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#1

Two copper blocks, A and B, are placed in contact and the assembly is covered by a thermally
insulating jacket. Initially A is at a higher temperature than B.
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Describe what happens over a period of time, in terms of heat, internal energy, temperature and
the motion of copper atoms. [6 QER]

Question taken from Edugas examination paper 842101, November 2020
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#H2 7. (a) State whatis meant by the heat, , entering a system. [2]

(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The
gas Is taken through the cycle ABC shown on the graph. The stage BC takes place at

constant temperature.
. A
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(1) Calculate the work done by the gas in the stage AB. 2]
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() Foreach of the stages AB, BC and CA separately, and for the cycle as a whole, use
the first law of thermodynamics to explain whether heat flows into the system or out
of the system. Calculations are not required. [6 QER]

Question taken from Edugas examination paper 842101, June 2019
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H3 (a) Calculate the critical density of the universe giving appropriate units. 2]

(b)  An astronomer makes the following statement:
Assuming that the rafe of expansion of the universe is constant, two objects a distance R
apart in space will increase their separation by nearly 15% over a 2 billion year period.

[1 billion = 1 % 109 years]
Justify this statement. [3]

(c) A starina distant galaxy shows a bright hydrogen emission line at 475 nm. The equivalent
emission line on Earth has a wavelength of 410 nm.

(i) Calculate the radial velocity of the star. [2]

(iiy Calculate the distance of the star from the Earth. [2]

(i) The temperature of the photosphere of the star is 7100K. Calculate the mean
kinetic energy of particles in the photosphere. Give your answer in eV. [2]

Question taken from Edugas examination paper 842102, November 2020
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#4 6. (a Vadim uses aruler fo measure the sides of a copper block. He records the measurements
as:

length = 50 £ 1mm, breadth = 42 + 1mm, height = 36 £ Tmm.

Using an electronic balance he measures the mass of the block as 670.85 £ 0.014g.

Use Vadim's data to answer the following.

(i) Determine a value for the density of copper in kgm™ and the absolute uncertainty
in this value. [4]

(i) Determine the number of atoms per m? of copper. The uncertainty is not required.
The atomic mass of copper i1s 63.5u. 2]
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(b)

(1)

(1)

Calculate the number of molecules per m? for a gas (assumed to be ideal) at
a temperature of 15°C and a pressure of 101kPa. [3]

"."l.-hen asked why there are far fewer gas molecules per m? than atoms
per m® in the copper blm:lt a student replies, “Each molecule of the gas takes
up much more space. " Discuss whether or not he is nght. [2]

Two gases have molecular masses m,;, and my;. Show clearly that when

the gases are at the same temperature, the ratio of the rms speeds of their
molecules is: [2]
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Il.  Calculate the percentage difference in the rms speeds of nitrogen and oxygen
trjr;_lﬁ;gles in the same sample of air. Take the percentage difference to be
ined as:

ms speed for nitrogen — rms speed for oxygen y

100%
rms speed for axygen

[Molecular mass for nitrogen = 28.0u. Molecular mass for oxygen = 32.&11&1

Question taken from Edugas examination paper 842101, June 2019
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#3 8. fa 33.2 molof nitrogen gas is contained in & eylinder fitted with & piston. The gas is allowed

to expand from A to B, doing work against the piston. A p—F graph for the expansion is
given below.
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(i) Show that the expansion occurs at a constant temperature of approximately
360 K. [3]

(i) Determine the approximate amount of work done by the gas during the expansion.
(2]
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(i) Riniclaims that the work done by the gas results in an egual amount of internal energy

being lost by the gas. Give the correct application of the first law of thermodynamics
to this isothermal expansion. [2]

i)  An estimated 600 MJ of work can be produced by an ordinary car engine burning 0.10 m?
(100 litre) of petrol. An estimated 15 MJ of work can be produced by the expansion of the
same volume of air compressed to the highest safe (initial) pressure.

Discuss the advantages and disadvantages of powering cars by compressed air rather
than petrol. Calculations are not required. [3]

Question taken from Eduqgas examination paper 842101, June 2018
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(a) Two parallel plate capacitors, X and Y, have equal plate areas. The capacitance of X 1s
greater than the capacitance of Y. Suggest two possible reasons for the difference.  [2]

{b) The diagram shows an arrangement of 3 capacitors.

