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3.

Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam i |

_

comparison wire test wire

Vernier
arrangement to

o measure the

| | extension of the test
wire

small fixed weight ' D
to keep wire straight

variable load

]

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in
temperature. [2]

el AT = o

modilus  thed doent Chanae  wn. relaken to Wonwperatre  Haen. M (CmPouson

.................................................................. Ty R T L T L TR T R R T

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16'mm. Calculate the cross-sectional area of

the wire in m2, along with its percentage uncertainty. [3]
2 1\ 2
A= (OM4x0TF ) e = x0T M yanc: () Ax.Aung. 312 0%
=3

............................................................................................................................................................................................

(c) Kierathen uses a metre ruler with a resolution of 1 mm to measure the initial length of the
wire. She determines the length to be 1.680 m. Show, with an appropriate calculation, that

the percentage uncertainty in this reading can be considered negligible. [2]
o~ qu0'3 0.0596 ~
..................................................... e
1.{s0 )
................................................................................ =008 7 sincon e onadoted. negligble ...
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Examiner
(d) Kiera adds various masses to the test wire and measures the extension. The table shows| ©°nlv
the extension of the wire for increasing load.
Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 £0.2
3.92 2.7 +0.2
5.89 41 +0.2
7.85 5.5 +0.2
9.81 6.8 +0.2
Kiera plots a graph (shown opposite) of load against extension from her data, but does not
include error bars.
(i) I Add error bars for the extension on the plotted points. [1]
Il.  Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lines. [3]
moxaMum. Gfadeny = 10- O S 1b1 4.3
(i)  Hence, calculate the mean gradient and the percentage uncertainty in its value.
(2]
mean gradafnt s 15063 X 13332 = A8 DG e
2
......................................... : srufsﬂtsnsﬂ,
uncelbaanry = TTToS et o o L A
= Ikh+ T .3 /-
(e)  Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give
your answer to an appropriate number of significant figures. [5]
...... . LS. SR V-V 2.7 S S S
A AL A AL
................................................. ey ”
Bz NuBb X ot 2 ARxI0 e
Amcettenties « qrading = 3% L= neglebe, A< V3
....... D ororen = S A 2 R34t 12wie'x 013 -2656x0
, ] " o )
(=3 =(I.9.xm * 2.6 X0 P
.................................................... . e S T bt s o e S
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9

(f) State which of the measurements contributes most to the overall uncertainty in your
answer and suggest one change Kiera couid make to her experiment which would reduce

the size of this uncertainty. [2]
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Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam | |

comparison wire test wire

Vernier
arrangement to

p measure the

\ | extension of the test
wire

small fixed weight ——D
to keep wire straight :

]

variable load

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in
temperature.

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16 mm. Calculate the cross-sectional area of
the wire in m2, along with its percentage uncertainty.

o0 (552)= 6.25% 2(6.25)

(c) Kiera then uses a metre ruler with a resolution of 1 mm to measure the initial length of the
wire. She determines the length to be 1.680 m. Show, with an appropriate calculation, that

the percentage uncertainty in this reading can be considered negligible. [2]
-3
X 10 - .
loo(——-——-‘llés .......... - 006% Less Tan_ | in 1000 ..
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Examiner
(d) Kiera adds various masses to the test wire and measures the extension. The table shows| only
the extension of the wire for increasing load.

Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 0.2
3.92 27 0.2
5.89 4.1 +0.2
7.85 B.5 +0.2
9.81 6.8 +0.2

Kiera plots a graph (shown opposite) of load against extension from her data, but does not
include error bars.

(i) | Add error bars for the extension on the plotted points. 1]
Il.  Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lSnes. [3]

(9.91-1.46 o
..................... man = eo-1.6..°. L.SM7 Nmm
......................................... qgl—me

-1

.................... m7o-14.,4'0N"7""

[2]

(e) Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give
your answer to an appropriate number of significant figures. [5]

© WJEC CBAC Ltd. ! (A420U20-1)
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‘ —_—
i (f) State which of the measurements contributes most to the overall uncertainty in your Xgrr?l'yner
| answer and suggest one change Kiera could make to her experiment which would reduce
the size of this uncertainty. [2]
|
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3. Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam i |

comparison wire K test wire

Vernier
arrangement to

o measure the

| J extension of the test
wire

small fixed weight —»D
to keep wire straight

variable load

[]

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in
temperature. [2]

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16 mm. Calculate the cross-sectional area of
the wire in m?, along with its percentage uncertainty. [3]

............... Az Lgr= Bx(ol6ma)" = 0.010 mm™ (254].

(c) Kiera then uses a metre ruler with a resolution of 1mm to measure the initial length of the
wire. She determines the length to be 1.680m. Show, with an appropriate calculation, that
the percentage uncertainty in this reading can be considered negligible. [2]
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(d) Kiera adds various masses to the test wire and measures the extension. The table shows

the extension of the wire for increasing load.

Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 +0.2
3.92 2.7 +0.2
5.89 41 +0.2
7.85 5.5 +0.2
9.81 6.8 +0.2

Kiara nlots a granh (shown onnosite) of load againet extencion from her data, hut doae not
include error bars.

() I.  Add error bars for the extension on the plotted points. [1]
Il. Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lines. y [3]

. lp.c® - 20 ¥ _ _
M. | gquadaed e A e e T , géN""‘\ ..... o

(i) Hence, calculate the mean gradient and the percentage uncertainty in its value.

(e) Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give
your answer toF__an "flppropriate number of significant fi%ures. [5]

= 123 xi0” Fa (bs/n ...................................................
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Load/N
10.00

9

B
State which of the measurements contributes most to the overall uncertainty in your "ﬁﬁ"l'y” o

answer and suggest one change Kiera could make to her experiment which would reduce
the size of this uncertainty.

