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4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness £ = 22.0Nm™, is set
oscillating up and down about its equilibrium position. A datalogger records the sphere’s position
and plots the graph shown below.
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(@) State what feature of the graph shows that the sphere’s oscillations are damped and

identify the force responsible for this feature. [2]
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(b) |Evaluate whether or not ordinary simple harmonic motion theory predicts the actual
periodic time as shown on the graph convincingly. [4]

Pra

© WJEC CBAC Ltd. (A420U10-1)

Examiner
only






Examiner |

[
(c) Mark with a small circle the point on the graph where the sphere’s speed is the greatest. o

Use shm theory to calculate a value for this speed and explain whether this value is likely

to be too high or too low. [4]
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@ The amplitude, 4, (in m) of the oscillations at time ¢ is given by the equation: ‘

A=0020M
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Determine the value of A. [2] S ‘
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4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness k = 22.0Nm™, is set
oscillating up and down about its equilibrium position. A datalogger records the sphere’s position
and plots the graph shown below.
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(a) State what feature of the graph shows that the sphere’s oscillations are damped and
identify the force responsible for this feature. [2]

(b) Evaluate whether or not ordinary simple harmonic motion theory predicts the actual

periodic time as shown on the graph convincingly. [4]
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(c) Mark with a small circle the point on the graph where the sphere’s speed is the greatest.
Use shm theory to calculate a value for this speed and explain whether this value is likely

to be too high or too low. [4]
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(d) The amplitude, 4, (in m) of the oscillations at time ¢ is given by the equation:

A=0020eM

Determine the value of 4. [2]
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Examinen
4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness & = 22.0Nm-" is set| "
oacillating up and down about its equillbrium position. & datalogger records the sphare's position

and plots the graph shown below,
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{a) State what featurs of the graph shows that the sphere's oscillations are damped and
identify the force responsible for this feature.
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s (b} Evaluate whether or not ordinary simple harmonic metion theory predicts the actual
periodic time as shown on the graph convincingly. [4]
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fc)  Mark with a small circle the point on the graph whera the sphere’s speed is the greatest.
Usa shm theory o calculate a value for this speed and explain whether this value is likely
to be too high of too low. 4]

I W . Y Yo | L SR oYX S A
o Nwazxz Aw r 0013 (195) 20V e

L~ PR < X o A1 WL TN T LI o - == =Y L

fd) The amplitude, A, (in m) of the oscillations at time ¢ is given by the equation:
A=00206H

Determina the value of L 21
xt = n(P/0.0%0)
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Marks available

ti Marking detail
Question arking details AO1 AO2 AO3 Total | Maths | Prac

4 (@) Falling amplitude (1) 2 2
[Air] resistance or dissipative forces or equivalent (1)

b
® r=2n 22 15 (1)

= 0.5991[s] (1)

T read from graph = 0.60[s] (1) 4 4 2
Prediction convincing [no significant difference] (1)
(© Point at 0.15s marked — no tolerance (first displacement zero)
1) 1
Vimax = 0.020 x—[ms ] 1) 1
=0.21 ms™ UNIT (1) 1
Too large owing to energy dissipation in first quarter cycle (1) 1 4 2

Accept less detailed reason, such as ‘because of damping’
Alternative for last 3 marks:

vmax_oo18><m [ms ] 1)

=0.19 ms™ UNIT (1)
Too small because amplitude has fallen or equivalent (1)
Alternative for last 3 marks (mean found):

vmax_oo19><m [ms ] )

=0.20 ms™ UNIT (1) no comment required

(d) Data from one maximum or minimum on the graph (other than
at t = 0) substituted into the given equation or equivalent

accept slips (1) 2 2 1
A=0.35[s"1][£0.03571] (1)

Question 4 total 3 5 4 12 5 0
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4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness £ = 22.0Nm™, is set
oscillating up and down about its equilibrium position. A datalogger records the sphere’s position
and plots the graph shown below.
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(@) State what feature of the graph shows that the sphere’s oscillations are damped and
identify the force responsible for this feature.
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(b) |Evaluate whether or not ordinary simple harmonic motion theory predicts the actual
periodic time as shown on the graph convincingly. [4]
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Sticky Note

(4/4) Clear and correct. Again, T from graph needed more sig figs.



Sticky Note

(1/2) “Amplitude decreasing” gets the first mark. The reference to displacement was ignored (benefit of doubt). Stiffness of the spring was given (wrongly) by several candidates as a cause of damping.





(c) Mark with a small circle the point on the graph where the sphere’s speed is the greatest.
Use shm theory to calculate a value for this speed and explain whether this value is likely
to be too high or too low. [4]
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'/(d)\ The amplitude, 4, (in m) of the oscillations at time ¢ is given by the equation:

A=0020 M

Determine the value of A. [2]

Q t+ ¢ :03 A= 9 oLy
................................................................................................... 7
o. oly = Jd.o2 x e :

Examiner
only

¢

| A420U101
09

K

%

12

© WJEC CBAC Ltd. (A420U10-1) Turn over.




