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Q Solution     Mark Notes     

 

14(a) ∫ 𝑥2cos𝑥 d𝑥
𝜋

2
0

 

 = [±𝑥2sin𝑥 ]0

𝜋

2 − ∫ ±2𝑥sin𝑥 d𝑥
𝜋

2
0

  M1 2 terms, 𝑥2sin𝑥 and ∫ 2𝑥sin𝑥 seen

        No limits needed 

 = [𝑥2sin𝑥 ]0

𝜋

2 − ∫ 2𝑥sin𝑥 d𝑥
𝜋

2
0

   A1 all correct 

 = [𝑥2sin𝑥 ]0

𝜋

2 − [2𝑥(−cos𝑥) ]0

𝜋

2 

+∫ 2(−cos𝑥) d𝑥
𝜋

2
0

   m1 integration of 2xsinx, 

               [2𝑥(−cos𝑥) ] − ∫ 2(−cos𝑥) d𝑥,

       2𝑥cos𝑥 and ∫ 2cos𝑥 seen   

 = [𝑥2sin𝑥 ]0

𝜋

2 + [2𝑥cos𝑥]
0

𝜋

2  − [2sin𝑥 ]0

𝜋

2 A1 all correct 

 = (
𝜋2

4
− 0) + (0 – 0) – (2 – 0)   m1 correct use of limits, 3 terms 

si by correct answer 

 =  
𝜋2

4
 – 2   or   

𝜋2−8

4
    A1 cao, ISW A0 for 0.467401… 

        condone (
𝜋

2
)

2

 – 2 

 

Note 1: No workings, no marks 

Note 2:    ∫ 𝑥2cos𝑥 d𝑥
𝜋

2
0

 

 = [
𝑥3

3
cos𝑥 ]

0

𝜋

2
 − ∫

𝑥3

3
(±sin𝑥) d𝑥

𝜋

2
0

  M1 2 terms , 
𝑥3

3
cos𝑥 and ∫

𝑥3

3
sin𝑥 seen

        No limits needed 

 = [
𝑥3

3
cos𝑥 ]

0

𝜋

2
 − ∫

𝑥3

3
(−sin𝑥) d𝑥

𝜋

2
0

  A1 all correct 
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Q Solution     Mark Notes     

 

14(b) u = 1 + lnx 

 du = 
d𝑥

𝑥
      B1 

d𝑢

d𝑥
=

1

𝑥
 

 ∫
ln𝑥

𝑥(1 + ln𝑥)2 d𝑥 = ∫
𝑢 − 1

𝑢2 d𝑢   M1 attempt to change f(x) to g(u) 

        and dx to du 

  = ∫ (
1

𝑢
−

1

𝑢2) d𝑢   A1 integrable form 

  = ln|u| + 
1

𝑢
 (+ C)   A1 correct integration,   

        condone no modulus sign 

  = ln|1 + lnx| + 
1

1 + ln𝑥
 + C  A1 cao, Mark final answer 
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Q Solution     Mark Notes 

 

15(a) Range of f is (0, ∞).    B1 (0, 

       B1 , ∞) 

        Accept equivalent notation 

 

OR 

 f(x) > 0      B2  

f(x) ≥ 0      B1 

 y > 0      B1  

y ≥ 0      B0 

 x > 0      B0 
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Q Solution     Mark Notes 

 

15(b) 𝑦 =
9

(𝑥 − 3)2
     M1 

 (𝑥 − 3)2 =  
9

𝑦
     m1 Attempt to make x the subject 

 (𝑥 − 3) =  ±
3

√𝑦
 

 𝑥 = 3 ±
3

√𝑦
     A1 condone + and not ± 

 Since x > 3, 𝑥 = 3 +
3

√𝑦
   A1 correct justification for +. 

 f −1(x) = 3 +
3

√𝑥
    A1 cao, oe, ISW 

 

 OR  

y = 
9

(𝑥 − 3)2     (M1)      

 yx2 – 6yx + 9(y – 1) = 0   (m1) quadratic in x (or y)  

   

 x = 
6𝑦 ± √(−6𝑦)2 − 4×𝑦×9(𝑦−1)

2𝑦
   (A1) condone + and not ±   

 x = 
3(𝑦 ± √𝑦)

𝑦
  

 Since x > 3, x = 
3(𝑦 + √𝑦)

𝑦
   (A1) correct justification for + 

  

 f −1(x) = 
3(𝑥 + √𝑥)

𝑥
    (A1) cao, ISW  
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Q Solution     Mark Notes 

 

16 At the end of 20 years, 

Loan = 50000(1.05)20    B1 seen, or implied by correct working 

         = 132 664.885257 

 

Total repayment  

= R[(1.05)19 + (1.05)18 + …..+ (1.05)2 + (1.05) + 1]      

       M1 GP r = 1.05 

3 or more terms or statement or 

attempt to sum 

       A1 20 terms a = any R including 1. 

        Condone 19 or 21 terms. 

 = R(
1 − 1.0520

1 − 1.05
)     A1 R(33.06595) award for any R, 

e.g. 2500 to give 82 664.875 

 

 R is such that 

 R(
1 − 1.0520

1 − 1.05
) = 50000(1.05)20   M1 e.g.  

132 664.885257 × 2500

82 664.875
 

 R = 4012.12(936)     A1 cao 

 Annual instalment = £4012.13 
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_________________________________________________________________________ 

 
About this marking scheme 
 
The purpose of this marking scheme is to provide teachers, learners, and other interested 
parties, with an understanding of the assessment criteria used to assess this specific 
assessment. 
 
This marking scheme reflects the criteria by which this assessment was marked in a live 
series and was finalised following detailed discussion at an examiners' conference. A team 
of qualified examiners were trained specifically in the application of this marking scheme. 
The aim of the conference was to ensure that the marking scheme was interpreted and 
applied in the same way by all examiners. It may not be possible, or appropriate, to capture 
every variation that a candidate may present in their responses within this marking scheme. 
However, during the training conference, examiners were guided in using their professional 
judgement to credit alternative valid responses as instructed by the document, and through 
reviewing exemplar responses.   
 
Without the benefit of participation in the examiners' conference, teachers, learners and 
other users, may have different views on certain matters of detail or interpretation. Therefore, 
it is strongly recommended that this marking scheme is used alongside other guidance, such 
as published exemplar materials or Guidance for Teaching. This marking scheme is final and 
will not be changed, unless in the event that a clear error is identified, as it reflects the 
criteria used to assess candidate responses during the live series.  
_________________________________________________________________________ 
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WJEC GCE A LEVEL MATHEMATICS 
 

UNIT 4 APPLIED MATHEMATICS B 
 

SUMMER 2025 MARK SCHEME 
 

SECTION A – Statistics  
 
 

Q1 Solution Mark Notes 

 
 
 

 
𝑐 + 𝑑

2
= 7.5 

 
 

(𝑑 − 𝑐)2

12
= 3 

 
Solve simultaneously 
 
𝑐 + 𝑑 = 15 
 
𝑑 − 𝑐 = 6 
 
 
 
 
 
𝑐 = 4.5, 𝑑 = 10.5 

 
B1 

 
 
 

B1 
 
 

M1 
 
 
 
 
 
 
 
 
 

A1 
 

[4] 
 

 
oe e.g. 𝑐 + 𝑑 = 15 

𝑐 = 15 − 𝑑  

𝑑 = 15 − 𝑐   
 

oe e.g. (𝑑 − 𝑐)2 = 36  
𝑑 − 𝑐 = (±)6  
Condone a and b here. 
Must have at least one B1. Attempt to 
solve. Allow 1 slip. This could be 
substituting one eqn into the other. 
e.g.  