[2]

., 9
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7.00
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Question

Marking details

Marks available

AO1

AO2 AO3

Total

Maths

Prac

(@)

Test wire and reference wire made from the same material (or
identical) (1) Do not accept reference to common support.
[Change in] temperature will affect both equally (1)

(b)

A =7 (0.08 x 10%? and conversion to m?
A=201x10%[m3 (1)

% Uncertainty = (0'001)% (1) ( = 6.25%)
x 2 [doubling ecf] (= 12.5% / 13%) (1) [accept 3 s.f]

(award 2 marks if 12.5% or 13% seen)

(©)

Correct reference to uncertainty taken as ruler resolution i.e.
1mm (or 1 x 10° m) (1) ecf on same mistake in resolution as (b)
Calculation of % uncertainty: 0.059% (or 0.06%) (1)

Answer gains both marks

d | i

Error bars correctly included for all points + 2 small divisions on
extension axis

Lines for steepest and least steep gradients drawn appropriately
(1) [do not accept lines through the origin]

Steepest gradient calculated: [1.5 to 1.6 Nmm™] (1)

Least steep gradient calculated: [1.3to 1.4Nmm™] (1)
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(ii)

Mean gradient calculated correctly using answers to d(i): expect
1.4t0 L5Nmm™ (1) ecf
% uncertainty in mean calculated: expect 6%-10% (1) ecf

(e)

Understanding shown that E = gradient x LA (1) [or by

implication] [not awarded for use of data point rather than line]
Substitution and value of E found to any sig fig and using any
unit (does not need to be given).e.g. E = 1.22 x 10" Nm™ (1) ecf
on A.

Total % uncertainty calculated from (b) [+ (c)] + (d)(ii) e.g. 7% +
12.5% = 19.5% (1) ecf

Absolute uncertainty calculated: e.g. 2.38 x 10" Nm™? (1)

Answer and uncertainty to appropriate sig figs with correct unit:
e.g. E=(1.22+0.24) x 10" Nm?or (1.2 £ 0.2) x 10" Nm? (1)

(f)

Diameter (1)

Use ‘thicker’ wire or more accurate measuring instrument (or
instrument with higher/greater resolution) (1)

Apply ecf if candidate's gradient uncertainty greater than
candidate's calculation of uncertainty in area: Extension (1); use
a micrometer for extension

Question 3 total

10

20

13

20
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3.

Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam i |

_

comparison wire test wire

Vernier
arrangement to

o measure the

| | extension of the test
wire

small fixed weight ' D
to keep wire straight

variable load

]

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in
temperature. [2]

ol AT = o
.................................................................. qe. .,  relahe to SIMWIL/Cqee | Haen. Wi (Onpad o,

modilus  thed doent Chanae  wn. relaken to Wonwperatre  Haen. M (Cmpouson

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16'mm. Calculate the cross-sectional area of

the wire in m2, along with its percentage uncertainty. [3]
2 2
LAz (O16x0F ) e 2 xid” mo s zanc o) Axfune, = 1257
Q
= A = Ax0RN\ T 1% b
............................................................... O 1 e
TN o oL S

(c) Kierathen uses a metre ruler with a resolution of 1 mm to measure the initial length of the
wire. She determines the length to be 1.680 m. Show, with an appropriate calculation, that

the percentage uncertainty in this reading can be considered negligible. [2]
o~ Ixwo 2 . 0.0696~
..................................................... e
1.{s0 )
................................................................................ =008 7 slngon e onadoted. negligble........
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roberm

Sticky Note

(a) Candidate does not make reference to the fact that both wires are of the same material. Although temperature is referred to the statement given is incorrect. No marks awarded.



roberm

Sticky Note

(b) The candidate correctly determines the cross-sectional area along with its percentage uncertainty in metres squared as required. BOD is applied  for the (incorrect) 'm' in the answer. 3 marks are awarded.



roberm

Sticky Note

(c) The uncertainty is clearly shown to be negligible. 2 marks awarded.





8

(d) Kiera adds various masses to the test wire and measures the extension. The table shows
the extension of the wire for increasing load.

Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 +0.2
3.92 27 +0.2
5.89 41 +0.2
7.85 55 +0.2
9.81 6.8 +0.2

Kiera plots a graph (shown opposite) of load against extension from her data, but does not
include error bars.

(i) I Add error bars for the extension on the plotted points. 1]

Il.  Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lines. [3]

MoyiMun Gradenty = 10- 0O o E 151 4.%

(i)  Hence, calculate the mean gradient and the percentage uncertainty in its value.

[2]
mean grada b s 18008 B X 1333 2 = NN D e
7/
2 i
......................................... e T A 555t
uncel Fauntry = 2 = 1076 Y punc = %%~
Somdtntrat Bt TS SOOI ... R S e oo S
/
e ith 4 £ .2 /

(e)  Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give
your answer to an appropriate number of significant figures. [5]

A AL A AL
................................................. ; g%o,”;
E= I4hb x == = 1.22axi0 Pa (/

i o
Dokeran = 0% x3n 2 2-BEY Lo X 0:213 < 2696010
p ] . iC) i3
e - (l.axwo * 2.6 x0 Jpa ‘X :

© WJEC CBAC Ltd. ! (A420U20-1)
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Sticky Note

(d). Error bars are correctly added to the graph and the maximum and minimum gradients are correctly determined in units of Newtons per metre- candidate choice regarding units here. The mean uncertainty and the percentage uncertainty in it are correctly determined. Full credit is awarded.



roberm

Sticky Note

(e) The candidate determines the Young modulus correctly to an appropriate number of significant figures and with the correct unit. The uncertainty is not given to the same sig. figs as the Young modulus. 1 mark is deducted.





9

(f) State which of the measurements contributes most to the overall uncertainty in your
answer and suggest one change Kiera couid make to her experiment which would reduce

the size of this uncertainty. [2]
...T.".\,Q..‘..Cr.Q.$..S...,..$€.§k\Qn...meo&.AQnﬁ.ibMiTﬁ..ﬁu.M ..... mosk... One . metaed . o impove Uus. .
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roberm

Sticky Note

(f) The candidate does not refer directly to diameter. An incorrect reason to reduce the uncertainty is given. No credit is awarded.