C,
|
|
40 pF
A B
—— _
G G
|| |
| |
20 pF 30 pF
(i) Calculate the total capacitance of this combination of capacitors. [3]
(1) Explain why:
pd across C, = 1.5 x pd across C,. [
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(m) Hence, calculate the pd across C, given that 100V is applied between A and B.
[1]

(v) Explain which of the three capacitors stores the greatest charge, and calculate the
size of this charge.

(c) A1.6mF capacitor is charged from a 300V d.c su!?pldy Engineers wish to use the ene
stored in this capacitor to heat a small coill embedded In a thermally insulated bloc
of aluminium of mass 0.10kg. It is required that the heating process be at least 80%
efficient. Expenments show that when the capacitor is discharged through the coil, the
temperature of the block increases by 0.60 K.

Determine whether this method of heating meets the efficiency specified.
[Specific heat capacity of aluminium, ¢ = 910Jkg™ K], [5]

Question taken from Edugas examination paper 842102, June 2019
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#7 (a) (1) A cylinder of gas fitted with a pressure gauge 1s surrounded by melting ice. The gas
pressure stabilises at 96 kPa. The cylinder is then surrounded instead by boiling

water. The pressure stabilises at 131 kPa. Show that this is consistent with a value

[31

of —273°C for the absolute zero of temperature.

(b) A cyhinder with a moveable, leak-proof piston contains 0.850 mole of an 1deal gas. The
gas is taken along the path ABC shown on the p— I grid_

Pressure [ kPa

P00 - - c B_
L
B8 e LA
0
0 0.01 0.02

Volume / m?

(i} Show clearly that the gas is at the same temperature at A and C, and determine this
temperature. [3]

(iii) Determine the net heat flow over ABC, stating whether it is in or out of the system,
and justifying your answer clearly in terms of the 75 law of thermodynamics. [3]

Question taken from Edugas examination paper 842101, November 2020
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#1

Marking Scheme

Question

Marking details

Marks available

AO1

AOQ2

AO3 Total

Maths

Prac

Indicative content

Heat

+ No heat flow in or out of system as a whole

+ flowsfromAto B

» flow rate decreases

+ eventually no flow or flow rate approaches zero

Internal energy
e A's decreases, B's increases
« Rates of decrease or increase eventually approach zero.

Temperature
« A's decreases, B's increases
« Temps of A and B approach [accept reach] a common value

Motion of atoms

* Atoms are vibrating.

= Motion correctly associated with temperature. Accept with
internal energy.

5-6 marks

Comprehensive account with all 4 areas covered i.e. heat,
internal energy, temperature and motion of atoms.

There is a sustained line of reasoning which is coherent, relevant,
substantiated and logically structured.

3-4 marks

Comprehensive account of 2 or 3 areas i.e. heat, internal energy,
temperature and motion of atoms or limited attempt of all 4.
There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

1-2 marks

Comprehensive account of 1 area i.e. heat, internal energy,
temperature and motion of atoms or limited attempt of 2 or 3
areas. There is a basic line of reasoning which is not coherent,
largely irrelevant, supported by limited evidence and with very
little structure.

0 marks
No attempt made or no response worthy of credit

Question total
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H2

Cluestion

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

(a)

Energy [entering system] [1]
by virtue of a temperature difference [or equivalent] [1]

2

(b)

Correct substitutions (ignoring power of 10) into 7" = pAT7[1]
=120 k[J][1]

2

(it

Indicative content:

AB Gas does work [or 7" positive] and internal energy nses [or
AU positive] since temp rises [as gas expands at constant
pressure]. So heat flows in [or O positive]

BC Gas has work done on it [or " negative]. No change in
intemal energy [or AL =0] so heat out [or @ negative]

CA No work [or 7= 0] but intemal energy falls [or AU negative]
s0 heat out [or O negative]

ABCA Net work done on gas [or " negative], no change in
intemal energy [or AU =0] so heat out [or @ negative]

5-6 marks

They have considered @, I and AU well for all stages.
There Is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

They have considered 2 of @, "and AU well for all stages. Or
they have attempted to consider O, 7" and AU for most stages.
There is a line of reasoning which is partially coherent, largely

relevant, supported by some evidence and with some structure.

1-2 marks

They have considered @, W and AU well for all stages. Or they
have attempted to consider 2 of @, 7 and AU for most stages.
There is a basic line of reasoning which is nof coherent, largely
irrelevant, supported by limited evidence and with very litfle
structure.

0 marks
No attempt made or no response worthy of credit.