(𝑑−(15−𝑑))
2

12
= 3  

e.g. 15 = 𝑐 + (6 + 𝑐) 
15 = 2𝑐 + 6  
Condone a and b here. 
M1A0 for 𝑐 = 10.5, 𝑑 = 4.5 

cao Both. Must be 𝑐 and 𝑑. 

Total for Question 1 4  
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Q2 Solution Mark Notes 

(a) 
(i) 
 

P(𝐶) =  0.2 ×  0.9 +  0.5 ×  0.7 +  0.3 ×  0.25 
 

 
      = 0.18 +  0.35 +  0.075   

      =  0.605 (OR 
121

200
)  

 
OR  

P(𝐶) = 1 − P(𝐼) 
= 1 − (0.2 ×  0.1 +  0.5 ×  0.3 

+  0.3 ×  0.75) 
= 1 − (0.02 + 0.15 + 0.225) 

      = 1 − 0.395 
= 0.605 

 
 

M1A1 
 
 
 
 

A1 

 
(M1) 
(A1) 

 
 
 

(A1) 
 

[3] 
 

M1 for sight of at least four correct 
values within addition formula. 
A1 for fully correct method. 
 
 
 

 
1 − P(𝐼) needed for M1 and A1 
Sight of at least four correct values 
within addition formula for M1 
 
 

 

 
(a) 
(ii) 

  

P(𝑁|𝐶) =  
P(𝑁 ∩ 𝐶)

P(𝐶)
 

 

=  
0.3 × 0.25

0.605
 

 

=  0.1240 OR 
15

121
 

 

 
 
 
 

M1 
 
 

A1 
 

 
[2] 

 

FT their denominator from (a) provided 
0 < P(𝐶) < 1 and answer is valid 
probability for possible M1A1 
 
FT their P(𝑁 ∩ 𝐶) from (a) for M1 only 
 
 
 

3sf or greater required  
 

 
(b) 
(i) 
 
 
 

P(correct) = 𝑝 × 1 + (1 − 𝑝) ×
1

4
 

 
 
 

𝑝 × 1 + (1 − 𝑝) ×
1

4
≥ 0.7 

 
 
 
 
1 + 3𝑝

4
≥ 0.7 

 
 
Least value is 𝑝 = 0.6  

 

M1 
 
 
 
 

m1 
 
 

A1 
 
 

 
 
 

A1 
 

[4] 
 

 
M1 for attempt at expression for 
P(correct). Must have either 𝑝 + ⋯ or 

(1 − 𝑝) ×
1

4
. 

oe  
 

For forming an equation or inequality 
using their expression for P(correct) and 
0.7 
Fully correct method. 
 
 
 

 
 
cao 
Accept 𝑝 ≥ 0.6 
Condone use of ≥ or = throughout. 

(b) 
(ii) 

Let 𝑋 be the number of correct answers. 
𝑋 ∼ B(10,0.7)  
P(𝑋 ≥ 8) = 1 − P(𝑋 ≤ 7) 
= 1 – 0.61721… 

= 0.3828 

 
B1 
M1 

 
A1 

 
[3] 

 

 
si May be by a correct method. 
Written or used. oe method. 
P(𝑋 = 8) scores M0 
cao 3 sf or better. 

Total for Question 2 12  
 



 

3 
© WJEC CBAC Ltd. 

 

  

Q3 Solution Mark Notes 

(a) Valid explanation  
e.g.  
The councillor is concerned about the decline of 
bus drivers being linked with an increase of 
delivery company drivers. 

E1 
 
 
 
 

[1] 

For E1 must address decrease in bus drivers 
and increase in delivery drivers. 
Accept E1 Specifically looking for negative 
correlation. 
E1 Likely to be negative correlation. 
E0 Graph shows negative correlation. 
E0 Claim only talks about the decline, a 
negative statement. If it was research about 
positive or negative it would be 2-tailed. 
E0 Councillor is concerned about the decline 
of bus drivers. 

(b) 𝐻0: 𝜌 = 0             𝐻1: 𝜌 < 0  
 
 
TS =  −0.8206  
 
 
 
 
CV = (±)0.6215  
 
Since |TS| >  0.6215 (or −0.8206 < −0.6215), 
there is sufficient evidence to reject 𝐻0. 
 
 
 
 
 
There is evidence to suggest that there is 
negative correlation between the number of 
delivery drivers and the number of bus drivers. 

 

B1 
 
 

B1 
 
 
 
 

B1 
 

B1 
 
 
 
 
 
 

E1 
 

[5] 

B0 for 𝐻0: correlation = 0. Population must 
be stated or implied. B0 for omission of 𝜌 or 
use of 𝑟. B0 for non-strict inequality. 
B1 Labelled as test statistic or used in 
comparison with a critical value (not a 
significance level). If positive, only award 
once compared with 0.6215. 
 
 
 
Must account for − at some point. e.g. 
−0.8206 < 0.6215 is B0 
FT their CV. Comparison may be implied by 
a diagram. 
 
 

 

cso Must have context.  

(c) 
(i) 
  
 
 
 
 
 
 

 
(ii) 

Valid reason. 
e.g. There is only a limited number of drivers so a 
delivery company could offer more money to a driver 
and then that would lead to a decrease in bus 
drivers. 
e.g. Bus driver is becoming a less attractive job and 
delivery driver is becoming a more attractive job.  
e.g. Conditions of work may be better as a delivery 
driver compared to those of a bus driver. 
 
Valid reason. 
e.g. The city councillor cannot reach any conclusion 
because she does not have any data over time. She 
only has a snapshot at one point in time for 8 cities. 

E1 
 
 
 
 
 

 
 
 
 

E1 
 
 

[2] 
 

E1 Better job/pay/hours as a delivery driver. 
 
E0 Number of bus drivers and delivery drivers 
are connected. 
 
E0 for stating there is a causal link because 
bus drivers are becoming delivery drivers. 

Total for Question 3 8  
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Q4 Solution Mark Notes 

 
(a) 

 
P(𝑋 < 28) = 0.1587 

 
M1 
A1 

 
[2] 

 

 

M1 for lower:-99999 (say) 
upper: 28 

𝜎: 0.3  
𝜇: 28.3  
A1 3sf or better. 
 

 
(b) 

 
 
 

 
P(𝑋 > 28.8) = 0.04779  
 
 
 
P(𝑋 > 29.1) = 0.00383  
 

 
M1 
A1 

 
 

M1 
(A1) 

M1 for lower:28.8  
upper: 999999 (say) 

𝜎: 0.3  

𝜇: 28.3  

 
M1 for lower:29.1  
upper: 999999 (say) 

𝜎: 0.3  
𝜇: 28.3  
A1 if not previously awarded. 
 

