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#1

3. (a) Give the definition of the specific heaf capacity of a material. [1]

(B)  An insulating flask contains 0.6 = 1073 m® of water at 19.5°C. A volume 1.6 = 1073 m® of
boiling water at 100.0°C is poured into the flask.

(specific heat capacity of water, ¢ = 4 200 J kg~ *C~': density of water, g = 1 000 kg m—3)

(i) Determine the final temperature of the water in the flask. [3]

(i) Calculate the heat lost by the boiling water. [3]

(i) Justify the statement that no work iz done on/by the boiling water as it cools. No
further calculations are needed. [1]

Question taken from WIJEC examination paper 242701, June 2018
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#2

(a) State the laws of Faraday and Lenz for electromagnefic induction.

[2]

(b) Two strong bar magnets are dropped through two copper pipes (P and Q). Pipe P has a

shit running along its length but Q is complete. When the magnet is dro
P it accelerates almost uniformly but the magnet dropped through pipe
a very low terminal velocity. Explain these observations.

Side view Top view

Pipe P —
magnets
inside
pipes
T magneis

‘\ inside

Pipe P PpeQ it PIPes

pped through pipe
tfqumkly reaches
[6 QER]

~ Pipe Q

STEMUP.CO.UK



https://stemup.co.uk

(c) By applying the principle of conservation of energy, calculate the temperature increase of
pipe Q after the magnet has fallen at constant speed. [4]

Data:
* mass of magnet = 0.300kg,
» cross-sectional area of the copper walls of pipe Q =7.85 x 10-¥m? (see diagram)

* density of copper = 8960kgm
» specific heat capacity of copper = 385JKkg™.

Shaded area =

785 % 10-¥m? ;
[

Fipe Q

h=080m

Question taken from WJEC examination paper 242801, June 2019
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#3
2. Kinetic theory for an ideal gas gives an expression that can be written as:

p¥= % rr.-"l."_i,rrr;':'-T

{a) State the meaning of the terms: [2]
) .
) R ol

(b)  Defining both symbols, explain what quanfity is given by nN, . [3]

fc)  The product of pressure and volume for an ideal gas may also be expressed as pV =nRT.
=how in clear steps that the total translational kinetic energy of one mole of the gas is

3RT 4l
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{d) An ideal monatomic gas, initially at a pressure of 115kPa and temperature of 294K,
expands at constant pressure from a volume of 2.20 = 1073 m® to 2.60 = 10~ m®. Calculate
the change in the intemal energy of the gas. [3]

Question taken from WIJEC examination paper 242701, June 2018
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(s

(a) Heatis supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the
physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]

(b) A container of fixed volume contains oxygen gas at a temperature of 293 K.

(i)  Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms~'. Determine
their rms speed. [2]

(i)  Using an appropriate calculation, determine whether or not the rms speed calculated
in part (b)(i) is consistent™WitH'the &xpé’cted rms speed of the molecules of the gas
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(m) If the gas in the container 1s heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. [2]

Question taken from WIJEC examination paper 242701, June 2017
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#5

(@

(b)

The first law of thermodynamics is given by:

AU=0Q- W

State what is represented by: [3]

AU

Q
W

A fixed mass of gas is taken around the closed cycle A—B — C — A.

Pressure / X 10°Nm™2

(M

A
2.0 C - B
1.8
1.6
A
1.4
1.2
1.0
A
i::: \
V4 5 6 7 8 =

Volume / x 1073m?

Complete the table by describing each process in terms of pressure and volume.
The description for process A — B Is already inserted. For each process state if
any work is done, and If so indicate If it is done on or by the gas. No calculations are

required. [5]
e Work done
Process Description of process on / by gas (if any)
A—B Increase in pressure at constant volume
B—C
C—A
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() Determine the net work done on the gas during the entire cycle. [2]

(c) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
1s shown in red on the graph below, together with the original path.

Pressure / x 10°Nm™2

A
2.0 S - =
1.8
16 i
14
1.2
1.0 i
A
5
=== A
V 4 5 6 7 8 -
Volume / x 10—3m?
(1) Show that the temperature is constant along the new path from C to A. [3]
(i)  Estimate the difference in the net work done in the two cycles. [2]

STEMUP.CO.UK
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Question taken from WIJEC examination paper 242701, June 2017
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#6

A sealed container with a leakproof piston of cross-sectional area 0.040m? at one end has
an initial volume of 8.5 x 10~*m3. It contains oxygen gas at a pressure of 5.0 x 10°Pa and a

temperature of 285K,

(Relative molecular mass of oxygen = 32)

Volume

=85x 1073¥m3

-

\

Cross-sectional area
= 0.040m?2

(a) Calculate:

(i) the number of moles of oxygen gas in the container;

(i) the number of molecules in the container:

(lil) the rms speed of the molecules:;

2]

[

[3]

STEMUP.CO.UK
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(iv) the force exerted by the gas on the piston. (1)

(b} The gas is allowed to expand at a constant temperature of 285K to a volume of
10.2 = 1073m?3.