Sticky Note

(2/2) Use of only half a cycle definitely not recommended for determining the decay constant, but answer was within tolerance and both marks given.



Sticky Note

(4/4) Clear calculation and explanation. Ideally the minus sign should have been retained in the velocity calculation (rather than being quietly dropped); the speed should then have been given, without the minus sign, in a separate step, but this was pardoned.
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4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness k = 22.0Nm™, is set
oscillating up and down about its equilibrium position. A datalogger records the sphere’s position

and plots the graph shown below.
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identify the force responsible for this feature.

(a) State what feature of the graph shows that the sphere’s oscillatio% édamped and
(2]

(b) Evaluate whether or not ordinary simple harmonic motjen theorwﬁ‘féts the actual
periodic time as shown on the graph convincingly. [4]
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Sticky Note

(4/4) Clear and correct. T read from graph should really have been given to 2 or 3 sig figs to make the evaluation convincing, but we exacted no penalty. Had we done so, almost everyone would have lost the mark!



Sticky Note

(1/2) Decreasing amplitude correctly cited, but weight as force responsible for damping not a contender.





9
(c) Mark with a small circle the point on the graph where the sphere’s speed is the greatest.
Use shm theory to calculate a value for this speed and explain whether this value is likely
to be too high or too low. [4]
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(d) The amplitude, 4, (in m) of the oscillations at time ¢ is given by the equation:

A=0020 A
Determine the value of A. / [2]
........ A ac =23 S 00T e
m = /”'4'7— 3A
5 ©:00F £ 0.02e "7 T o € 5938 T3=In03g
SN2 )n0NY 2 O 3%AM0F08L 2 QRS
2=
-3

© WJEC CBAC Ltd. (A420U10-1) Turn over.

Examiner
only

12




Sticky Note

(2/2) A sure-footed answer. This part was generally done very well.



Sticky Note

(3/4) A good answer, but this is a question about a real set-up, and we did require the speed as a decimal with irrational numbers worked out!





		Blank Page








4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness k = 22.0Nm-1.is set| ™"
oacillating up and down about its equillbrium position. A datalogger records the sphare's position
and plots the graph shown below,
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{a) State what featurs of the graph shows that the sphere's oscillations are damped and
identify the force responsible for this feature. |
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periodic time as shown on the graph convincingly. [4] @
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Sticky Note

(0/4) No attempts to compare actual and predicted periodic times. We saw this more often than we’d expected. In this case there is also a wrong statement.



Sticky Note

(2/2) No doubts here.
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fc)  Mark with a small circle the point on the graph whera the sphere’s speed is the greatest.
Usea shm theory o calculate a value for this speed and explain whether this value is likely
to be too high or too low. 4]
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fd) The amplitude, A, (in m) of the oscillations at time ¢ is given by the equation:
A =0020 A

Determine the value of L 21
= n(P/0.0%) . g
o = (L (®%¢/a 320) LS T < 3 J

CWIEC CRAC L R Ug-1) Turn over.




Sticky Note

(1/2) Correct method for the decay constant, but inaccurate reading from the graph led to an answer outside tolerance.



Sticky Note

(4/4) Most candidates circled the first zero on the graph as the point of maximum velocity, and were given the first mark for (c). This candidate realised that, because of the damping, the maximum velocity occurs slightly earlier. [A mathematical analysis confirms this.] The use in A x omega of the mean of the first two displacement extrema for A is a very nice touch – full marks whatever the comment.
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4. A metal sphere of mass 0.200kg, hanging from a light spring of stiffness k = 22.0Nm™, is set

oscillating up and down about its equilibrium position. A datalogger records the sphere’s position
and plots the graph shown below.
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(a) State what feature of the graph shows that the sphere’s oscillations are damped and
identify the force responsible for this feature. [2]

(b) Evaluate whether or not ordinary simple harmonic motion theory predicts the actual
periodic time as shown on the graph convincingly. [4]
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(c)

Mark with a small circle the point on the graph where the sphere’s speed is the greatest.
Use shm theory to calculate a value for this speed and explain whether this value is likely

to be too high or too low.

[4]

(@)

The amplitude, A4, (in m) of the oscillations at time 7 is given by the equation:

Determine the value of A.