Examiner
only

Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam | |

comparison wire test wire

Vernier
arrangement to

o measure the

\ | extension of the test
wire

small fixed weight ——D
to keep wire straight '

variable load

]

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in

temperature. @

A420U201

07

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16 mm. Calculate the cross-sectional area of
the wire in m2, along with its percentage uncertainty.

o0 (552)= 6.25% 2(6.25)

(c) Kiera then uses a metre ruler with a resolution of 1 mm to measure the initial length of the
wire. She determines the length to be 1.680 m. Show, with an appropriate calculation, that
the percentage uncertainty in this reading can be considered negligible. [2]

-3
,oo('l__'L = o.oe"o/ Leoss than | JOOO th

© WJEC CBAC Ltd. (A420U20-1) Turn over. \



roberm

Sticky Note

(a) although the candidate does refer to the fact that temperature will affect both wires, it is not clearly stated that any temperature change affects both wires equally. No reference is made to the material requirements of both wires. No credit is awarded.



roberm

Sticky Note

(b) The CSA is not determined in metres squared as required, though the percentage uncertainty is determined correctly.



roberm

Sticky Note

(c) The percentage uncertainty in length is clearly shown to be negligible.





8
(d) Kiera adds various masses to the test wire and measures the extension. The table shows
the extension of the wire for increasing load.
Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 0.2
3.92 27 0.2
5.89 4.1 £0.2
7.85 55 +0.2
9.81 6.8 +0.2
Kiera plots a graph (shown opposite) of load against extension from her data, but does not
include error bars.
(i) | Add error bars for the extension on the plotted points. / 1]
Il.  Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lines. [3]
(9.91-1.46) -
..................... mer=. . e6-t6.. .- L.SMZ Neom' ' o
......................................... qgl—m,‘w’\//
mun rMm
.......................................... 70-{4-/
(i)  Hence, calculate the mean gradient and the percentage uncertainty in its value.
2
|.67+ 140 (2]
(e) Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give

your answer to an appropriate number of significant figures. [5]

© WJEC CBAC Ltd. ! (A420U20-1)
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roberm

Sticky Note

(d) The addition of error bars, the determination of maximum and minimum gradients and the calculation of the mean gradient and the percentage uncertainty in it are all correct. The candidate chooses to work in Newtons per mm which is acceptable. Full marks are awarded. 



roberm

Sticky Note

(e) ECF is applied to the CSA. A correct conversion to N per metre squared is made. However the final uncertainty is given to an incorrect number of sig. figs. 1 mark is deducted. 





Load/N

| 10.00

| 4.00

3.00

1.001

A

()

State which of the measurements contributes most to the overall uncertainty in your
answer and suggest one change Kiera could make to her experiment which would reduce

8

the size of this uncertainty.

(2]
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roberm

Sticky Note

(f) Diameter is correctly identified and a correct suggestion is given as to how to reduce the uncertainty in the diameter. Two marks are credited.










3. Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam i |

comparison wire ' test wire

Vernier
arrangement to

o measure the

| J extension of the test
wire

small fixed weight —»D
to keep wire straight

variable load

[]

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in
temperature. [2]

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16 mm. Calculate the cross-sectional area of
the wire in m2, along with its percentage uncertainty. [3]

............... Az Lgr= Tx(olbma)" = 0.010 mm™ (254].

(c) Kiera then uses a metre ruler with a resolution of 1mm to measure the initial length of the
wire. She determines the length to be 1.680m. Show, with an appropriate calculation, that
the percentage uncertainty in this reading can be considered negligible. [2]

© WJEC CBAC Ltd. (A420U20-1) Tu n over.
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roberm

Sticky Note

(a) The candidate clearly explains that temperature changes will affect the two wires equally. No reference is made to the material of the wire. One mark is awarded.



roberm

Sticky Note

(b) The CSA and the percentage uncertainty in it is correctly determined. Full marks are awarded.



roberm

Sticky Note

(c) The percentage uncertainty is clearly shown to be negligible.
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Exam
(d) Kiera adds various masses to the test wire and measures the extension. The table shows| °™
the extension of the wire for increasing load. :
Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 + 0.2
3.92 2.7 +0.2
5.89 41 +0.2
7.85 5.5 +0.2
9.81 6.8 +0.2
Kiara nlots a granh (shown onnosite) of load againet extencion from her data hut doae not
include error bars.
() I.  Add error bars for the extension on the plotted points. [1]
Il.  Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lines. v [3]
. lp.c® - (20 ¥ _ _
eFy —Tde oo (-S6 Nwn—t
(zsg)
e T2 IU ................................................................................ ;

(i) Hence, calculate the mean gradient and the percentage uncertainty in its value.

(e) Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give
your answer toF__an ?ppropriate number of significant fi%ures. [5]

© WJEC CBAC Ltd. (A420U20-1)
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Sticky Note

(d) Error bars, the lines of maximum and minimum gradients, the mean gradient and the percentage uncertainty in its value are determined correctly. Full marks are awarded.



roberm

Sticky Note

(e) The Young modulus and the uncertainty in it are determined correctly and to the correct number of sig. figs. A correct unit is given and full marks are awarded.





()

Load/N
10.00

9

B
State which of the measurements contributes most to the overall uncertainty in your "ﬁiﬂ'y” o

answer and suggest one change Kiera could make to her experiment which would reduce
the size of this uncertainty.

2| [

N

9.00

8.00

7.00

A420U201

na

NN

N

6.00

5.00

I

4.00

3.00

- 2.00

N
<

1.00+

1.0

2.0
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3.0

4.0

(A420U20-1)

5.0

6.0

7.0 8.0

Extension/mm

Turn over.



roberm

Sticky Note

(f) Diameter is not clearly stated as the measurement which contributes the most to the overall uncertainty. A correct suggestion to reduce this uncertainty is given. One mark is awarded.










3.

Kiera uses the following apparatus to find the Young modulus of a metal alloy in the form of a
wire.

support beam I |

comparison wire test wire

Vernier
arrangement to

o measure the

| | extension of the test
wire

small fixed weight 4>D
to keep wire straight

variable load

]

(a) Explain how the choice of a suitable comparison wire minimises the effect of a change in
temperature. [2]

(b) Kiera uses a micrometer of resolution 0.01 mm to measure the mean diameter of the wire.
She determines the mean diameter to be 0.16 mm. Calculate the cross-sectional area of
the wire in m2, along with its percentage uncertainty. [3]

(c) Kierathen uses a metre ruler with a resolution of 1 mm to measure the initial length of the
wire. She determines the length to be 1.680 m. Show, with an appropriate calculation, that
the percentage uncertainty in this reading can be considered negligible. [2]

© WJEC CBAC Ltd. (A420U20-1) Turn over.
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(d) Kiera adds various masses to the test wire and measures the extension. The table shows
the extension of the wire for increasing load.