(i) Calculate the final pressure of the gas. [2]

(ily During the process the gas does 773J of work. Determine the heat flowing into the
gas, axplaining your reasoning. (2]

STEMUP.CO.UK
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(i) Following the expansion the gas is returned to its initial state by a two-stage process:
- a decrease in volume at constant pressure;
- an increase in pressure at constant volume.
A student says that approximately 60J of heat flows into the gas during the overall
cycle (the expansion and return of the gas to its original state). Justify this. Include
a sketch of the paths on a p-}" diagram with values on both axes. (4]
A
P
V

Question taken from WIJEC examination paper 242701, June 2019
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1. A student performs an experiment to estimate the Celsius temperature of absolute zero.

glass tube

u15 . liquid pellet

N
| on
il

[ gas column

heat

The length, /, of the gas column and its temperature, 8 are measured at atmospheric pressure,
1.01 % 10° Pa. The temperature of the water is initially 0.0°C. It is then increased to 80.0°C.
Readings are taken at 20.0°C intervals. The scale used to measure the length gives an
uncertainty of £ 0.1cm at the top of the column and an uncertainty of £ 0.1 cm at the bottom.

Values of # and [ are recorded in the table below.

8/°C {lem
0.0 11.5
20.0 12.5
40.0 13.2
60.0 14.2
80.0 15.0

STEMUP.CO.UK
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(a) Justify the number of significant figures used to record the length, /. 2]

(b) The glass tube in which the gas is trapped has an internal diameter of (1.5 £ 0.1) mm.

(i) Calculate the volume of the gas at 0.0°C. (2]

(i) Show that the percentage uncertainty in this volume, V, is approximately 15%. [3]

STEMUP.CO.UK
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fc) The length, [, is plotted against the temperature, & Lines of maximum and minimum

gradient consistent with the error bars have been drawn.
[/ em

A
16

e e,

-
0 100

=100 0
8/°C

Use the graph to estimate the temperature of absolute zero in °C, together with its
2]

(i)
absolute uncertainty.

STEMUP.CO.UK
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(i) Justify the statement that the results are consistent with the ideal gas equation. [4]

(d) State what happens to the behaviour of the gas molecules as the temperature approaches
absolute zero. [1]

(e) The scale resolution of the ruler affects the final uncertainty in the value of absolute zero.
Identify two other factors that could affect the accuracy. [2]

Question taken from WIJEC examination paper 242701, June 2019
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e, {a) The escape velocity, v, of a mass, m, from a spherical mass, M, and radius, R, can be
calculated using:

(i) Explain how this eguation i= an application of conservation of energy. [3]

(i) Calculate the escape velocity from the Sun {Mhn= 1.99 x 10 kg,
Rsm= 6.96 > 10%m). [3]

(b) (i) The temperature of the surface of the Sun iz 5 780 K. Use a kinetic theory eguation to
show that the rms speed of a free electron on the surface of the Sun iz approximately
S00kms". 4]
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(i) By considering your answers to (akii) and (b){i), explain why the Sun has a slight
positive charge. [2]

(i) A student claims that a positive charge of approximately 0.08 C on the Sun is enough
to produce an electrostatic force equal to the gravitational force on an escaping
electron. Determine whether or not ghe i commect. [3]

(ivl Estimate the percentage of lost electronz compared with the fotal number of
electrong on the Sun. Assume that the Sun ig mainly hydrogen and that it has lost
0.08 C of charge in the form of electrons. [3]

Question taken from WIJEC examination paper 242801, June 2018
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#1

#2

Marking Scheme

Cluestion

Marks available

Marking details AD1

AO2

AO3Z

Total

Maths

Prac

(a)

The specific heat capacity is the heat required to increase the 1
temperature of 1 kg [or unit mass] of a materal by 1°C (1
degree K — or one degree/ unit temperature rise).
[Altemative: equation with all tarms fully defined ]

by | @

Idea: heat_lost by boiling wate_r=heat gained by other water (1)
l.ﬁ[fll:'_s_ll 100.0-5, :|=CI.6|_> 10":]-: &,—19.5) (1)
By =T8.0°C (1)

Alternative (for second mark)
If Afis temperature rise of water in flask

1.6[(10"1:80.5—).:5‘;-:[).6@ 107 Jaé()

(i)

Mass of water = 1.6 = 107 = 1000 =1.6 [kg] (1) Application of
m= o¥ [even if 0.6 = 107 m® used — 0.6 kg] [Can be credited
from (BNi)
Heatlost = 1.6(100.0-78.0 ecfx4200 (1)

=148x10°J (1)
148 J — 1 mark

(i)

[Work done is negligible as] negligible / no change in velume.