 

P(𝑋 > 29.1|heavy) =
P(𝑋>29.1)

P(heavy)
  

 

P(𝑋 > 29.1|heavy) =
0.00383

0.04779
 

 
 
 

= 0.0801 

 
M1 

 
 

m1 
 
 
 

A1 
 

[6] 

 
Recognising conditional probability leading 
to fraction <1. 
 
Correct fraction. FT “Their 0.04779” and 
“0.00379”   
 
 
cao awrt 0.08 

(c) 
(i) 

Valid comment.  
e.g. The histogram looks like it could be approximated 
by a normal curve.  

E1 
 

[1] 
 

Condone ‘resembles bell shaped curve’ 
Condone ‘unimodal and symmetrical’ 

Don’t allow ‘symmetrical’ on its own. 
Recognising and stating normal distribution 
is enough for E1 
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(c) 
(ii) 

(Let 𝜇 be the mean mass of a pack of cards in g) 
𝐻0: 𝜇 = 28.3 
𝐻1: 𝜇 > 28.3 
 

𝑋̅~N (28.3,
0.322

10
) under 𝐻0 

 

Use of 𝒙̅ =
𝟐𝟖𝟓

𝟏𝟎
= 𝟐𝟖. 𝟓 

 
METHOD 1 (p-value) 

P(𝑋̅ > 28.5|𝐻0) 
 
 
 
 
 

= 0.02405 
 
 
 
Since 0.02405 < 0.03  there is sufficient evidence to 
reject 𝐻0. 
 
 
 
METHOD 2 (Critical value) 
CV = 28.49 
(CR is 𝑋̅ > 28.49)  
 
 
 
 
Since 28.5 > 28.49 there is sufficient evidence to reject 𝐻0. 
 
METHOD 3 (critical value with standardising): 

TS =
28.5−28.3

0.32

√10

  

 

     = 1.976  
 
 
 
Since 1.976 > 1.881 there is sufficient evidence to reject 𝐻0. 

 
 
 
There is sufficient evidence to suggest that the packs 
Graham has to sell are on average heavier than 28.3g 
 

 
B1 

 
 

B1 
 

 

B1 
 
 

M1 
 
 

 
 

A1 
 
 
 

m1 
 
 
 
 

 
(M1A1) 

 
 

 
 

(m1) 
 
 

(M1) 
 
 

(A1) 
 
 
 

(m1) 
 
 
 

A1 
 
 

[7] 
 

 

Must be 𝜇. 
 
 
Distribution of 𝑋̅ si. 
 
 

B1 for appropriate use of 28.5, not just 
calculating. 
 
Must use 𝜎𝑋̅ = 0.32/√10    (0.10119 … )  for M1. 
M1 for a clear attempt to find P(𝑋̅ > 28.5) e.g. 
calculator inputs. 

M1 for P (𝑍 >
28.5−28.3

0.32

√10

) = P(𝑍 > 1.98)  

 
 
 

 
 
Dep on previous M1. FT their hypotheses. 
 
 
 

 
M1 implied by correct answer from calculator or for 
correctly standardising and equating to 1.881: 
CV−28.3

0.32

√10

= 1.881.      

Must use 𝜎𝑋̅ = 0.32/√10    (0.10119 … )  for M1.  

Dep on previous M1. FT their hypotheses. 

 
 
 
 

Must use 𝜎𝑋̅ = 0.32/√10    (0.10119 … )  for 
M1. 
1.976 earns M1A1 if used as a TS.  
Dependent on previous M1. FT their TS and 
hypotheses.  
Correct comparison with 1.881 required.  
 
 
 
cso Do not allow categorical statements  
 

Total for Question 4 16  
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SECTION B – Differential Equations and Mechanics 
 

Q5 Solution Mark Notes 

 
(a) 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

  
Attempt to resolve horizontally AND vertically 
(only 1 needs to be dim. correct, i.e. allow missing g) 
 

Horizontally (↔) 
 

𝑇1 sin 60° = 𝑇2 sin 45°                  (
√3

2
𝑇1 =

√2

2
𝑇2)  

 

𝑇1 =
sin 45° 

sin 60°
𝑇2 =

√6

3
 𝑇2   or    𝑇2 =

sin 60° 

sin 45°
𝑇1 =

√6

2
𝑇1 

 
𝑇1 ≈ 0 ∙ 816 … 𝑇2          or          𝑇2 ≈ 1 ∙ 224 … 𝑇1         

                    
Vertically (↕) 
 
𝑇1 cos 60° + 𝑇2 cos 45° = 25𝑔      (= 245) 
 
1

2
𝑇1 +

√2

2
𝑇2 = 25𝑔      (= 245) 

 
 
Attempt to eliminate one variable 
 

1

2
(

√6

3
𝑇2) +

√2

2
𝑇2 = 25𝑔  or  

1

2
𝑇1 +

√2

2
(

√6

2
𝑇1) = 25𝑔  

 
𝑇1 = 179 ∙ 352 . . .  ≈ 179     (N) 
 
𝑇2 = 219 ∙ 660 …  ≈ 220     (N) 
 
𝑇1 = 179 ⇒ 𝑇2 = 219 ∙ 229 …  ≈ 219     (N) 
 

 
M1 

 
 

 
B1 

 
 
 
 
 
 
 
 

A1 
 

 
 

 
 

m1 
 

 
 

A1 
 

A1 
 

[6] 
 

 
No missing/extra forces, correct signs 
allow for confusion of sin/cos  
with 60 and 30 
 
First correct equation, oe 
𝑇1 cos 30° = 𝑇2 cos 45° 
 
𝑇1 cos 30° = 𝑇2 sin 45° 
𝑇1 sin 60° = 𝑇2 cos 45° 
 
 
 
 
Second correct equation, oe 
𝑇1 sin 30° + 𝑇2 sin 45° = 25𝑔 
 

𝑇1 sin 30° + 𝑇2 cos 45° = 25𝑔 

𝑇1 cos 60° + 𝑇2 sin 45° = 25𝑔 
 
Any valid method 
 
 
 
Convincing 
 
cao, any form.  
 
 

  

𝐶 

𝐵 

45° 
60° 

𝐴 

𝟐𝟓𝒈 = 𝟐𝟒𝟓 

𝑇1 𝑇2 
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Q5 Solution Mark Notes 

 
(b) 

 
A sensible modelling assumption. 
 
For example; 
 

• Cables are modelled as light strings. 
 

• Cables have negligible mass. 
 