Load (negligible Mean extension / Absolute uncertainty in
absolute uncertainty) / N mm extension / mm
1.96 1.4 +0.2
3.92 27 +0.2
5.89 41 +0.2
7.85 5.5 +0.2
9.81 6.8 +0.2

Kiera plots a graph (shown opposite) of load against extension from her data, but does not
include error bars.

(1) I. Add error bars for the extension on the plotted points. [1]

II. Draw lines of maximum gradient and minimum gradient and determine the
gradients of both lines. [3]

(i) Hence, calculate the mean gradient and the percentage uncertainty in its value.

[2]

(e) Determine the Young modulus of the metal alloy, along with its absolute uncertainty. Give
your answer to an appropriate number of significant figures. [5]

© WJEC CBAC Ltd. (A420U20-1)
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Exami
(f) State which of the measurements contributes most to the overall uncertainty in your sz;,ner

answer and suggest one change Kiera could make to her experiment which would reduce
the size of this uncertainty. [2]

Load/N
A

10.00

9.00

8.00

7.00

A420U201
09

6.00

5.00

4.00

3.00

2.00 X

1.00

20

-
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Extension/mm
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(a) Define the capacitance of a capacitor. [1]

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

10nF 30nF
A || [ B
|| ||
P Q R S

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your

answer to the charge on plate S. [3]
Charge ON Q: .. 2 0 ottt

(i) Calculate the pd across A and B. [2]
. f 4
..... B L0 BT
TR
...... @‘36’&
—_ 2 g A v T
........... Com s kT T R O
= >V
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Examiner
(iii) A Physics student makes the following comment; on

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student

is correct. [2]
- _ / T . B
........ & Aty Y I s 0 I s .ot 075 e I
- *-8 C‘—; loa )
........ Fre v =22 o Rs.. IS oz
{ 36
%A’C)K(Df( ~25% - %”Bb<m1 x 25

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base

Moveable metal plate
Fixed metal plate \#
\_4 Initial separation of plates = 5.2 x 10~3 m

Initial capacitance = 0.27 pF
Plate area = 1.6 x 10~*m?

e

Spring

The designers of a keyboard require that the increase in capacitance of 0.20 pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~","120Nm~" and 150Nm~". Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

[4]

&S’jxt_a“l? K |-Exto ¢

‘ O - 2O e
....................................................................... p 'SO'SKL05
e -y
....... R YA V- =4t 21 2 N
G-
........ “2'2“¢’75,~’M‘«3N|M
....... Koo Al e K= 7oA
12
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Define the capacitance of a capacitor.

(@)

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

10nF 30nF
A |1 | B
s [ | ] \____.
|| |
P Q R S

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your
answer to the charge on plate S. [3]

Charge on Q: = S_r\ C

Charge on R: +7S-AC ...................................................................................................................
Chargeon S: ... ”‘7'9:\ ..... C .......................................... ...................................................................
Reason:
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Examiner
(i) A Physics student makes the following comment: on

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student
is correct. [2]

o LS

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base

Moveable metal plate — :
Fixed metal plate \_u_
\_—J Initial separation of plates = 5.2 x 102 m

Initial capacitance = 0.27 pF
Plate area = 1.6 x 10™4m?

The designers of a keyboard require that the increase in capacitance of 0.20pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~!, 120Nm~" and 150Nm~"'. Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

[4]

12
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(a) Define the capacitance of a capacitor. v - < 1]

?cvmuel \olqbss o{ "fF"’H'e d'mrje,-

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

Qf—C—V 10nF 30nF
W e
L—
P Q R S

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your
answer to the charge on plate S. ‘ [3]

CRArGE ON Qo e TED s

Charge on R: WS v ASr

Charge on S: W —. A5

Reason:

© WJEC CBAC Ltd. (A420U20-1)
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(i) A Physics student makes the following comment:

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student

is correct. [2]
s U"" ..... "\'-':QV ............................. Stace, Q1= e nwvenk,%f%¢
...... b he;co.rqd*omc&vwdtive./lcwer%-}he

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base

Moveable metal plate

Fixed metal plate '
\___J Initial separation of plates = 5.2 x 107> m
Initial capacitance = 0.27 pF
Plate area = 1.6 x 10~*m?

The designers of a keyboard require that the increase in capacitance of 0.20pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~", 120Nm=" and 150Nm~". Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

[4]
....... W ‘H"’l"" esnstoat  AONIM i
Q.= QOX e = 202X1075m
S A §.32x (0" R x 1.exi0” ¢
............ C.-Rl__,?f—\: ‘2‘4‘:}2 % 1O 13
= 3. oX 10D ‘ -
................................................. e
e Q0N \/ ‘‘‘‘‘ ( 045‘1'0*2"9 ......................... N F ....................
-3 _ . "
.......... >C |2°'|5*X'O/C°°4’FF‘ X
e Pgen s 32T Con 0BT 2

Srtace. 04%2 — 023 > O*QOFF’ .
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Question

Marking details

Marks available

AO1 AO2 AO3 Total Maths Prac
6 a h i
(@ capacitance = charge (on either plate)
pd (between the plates)
Accept charge per unit pd / voltage [between plates] (1) 1 1
Accept C = 8 if Q and V defined
(b) | () |Q=-75nC,
R =+75nC,
S=-75nC
All numerical values stated as 75 [nC] (1)
Correct signs and unit, i.e. nC (1)
One of: (1)
e Capacitors in series carry equal charges when joined 3 3
to common pd
e Conservation of charge applies for series circuit
[hence if +75 uC moves from A to plate P, the same
moves from Q —» R etc]
e Opposite charge to P (accept R), since connected to
negative potential [Accept: battery transfers electrons
from P to Q]
(i) | Total capacitance = 7.5nF (1)
75x10°
V =——— (ecfontotal C
75x10° ¢ ) 2 2 2
V=10V (1)
Alternative:
Application and substitution into 2+g
1 2
75x10° 75x107
Ie. S X 0_9 + S X O_g Q)
30 x10 10x10
V=10V (1)

© WJEC CBAC Ltd.
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(i)

Either:
Q same on both capacitors (1)

1Q?