Question 7 total

10
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#3

#4

Question

Marking details

Marks available

AO1

AOD2

AD3

Total

Maths

Prac

(a)

Substitution i.e.
_3(220x10™°)

“Bx667x10™) L

p = 8.66 x 10% kg m® (unit mark) [1]

Increase in distance = (2 x 10° x 365 x 24 x 3600 x 2.2 « 107'8)R
(=0.14R) [1]

Rincreased by 14 % [ 1]

Nearly 15 %, justified [1]

Alternative:

1 k
Da— or D=—11]
H, H,

Appropriate algebrae.g. D, = [years] and

__k
1.44x10"
D, -%anda’or k= D, = 1.64

S 2x10%%1.44 x10" D 144
Hence & approx. = 14 % shown (approx. 15 %) [1]

[=1.14][1]

(c)

%calculated or shown: i.e %orﬂ 16 seen [1]
v calculated = 0.16 x 3 x 108 =4.8 » 107 [m 5] [1]

(ii)

Substitution and re-arrangement:

. 4.8x 107
Distance = Py (ecfonv) [1]

Distance = 2.18 x 10% [m] [1]

(i)

Use of E, =2kT

Ex =147 x 100° [J] [1]
=0.9[2 eV] [1]

Question total

11

Question

Marking details

Marks available

AD1

AD2

AOD3

Total

Maths

Prac

(a)

)

o correctly calculated ignonng sig figs, units, factors of 107 [1]
=89 x10° [kg m™] Accept o= 8.87 x 10° [kgm][1]
Percentage (or fractional) unc =0.07[2] (or 7[.2]%])] or by
implic [1]

£=1(8.9=0.6 [or 0.7]) x 10° [kg m™]

accept o= (8.87 = 0.64) = 10°[kg m™] [1]

Division of density by atomic mass even if error in units [1]
8.4 x 10% [m] ecf on p, no sig fig penalty [1]

(b)

Correct transpos’n at any stage of pI™=nRT or pI" = NkT [1]

Correct insertion of data, including T= 288K in pl" = NkT
of in pl"=nRT giving n = 42[ 2] [mol] or by implic from N [1]

N=2.5[4] x 10% [m] [1]

Gas mainly empty space (between molecules) [but atoms
packed/bonded together in solid] [1]

Gas molecules are moving about at high speeds [so could be
said to take up more space than vibrating atoms in solid]

or molecules themselves are of comparable size [1]

(i)

Correct use of 1mc’, =1kT or equivalent [1]
Convincing algebra [1]

c_., for nitrogen
Co TOT OXYOEN
T%[1]

=1.07 or equiv or by implic [1]

Question 6 total

15
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Cuestion Marking details Marks available
g AO1 AD2 AD3 Total Maths Prac
B iy | pV evaluated {or equivalent) at two or more points, at least one
of which isn't at an extreme end of the curve (1)
Conclusion comectly argued (for example, constant pI7implies
constant temperature) or simply finding equal temps from two
points. [For this mark accept both extremes, A and B.] (1) 3 3 2
T=362K (1)
(i) | Reasonable method used to find ‘area’ under graph (1) 1
W =230[x50]kJ (1) 1 2 1
(i) | Internal energy doesn’t change [as temp doesn’t change
significantly] , [accept AT'=0] (1) 2 2
But an amount of heat flows into the system egqual to work done
[y the gas] (1)
1 mark each for up to two ‘isclated’ points such as
* Compressed air car can't go as far per fill / lower range
* Compressed air car won't pollute [locally] [accept cleaner
power source]
* Car may be quieter running off compressed air
1 extra mark available for developing the first bullet eg ..
Car has to do work against resistive forces (and sometimes
against pull of gravity) hence use of fuel, compressed air etec.
Car won't go [nearly] as far on same volume of compressed air
as petrol
or much larger compressed air storage vessel will be needed
than petrol tank for car to be able to go as far.
1 extra mark available for developing the second bullet. .
Car won't pollute
But work {or energy) needed to compress the gas 3 3
Probably invelves burning fuel in a power station
Question § total 1 1 ] 10 3 0
. . . Marks available
Question Marking details AO7 RO3 Total T Waths Frac
3| (a) Plates of X are closer together (than plates of Y) or vice-versa [1]
X contains dielectnc (or space between plates of X contains
material of higher permittivity) or vice-versa [1] 2
Accept: Overlap of plates in X > overlap of plates in Y’
(b) 1) | Series combination:
Substitution-——=— .1 _or ¢ 220230y
C__ 20[uF] 30[wF] ’ 20+30
Coae = 120F1 1] 1
Total capacitance = 52 u[F] [1] 3
Idea that 0 is same on both capacitors, either stated or e.g.
1
Co—[1]
i7d
20 [ 104] x pd across C: = 30 [x 10] x pd across C; [1] 1 2
[Both marks can be awarded if this seen]
40 V] 1 1
Iv) | €5 stores the greatest charge with explanation:
Largest capacitance and greatest pd across it [1]
=40 10°% x 100 = 0.004 [C] [1] 1 2
(c) Substitution:
E="%x 1.6« 107« (3007 [1]
E=T2[J[1]
Energy gained by Al block = meA# or substitution seenie.
E=01x910x06[1]
E=546[J][1]
. 5 - L
Efficiency (%) = 34.becl 100 75.8 % . Not justified / critena
T2ecf g 5
not met [1]
Question 3 total 4 5 15 0
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#7