 
B1 

 
 
 
 
 
 

[1] 
 

 
Do not accept 
 

• Cables are inextensible 

• Lights modelled as a particle 

• Lights are uniform 
 

Total for Question 5 7  

 

  

Further Notes  

(a) 
 

 

Exact forms for the tension in AC and BC 
 

𝑇1 =
100𝑔

2 + 2√3
=

980

2 + 2√3
=

490

1 + √3
= 25𝑔(√3 − 1) = 245(√3 − 1) = 179 ∙ 352 . . .  ≈ 179     (N) 

 
 

𝑇2 =
150𝑔

√6 + 3√2
=

1470

√6 + 3√2
=

25

2
𝑔(3√2 − √6) =

245

2
(3√2 − √6) = 219 ∙ 660 …  ≈ 220     (N) 
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Q6 Solution Mark Notes 

 
(a) 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Highlighted values not  
provided in question 
 

 
 

 
Moments about 𝐶  
If moments are listed separately, then they must 
be part of an equation for M1 
 
𝑅𝐷 × 1 ∙ 8 + 𝑊 × 1 ∙ 2 = 180 × 0 ∙ 7 

𝑅𝐷 × 1 ∙ 8 + 69 × 1 ∙ 2 = 180 × 0 ∙ 7 

1 ∙ 8𝑅𝐷 + 82 ∙ 8 = 126 
 
𝑅𝐷 = 24     (N) 
 
Resolve vertically 
 
 
𝑅𝐶 + 𝑅𝐷 = 180 + 𝑊            

𝑅𝐶 + 𝑅𝐷 = 180 + 69             

𝑅𝐶 + 𝑅𝐷 = 249             
 
𝑅𝐶 + (24) = 249            
 
𝑅𝐶 = 225     (N) 
 
 

 
M1 

 
 
 

A1 
 
 

 
A1 

 
M1 

 
 

A1 
 
 
 
 
 

A1 
 

[6] 
 

 
Dim. correct equation, oe, 
no extra/missing forces 
Allow incorrect signs/distances 
 
Correct equation  
(with or without 𝑊) 
 
 
cao 
 
Dim. correct equation, oe, ± 
no extra/missing forces 
(or 2nd moment equation) 
Correct equation  
(with or without 𝑊) 
 
 
 
 
cao 
 
 

 
(b) 

 
For maximum 𝑊, rod will be on the point of 

turning about 𝐶, 𝑅𝐷 = 0          (⇒    𝑅𝐶 = 285)      
 
 
Moments about 𝐶   
 
180 × 0 ∙ 7 = 𝑊 × 1 ∙ 2 
126 = 1 ∙ 2𝑊           
 
𝑊 = 105 

 
 

M1 
 
 

m1 
 
 
 

 
A1 

 
[3] 

 

 
 
si, does not need to be used 
 
 
Dim. correct equation, 
no extra forces 
Allow incorrect distances 
 
 
cao  

Total for Question 6 9  

 

 

1 ∙ 2 0 ∙ 7 1 ∙ 1 

𝐴 𝐵 

𝑹𝑪 𝑹𝑫 

𝟏𝟖𝟎 𝑾 = 𝟔𝟗 

0 ∙ 8 

1 ∙ 8 

𝐶 𝐷 



 

9 
© WJEC CBAC Ltd. 

 

  

Further Notes  

(a) 

 

Consistently multiplying weights by 𝑔 
 
Part (a):  The following incorrect answers are obtained. 
 

𝑅𝐷 = 24𝑔 = 235 ∙ 2 =
1176

5
     

 
𝑅𝐶 = 225𝑔 = 2205 
 
Award 

• SC2: Both correct 

• SC1: One Correct 
 

(a) 

 
Alternative Moments Solutions 

 
 
 

 
M1: Allow incorrect/signs distances 
 

Moments about 𝑨 
 
𝑅𝐶 × 1 ∙ 2 + 𝑅𝐷 × 3 = 180 × 1 ∙ 9 
𝑅𝐶 × 1 ∙ 2 + 𝑅𝐷 × 3 = 342 
 

M1 
 

A1  
 

Dim. correct equation, oe, 
no missing forces 
Correct equation  
 

Moments about Centre 
 
𝑅𝐷 × 1 ∙ 1 + 𝑊 × 1 ∙ 9 = 𝑅𝐶 × 0 ∙ 7 
𝑅𝐷 × 1 ∙ 1 + 69 × 1 ∙ 9 = 𝑅𝐶 × 0 ∙ 7 

𝑅𝐷 × 1 ∙ 1 + 131 ∙ 1 = 𝑅𝐶 × 0 ∙ 7 
 

M1 
 

A1  
 

Dim. correct equation, oe, 
no missing forces 
Correct equation  
 
 

Moments about 𝑫 
 
𝑊 × 3 + 180 × 1 ∙ 1 = 𝑅𝐶 × 1 ∙ 8 

69 × 3 + 180 × 1 ∙ 1 = 𝑅𝐶 × 1 ∙ 8 

207 + 198 = 𝑅𝐶 × 1 ∙ 8 
405 = 𝑅𝐶 × 1 ∙ 8 
 

M1 
 

A1  
 

Dim. correct equation, oe, 
no missing forces 
Correct equation  
 

Moments about 𝑩 
 
𝑊 × 3 ∙ 8 + 180 × 1 ∙ 9 = 𝑅𝐶 × 2 ∙ 6 + 𝑅𝐷 × 0 ∙ 8 
69 × 3 ∙ 8 + 180 × 1 ∙ 9 = 𝑅𝐶 × 2 ∙ 6 + 𝑅𝐷 × 0 ∙ 8 

262 ∙ 2 + 342 = 𝑅𝐶 × 2 ∙ 6 + 𝑅𝐷 × 0 ∙ 8 

604 ∙ 2 = 𝑅𝐶 × 2 ∙ 6 + 𝑅𝐷 × 0 ∙ 8 
 

M1 
 

A1  
 

Dim. correct equation, oe, 
no missing forces 
Correct equation  
 
 

(b) 

Alternative Solution to (b) 
 

For maximum 𝑊, rod will be on the point of 

turning about 𝐶, 𝑅𝐷 = 0           
 

Moments about a point other than 𝐶 to get 

⇒    𝑅𝐶 = 285    
Resolving vertically 
285 = 𝑊 + 180            
 

𝑊 = 105 
 

 
 
 

M1 
 
 

 
m1 

 
A1 

 
 
 
si, does not need to be used 
 
 
 
 
 
cao 
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Q7 Solution Mark Notes 

 
(a) 

 
Application of N2L,  
 

𝑎 =
25

(𝑡 + 2)2
               OR                 1 ∙ 2𝑎 =

30

(𝑡 + 2)2
 

 
d𝑣

d𝑡
=

25

(𝑡 + 2)2 
             OR            1 ∙ 2 

d𝑣

d𝑡
=

30

(𝑡 + 2)2
 

 

𝑐 ∫ d𝑣 = 𝑑 ∫(𝑡 + 2)−2d𝑡 

 
 
 
 

𝑣 =
25

−1
(𝑡 + 2)−1 (+𝐶)  OR   1 ∙ 2𝑣 =

30

−1
(𝑡 + 2)−1(+𝐶)  

 
When 𝑡 = 0 ∙ 5, 𝑣 = 20                (⇒   𝐶 = 30, 36) 
 

𝑣 = 30 −
25

(𝑡 + 2)
 

 
As 𝑡 → ∞, 𝑣 → 30    (Limiting value = 30) 
 

 
 

 
 

 
B1 

 
 

 
 

M1 
 
 
 
 

 
A1 

 
m1 

 
 

A1 
 

B1 
 

[6] 
 

 
 
 

 
 
Accept in terms of 𝑚 
 
 
 