A =0.020 ¢ M
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. 5. (8} Explain, in terms of melecules, how a gas exerts a pressure on the walls of its container,
. and why this pressure increases with temperature. [6 QER]
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(b) A cylinder of volume 0.020m” contains 8891 kg of nitrogen gas (relative molecular mass
= 28) at a pressurs of 3.9 x 10° Pa. Calculate:

(i} the rms speed of the molecules: [3]

70000 =(8.02 AT
Rl

C™ 2 5223600,

cns = L30T .27
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10

(a) Explain, in terms of molecules, how a gas exerts a pressure on the walls of its container,
and why this pressure increases with temperature. [6 QER]
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(b) A cylinder of volume 0.020 m3 contains 0.091 kg of nitrogen gas (relative molecular mass
= 28) at a pressure of 3.9 x 10° Pa. Calculate:

(i) the rms speed of the molecules; [3]
= M 009 |

7 .................... ii(/‘hggkm ................................................................
0,02
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1 I

Examiner
(i) the temperature of the gas. [3] (e

3.9xio® X 6:0%

(/T—':, e 12

3 aZSle.zK 8 ‘—S}

— 8 2.39 xi0 K

A420U101
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10

(a) Explain, in terms of molecules, how a gas exerts a pressure on the walls of its container,
and why this pressure increases with temperature. [6 QER]
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(b) A cylinder of volume 0.020 m3 contains 0.091 kg of nitrogen gas (relative molecular mass
= 28) at a pressure of 3.9 x 10° Pa. Calculate:

(i) the rms speed of the molecules; [3]
n O-04 |

Pv=21Nws? P FET N = —— Az
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(ii)

11

the temperature of the gas.

= 28& -8k

© WJEC CBAC Ltd.
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Question

Marking details

Marks available

AO1

AO2 AO3

Total

Maths

Prac

5| (@)

Indicative comments:

A: Why the gas exerts a pressure

Al Molecules collide with walls (or by implication).

A2 Collisions exert (outward) forces on walls.

A3 Molecules undergo changes in momentum [or in velocity or

undergo acceleration] when colliding with walls.

A4 Newton’s third law applied correctly [even if not named]

A5 Collisions distributed randomly over wall area. Accept reference to
F

p=;-

A6 Collisions between molecules and walls [on average] elastic

B: Why the pressure increases with temperature

B1 Mean KE of molecules [or rms speed, or mean speed or mean
[magnitude] of momentum] increases with temperature.

B2 Hence increases pressure [or force] exerted on walls.

B3 On average each collision contributes more to pressure [or exerts
greater force or has a greater momentum change] if molecules moving
faster.

B4 There’ll also be more collisions per second if molecules are moving
faster.

5-6 marks

Comprehensive account of why the gas exerts a pressure along with
why pressure increases with temperature typically:

Typical example A1 + A2 + A3 + (A4 or A5 or A6)

Bl + B2 + (B3 or B4)

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

3-4 marks

Either comprehensive account of why the gas exerts a pressure or why
pressure increases with temperature or account given of why the gas
exerts a pressure and why pressure increases with temperature
typically:

Typical example A1 + A2 + (A3 or A4 or A5)

B1 (but no mention of ‘mean’ needed) + B2

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

© WJEC CBAC Ltd.






Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

1-2 marks

Limited account of why the gas exerts a pressure and/or why pressure
increases with temperature typically:

Typical example A1, A2

B1 (but no mention of ‘mean’ needed)

Any other point from A3, A4, A5, A6, B2

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.

(b) | O

_ 0091 [= 4.55 kg m'3] or Nm = 0.091 [kg] or by implication (1)

~ 0.020

_ [3x3.9x105x0.020 2 _ 3%3.9x105x0.020 by imoli
Crms = ™ ooor O7 Crms” = o9;  OF By implic (1)

[transposed and data inserted or vice versa]

510 m s™ (1)

Single arithmetical slips, including by a factor of 1 000, attract a 1 mark
penalty. An error factor of N, (which may arise when pV = §chr2ms is

misapplied) loses 2 marks (error of principle).

(ii)

91
n=—
28

= [3.25 mol] or by implication (1)

_ 3.9%x105x0.020

T == a3, ©Or byimplication ecf on n for this mark only (1)

=290 K UNIT (1)

Question 5 total

12
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(=) "

. 5. (8} Explain, in terms of melecules, how a gas exerts a pressure on the walls of its container,
" and why this pressure increases with temperature. [6 QER]

a. 61,3 soMode up OF. (rONOOLSH G PADIRCUAZS ) Ol .

avs A woail o \ea COOTSan g . g NCARCALe

Pe Nempernure  aafseases . oso  does  kE . & b
pocicles. | so  does  kea. ®E . ir. rroacskesres. v
TN d

B e

| Exarrdner

o pEashude.

(b) A cylinder of volume 0.020m” contains 8891 kg of nitrogen gas (relative molecular mass
= 28) at a pressurs of 3.9 x 10% Pa. Calculate:

(i} the rms speed of the molecules: [3]
70000 = (%’ﬂ_ b N
h o )
*.
o™ = 573723600,

cws = L30T .27
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Sticky Note

(1/3) Density ‘upside down’.



Sticky Note

(1/6) Candidate understands that pressure is caused by gas molecules hitting the wall, and that molecules’ KE increases with temperature. Beyond that, there is little else that is useful. There is confusion between speed and velocity and between momentum and kinetic energy.





1

gy =nkT |Exminar
, (i) thetempersture of the gas. 1]

S o8¢ % *-E“."??F’_:."'_"?_‘ 2 ZBRROR.G6W .. . |@
831(335x0™)  _ 2ee 738 x10" |

nE

Kl &
az 2V on 232800

LE bR

O WIEC CHAZ 12 JAAROie 1) Turn over.