>C is bigger on smaller capacitor (1)

(Award 2 marks for correct numerical analysis)
Or:

1 . .
Vo c so V bigger across smaller capacitor (1)

Y CV? bigger across smaller capacitor (V? factor) (1)
(Award 2 marks for correct numerical analysis)
Or

. 1 .
Q same on both capacitors and V o E so V bigger

across smaller capacitor (1)
Y% QV is bigger on smaller capacitor (1)
(Award 2 marks for correct numerical analysis

()

New C = 0.47 pF (1)

Newd=3.0x10°m (1)
Ad=5.2x10°-3.0x10°=22x10"°m (1) (ecf from
new d)

Application of F' = kAd ecf

k=91Nm™ so spring of k = 90 Nm™ suitable [conclusion
consistent with value of F](1)

Alternative ‘Trial and Error’ :
— F . ,
Application of x = ?for each spring constant, showing

that for:

k=120Nm™ x=1.67 x10°m

k=150Nm* x=1.33x10°m

k=90Nm™, x=2.22x10°m (All required forl)
New C = 0.47 pF (1)

A
Application of C = e for each value of x above to show

that, for x = 2.22 x 10 m, C = 0.475 x 10 F,
so k = 90N m™ suitable. (1)

Question 6 total

12

© WJEC CBAC Ltd.
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(a) Define the capacitance of a capacitor. [1]
......... ct/)u(t/&’lfcr /QCA“@C5/MCGL/<1/‘/L€,
" 0 Ty =3
Copen. C\}‘U"' ......... desoled b; .............. /‘Lﬁ .......... uél//"SCiC:u ...................... Vo

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

10nF 30nF
A || | B
|| ||
P Q R S

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your
answer to the charge on plate S. [3]

Chargeon Q: .7.72.5.0.4

(i) Calculate the pd across A and B. [2]
| _ ! )
..... I L S,
A
...... Q—CSC"A
—_ 2 g A v T
........... Comd s kT T RS O e
= i V :
© WJEC CBAC Ltd. ' (A420U20-1)
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(a) A correct definition is given. One marks is awarded.
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Sticky Note

(b)(i) Charge values, signs and units are correctly given. The explanation is incomplete in terms of terminal voltage. Two marks are awarded.
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Sticky Note

(b)(ii) The total capacitance and the pd across A and B are correctly determined.
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Examiner
(iii) A Physics student makes the following comment; on

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student @

is correct. [2]
Lii@u. = Azeegs O SRS
- *-8 C—; loa )
........ P&l B R 05278 €300
] / 36
%‘"C)x(oi ~25% - 1B ot x 2357 , 2

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base

Moveable metal plate
Fixed metal plate \#
\_4 Initial separation of plates = 5.2 x 10~3 m

Initial capacitance = 0.27 pF
Plate area = 1.6 x 10~*m?

e

Spring

The designers of a keyboard require that the increase in capacitance of 0.20 pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~","120Nm~" and 150Nm~". Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

Uil
&S0t & g ¥

' O Y 2alDT'E
............................................................................................................................................. v,/
....................................................................... D -5015,94‘5 %

,_ﬁ——' ! 7 ’}
....... | A -3 A S X 1 -
6-2 v
........ \‘Z'ZY‘C’?ST){\(‘“{SN‘VM
P —
....... Koo d Mmoo K T =i TR
v 11
12
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(b)(iii) A correct numerical analysis is given using an appropriate equation for the energy stored in a capacitor. In this case the candidate uses the crossed-out equation appropriately. Two marks are awarded.



roberm

Sticky Note

(c) A correct and logical analysis is given. The correct spring is determined. Four marks are credited.
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Exar

(@)

Define the capacitance of a capacitor.

V

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

10nF 30nF
A |1 | 1 B
s [ | 1 \____.
|| l
P Q R S

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your
answer to the charge on plate S. [3] @

Charge on Q: —?S_’\C— ...............................................................................................................
Charge on R: +7 5-/\ s

. >
Chargeon S: ... il 1 O SR S

Reason:

Tobihapesbionse = o tgop T BT
........................ v%irov/(w;) |
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(a) An acceptable definition is given.



roberm

Sticky Note

(b)(i) Correct charges (including signs) are given. Conservation of charge is referred to correctly. Three marks are awarded.



roberm

Sticky Note

(b)(ii) The total capacitance is correctly determined. However the candidate, having given a correct equation for V, substitutes incorrectly. One mark only is awarded.
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Examiner
(i) A Physics student makes the following comment: on

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student
is correct. [2] @

o LS

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base

Moveable metal plate — :
Fixed metal plate \_u_
\_—J Initial separation of plates = 5.2 x 10° m

Initial capacitance = 0.27 pF
Plate area = 1.6 x 10™4m?

The designers of a keyboard require that the increase in capacitance of 0.20pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~!, 120Nm~" and 150Nm~"'. Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

[4] @

2

12
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(b)(iii) A correct explanation is given in terms of voltage and charge, referring to an appropriate equation for the energy stored in a capacitor. Two marks are awarded.
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Sticky Note

(c) The candidate correctly determines the new capacitance and the change in distance between the plates. The spring constant is determined correctly. Full marks are awarded.
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(a) Define the capacitance of a capacitor. v - < 1]

?cmwel \olqbss o{ orFosH-e d’mrje,-

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

Q=C—V 10nF 30nF
1 e
L
P Q R S

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your
answer to the charge on plate S. ‘ [3]

CRArGE ON Qo e TEDD s

Charge on R o TBIG, . ST

Charge on S: W —.A5eC

Reason:

© WJEC CBAC Ltd. (A420U20-1)
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(a) Although C=Q/V is given, the candidate does not refer to it. Instead an attempt is made to define capacitance (incorrectly) using the equation for a parallel plate capacitor. No credit is given.
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Sticky Note

(b)(i) Correct charges, signs and units are given. A correct explanation in terms of conservation of charge is given. Three marks are awarded.
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Sticky Note

(b)(ii) The total capacitance is determined and used correctly to calculate the pd across A and B. Two marks are awarded.
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(i) A Physics student makes the following comment:

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student

is correct. [2]
U= xQV. Siace,. O 1z e nwvenk,éf-(-‘m
...... b he;cofqd*omc&vwdlive./lcwersza-}he
.Studens IS wcecrect..... Siace.... . = ®QV. . .. VEY ) l .........

