to C and is
then compressed back to A. BC is an adiabatic curve and CA is an isothermal curve.

pix10°Pa 5+ £ B
4 —
3 -
2 -
"I -
.
0 T T T T 1
032 0.4 0.6 0.8 1.0
Vi 1o md
(@) (i) State what is meant by an adiabatic curve. [1]
(ii) Explain using the first law of thermodynamics why, in an adiabatic expansion of an ideal
gas, temperature decreases. [2]
(b) Justify that CA is isothermal. [1]

(c) The temperature of the gas at A is 300 K.

Calculate the temperature

(i) at B, (2]
(i) at C. [1]

(d) The work done on the gas from C to Ais 160 J.

Calculate
(i)  the energy transferred out of the gas, [1]
(ii)  the energy transferred into the gas, [2]
(iii) the net work done in the cycle, [2]

(iv) the efficiency of the cycle. [1]
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Question 18 | Answers Marks
a i | Acurveon a P-Vdiagram representing a process in which no heat is 1
exchangedv’
a i | Q=AU+W=AU=-WV 2
The work is done is positive since gas expands and so AU<0Y
b Taking a few points on the curve and verifying that PV = constantv’ 1
c i £=£30.2020.38‘/ 2
L T, 300 T,
T,=570K v
c ii | Tc=300KY 1
d| i | Q,=AU+W=0-160=-160Jv 1
d i 2
Qs =AU+W=§PAV+PAV=§PAV v
5
Q=E><5.O><105 x(0.38-0.20)x10° =225 ) v
d iii VVnet = Qin _Qout v 2
W, =225-160=65Jv
d | iv _ 65 1

e=——=0.289~29% v
225
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19.

A box is divided into two equal parts by a partition. There are n molecules in the left part of the
box and the remaining molecules in the right part.

n molecules N — n molecules

The number of ways of doing this is ———.
n!(N —n)!

(a) Initially all N molecules are in the left part of the box. The partition is removed, and the
gas expands to fill the entire box.

Determine the change in the entropy of the system. (You will need the approximation
INN!'=NInN—-N .) [4]
(b) Hence deduce that the gas will never occupy half the container leaving the other half
empty. [2]
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Question 19 | Answers

Marks

a

N!
The initial entropy is S, =kan=kln1=0 v

N
There will now be 5 molecules in each halfv’

N!
N, N
CIE

So S, =kin v

s, =kInN!—2kIn(g)! zk(NInN—N)—Zk(N N NJ

Y P
2 (2) 2
=kNInN—kN—kNInN +kNIn2 + kN v
=NkIn2

The change in entropy is then AS=NkIn2.

The change in entropy would be negative without the performance of work v/
This would violate the second law of thermodynamics v
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20.
(a) Alight bulb is rated as 60 W at 120 V. The resistivity of the filament of the lamp is 4.0 x 1077 Q m.
The radius of the filament is 2.5x10 m. Calculate the length of the filament. [3]

(b) The graph shows the variation of the current / though a device with the voltage V across the
device.

I/mA_

2.5

2.0

1.5 1

1.0 5

0.5

0.0 T I I T T |
0.0 1.0 20 3.0 4.0 5.0 6.0
V/iV

Suggest whether the device obeys Ohm’s law. [1]

(c) Two devices whose I~V characteristics are given by the graph above are connected in parallel to
a battery of negligible internal resistance. The current leaving the battery is 5.0 mA. Estimate

(i) the emf of the battery, (2]
(i) the power dissipated in each device. [1]

(d) Thermal energy is generated in a filament lamp when it is operating. Describe the mechanism by
which this energy is generated. [3]
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Question 20 Answers Marks
a V2 120° 3
P=—=R= =240QV
R 6
L L zr’R
R=p—=p— == v
Pa=Par
2.5%107°)* x2
| - (2510 )7X 40 _118~12mv
4.0x10°
b It does not because the graph is not a straight line through the originv’ 1
c i | Each device takes the same current, 2.5 mAvY’ 2
The potential difference across each is 4.6 V and hence the emf of the battery
is4.6 VvV
ii | The power in each device is P=VI=4.6x2.5x107° =1.15x10° W Y
d The electric field established inside the wires and lamps forces electrons to 3

acceleratev’

The accelerated electrons collide with atoms of the lamp filament transferring
energy to them and increasing their random kinetic energyv’

The increased kinetic energy of the atoms shows up macroscopically as
increased temperature since the average random kinetic energy is
proportional to temperaturev’
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21.
A circuit contains a light dependent resistor (LDR) connected in series to a resistor of constant
resistance 56 Q. The cell has emf 6.0 V and no internal resistance.