Sticky Note

(1/3) n wrongly evaluated.
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and why this pressure increases with temperature.

[6 QER]

.................. /Vlo(,gwte/)wfcc 25, onde. fredsneel am
.............. VY W%,W’{ﬂ/"‘ib

Examiner
L . . only
5. (a) Explain, in terms of molecules, how a gas exerts a pressure on the walls of its container, %
A

all . Oﬂ&/ ...... m(/( ........ ﬁzwdw ....... 7 dll..... (on)TM ............................
ok Obly MO c?(fe(\/ ........ b Al PO R

............................................ MJU\

(b) A cylinder of volume 0.020 m? contains 0.091 kg of nitrogen gas (relative molecular mass
= 28) at a pressure of 3.9 x 10° Pa. Calculate:

() the rms speed of the molecules: 3|
- M 009 | :
7 .................... ii(/bygkm ................................................................ L
0,02

© WJEC CBAC Ltd. (A420U10-1) A )




Sticky Note

(2/3) Correct apart from failure to take the square root.



Sticky Note

(3/6) There was no discussion of momentum changes or randomness of collisions, indeed it wasn’t even stated clearly that collisions between gas molecules and wall were the relevant ones, though benefit of doubt was given. The effect of increasing the temperature was handled rather better, bringing the answer into the ‘middle band’.





1 I

Examiner
(i) the temperature of the gas. [3] i

3.9xi0® X 6:0%

(/T—': e 12

3 aZSle.zK 8‘3‘
— 8 2..89 X(DS— K

/

A420U101

11

© WJEC CBAC Ltd. (A420U10-1) Turn over.




Sticky Note

(1/3) Incorrect evaluation of n.
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Examiner
only

(a) Explain, in terms of molecules, how a gas exerts a pressure on the walls of its/container,
and why this pressure increases with temperature. [6 QER] @

cheage . As. . momentum. .. Sod.. He..pobe. Of... Chaonge ...  —

...... Nmamzw!—uvﬁ@,ijZ,MQf&QXUKAOuMMMMU,

- i
Mo geel, B«jkw&c ..... Leocy,....... A2 In@T = twmet

........ T‘\a&ﬁw\*\cwd—ﬁe - Tﬁ*«pe.rc.hﬁ,ww(—\wwe.b*s

«»kr»w\e«wj, ........ whaith, wild | vetes. Mook Ale. 2on  Heuglotivnel

@ wirre. A 5 e sucfee ot of He wwolocates
(b) A cylinder of volume 0.020 m3 contains 0.091 kg of nitrogen gas (relative molecular mass
= 28) at a pressure of 3.9 x 10° Pa. Calculate:

(i) the rms speed of the molecules; [3] @

\ 2 o4y 7\7 2
3 S % 3w 2o Alo-od) kT

............. Mb(’;cz_o:;.“\
A ,

© WJEC CBAC Ltd. (A420U10-1)




Sticky Note

(0/3) Very confused, with two appearances of the mass of gas in the equation, and inclusion of NA. So use the kinetic theory equation in the form unless there’s good reason not to!



Sticky Note

(5/6) Well argued, with full discussion in terms of momentum changes. A small omission: the pressure increase with temperature is due to the increased number of hits per second, as well as to the increased momentum change per hit. Grammatically, there was some tendency to slip from singular to plural or vice versa!





(ii)

11

the temperature of the gas.

= 288% 8|k
is - ¢ °C

© WJEC CBAC Ltd.

(A420U10-1)

(Lc\p)
(2dp)

Turn over.

Examiner
only

B

A420U101

11




Sticky Note

(3/3) Clear and correct. Excessive sig figs not penalised here.
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Examiner
L , . only
(@) Explain, in terms of molecules, how a gas exerts a pressure on the walls of its container,

and why this pressure increases with temperature. [6 QER]

(b) A cylinder of volume 0.020 m? contains 0.091kg of nitrogen gas (relative molecular mass
= 28) at a pressure of 3.9 x 10° Pa. Calculate:

(i) the rms speed of the molecules; [3]

© WJEC CBAC Ltd. (A420U10-1)





(i) the temperature of the gas.

11

© WJEC CBAC Ltd.

(A420U10-1)

Turn over.

Examiner

only
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6. (a) Alice performs an experiment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She
determines the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to
provide constant power to the heating coil and to enable the pd, ¥, across it and current,
I, through it to be measured. The graph of temperature against time for the cylinder, as
well as her other measurements, are given below.

m=0.570kg, V'=12.20V, I=3.81A

thermometer

heating coil

metal cylinder

Temperature / °C 601~

50

AN
\

40

N\

3071 y

NN\

AN
N\

20 HEE
0 20 40 60 80 100 120 140 160 180 200

Time /s

© WJEC CBAC Ltd. (A420U10-1)
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(i) Draw a circuit diagram of the circuit required. [Show the heating coil as a resistor]

[2]

(i) Suggest why the points for the highest temperatures show significant deviations
from the trend of the points at lower temperatures, and what could have been done

to reduce the deviation.

i ‘
A N N S (O

[05) =

(i) Using an appropriate portion of the graph, determine the maximum gradient
and the minimum gradient.