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base

Moveable metal plate

Fixed metal plate '
\___J Initial separation of plates = 5.2 x 107> m
Initial capacitance = 0.27 pF
Plate area = 1.6 x 10~*m?

The designers of a keyboard require that the increase in capacitance of 0.20pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~", 120Nm=" and 150Nm~". Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

[4]
....... W ‘H"’l"" esnskort  AON
e Qa = qOX SR = 22X107Fm
S A §.32x (0" Rx 1.exi0” ¢
............ C,,,___%_z R e Ty | OIS
= 3. oX 10”5 ‘
................................................. A S
s f‘.?ff’f..’.‘.....'. .......... \/ ‘‘‘‘‘ ( 045‘1'0*2"9 ......................... N P ....................
-3 _ . "
.......... >C 17‘0"5?"'0/C°°4’FF‘ X
e Pgen s B 2T Con 0BT 2

Stace. 0“4%2 — 2% > O-QOFF’ .
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(b)(iii) A logical and correct line of reasoning is given in terms of charge and voltage. An appropriate equation for the energy stored in a capacitor is referred to and a correct conclusion is given. Two marks are awarded.
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Sticky Note

(c) The candidate adopts a trial and error approach which is perfectly acceptable. The correct spring constant is chosen based on its effect on capacitance. Full credit is given.
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(a) Define the capacitance of a capacitor. [1]

(b) Two capacitors, initially uncharged, are arranged in series as shown. When a battery is
connected across A and B, the charge on plate P is found to be +75 nC.

10nF 30nF

A ] B
|| ||
P Q RS

(i) Write down the charges on each of the plates Q, R and S. Give a reason for your
answer to the charge on plate S. [3]

CRArge ON QX e
ChArge ON R e

CRAIGE ON S: e

Reason:

(i)  Calculate the pd across A and B. 2]

© WJEC CBAC Ltd. (A420U20-1)

Examiner
only





15

Examiner
(i) A Physics student makes the following comment: ony

For capacitors in series, a capacitor of higher capacitance stores more energy than
a capacitor of smaller capacitance.

By considering this combination of capacitors, investigate whether or not the student
is correct. [2]

(c) Some computer keyboards work on the principle of varying capacitance. When a key
is pressed, a spring is compressed and the separation of two parallel metal plates is
decreased. The computer responds if the increase in capacitance of the plates is 0.20 pF
or more.

The diagram shows how a single key is constructed.

Fixed keyboard base Spring

Moveable metal plate
Fixed metal plate \#
\_[ Initial separation of plates = 5.2 x 1073 m

Initial capacitance = 0.27 pF
Plate area = 1.6 x 10~%m?

The designers of a keyboard require that the increase in capacitance of 0.20 pF occurs
when a force of 0.20N is exerted on a key. Different springs are available, of spring
constant 90Nm~', 120Nm~" and 150N m~". Determine which (if any) of these springs
would be suitable in meeting the designer’s requirements. The capacitor is filled with air.

(4]

12
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(a) Complete the following table:

[3]

Quantity

Definition

Vector or Scalar

Electric field strength, E

Electric potential, I

(b)  Point charges of —12.0nC and +8.0nC are placed at A and B, 13.0cm apart as shown. P

is a point in space which is 12.0cm from A and 5.0cm from B.

(i) Draw on the diagram two arrows to show the directions of the field strength at
P due to each charge.

(1]

(i) Hence draw on the diagram one arrow to represent the direction of the resultant
field strength at P. Label this arrow R.

© WJEC CBAC Ltd. (A420U20-1)
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(iif)  Calculate the magnitude and direction of the electric field strength at P. [4]

<

PN fod

From torieep

(© [2]

(i)  Calculate the gain in kinetic energy in joules of an electron as it moves from infinity
to P. [2]

................................................................................................................

(d)  Without calculation, explain how the de Broglie wavelength of the electron changes as it

moves towards P. — 3]
Hogimroneloalbh  Hocicoses A
...... Z; Oféa/’/é/S‘*//bcr«wse"“e
..... Q/CC/W"‘%C%& “~Sf€/a«ef7/%/e’
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7. (a8 Complete the following table: [3]
Quantity Definition Vector or Scalar
Jhe. . . Jo rce . PRL... Unik. . charge
......... eseacd b B PRSEIYVE.. Scales~
Electric field strength! _E SN b
cfno\r] ......... n en. -eleckric ...
B L SR —
The  wosh  doe  cer. usik...
requirest e
_Shosge € eddiel . briag . A Veckor
Electric potential, 7 | T W T e
ositive .. Clnode ..... f‘ am.... wﬂm...

““aramt ....... F ..............................

(b) Point charges of —12.0nC and +8.0 nC are placed at A and B, 13.0cm apart as shown. P
is a point in space which is 12.0cm from A and 5.0cm from B. '

~12.0nC . +8.0nC
A S St °B
. (‘* 63-38°
12.00m . ¥B0e! >-0cm

pe o TF A

-
by ) )

(i) Draw on the diagram two arrows to show the directions of the field strength at

P due to each charge.

(1]

(i) Hence draw on the diagram one arrow to represent the direction of the resuitant
field strength at P. Label this arrow R. 1]

© WJEC CBAC Lid.
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(i) Calculate the magnitude and direction of the electric field strength at P. [4]

\ Cﬁ! ~u:|o"q) 2 1 C8xw~%) W.

q&ﬁ;b“de ....... SOCTTY 3 A i as Mgaes isssssaisisessssenvecazissinPoss e “' ............. = 1
4“ go o \12 4“59 [+ (e)=} /

- mq-s o
Direckion = n'( ° = 1<4.6°

(i) Calculate the gain in kinetic energy in joules of an electron as it moves from infinity

to P, e 2]
Loss 1w EPE. = Qwa = k€.