Question 3 total 1

Cluestion

Marking details

Marks available

AD1

AOZ

AO3

Total

Maths

Prac

(@

[Induced] emf (or pd or voltage) equal to (or proportional to) the
rate of change (or cutting) of flux [linkage] (1)
The emf [tends to] oppose the change [to which it is due] (1)

(b)

Indicative content:

Flux in pipe(s) changes or flux cut by pipe(s)

Emf induced in pipe(s)

Pipe P current cannot flow / incomplete circuit

Pipe Q current flows

[Current] opposes motion (change) ...

.....|since) magnetic field set up due to (induced) current
Uniform acceleration - no opposing force or gravity only

Additional useful points —

Terminal velocity - magnetic force equal (and opposite) to weight
Slow velocity - due to strong magnet or small resistance or large
current

GPE converted to intemal energy or electrical energy or
electromagnetic energy

Copper is not magnetic

56 marks

Comprehensive list of observations made.

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

34 marks

Some reasonable observations made.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

1-2 marks

Limited observations made.

There is a basic line of reasoning which is not coherent, largely
fr;efefvanf_. supported by limited evidence and with very little
structure.

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

(c)

mgh or meA&used or implied (l.e. E;=2.35J) (1)
Use of I'=A4h (1)

Use of m= pl"(1) (i.e. m = 0.056 kg)

Answer = 0.109 [K] (1)

Cuestion 5 total

12
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#3

Question

Marking details

Marks available

ADZ

AO3

Total

Maths

Prac

{a

]

(i)

Mass of a meolecule [accept: atom or particle] [of the gas]
Mean [accept average] square velocity / speed [of a molecule of
the gas]

2

{b)

N, [Avogadro's number ig] the number of molecules per mole [or
in & mole] [of gas] (1)

There are n moles [of the gas] (1)

So the total number of molecules [in the gas] = nNa (1)

fc)

Realising that KE = N, Lmc? (1)

Substitution of pF"=nRT (1)

Convincing algebra, e.g handling £+ (1)

Explanation that n = 1 [NB. if M used need to see molar mass
when n=1]

(1)

Alternative:

LIme® =3kT (1)

Multiplication by N — '—5_3\-'1?JF=%_3\-‘?(II1]

Justification that R = kN, (1) with justification (1)

aJ

”=p_1’=115>10' <2 2107 _

RT 831x294
’ _pV_15=107=2.6=107

Final temperature, T_E_W_ 346.0 K (1)

[value depends upon rounding of . No rounding — 347.5 K]

AU=InRAT =1=0.104x831(346-294)=674J (1)

Allow ecf on 1 mol for the last two marks.

Alternative:

AU=3({pJ, - pJ.) or AU =3 paAT (for constant pressure) (1)
=2115:10°(2.60—2.20)=107 (1)
=69J (1)

0.104 [mal] (1)

Question 2 total

12
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(s

Marks available

Question Marking details
g AO1 AO2 AO3 Total Maths Prac
(a) Increase in temperature - kinetic theory effects
Molecules move randomly 6 6
Collisions become more frequent [when heat supplied]
[No change in volume so heat flowing in] causes increase in U/
kinetic energy
MNo work done [as constant volume]
T increases with U as temperature proportional to U, or equivalent
Newton's laws of motion
Momentum of molecules increase
Force on molecules = rate of change of momentum (during
collision with wall)
Force on wall is equal and opposite to force on molecules
Greater forces during the collisions
Increase in pressure
Molecules collide with walls exerting force on walls and / or
pressure
Pressure increases with temperature
Pressure = force on walls per unit area
Mean pressure due to many collisions [and many molecules]
5-6 marks
Comprehensive account including reference to increase in
temperature, Newton's laws of mation and increase in pressure.
There is a sustained line of reasoning which is coherent, refevant,
substantiated and logically structured.
3-4 marks
Comprehensive account including reference to 2 out of 3 of
increase in temperature, Newton's laws of motion and increase in
pressure or brief account of all 3 areas.
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 including reference to one of increase in
temperature, Newton's laws of motion and increase in pressure or
limited account of 2 areas.
There is a basic line of reasoning which is not coherent, fargely
irelevant, supported by imited evidence and with very little structure.
0 marks
No attempt made or no response worthy of credit.
{b) {l) ||40i}2+4253+4502+5503+6252
rms = | . (1)
= 497 [ms"] (1) Z 2 2
(ii) | The expected rms is explained by:
PV =nRT so P=120
-3
p = mass/V = n (Myx107) use of both equations by substitution (1) ’
_ = 2p