[4]

© WJEC CBAC Ltd.

(A420U10-1)

Turn over.

Examiner
only
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(iv) Show clearly that the graph gradient should be:

gradient = 21 [2]
mc

(v) Hence determine a value for the specific heat capacity of the metal of the cylinder,
together with its absolute uncertainty. Assume that the percentage uncertainties
in m, ¥V and I are negligible. [5]

© WJEC CBAC Ltd. (A420U10-1)

Examiner
only






15

(b) In another experiment, 0.031 mol of helium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its temperature rises from 295K to 424 K.

Pressure |
/10%Pa 95

}W

0"7/11 T T L
0.80 1.15
Volume / 10~3m?3

(i) Calculate the heat flow into the gas during this change. [3]

(i) Discuss whether or not this amount of heat would be needed in all circumstances
to raise the temperature of 0.031 mol of helium from 295K to 424 K. [2]

.......................... N0, 4. |
................................... be..

Examiner
only

20

L © WJEC CBAC Ltd. (A420U10-1) Turn over.
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6. (s Alice performs an experment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a healing coil and a thermometer. She
determings the mass, m, of the cylinder using a digital balance. Alice sels up a circuit to
provide constant power to the heating coil and lo enable the pd, ¥, across it and current,
{, through it to be measured. The graph of temperature against time for the cylinder, as

well as her other maasuramants, are given below.

m=0570kg, V=1220V, r=3181A

thermometer

Q- e B8 heating coil

metal cylinder

Temperature [/ *C 60

40 § + & | |
..-"/Er: |
g 4 5
i | | 1 |:
30 . -
if e it
%zulr ! r | : ] !
0 20 40 ©0 80 100 120 140 160 180 200

Time!ls

BWIEC CRALD L [k B -]

I
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Draw a circuit diagram of the circuit required, [Show the heating coil as a Mﬁu[rz]]

—ii—*

(i}

®

. (i) Suggest why the points for the highest lemperatures show significant deviations
from the trend of the points at lower lemparatures, and what could haveha-enda[r;eln

to reduce the deviation.

PTG
. ...Eutmmﬂ.q.ncﬂ:

{iiiy Using an appropriate portion of the graph, determine the maximum gradient
and the minimum gradiant. [4]
Qe (e P ua s 0z0T

o qradt o ﬁ.u..c:. I - B0 b 3 % A
Turn over.

0 WIED CHAD L CALIAND-T)
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vl Show clearly that the graph gradient should be:

m:ﬂ; [2]

nee

(3 = ook power YT

L 0zmcdl yrTwmcal 00 peNT
e LE

(v} Hence determine a value for the specific heat capacity of tha metal of the cylinder,
logether with its absolute uncertainty. Azsume that the percantage uncertainties
in m, ¥ and J are negligible. [5]

. VE L 2= 330
- Rt ) @ ST (eM18a)

T hdz.zss
Cvee s LEEG. 60T

BWIEL CRAC Lu AR OUS- 1)

Exmminar
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it} Inanother experiment, 0.031 mol of halium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its lemperature rises from 285K 10 424 K.

O+ ¥ -
0.80 115
Volume / 10-*m®

(ST AUE AN PV =n&T
e (i) Calculate the heat flow into the gas during this change. 3]
Repnc A8 . . N7 0,030 an AL F Caen ok
Q= 95 (1.15.- 0.8 = 13.25 B ;i I

(i} Discuss whather or not this amount of heat would be needed in all circumstances
to raise the temperatura of 0.031 mol of helium from 295K to 424 K. 21

o ASERSe  Yes  Vicause . @eme OB
e haoswe o cguuest . = Mc (H24-295) , and
Bb idaa. Oross  ousal h.n_w:;mw\.}

LU VIR R o . W OO I b O, wounel . bea . ST
Megpas el .

©WUEC CBAG Lbd {RAZELIA0) Turn over.
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6. (a) Alice performs an experiment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She
determines the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to
provide constant power to the heating coil and to enable the pd, ¥, across it and current,
I, through it to be measured. The graph of temperature against time for the cylinder, as
well as her other measurements, are given below.

m=0.570kg, V'=12.20V, I=3.81A

thermometer

heating coil

metal cylinder

Temperature / °C 60

50

401

| |
T T
i ! |
|

20 ‘ -
0O 20 40 60 80 100 120 140 160 180 200

Time /s

© WJEC CBAC Ltd. (A420U10-1)
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(i) Draw a circuit diagram of the circuit required. [Show the heating coil as a resistor.]