(d) Without calculation, explain how the de Broglie wavelength of the electron changes as it

moves towards P. [3]
R — b e hoStewy the  SOME .

P

................................................................................... Tk . aains... . moemenbum.. XS (€

© WJEC CBAC Ltd. (A420U20-1) Turn over.
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(a) Complete the following table:

3]

Quantity

Definition

Vector or Scalar

T brce expericawd b

Electric field strength, E . .
ctric reng HMS Pﬁlhf

Electric potential, V'

(‘nﬁm}iﬁ,ﬁdawgh ...... & A5
Specifi.. LT

(b) Point charges of -12.0nC and +8.0nC are placed at A and B, 13.0cm apart as shown. P

is a point in space which is 12.0cm from A and 5.0cm from B.

(i) Draw on the diagram
P due to each charge.

~120nC 13.0cm +8.0nC

. e e e e SRR .

) ,
/ 5.0cm

12.0cm V
: P
g .
(%7

two arrows to show the directions of the field strength at

1]

(i) Hence draw on the diagram one arrow to represent the direction of the resultant
field strength at P. Label this arrow R.

© WJEC CBAC Ltd. (A420U20-1)

(1]

Examiner
only





17

(iii)  Calculate the magnitude and direction of the electric field strength at P. [4]
) x $¥io” 1

(¢) (i) Show that the potential at P is + 540V. [2]
- 4 < 2xi0~4

(i)  Calculate the gain in kinetic energy in joules of an electron as it moves from infinity
to P. [2]

(d) Without calculation, explain how the de Broglie wavelength of the electron changes as it
moves towards P.

Examiner
only
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Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

7| (@)

Electric field strength, E, is the force per unit charge [on a small
positive test charge placed at the point]. (1)

Electric potential, V, [at a point] is the work done per unit charge [in
bringing the charge] from infinity [to that point]. (1)

E- vector and V- scalar (both needed) (1)

(b)

-12.0nC +8.0nC

Both arrows seen. Ignore length of arrows. [Must be along dotted
lines]

(ii)

-12.0nC +8.0nC

R correctly drawn and labelled [ecf]. Ignore length of arrow.

(iil)

E at P due to A (-12.0nC) = 7500NC™ (1)

E at P due to B (+8.0nC) = 28800NC™ (1)

(Deduct 1 mark for powers of 10 error)

Resultant field strength at P = (7 5002 + 28 800%)*? = 29 760N C*
(1) (ecf on both values of E) [or using horizontal and vertical
components]

Correct trigonometric relationship applied e.g. between R and A:

6= cos‘l( 7500

29760
and different ways of expressing directions] (1)

j: 75.4° (or 14.6° between R and B) [accept 2 sf

© WJEC CBAC Ltd.
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(©) () | Vp due to A (=12.0nC) =[ -] 900V 2 2
Vp due to B (+ 8.0nC) =[+] 1440V Both potentials regardless
of signs (1)
Correct sign convention [and addition clearly shown] (= + 540V)
(1)
Alternative
1 (-12x107°  8x107° .
Vp = 4—”8{ —— 5:10_2} values(1) and signs (1)
(ii) | Correct substitution into W = gAV i.e -1.6 x 10 (+540 — 0) (1)
Or W=-8.64 x 10" J seen (accept 540 eV converted into J) 1 2
Hence gain in E, = (+) 8.64 x 10" J (1) (+) can be awarded by
implication
d _ h
@ de Broglie 1 =— (1)
Y
Electron accelerates (or velocity or Ey increases) towards point P,
S0 momentum increases (need to explain why momentum 1
increases here) (1) 1 3
So 1 decreases (1)
Ecf from (c) on marks 2 and 3: If AE, < 0 then opposite answer
required.
Question 7 total 10 16

© WJEC CBAC Ltd.
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(a) Complete the following table:

16

[3]

Quantity

Definition Vector or Scalar

Electric field strength, E R

Electric potential,

(b)  Point charges of —12.0nC and +8.0nC are placed at A and B, 13.0cm apart as shown. P
is a point in space which is 12.0cm from A and 5.0cm from B.

(i) Draw on the diagram two arrows to show the directions of the field strength at
P due to each charge.

(1]

A

(i) Hence draw on the diagram one arrow to represent the direction of the resultant
field strength at P. Label this arrow R. .

© WJEC CBAC Ltd.

/
(
/

(A420U20-1)
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roberm

Sticky Note

(a) All definitions and the vector nature of the quantities are incorrectly given. No credit is given.



roberm

Sticky Note

(b)(i) and (ii) All arrows are drawn and labelled correctly. Both marks are awarded.
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(iif)  Calculate the magnitude and direction of the electric field strength at P. [4]

(©)

(i)  Calculate the gain in kinetic energy in joules of an electron as it moves from infinity
to P. [2]

(d)  Without calculation, explain how the de Broglie wavelength of the electron changes as it

moves towards P. R [3]
He oo ave lona 'ZA .......... ‘gff@“—sej ...................... te X
...... o c‘(é"/)/ﬁ/s/"//écfn'*&"ﬁde

© WJEC CBAC Ltd. (A420U20-1) Turn over.
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roberm

Sticky Note

(b)(iii) The magnitude of the electric field at P is calculated correctly. Various directions are determined, all of which are correct. All four marks are awarded.



roberm

Sticky Note

(c)(i) and (ii). The potential at P and the gain in kinetic energy are determined correctly and all available marks are awarded.



roberm

Sticky Note

(d) Although the candidate correctly states that the wavelength would decrease and does make reference to the increasing speed of the electron, the reason given, with reference to Doppler shift, is incorrect. No reference is made to the de Broglie equation and the momentum of the electron. No credit is awarded.










16
7. (a8 Complete the following table: [3]
Quantity Definition Vector or Scalar
.The. .. j’ﬂm— ...... per.... Maik. . ohorge
......... edeaced b B PRSEIYVE.. Scales~

Electric field strength, E

Electric potential, V'

..... °$+vechodefomsaf»ﬁ

...T‘E....a....rm‘n.t ....... Poo. _, / ........