substitute these into: P = %pcz; Ve = 3?;

=z _ [,nRT v _ [ =T
ve \ 33 n(Myx1073) [ (Mpx107%)

— 3

= _ (8:31)(293) _ 1 .
e 0 478 [ms] (1) 1
Walid conclusion with data i.e. yes, the rms speed of the five
maolecules is slightly higher [about 4% above the expected rms of 1 3 3
the gas] (1) ecf
Alternative solution: Use mc? = 3kT

,-'ﬁ _ @ _|3(138x10722)(203)

VO T T T N enmesx10m)
with sensible substitution (1)= 478 [m 5'1] (1

(i) | Density does not change and
Pressure increases from the original pressure pto 1.2p (1) i.e. an
increase of 20%.
S0
= 13(1.2p;
(V&) - ||Q
new \ 2

f ."ﬁ\ R IIE_ N P o T A, | AN ] -y ]
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#5

. Bk T L S AL
new \JP

Question total 6 5 2 13 7 0
Marks available
ti Marking detail
Question arking detaiis AO1 | AO2 | AO3 | Total | Maths | Prac
(a) AU increase (or change) in internal energy of a system (1)
o heat flowing into the system (1)
w work done by the system (1) 3 3
Reference to system at least once otherwise award a maximum
of 2 marks
(b) (i) v m
- o - ork done on/by
Process Description of process gas (if any)
A—B Increase in pressure at No work done (1) —
constant volume AO2
B—C Decrease in volume at Wark done on gas
constant pressure (1) — (1)—AD2
AO1
C—oA [Linear] decrease In Wark done by gas
pressure with increasing (1)—AO2 2 3 3
volume (1) — AOT
(ii) | Work done on the gas is given by the "area” enclosed
= %(8 —4)1073(2 - 1)10° (1)
=2 (@)(110* =200 [J] (1) 2 2 2
(c) (1) | Use of PF=nRT and note T constant (1) 1
AtA PV =(1x10%)(8x1073)=2800[J]
(oratC PV =(2x10%)(4x1073)=800[J]) (1) 1
Check any point on curve e.qg.
If vV (m°) P (Pa)
5.0x107% | 1.60 x 10°
6.0 x 1072 1.33 x 10°
7.0x107% | 1.14 x 10° 1 3 3
(1
(i) | Attempt at calculation of area — [accept small square count of
between 170 and 280 1.e. 225 + ~-25%] (1)
If 225 i.e. 2.25 large squares, work difference =
2 AV Ap ( AV and Ap for large square)
= 2.25 (1 x 1073)(0.2 x 10°) = 45 J with uncertainty of 25%, 5 5 5
accept a value between 34 and 56 J provided method correct (1)
Question total 6 7 2 15 7 0
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#6

Marks availabl
Question Marking details arks svaraye
AO1 AD2 AO3 Total Maths | Prac
(a) () | substitution n = 2% = w w 1
RT (8.31)(285) 1 2 2
= 1.79 [mol] (1)
(ii) | N=Nun=(6.02 x 10%%) x 1.79 ecf= 1.08 x 102 1 1 1
(iii) | Substitution of p and ¥ or k and T (1) 1
Correct use of Nm or m in either:
=Lpc® or pV=1iNmc* ect(1) 1
_ . 1 3 2
€= 471 [msT] (1)
(iv) | Force = p4 = (5.0 = 10%) x 0.04 = 20 000 [N] 1 1 1
{b) (i) 5.0x10°x8.5%x10°
Substitutione.g. p=——— (1) ecfonnif
g-pr 102%10° (1) n 1
pV=nRT used
p =420 k[Pa] (1) 1 2 2
(i) | AU=0(1) 1
So by using the first law of thermodynamics AU=0 - W
hence 0= W=T773[J] (1) 1 2 2
Marks availabl
Question Marking details arks svalame
AO1 AO2 AO3 Total Maths | Prac
(iii) | Work done = [-]710 [J] or area of triangle attempted (1)
Total work done by the gas around cycle = 773 - 710 + 0 = 63
[J]and 0 = W=63 [J] (1)
Axes labelled with units (1)
Correct closed triangle as shown (1) Treat ammows as neutral 4 4 3
p/10° Pa
48
40
44
b 8 85 1 103
V /103 m
Question 5 total 4 7 4 15 13 0
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#7