6.0V

56 Q

.

(a) Suggest what will happen to the reading of the voltmeter when the intensity of light incident on
the LDR increases. [2]

(b) For a particular intensity of light, the reading of the voltmeter is 2.6 V. Calculate the
resistance of the LDR. [3]

(c) Alamp is connected in parallel to the LDR. The lamp lights if the potential difference across it
is 3.0 V or higher. The resistance of the light bulb is 28 Q.

6.0V ®

L

56 Q

.

The circuit is placed in a dark room. Explain why the lamp will not light. [3]

(d) Suggest a change to the circuit so that the lamp may light in the dark. [1]
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Question 21 Answers Marks
a The total resistance will decrease and so the total current will increasev’ 2
So, the voltmeter reading will increasev’
b Voltage across LDR=6.0-2.6=3.4VV 3
Currentis 22 —4.643x10? A v
56
=L_2=73.2z73§2 4
4.643x10
c The resistance of the LDR is very large in the dark so it takes no currentv’ 3
The lamp and the resistor are in seriesv’
And so the voltage across the lamp is 2.0 VvV’
So, it won't light.
d Replace the resistor with one of resistance lower than the lamp’sv’ 1
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22.
Two resistors, X and Y, are connected in series to a cell of emf E and negligible internal
resistance.

The resistance of X is double that of Y. The total power dissipated in the circuit is 60 W.

(a) Determine the power dissipated in X. [2]

(b) X and Y are now connected in parallel to the same cell as in (a).

E‘|
[

1
L

| |
| IS

(i) Calculate the total power dissipated in this circuit. [3]
(i) State and explain which resistor dissipates the greatest power. [2]

(c) A device D and a resistor R have the /-V characteristics shown in the graph.
A
020

015 ¢

010 ¢

005 +

000 ‘ ‘ ‘ ‘ ‘ ‘
00 05 10 15 20 25 30

(i) Determine the resistance of R. [1]
(ii) Describe the variation of the resistance of D with voltage. [2]
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(d) R and D are connected in series to a cell of emf 2.9 V.

2.9 V‘ |

Calculate the resistance of D. [3]
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Question 22 | Answers Marks
a X has double the resistance and takes the same current as Y so it dissipates 2
double the powerv’
Hence 40 WY/
b i 2 3
From the circuit in series: 6O=3—R 4
The total resistance in the parallel circuit is: i4—1:i so R; _R
2R R; 3
2 2
p=3E 3 E 9 60=270wv
2R 2 3R 2
b i | YV 2
Because it has the lower resistancev’
¢ ! R= ! = ﬂ =200V 1
/I 0.15
c ii | The currentis increasing proportionately less than the voltagev’ 2
So the resistance increases with increasing voltagev’
d Voltages must add up to 2.9 Vv’ 3

By trial and error this occurs for a current of 0.10 AY

R=L_20_q0qv
I/ 0.10
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23.
The three resistors in the circuit shown are identical and may be assumed to have constant
resistance. Each resistor is rated as 1200 W at 240 V. The emf of the source is 240 V and its
internal resistance is negligible.

|E
I
||

S

Jll

(a) Calculate the resistance of one of the resistors. [2]

(b) Calculate the total power dissipated in the circuit when:

(i) SiisclosedandS;is open [1]
(i) Syis closed and S; is closed [1]
(iii) S1is open and S, is open (1]
(iv) S1is open and S; is closed. [1]

(c) In the circuit below the cell has internal resistance 2.0 Q. When the switch is open, the voltmeter
reads 11 V and the current in the ammeter is 0.50 A.

r=20Q
A
i ©

4_@)—
=Y

L

(i) Determine the emf of the cell. [2]
The switch is closed.