2]

©)

(i) Suggest why the points for the highest témperatures show significant deviations
from the trend of the points at lower temperatures, and what could have been done
to reduce the deviation. [2]

T empardion dafbente. belnioin.. YSLY) L.
oundanraundumgs so.levee  Hhat haat  Jossoo

D OUMS | ok by sk onsitly

(i) Using an appropriate portion of the graph, determine the maximum gradient
and the minimum gradient. [4]

Mox = 2+ =M - 6.2 Cs

© WJEC CBAC Ltd. (A420U10-1) Turn over.
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only
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Examiner
(iv) Show clearly that the graph gradient should be: on
gradient = _Z—IE [2]
_________ Q=mC A0
________ ®e O (o 2 Pofport  p=TV
................. PEZMCAD oy z NN C
.............. TYb=mcA® A= Zpt M

(v) Hence determine a value for the specific heat capacity of the metal of the cylinder,

together with its absolute uncertainty. Assume that the percentage uncertainties
in m, ¥ and I are negligible. [5]

O“W"?“‘j”"’l: ............ 37.9.‘..3{@“ = . &0 LS

_ 1v

........................... l;\_;—gvb\';\
...................................... | o s e
Q'M ....... c:a.myb-l% ........ : ....... Z%q‘% ........ \) ..... k’b\ ......... J ..........................
MQ( ........ ’,17$|xt11 .....................................................................................................................................
S ETaane: P05 absume C= 16-9%%
Mo e = ot - 13-4 = (7

© WJEC CBAC Ltd. (A420U10-1)
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In another experiment, 0.031 mol of helium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its temperature rises from 295K to 424 K.

Pressure A
/ 1 03 Pa 95 T-———————- ———— = = — = — ——

0+~A— . >
0.80 1.15
Volume / 103 m?3

(i) Calculate the heat flow into the gas during this change. [3]
Q= AW +WwW

(i) Discuss whether or not this amount of heat would be needed in all circumstances
to raise the temperature of 0.031 mol of helium from 295K to 424 K. [2]

Lt awwj ......... [ovv? ........ T Vo e WM ....................................

© WJEC CBAC Ltd. (A420U10-1) Turn over.

Examiner
only
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Question

Marking details

Marks available

AO1

AO2

AQO3

Total

Maths

Prac

6

@ | (@

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)

(ii)

Heat loss [begins to show at higher temperatures] (1)
Insulate (lag) the cylinder (1)

(iil)

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 s (1)
Minimum gradient between 0.170 and 0.190 [°C s™] (1)

No sig fig penalty

(iv)

Vit=mc (0 —6y) or VI(A)t=mcAO (1)
AB

VI VI
Q—Et-l'go or E—E(l)

ient = YL
[Hence gradient = mc]

(v)

Values of V, I, m and gradient(s) (max and min or mean) put into

|44 . ) .
€ = e OF by implication (1)

Mean of extreme gradients taken or mean of extreme c¢ values.
(ecf on values whose mean is taken; this is a process mark) No
sig fig penalty (1)

Mean ¢ value consistent with gradients and to max of 3 sig figs
(ecf) and with correct units

[e.g. 448 J kg™ °Cor 450 J kg™ °C™] (1)

Extreme gradients put into % unc equation or half range of
extreme c values calculated or by implication (1)

Value of absolute unc evaluated correctly to 1 sig fig ecf (1)
Accept 2 sig figs

© WJEC CBAC Ltd.






Marks available

Question Marking details AO1 AO2 AO3 | Total | Maths | Prac
(b) (i) | AU =2 x 0.031 x 831 x (424 —295) [J] or by implication [AU 1
= 49.85 J](1)
W =95 x 103 x (1.15 — 0.80) x 1073 [J] or by implication [W =
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
work done] (1)

Question 6 total 6 10 4 20 14 20

10

© WJEC CBAC Ltd.
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6. (a) Alice performs an experiment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She
determines the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to
provide constant power to the heating coil and to enable the pd, ¥, across it and current,
I, through it to be measured. The graph of temperature against time for the cylinder, as
well as her other measurements, are given below.

m=0.570kg, V'=12.20V, I=3.81A

thermometer

heating coil

metal cylinder

Temperature / °C 601~

50

AN

AN
N

40

301 y

AN

AN
N\

20 L
0 20 40 60 80 100 120 140 160 180 200

Time /s

© WJEC CBAC Ltd. (A420U10-1)
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(i) Draw a circuit diagram of the circuit required. [Show the heating coil as a resistor]
[2]
r——“—f- i
|
(i) Suggest why the points for the highest temperatures show significant deviations

from the trend of the points at lower temperatures, and what could have been done
to reduce the deviation.

(i) Using an appropriate portion of the graph, determine the maximum gradient
and the minimum gradient. [4]
............... L{-S‘—'ZS:O\\B’
............................ (ZD\//
............................ ___2

AT s pi22
.............................. ‘20
© WJEC CBAC Ltd. (A420U10-1) Turn over.

Examiner
only




Sticky Note

(4/4) Maximum and minimum gradient lines well chosen, and gradients within tolerance. No sig fig penalties on this part.