 

𝑎 =
d𝑣

d𝑡
 used, separation of variables 

and attempt to integrate 
Allow for 

𝑐 ∫ d𝑣 = 𝑑 ∫(𝑡 + 2)±2d𝑡 

 

All correct, oe 
 

Used                  (
1

25
𝑣 = ⋯ ⇒   𝐶 = 1.2) 

 
 

cao, oe 

 
FT  

𝑣 = 𝑎 −
𝑏

(𝑡 + 2)
,    𝑣 → 𝑎 

 

 
(b) 

 
Substituting 𝑣 = 29 into expression for 𝑣 
 

29 = 30 −
25

(𝑡+2)
  

 
𝑡 = 23 s  
 

 
M1 

 
 
 
 

A1 
 

[2] 
 

 
FT ANY 𝑣 = 𝑓(𝑡) from (a) 
 
 
 
 

cao 
 

Total for Question 7 8  

 

Further Notes  

(a) 

 

Alternative Solution to (a)  
 

Application of N2L,  
 

𝑎 =
25

(𝑡 + 2)2
               OR                 1 ∙ 2𝑎 =

30

(𝑡 + 2)2
 

 

𝑣 = ∫
25

(𝑡 + 2)2
d𝑡             = 25 ∫(𝑡 + 2)−2 d𝑡 

𝑣 =
25

−1
(𝑡 + 2)−1 (+𝐶)   

 
When 𝑡 = 0 ∙ 5, 𝑣 = 20                (⇒   𝐶 = 30) 
 

𝑣 = 30 −
25

(𝑡+2)
  

 

As 𝑡 → ∞, 𝑣 → 30    (Limiting value = 30) 
 

 
 
 

 
 

B1 
 

 
M1 

 
A1 

 
m1 

 
A1 

 
B1 

 
 
 
 
 
Accept in terms of 𝑚 
 
 
Attempt to integrate expression of form  

(𝑣 =)  𝑑 ∫(𝑡 + 2)±2d𝑡 

 
 
 
 

 
See FT in main MS 
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Q8 Solution Mark Notes 

 
(a) 

 
 

 
 
 
 
 
 
 
 
 
 

  

 
 

Perpendicular to plane: 
 

𝑅 =  5𝑔 cos 30°      (=
5√3

2
𝑔 =

49√3

2
= 42 ∙ 435 … )  

 

Apply N2L up slope, upwards positive   
0 ± 5𝑔 sin 30° ± 𝐹 = ±5𝑎 
 
0 − 5𝑔 sin 30° − 𝐹 = 5𝑎 
 
−24 ∙ 5 − 𝐹 = 5(−6 ∙ 3)   
  
−24 ∙ 5 − 𝐹 = −31 ∙ 5               ⇒             𝐹 = 7      
 

𝐹 =  𝜇𝑅        (7 =
5√3

2
𝑔𝜇 =

49√3

2
𝜇 = 42 ∙ 435 … 𝜇)  

 

𝜇 =
7

5𝑔√3

2

=
2

7√3
   

 

𝜇 =  
2√3

21
        

                                
(𝜇 = 0 ∙ 1649 … ) 

 
 

B1 
 

M1 
 
 

A1 
 
 
 
 

 
M1 

 
 
 

 
 

A1 
 

[5] 
 

 
 
si, any form 
 
Dim. correct, no missing/extra forces 
Any signs, allow 5𝑔 cos 30° 
 
oe 
5𝑔 sin 30° + 𝐹 = 5𝑎 with 𝑎 = 6 ∙ 3 
 
 
 
 
Used, si, 
𝐹 =  (5𝑔 cos 30°)𝜇 

𝜇𝑅 = 7 
 
 
 
Convincing 
 

 
(b) 

                              
Maximum friction (up slope) 

𝐹 = 𝜇𝑅 =
2√3

21
× 5𝑔 cos 30° =

5

7
𝑔 = 7  

 
Component of weight (down slope) 

= 5𝑔 sin 30° =
5

2
𝑔 =

49

2
= 24 ∙ 5   

 
Reference to weight and friction 
 
Component of weight > Friction 
 
A clear concluding statement 
For example, the object will 

• not remain at rest  

• move/slide 

• accelerate down the slope 

 
 
 
 

 
 

 
 

M1 
 

 
 
 
 
 

A1 
 

[2] 
 

 
 
 
 
From part (a) 
 
 
 
24 ∙ 5 > 7   

24 ∙ 5 ≠ 7  
 
 
 
 
 
Convincing 
 

Total for Question 8 7  

5𝑔 cos 30° 

𝐹 = 𝜇 × 5𝑔 cos 30° 

5𝑔 

30° 

5𝑔 sin 30° 

30° 

𝑅 = 5𝑔 cos 30° 

𝑎 
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Q9 Solution Mark Notes 

 
(a) 

 

 𝐯 =
d𝐫

d𝑡
 

 

 𝐯 = (8𝑡)𝐢 + (𝑡3 + 9𝑡
1

2) 𝐣         (ms-1) 

 
At 𝑡 = 4,        𝐯 = 32𝐢 + 82 𝐣   (ms-1)  
 

 
M1 

 
 

A1  
 

A1 
 

[3] 
 

 
Correct differentiation of at least one 
term, 𝐢, 𝐣 retained 
 
All correct 
 
cao, condone ‘𝐯 =’ missing 
isw, speed 

 
(b) 

 
(i)    At 𝑡 = 4,        𝐫 = 64𝐢 + 112 𝐣   
 

After fuel runs out: working vertically using 
 

 𝑠 = 𝑢𝑡 + 1

2
𝑎𝑡2, with 𝑠 = ± 112, 𝑢 = ±82, 𝑎 = ±𝑔  

 
 

∓112 = ±82𝑡 +
1

2
(∓9 ∙ 8)𝑡2 

 

4 ∙ 9𝑡2 − 82𝑡 − 112 = 0 
𝑡 = 18 ∙ 00423636                       (𝑡 = −1 ∙ 269 … ) 
 

 
B1 

 
 
 

M1 
 

A1 
 
 
 

A1 

 
Sight of 64 or ±112  
 
 
 
FT 82, 112 for M1A1 

−112 = 82𝑡 +
1

2
(−9 ∙ 8)𝑡2 

112 = −82𝑡 +
1

2
(9 ∙ 8)𝑡2 

 
Calculator may be used 
Convincing 
 

 
 

 
(ii)  After  fuel runs out: working horizontally (→)  
 
Distance travelled = 32 × 18 ∙ (004236 … )            
 

            = 576 ∙ (13556 … ) 
 
Total horizontal distance travelled  
 
 = 64 + 576 … ≈ 640 … . > 600 
 
Lands outside safe zone/ 
Does not land in the safe zone 
 
 

 
 
 

M1 
 

 
 
 

 
 
 
 

A1 
 

[6] 
 

 
 
 
Using distance = speed × 18 … 
(allow anything that rounds to 18) 
 
 
 
 
 
 
 
Convincing, cao 
 

Total for Question 9 9  
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Further Notes  

 
(b) 

 
Alternative Solution to (i) & (ii)  
 