(i) State and explain the effect, if any, of closing the switch on the brightness of lamp L. (4]
(iii) Suggest how the answer to (c) (ii) might change if the cell had no internal resistance. [1]
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Question 23 Answers Marks
a 2 2 2
From P=V—:>R=V— v
R P
2407
R= =48Q Vv
1200
b i | The top right device is short circuited and no current passes through the lower 1
device. Hence P=1200W v/
b il | The top right device is short circuited and the top left and lower devices are 1
connected n parallel so P=2400W v/
b | iii | The lower device takes no current and the upper two are now in series for a 1
40°
total resistance of 96 Q. The total power is 2 =600W v
b | iv | The lower device dissipates 1200 W and the upper two 300 + 300 = 600 W for a 1
total of 1800 Wv/
c | i |Weuse V=E-Ir tofind 11=E-0.50x2.0Y 2
Hence E=12VV
c ii | With the switch closed the total resistance of the circuit decreases v/ 4
Hence the current leaving the cell increases v/
Thus, the voltage across each lamp decreases (V=E—Ir) v
Hence the brightness of L decreases v/
¢ | iii | There would be no change since the voltage would not change v/ 1
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24.

(a) The mass of an atom of copper is 1.1x10™*

kg . The density of copper is 8900 kg m™. Each atom
of copper contributes one free electron.

Show that the number of free electrons per m* of copper is 8.1x10%. (2]

(b) A conductor has n free electrons per unit volume. The charge of each electron is e and the cross-
sectional area of the conductor is A. The electrons have speed vy.

)

vyt

The electrons which will go through the red cross-sectional area of the conductor in time At will lie
within the part of the conductor shaded gray.

Show that the current in the conductor is given by [3]

I=nev,A
(c) In a simple, classical model of conduction the electrons are accelerated by an electric field £
inside the conductor until they collide with lattice ions. The speed of electrons is modelled by the
following graph.

v

A
4

> time
ti
The time between collisions for the /" electron is ti. The average of the t/sisz .
(i) Show that the average speed at which the electrons are carried forward (the drift speed) is

eE
Vy,=—7°
m
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where m is the mass of an electron. [2]

5. The electric field in a copper wire of radius

(ii) The mean time between collisions is 7=2.5x10
2.0 mmis 15mV m™. Estimate how many electrons go through the cross-sectional area of the wire

in one second. (3]

(d) Using the model in (c), explain why the passage of current through a conductor increases the

temperature of the conductor. [3]
14

(e) The current in a conductor is also given by I:E where Vis the potential difference across the

ends of the conductor and R is its resistance. Use (b) and (c) to deduce that

R=p—
Pa

where p= nz and L is the length of the conductor. [3]

nert

(f) By considering the effect of temperature on 7, suggest the effect of an increase in temperature
on the resistance of a copper wire. [2]
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Question 24 Answers Marks
a One m? of copper has mass 8900 kg and so contains 2
8900
———=8.09x10” ~8.1x10” atoms of copperv’
1.1x10
Each atom contributes one electron so this is also the number of free electrons in
1m3v
b Number of electrons in shaded cylinder is nAv,At v/ 3
Charge in cylinder is enAv,At v/
A Av At
Current: /=—Q=& v
At At
As required.
c|i F eE 2
Acceleration of electron: g=—=—V
m m
_ t,+t, +...+t
V,=V :a(M:ar/
N
et
Vy=—17
m
c |ii 1.6x107° x15x10 3
V= X 95x107 =6.33x10° ms™ Y
9.1x10
1=1.6x10"" x8.1x10%® x6.33x10> x 7x(2.0x10°)*=10.3 AV
10.3
Number of electronsin 1s: —————=6.4x10" v’
1.6x10
d The accelerated electrons give off their kinetic energy to atoms at each collisionv’ 3
The atoms increase their kinetic energy of vibrationv’
Hence temperature increases since temperature is a measure of the average
kinetic energyv’
e R= 4 _ EL v 3
I env A
RV __E
I env,A
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R:E—I:L_\/
ene—TA
m

R= m L_ L
ne’r J A 'DA

f We expect that with increasing temperature, = will decrease since the increased
vibration of atoms increases the probability of collisionsv’

Thus, resistance will increasev’
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