Sticky Note

(2/2) Apart from the very beginning this is a good answer.



Sticky Note

(2/2) Benefit of doubt given on ammeter symbol.





14
(iv) Show clearly that the graph gradient should be:

gradient = 22 [2]
mc

(v) Hence determine a value for the specific heat capacity of the metal of the cylinder,
together with its absolute uncertainty. Assume that the percentage uncertainties
in m, ¥V and I are negligible. [5]

© WJEC CBAC Ltd. (A420U10-1)




Sticky Note

(2/5) Too many sig figs in value of c – candidate is claiming that value is useful to 1 part in 4 000. No attempt at uncertainty calculation.



Sticky Note

(0/2) No useful attempt.





(b)

15

In another experiment, 0.031 mol of helium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its temperature rises from 295K to 424 K.

Pressure A
/ 1 03 Pa 95 —————————— e — ———————————

0"7/// T T -
0.80 1.15
Volume / 10~3m?3

(i) Calculate the heat flow into the gas during this change. [3]

(i) Discuss whether or not this amount of heat would be needed in all circumstances
to raise the temperature of 0.031 mol of helium from 295K to 424 K. [2]

.......................... No, as. . |
................................... be..

© WJEC CBAC Ltd. (A420U10-1) Turn over.

Examiner
only

It

20




Sticky Note

An increased pressure (for the same n) would make no difference to the heat input for an isobaric change through the same ΔT. However, many candidates did know that less heat would be needed if the gas were heated at constant volume. Someone suggested bringing about the temperature rise wholly by compressive work – perfectly acceptable.



Sticky Note

(1/3) Work calculated correctly, but wrongly given as (whole) heat input.
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6. (g Alice performs an experment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She
determings the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to
provide constant power to the heating coil and 1o enable the pd, I, across it and current,
{, through it to be measured. The graph of temperature against time for the cylinder, as
well as her other measuraments, are given below,

m=0570kg, VF=1220V, r=3181A

thermometer

Q- e O8 heating coil

metal cylindear

Temperature [ *C 60

Jmed
=

i I
e

30 3

0 20 40 60 80 100 120 140 160 180 200
Time/s

W
N

"5
W 20

BWIEC CRALC L (L ks R -]
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(i} Draw a circuit diagram of the circuit required, [Show the heating coil as a m[rz]] i

—i;-*

J
<

« (i) Suggest why the points for the highest lemperatures show significan! daviations
from the trend of the points at lower temperatures, and what could have been done

to reduce the deviation. [2]

{iiiy Using an appropriate portion of the graph, determine the maximum gradient
and the minimum gradient. \/ [4]

=
B v R, Il 17T VB~ {1 |
o 39-1.&-. me..‘.i.?'."fi."? ﬁ.ﬂ.m. LEO.47257 J LI

0 WIED CHAD L CALIAND-T)



Sticky Note

(4/4) Reasonable maximum and minimum gradient lines drawn, and gradient values within tolerance. No sig fig penalty on this part.



Sticky Note

(1/2) A partial answer. Most candidates did recommend insulation.



Sticky Note

(2/2) Correct circuit diagram. This was the norm, though meters were occasionally misplaced.





14

vl Show clearly that the graph gradient should be:

m:ﬁ [2]

nee

(3 = ook power YT

02mcdl yrTewmcald eﬁ.ﬁ

(v} Hence determine a value for the specific heat capacity of tha metal of the cylinder,
logether with its absolute uncertainty. Assume that the percentage uncertainties
in m, ¥ and J are negligible. [5]
i - 3 ]
5 VE S R
s 'mls‘-:ﬂﬂwﬁ o 5T '[d.‘xq‘aﬁ
T LAz . 238
e s UEEG. GLT

& WD CHAS Lt g1

Exmminar



Sticky Note

(3/5) Calculations essentially correct, but both the value of c and its uncertainty given to silly numbers of sig figs – not unusual.



Sticky Note

(0/2) Candidate didn’t seem to understand the difference between energy and power.





15

it} Inanother experiment, 0.031 mol of halium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its temperature rises from 295K 1o 424 K.

‘1133;:3 g5+----—--- —_—
R ' ' -
0.80 1145
Volume / 10-*m®
Wz gy - F,“. Fyu=n€T
e (i} Calculate the heat flow into the gas during this change. i3l
[ ER .Y . LNZ 0.03)\ as AL T Canan ok

W

0= %5 (1.1s -0.3) = 133.25

(i} Discuss whather or not this amount of heat would be needed in all circumstances
to raise the temperatura of 0.031 mol of helium from 295K to 424 K. 21

o AERSe  Yes  Vicause . @eme OB
e haow o cguuest. = Mc (H24-295) , and
Ab . daa. OrosS sl h.n_w:;mw\.}

LU VIR R o W OO I b O, wouel . Dea . RO
Megpasreol .

E wamiin s

©WUEC CBAG Lbd {RAZEIA0) Turn over.