(b) Point charges of —12.0nC and +8.0 nC are placed at A and B, 13.0cm apart as shown. P
is a point in space which is 12.0cm from A and 5.0cm from B. '

(ii)

-12.0nC 13.0cm +8.0nC
ey B
; (’* 63-38°

12.00m . ¥B0e! >-0cm

pe o BT A

-
by ) )

Draw on the diagram ‘two arrows to show the directions of the field strepgth at
P due to each charge. [1]

Hence draw on the diagram one arrow to represent the direction of the 7M'ant

N

field strength at P. Label this arrow R. 11

© WJEC CBAC Ltd. (A420U20-1)
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roberm

Sticky Note

(a) E and V are defined correctly. The vector nature of both quantities are incorrectly stated however. Two marks are awarded.



roberm

Sticky Note

(b)(i) and (ii) All arrows are correctly drawn and labelled. Both marks are awarded.
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(iif) Calculate the magnitude and direction of the electric field strength at P. [4]

\ Cﬁ! ~ux|o"q) 2 1 C8xw~%) W_

q&n;t‘“de ....... ST 3 O Siias Mgaes isissvaisisessssonbesssissinPoss s “' ............. - R
4“ go o \12 4“59 [+ (e)=} /

...................................................... A . / B R T LT LT T T PP PP PP P (EEETTTT TN

- mq-s O
Direckion = n'( = = 14.6°

................................................................................................. o LY R

(i) Calculate the gain in kinetic energy in joules of an electron as it moves from infinity

to P. — 2]
L P (3 = y ) ' €
/Ofs ............ w. . Efe. = Qwa G | C //

(d) Without calculation, explain how the de Broglie wavelength of the electron changes as it

moves towards P. [3]
. — b e ho Stewy the  SOME .

P

................................................................................... TE... . aains... . momenbum.. XS (€

{

© WJEC CBAC Ltd. (A420U20-1) Turn over.
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roberm

Sticky Note

(b)(iii). This is a well laid out response. The magnitude and direction of the electric field strength at P is determined correctly. Had the direction been given only as a bearing it would have been accepted and full credit given.



roberm

Sticky Note

(c)(i) The candidate substitutes correctly into an appropriate equation and shows clearly that the potential at P= 540V. Two marks are awarded.



roberm

Sticky Note

(c)(ii) The gain in potential energy is calculated correctly. Two marks are awarded.



roberm

Sticky Note

(d) The de Broglie equation is given and the candidate uses it to explain that the wavelength of the electron decreases. However, in doing so, the candidate does not fully explain, in terms of increasing velocity, why the momentum of the electron increases. Two marks are awarded.
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7. (a) Complete the following table: [3]
Quantity Definition Vector or Scalar
...IL.;.,.E!c.g‘...c.ac.pw'.cvsée.&b;: .........
& psihvt.. CW# .......... Vect [
Electric field strength, E ) ) f‘ ........................................
........ HMSPO‘"\X
Tl‘tene(ﬁf u!l#J ..... }amove .......
Stalof

Electric potential, V'

Examiner
only

=l

(b) Point charges of —12.0nC and +8.0nC are placed at A and B, 13.0cm apart as shown. P

is a point in space which is 12.0cm from A and 5.0cm from B.

~12.0nC 13.0cm +8.0nC
PO sivia s
~-8) ,
/ 5.0cm
12.0cm ‘ V
\‘>\”/I
P
L/ .
/‘\\
<é=§==-—'—~«/
fFe R jk\ \\47,

two arrows to show the directions of the field strength at \

() Draw on the diagram
P due to each charge. 11
(i) Hence draw on the diagram one arrow to represent the direction of the resultant
Ml

field strength at P. Label this arrow R.

© WJEC CBAC Ltd. (A420U20-1)




roberm

Sticky Note

(a) Both definitions are incorrect- no reference is made to 'unit' charge in either definition. The vector nature of both quantities is correctly given.



roberm

Sticky Note

(b)(i) and (ii). All arrows are correctly shown. However 'R' is not labelled. Only one mark is awarded.
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(iiiy  Calculate the magnitude and direction of the electric field strength at P. [4]
) x $xio” 1

© () Show that the potential at P is + 540V. ' 2]
3xi0” q RRxi0o~9
..... R LR .1 < N 1Y - S
...... :S(LOV/“,(‘//
v

(i)  Calculate the gain in kinetic energy in joules of an electron as it moves from infinity

to P. I [2]
40 x lgre < 'BW*“’ ............. Yo / /// ........................................

(d) Without calculation, explain how the de Broglie wavelength of the electron changes as it
moves towards P.

Tuhich. 3 l“'\W’fQQ propaston of to e %9/*49] ...... wellafeueaﬁe\

\ T e

.....................................................................................................
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roberm

Sticky Note

(b)(iii) The magnitude of the electric field strength at P is correctly calculated. No credit is awarded for the crossed-out attempt at determining the direction of the resultant field strength. Three marks are awarded.



roberm

Sticky Note

(c)(i) and (ii). Both the potential at P and the gain in kinetic energy are correctly calculated. A total of 4 marks are awarded.



roberm

Sticky Note

(d) The candidate incorrectly attempts an answer based on photon energy. No credit is given.
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Examiner
[
7. (a) Complete the following table: [3] o
Quantity Definition Vector or Scalar
Eloctrio field strength, | IS
Electrio potential, |7

(b) Point charges of —12.0nC and +8.0nC are placed at A and B, 13.0cm apart as shown. P
is a point in space which is 12.0cm from A and 5.0cm from B.

-12.0nC 13.0cm +8.0nC
A O B
/' 50cm
12.0cm
\\\/\?’l
P

(i) Draw on the diagram two arrows to show the directions of the field strength at
P due to each charge. 1]

(i) Hence draw on the diagram one arrow to represent the direction of the resultant
field strength at P. Label this arrow R. [1]

© WJEC CBAC Ltd. (A420U20-1)
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(i)  Calculate the magnitude and direction of the electric field strength at P. [4]

(c) (i) Show thatthe potential at P is + 540V. [2]
(i)  Calculate the gain in kinetic energy in joules of an electron as it moves from infinity

to P. [2]

(d)  Without calculation, explain how the de Broglie wavelength of the electron changes as it
moves towards P. (3]

Examiner
only
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