At 𝑡 = 4,    𝐫 = 64𝐢 + 112 𝐣   
 

 
 
 

B1 
 

 
 
 
Sight of 112 or 64 
 

 Use of       𝐫 = 𝐮𝑡 + 1

2
𝐚𝑡2 (+𝐫𝟎), 

 
with  𝐮 = (32𝐢 + 82 𝐣), 𝐚 = ±𝑔𝐣, 𝐫 = 𝑘𝐢   
 

𝑘𝐢 = (32𝐢 + 82 𝐣)𝑡 +
1

2
(−𝑔𝐣)𝑡2      + (64𝐢 + 112 𝐣) 

 
 

Comparison of i OR j coefficients 
 

j coefficients:       0 = 82𝑡 − 4 ∙ 9𝑡2 + 112 
 
𝑡 = 18 ∙ 00423636                       (𝑡 = −1 ∙ 269 … ) 
 
 
𝐢 coefficients:           𝑘 = 32𝑡 + 64 
 
𝑘 = 32(18 ∙ 00423636) + 64 
 
𝑘 = 640 ∙ 13 … > 600 
 
Lands outside safe zone/ 
Does not land in the safe zone 
 

 
 

M1 
 

A1 
 
 

M1 
 

 
 

A1 
 
 
 
 
 
 
 
 
 

A1 
 

[6] 
 

 
 
Used 
FT part (a) 
Correct signs AND position vector 
64𝐢 + 112 𝐣 
 
OR Award for  
Distance travelled = 32 × 18 ∙ (0 … ) 
when 18 is assumed 
 
Convincing 
 
 
 
 
 
 
𝑘 = 32(18) + 64 = 640 
 
 
Convincing, cao 
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_________________________________________________________________________ 

 
About this marking scheme 
 
The purpose of this marking scheme is to provide teachers, learners, and other interested 
parties, with an understanding of the assessment criteria used to assess this specific 
assessment. 
 
This marking scheme reflects the criteria by which this assessment was marked in a live 
series and was finalised following detailed discussion at an examiners' conference. A team 
of qualified examiners were trained specifically in the application of this marking scheme. 
The aim of the conference was to ensure that the marking scheme was interpreted and 
applied in the same way by all examiners. It may not be possible, or appropriate, to capture 
every variation that a candidate may present in their responses within this marking scheme. 
However, during the training conference, examiners were guided in using their professional 
judgement to credit alternative valid responses as instructed by the document, and through 
reviewing exemplar responses.   
 
Without the benefit of participation in the examiners' conference, teachers, learners and 
other users, may have different views on certain matters of detail or interpretation. Therefore, 
it is strongly recommended that this marking scheme is used alongside other guidance, such 
as published exemplar materials or Guidance for Teaching. This marking scheme is final and 
will not be changed, unless in the event that a clear error is identified, as it reflects the 
criteria used to assess candidate responses during the live series.  
_________________________________________________________________________ 
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WJEC GCE AS FURTHER MATHEMATICS 
 

UNIT 1 FURTHER PURE MATHEMATICS A 
 

SUMMER 2025 MARK SCHEME 
 

Q Solution Mark Notes 

1. 
a) 

Substituting 3 − 2i, 
 
(3 − 2i)3 = 27 − 54i − 36 + 8i (= −9 − 46i) 
OR  
15 − 10i − 36i − 24  
 
(3 − 2i)2 = 9 − 12i − 4 (= 5 − 12i) 
 
𝑓(3 − 2i) = (−9 − 46i) − 8(5 − 12i) + 25(3 − 2i) − 26 
= 0 

M1 
 

B1 
 
 
 
 
 

A1 
 

[3] 

 
 

For 𝑥3 with working 
 
 
 
 
 
Convincing  
 

b) METHOD 1: 
If 𝑥 = 3 − 2i is a root then 𝑥 = 3 + 2i is a root 
(𝑥 − 3 + 2i)(𝑥 − 3 − 2i) 
𝑥2 − 6𝑥 + 13 is the quadratic factor 
 

𝑥3 − 8𝑥2 + 25𝑥 − 26 = 0 
(𝑥2 − 6𝑥 + 13 )(𝑥 − 2) = 0 
 
The roots are 𝑥 = 3 − 2i, 𝑥 = 3 + 2i, 𝑥 = 2 

 
B1 
M1 

 
 
 

A1 
 

A1 

 
 
M0 no working 
 
 
 
For 𝑥 − 2 

 METHOD 2: 
If 𝑥 = 3 − 2i is a root then 𝑥 = 3 + 2i is a root 
 
Let other root be 𝛼  
∴ 3 − 2i + 3 + 2i + 𝛼 = 8 

𝛼 = 2 
 
The roots are 𝑥 = 3 − 2i, 𝑥 = 3 + 2i, 𝑥 = 2 
 

 
(B1) 

 
(M1) 
(A1) 
(A1) 

 
 
 

 
 
 
M0 no working 
 
 

 METHOD 3: 
If 𝑥 = 3 − 2i is a root then 𝑥 = 3 + 2i is a root 
 
Let other root be 𝛼  
∴ (3 − 2i)(3 + 2i)𝛼 = 26 

13𝛼 = 26 

𝛼 = 2 
 
The roots are 𝑥 = 3 − 2i, 𝑥 = 3 + 2i, 𝑥 = 2 
 

 
(B1) 

 
(M1) 
(A1) 

 
(A1) 

 
[4] 

 
 
 
M0 no working 
 
 

 METHOD 4: 
If 𝑥 = 3 − 2i is a root then 𝑥 = 3 + 2i is a root 
Use of Factor Theorem 
𝑓(2) = 0 
 
The roots are 𝑥 = 3 − 2i, 𝑥 = 3 + 2i, 𝑥 = 2 

 
(B1) 
(M1) 
(A1) 

 
(A1) 

 
[4] 

 
 
M0 no working 
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Q Solution Mark Notes 

c) METHOD 1: 
If 𝛼 = 3 − 2i, 𝛽 = 3 + 2i, 𝛾 = 2 
 

Then, 
13

𝛼
= 3 + 2i, 

13

𝛽
= 3 − 2i, 

13

𝛾
=

13

2
 

 
New equation: 

Sum of roots: (3 + 2i) + (3 − 2i) +
13

2
=

25

2
 

Sum of pairs:  

(3 + 2i)(3 − 2i) + (3 + 2i)
13

2
+ (3 − 2i)

13

2
= 52  

Product: (3 + 2i)(3 − 2i)
13

2
=

169

2
 

 
Therefore,  
−𝑏

𝑎
=

25

2
,   

𝑐

𝑎
= 52,   

−𝑑

𝑎
=

169

2
 

 
New equation: 

e.g. 𝑥3 −
25

2
𝑥2 + 52𝑥 −

169

2
= 0 

e.g. 2𝑥3 − 25𝑥2 + 104𝑥 − 169 = 0 
 

 
 
 

B2 
 
 
 
 
 
 
 

B2 
 
 

B1 
 
 
 

B1 
 

FT for real root only 
 
 
B1 for any 2 values 
 
 
 
 
 
 
 