Question

Marking details

Marks available

AO1

AD2

AO3

Total

Maths

Prac

1|

Award 1 mark for + 0.1 [cm] or measure to resolution of ruler
Award 2 marks for + 0.2 [cm]

2

)

, (dY r (15x10°

"2) ,_L 2 )
(subst and convincing change of units for 7 and ) (1)
=2.03=107 m* or 0.2cm? or 203mm? (1) unit mark

x11.5x10°

(if)

Py =29, p, =252 (1) 4= (1) or by impl)

=0.133 + 0.017 = 0.150 (1) allow ecf for this mark, on the use of
0.1 instead of 0.2 only

Hence pv = 15%

(Alternative: use percentages throughout)

fc)

i)

From intercepts with x-axis, mean = — 270 [*C] (1)
Uncertainty = 20 [°C] (1)
Award 1 mark only if 270 used

(i)

Any 4 x({1) from:

-Straight line

-Intercept is consistent i.e. 273 °C / line would go through the
origin if temp plotted in K

-Passes through all errer bars

-Volume linked to length

FaTorlal

()

Kinetic or internal energy (or velocity) approaches minimum /
zero. Accept very little KE / stopped moving / molecules stop /
stops vibrating

Don't accept KE decreases greatly / superconduct or superfluid

Question

Marking details

Marks available

AO1

AD2

AO3

Total

Maths

Prac

(e)

Any 2 x(1) from:

-Meniscus or equivalent linked to ligquid pellet
-Moving readings

-Expansion of glass

-Gas not ideal

-Variation in atmospheric pressure

-Gas and liquid at different temperatures
-Friction / viscosity of liquid pellet

-Parallax [ looking at eye level

-Ruler not parallel to tube don't accept just ruler vertical
Accept inaccuracy of thermometer

Don't accept resolution of thermometer

2

2

Question 1 total

16

15
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#8

Question

Marking details

Marks

vailable

AD1

AD2

AOQ3

Total

Maths

Prac

(a)

i

Kinetic energy and [gravitational] potential energy referred to (1)
e

-
Final and initial energy are zero and equal [accept final KE =0 or
final PE = 0] (1)

%nw!— = total [initial] energy or AKE = [-JAPE (1)

i)

N S . 2GM
Rearrangement / simplification i.e. v =—— (1) [accept m =1
r

inserted]
P ~11 30
Substitution e.g. +* =— 667x10" <199-10 (1
696=10°
Answer = §18 [or 620] km ™' (1) c.a.0. [accept ~500 km s™'b.o.d ]

{b)

i)

Applying KE of moleculefatom/particle = £kT (or deriving) (1)
. 3T
Rearrangement e.g. aceept v =—— (1)
m

_ 3x138x107" = 5780

Subsfitution e.g. +* =
9.11x10

(1)

Answer = 513 km/s (1)
[accept just ~500 km =" only with correct substitution]

(i)

Many electrons have enough KE to escape (ecf) or just 'some
elecirons escape’ (1)

Because (b){i) close to (a){ii) f some electrons have higher velocity
! [Boltzmann] distribution ! collisions] (ecf) (1)

Or protons don’t escape

]

{iii)

Valid method employed e.g. electrostatic force & gravitational
forces calculated/equated or other (1)

Walid calculation carried out comrectly e.g. Fe=2.4= 107N and
Fy=25x 107N or charge = 0.084 C (1)

[Or using GMm = kg — 1.2 x 107" [N m*] and 1.15 = 107" [N m?]]
Valid conclusion (not independent) e g. she's guite close (1) ecf
from calculation of forces [not fields] or alternative above.

[Accept: E force bigger / G force smaller]

{iv)

1.99x10"
1.66x107
allow Sun composed of deuterium) (1) [Accept Mz / 1 u]

0.08 .
— =5= 10" electrons lost or charge on Sun's electrons = 1.92

Sun electrons = = 1.2 = 107 (assumption dependent,

e
= 10% [C1 (1)
% lost = 1075 (1)

Quiestion 2 total

18

11
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