Question

Marking details

Marks available

AO1

AOQ2

AOD3 Total

Maths

Prac

(@ |

Ice at 0°C, boiling water at 100 °C or by implication [1]

A correct strategy, e g. comparing % with % [1
. . . 131 ar3
Convincingly carried through, eg.——= 1.36, o= 1.37 [1]

Alternative:
p nR . .
F = ? = constant if 7 of cylinder is constant (1)
96 131
(1)
T (T+100)
S0 35T=9 600 and T = 274 [K] so absolute zero = -274 [°C] (1)

At absolute zero the energy of particles in a body is the lowest it
can possibly be, or equivalent

(b) | ()

pV is the same at A and C so temperature the same or equiv [1]

= %transposad or by impl [1]

= 085 x8.
T'=283 [K] no ecf [1]

Work over AB = 0. Work over BC = [-] 200 000 = 0.01 J
or by implication [1]
Work on gas = 2 000 [J] [1]

(iii)

A and C at same temp so [for ideal gas] AU = 0 [1]
So heatout =Workinor @ = AU+ W =0+ (—2000]) [1]
So 2000 [J] of heat flows out [1]

Question total
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#8

Marks available

uestion Marking details
Q g AO1 AD2 AO3 Total Maths Prac
(a) (1) | Circuit that will supply power to heating coil. Accept cell or
battery symbol for power supply or unclear symbol for power
supply if labelled. (1)
Ammeter and voltmeter correctly connected. (1) 2 2 2
() | Heat loss [begins to show at higher temperatures] (1)
Insulate (lag) the cylinder (1) 2 2 2
(i) | Reasonable max gradient line drawn through error bars and
triangle or pair of points = half grid width shown (1)
Same for min gradient (1)
Maximum gradient between 0.200 and 0.230 [°C 3'1] (1) 4 4 4 4
Minimum gradient between 0.170 and 0.190 [°C 3’1] (1)
No sig fig penalty
(i) | VIt =me (8 —8g) or VI(A) =mcAd (1)
v . A8 _ w1
O =omet 00 o vt @ 2 2 2 2
[Hence gradient = ;]
(v) | Values of ¥, I, m and gradient(s) (max and min or mean) put into
vi ) . .
c= ToEradiont or by implication (1) 1
Mean of extreme gradients taken or mean of extreme ¢ values.
(ecf on values whose mean is taken; this is a process mark) No
sig fig penalty (1) 1
Mean ¢ value consistent with gradients and to max of 3 sig figs
(ecf) and with correct units
[e.g 448 Jkg' °C'or 450 J kg °C'] (1) 1
Extreme gradients put into % unc equation or half range of 1
extreme ¢ values calculated or by implication (1) )
Value of absolute unc evaluated correctly to 1 sig fig ecf (1) I 3 5 3
Accept 2 sig figs
(b) (1) | AU =§ x 0.031 x 831 x (424 —295) [J] or by implication [AU 1
=49.85J](1)
W =95 x 10% x (1.15 — 0.80) x 1073 []] or by implication [¥ =
33.3J] (1) 1
Q =83 [J] ecfon AU or W (1) 1 3 3 3
(ii) | Heat inflow depends on work done [as well as temperature rise]
or equivalent (1)
Work related to volume change e.g. [if no volume change no 2 2 2
waork done] (1)
Question total 6 10 4 20 14 20
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