B1 for any 2 values 
 
 
FT previous values for B1B1  
 
 
 
oe ISW 
Must =0 

 METHOD 2: 
𝛼 + 𝛽 + 𝛾 = 8  

𝛼𝛽 + 𝛽𝛾 + 𝛾𝛼 = 25 

𝛼𝛽𝛾 = 26 
 
New equation roots: 

Sum of roots: 
13

𝛼
+

13

𝛽
+

13

𝛾
=

13(𝛽𝛾+𝛼𝛾+𝛼𝛽)

𝛼𝛽𝛾
=

13×25

26
=

25

2
 

Sum of pairs: (
13

𝛼
×

13

𝛽
) + (

13

𝛽
×

13

𝛾
) + (

13

𝛾
×

13

𝛼
) 

=
169

𝛼𝛽
+

169

𝛽𝛾
+

169

𝛾𝛼
=

169(𝛾+𝛼+𝛽)

𝛼𝛽𝛾
=

169×8

26
= 52  

Product: 
13

𝛼
×

13

𝛽
×

13

𝛾
=

2197

𝛼𝛽𝛾
=

2197

26
=

169

2
 

 
Therefore,  
−𝑏

𝑎
=

25

2
,   

𝑐

𝑎
= 52,   

−𝑑

𝑎
=

169

2
 

 
New equation: 

e.g. 𝑥3 −
25

2
𝑥2 + 52𝑥 −

169

2
= 0 

 

 
 
 

(B1) 
 
 

(B1) 
 
 

(B1) 
 

(B1) 
 
 
 

(B1) 
 
 

(B1) 
 

FT for real root only 
 
 
any two correct 
 
 
 
 
 

 
 
 
 
 
 

FT previous values for B1B1  
 
 

oe ISW 
Must =0 
 

 METHOD 3: 
 

Substitute 
13

𝑥
 in place of 𝑥 

(
13

𝑥
)

3

− 8(
13

𝑥
)

2

+ 25 (
13

𝑥
) − 26 = 0  

 
2197

𝑥3 −
1352

𝑥2 +
325

𝑥
− 26 = 0  

 

Multiplying throughout by 𝑥3 

2197 − 1352𝑥 + 325𝑥2 − 26𝑥3 = 0 
  
Therefore, 

𝑥3 −
25

2
𝑥2 + 52𝑥 −

169

2
= 0 

 
 

(M1) 
 

(A1) 
 

(A1) 
 

(m1) 
(A1) 

 
 

(A1) 
 
 

[6] 
 

 
 
 
 
 
 
 

 
 
At least 2 correct terms 
 
 
 

oe ISW 
Must =0 
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Q Solution Mark Notes 

1. 
c) 

METHOD 4: 
 
13

3−2i
=

13(3+2i)

(3−2i)(3+2i)
  OR 

13

3+2i
=

13(3−2i)

(3−2i)(3−2i)
 

leading to 
3 + 2i  AND 3 − 2i 
 

Therefore, new roots are 3 + 2i, 3 − 2i, 
13

2
 

 
 
 
Quadratic factor is (𝑥 − 3 − 2i)(𝑥 − 3 + 2i) 
leading to 𝑥2 − 6𝑥 + 13 
 

Multiplying by (𝑥 −
13

2
): 

𝑥3 −
25

2
𝑥2 + 52𝑥 −

169

2
= 0  

 

 
 

 
 

 
 

(B2) 
 
 
 

(M1) 
(A1) 

 

(m1) 
(A1) 

 
 

[6] 
 

 
 

 
 
 
 

B1 for any two values 
 
FT quadratic factor from (b) 
for sign errors only 
Or other pairing 

𝑥2 −
19

2
𝑥 +

39

2
∓ 2i𝑥 ± 13i  

 
 
oe ISW 
Must =0 
 
 

  [13]  
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Q Solution Mark Notes 

2. 
a) 

𝐿1: 𝐫 = 3𝐢 + 2𝐣 + 5𝐤 + 𝜆(4𝐢 + 𝐤 − 3𝐢 − 2𝐣 − 5𝐤) 
𝐫 = 3𝐢 + 2𝐣 + 5𝐤 +  𝜆(𝐢 − 2𝐣 − 4𝐤)          

OR   𝐫 = (
3
2
5
) + 𝜆 (

1
−2
−4

)  

 
 
𝐿2: 𝐫 = 3𝐢 + 2𝐣 + 5𝐤 + 𝜇(−3𝐢 + 2𝐣 − 3𝐢 − 2𝐣 − 5𝐤)  
r = 3𝐢 + 2𝐣 + 5𝐤 +  𝜇(−6𝐢 − 5𝐤)         oe 

OR   𝐫 = (
3
2
5
) + 𝜇 (

−6
0

−5
)  

OR, using point C, 

r = −3𝐢 + 2𝐣 +  𝜇(−6𝐢 − 5𝐤)         oe 

OR   𝐫 = (
−3
2
0

) + 𝜇 (
−6
0

−5
)  

M1 
A1 

 
 
 
 
 
 

A1 
 
 
 
 
 
 
 
 

[3] 
 

Award for 𝐿1 or 𝐿2 
Convincing 
 
 
 
 
 
 
Must be 𝐫 = 
 
 
 
 
 
 
 
 
If no marks, award SC1 for 
both direction vectors with 
working 
 

b) Directions: 𝐢 − 2𝐣 − 4𝐤    and      −6𝐢 − 5𝐤 
 

Angle between vectors: cos 𝜃 =
𝐚.𝐛

|𝐚||𝐛|
 

 
𝐚. 𝐛 = (1 × −6) + (−2 × 0) + (−4 × −5) = 14  

|𝐚| = √12 + (−2)2 + (−4)2 = √21 

|𝐛| = √(−6)2 + (−5)2 = √61 

 

cos 𝜃 =
14

√21√61
 

 
𝜃 = 66.97… ° 

B1 
 
 
 
 
 
 

B2 
 
 

M1 
 
 

A1 
 

[5] 
 

si FT (a) for 𝐿2 
 
 
 
 
FT their direction vectors 
 
B1 for any 2 correct 
 
 
Used 
 
 

cao 
Accept 67°, 113° 

 

c)i) From 𝐿1: 𝑥 = 3 + 𝜆, 𝑦 = 2 − 2𝜆, 𝑧 = 5 − 4𝜆 
 
Substituting, 
2(3 + 𝜆) − 3(2 − 2𝜆) + (5 − 4𝜆) = 13 

5 + 4𝜆 = 13 
𝜆 = 2 
 
Point of intersection: 𝐸(5, −2,−3) 

B1 
 

M1 
 
 

A1 
 

A1 
 

[4] 
 

si 
 
FT their 𝑥, 𝑦, 𝑧 values for 
consistent signs only 
 
 
 
cao 

ii) 
𝐷 =

|(2 × −3) + (−3 × 2) + (1 × 0) − 13|

√22 + (−3)2 + 12
 

𝐷 =
25

√14
 or 

25√14

14
 or 6.68… or 6.7 

 

M1 
 
 

A1 
 

[2] 
 

 

  [14]  
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Q Solution Mark Notes 

3. 
a) 