Sticky Note

(0/2) Confused. The candidate ignores work, even though he or she had calculated it in the previous part.



Sticky Note

(1/3) Work done by the gas calculated correctly. This is offered as the heat supplied – not an uncommon mistake. In this case the candidate plainly (and wrongly!) states that internal energy is constant.
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6. (a) Alice performs an experiment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She
determines the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to
provide constant power to the heating coil and to enable the pd, ¥, across it and current,
I, through it to be measured. The graph of temperature against time for the cylinder, as
well as her other measurements, are given below.

m=0.570kg, V'=12.20V, I=3.81A

thermometer

heating coil

metal cylinder

Temperature / °C 60

401

30 - i I

| |
T T
| ! |
|

|
fdf L
|

120 140 160 180 200
Time /s

20 EEREEES
0 20 40 60 80 100

© WJEC CBAC Ltd. (A420U10-1)
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(i) Draw a circuit diagram of the circuit required. [Show the heating coil as a resistor.]

2]

2
) @) "
V) ’

."/
¢ /
1;7 _ a2/

v

(i) Suggest why the points for the highest témperatures show significant deviations
from the trend of the points at lower temperatures, and what could have been done
to reduce the deviation. [2]

T mpardion dafbente. belnioin.. 1 YSIY) L.

Examiner
only

(i) Using an appropriate portion of the graph, determine the maximum gradient| /)
and the minimum gradient. [4] | "@ ‘1
Max = 2+ =W - 5.2 G s - |

© WJEC CBAC Ltd. (A420U10-1) Turn over.




Sticky Note

(2/4) Good choice of maximum and minimum gradient lines, but slips in evaluation of both gradients.



Sticky Note

(1/2) Good answer about heat loss, but remedy omitted.



Sticky Note

(1/2) We expected some indication of the power supply.
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(iv) Show clearly that the graph gradient should be:

gradient = Jd
mc

[2]

______ M A =
v
‘‘‘‘ T]\:Ac 1’:+°‘3c

(v) Hence determine a value for the specific heat capacity of the metal of the cylinder,
together with its absolute uncertainty. Assume that the percentage uncertainties
in m, V and I are negligible.

N, 3mol: B0 20UF = =O-LsDS

[5]

: &4 |
O T o WP X o Nt 2% F-3 ] M\

MQ(Q?'%‘XT"‘L .............................................................
W C‘ : - o
............................... FEIaadbs 295%

B = 20T 2|47

abswae C= 16-9%¢

© WJEC CBAC Ltd. (A420U10-1)
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only
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Sticky Note

(4/5) Well done, though unit of c was wrong and value of c was given to too many sig figs.



Sticky Note

(2/2) Clear answer. Some candidates tied themselves in knots.





(b)

15

In another experiment, 0.031 mol of helium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its temperature rises from 295K to 424 K.

Pressure A
/ 1 03 Pa 95 T-———————- ———

0+7~A— . >
0.80 1.15
Volume / 103 m?3

(i) Calculate the heat flow into the gas during this change. [3]
Q= AW +WwW

(i) Discuss whether or not this amount of heat would be needed in all circumstances
to raise the temperature of 0.031 mol of helium from 295K to 424 K. [2]

tada awwj _________ [ovv? ........ T o e W ....................................

© WJEC CBAC Ltd. (A420U10-1) Turn over.
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20




Sticky Note

(0/2) Confused answer that couldn’t be given any credit.



Sticky Note

(2/2) Excellent answer.
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6. (a) Alice performs an experiment to determine the specific heat capacity, ¢, of a metal in
the form of a cylinder with holes drilled in it for a heating coil and a thermometer. She
determines the mass, m, of the cylinder using a digital balance. Alice sets up a circuit to
provide constant power to the heating coil and to enable the pd, V; across it and current,
I, through it to be measured. The graph of temperature against time for the cylinder, as
well as her other measurements, are given below.

m =0.570kg, V'=12.20V, I=3.81A
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Examiner

[
(i) Draw a circuit diagram of the circuit required. [Show the heating coil as a resistor.] o

[2]

(i) Suggest why the points for the highest temperatures show significant deviations
from the trend of the points at lower temperatures, and what could have been done
to reduce the deviation. [2]
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(iv) Show clearly that the graph gradient should be:

gradient = 174 [2]
mc

(v) Hence determine a value for the specific heat capacity of the metal of the cylinder,
together with its absolute uncertainty. Assume that the percentage uncertainties
in m, V and I are negligible. [5]
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In another experiment, 0.031 mol of helium (a monatomic gas) is heated so that it expands
at constant pressure (see diagram). Its temperature rises from 295K to 424 K.

Pressure A
/10%Pa  951-------- _—

e
o

0.80 1.15
Volume / 103m?3

(i) Calculate the heat flow into the gas during this change. [3]

(i) Discuss whether or not this amount of heat would be needed in all circumstances
to raise the temperature of 0.031 mol of helium from 295K to 424 K. 2]
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