(
5

1
−

4

2
−

1

3
) + (

5

2
−

4

3
−

1

4
) + (

5

3
−

4

4
−

1

5
) + ⋯ 

+(
5

𝑛 − 3
−

4

𝑛 − 2
−

1

𝑛 − 1
) + (

5

𝑛 − 2
−

4

𝑛 − 1
−

1

𝑛
)

+ (
5

𝑛 − 1
−

4

𝑛
−

1

𝑛 + 1
) 

 

=
5

1
−

4

2
+

5

2
 

−
1

𝑛
−

4

𝑛
−

1

𝑛 + 1
 

 

=
11

2
−

5

𝑛
−

1

𝑛 + 1
 

 
𝑎 = 11, 𝑏 = −5, 𝑐 = −1 
 

M1 
 

A1 
 
 
 
 

A1 
 

A1  
 
 

A1 
 

[5] 

Substituting values 
 
At least three correct 
expansions of which at least 
1 must be algebraic 
 
 
 
 
A0 if any other terms 
 
 
Accept 5.5 for 1st term 
ISW 

b) METHOD 1: 
11

2
−

5

𝑛
−

1

𝑛 + 1
> 5 

−
5

𝑛
−

1

𝑛 + 1
> −0.5 

5

𝑛
+

1

𝑛 + 1
< 0.5 

5(𝑛 + 1) + 𝑛 < 0.5𝑛(𝑛 + 1) 
 

0.5𝑛2 − 5.5𝑛 − 5 > 0      

𝑛2 − 11𝑛 − 10 > 0 
Solving, 

Critical values = 11.8…, −0.8… 
𝑛 = 12  

 
M1 

 

 
 
 

A1 
 

A1 
 

m1 
 

A1 

 
FT (a) for non-zero 𝑎, 𝑏, 𝑐 
 
 

 
 
Removing algebraic fractions 
 
Solvable form 
 
 
 
cao Accept 𝑛 ≥ 12 
 

 METHOD 2: 
11

2
−

5

𝑛
−

1

𝑛 + 1
> 5 

11𝑛(𝑛 + 1) − 10(𝑛 + 1) − 2𝑛

2𝑛(𝑛 + 1)
> 5 

11𝑛2 + 11𝑛 − 10𝑛 − 10 − 2𝑛

2𝑛(𝑛 + 1)
> 5 

11𝑛2 − 𝑛 − 10

2𝑛(𝑛 + 1)
> 5 

11𝑛2 − 𝑛 − 10 > 10𝑛(𝑛 + 1)  
𝑛2 − 11𝑛 − 10 > 0 
Solving, 

Critical values = 11.8…, −0.8… 
𝑛 = 12 
 

 
(M1) 

 
 
 
 
 
 
 

(A1) 
(A1) 
(m1) 

 
(A1) 

 
[5] 

 

 
FT (a) for non-zero 𝑎, 𝑏, 𝑐 
 
 
 
 
 
 
 
 
Removing algebraic fractions 
Solvable form 
 
cao Accept 𝑛 ≥ 12 
 
 

  [10]  
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Q Solution Mark Notes 

4. Let 𝑧 = (𝑎 + i𝑏)2 = 7 − 24i 
 

𝑎2 + 2𝑎𝑏i − 𝑏2 = 7 − 24i 
 

Therefore, 𝑎2 − 𝑏2 = 7  and 2𝑎𝑏 = −24 
 
Solving simultaneous equations 

e.g. 𝑏 =
−12

𝑎
 → 𝑎2 −

144

𝑎2 = 7 

𝑎4 − 144 = 7𝑎2 

𝑎4 − 7𝑎2 − 144 = 0 
(𝑎2 − 16)(𝑎2 + 9) = 0 

𝑎2 = 16    or 𝑎2 = −9 (no real solutions) 
∴ 𝑎 = ±4 AND 𝑏 = ∓3 
 

√𝑧 = 4 − 3i or √𝑧 = −4 + 3i 
 

M1 
 
 
 

A1 
 

m1 
 
 

A1 
 
 
 
 

A1 
 

[5] 
 

 
 
 
 
Both 
 
 
 
 

Solvable form 
 
 
 
 
Both 

  [5]  

 
 
 

5. 
a) 

METHOD 1: 
Multiplying matrices 𝐌 × 𝐌 = 𝐈 
leading to 

𝑎2 + 𝑏𝑐 = 1 
(𝑎𝑏 + 𝑏𝑑 = 0) 
(𝑎𝑐 + 𝑑𝑐 = 0) 
𝑏𝑐 + 𝑑2 = 1 

 
Rearranging, or equivalent, 

𝑎2 = 1 − 𝑏𝑐 = 𝑑2 

Therefore, 𝑎2 = 𝑑2 
 

 
M1 

 
A1 

 
 
 
 

m1 
 

A1 
 

 
 
 
Must have 1st and 4th 
equation 
 
 
 
 
 
Convincing 

 METHOD 2: 
Multiplying matrices 𝐌 × 𝐌 = 𝐈 
leading to 

𝑎2 + 𝑏𝑐 = 1 
(𝑎𝑏 + 𝑏𝑑 = 0) 
(𝑎𝑐 + 𝑑𝑐 = 0) 
𝑏𝑐 + 𝑑2 = 1 

 
Using 2nd equation AND at least one other, 
𝑏(𝑎 + 𝑑) = 0 
𝑏 = 0    or  𝑎 + 𝑑 = 0 

   𝑎 = −𝑑 

   𝑎2 = 𝑑2 
 
when 𝑏 = 0,  

𝑎2 = 1 (from 1st eqn) and 𝑑2 = 1 (from 4th eqn) 
 

Therefore, 𝑎2 = 𝑑2 
 

 
(M1) 

 
(A1) 

 
 
 
 

(m1) 
 
 
 
 
 
 
 
 

(A1) 
 

[4] 
 

 
 
 
Must have 1st and 4th 
equation 
 
 
 
Accept equivalent reasoning 
with 𝑐 from 3rd equation 
 
 
 
 
 
 
 
Convincing 
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Q Solution Mark Notes 

5. 
b) 

When 𝑛 = 1, LHS = [
0 2
1

2
0
] and RHS = [

0 2
1

2
0
] 

Therefore, proposition is valid for 𝑛 = 1. 
 
Assume result is true for 𝑛 = 𝑘  
i.e.  

[
0 2
1

2
0
]

𝑘

=

[
 
 
 
 1

2
+

(−1)𝑘

2
1 − (−1)𝑘

1

4
−

(−1)𝑘

4

1

2
+

(−1)𝑘

2 ]
 
 
 
 

 

 
 
Consider 𝑛 = 𝑘 + 1 

[
0 2
1

2
0
]

𝑘+1

= [
0 2
1

2
0
]

[
 
 
 
 1

2
+

(−1)𝑘

2
1 − (−1)𝑘

1

4
−

(−1)𝑘

4

1

2
+

(−1)𝑘

2 ]
 
 
 
 

 

 

=

[
 
 
 
 2(

1

4
−

(−1)𝑘

4
) 2(

1

2
+

(−1)𝑘

2
)

1
2

(
1

2
+

(−1)𝑘

2
)

1

2
(1 − (−1)𝑘)

]
 
 
 
 

 

=

[
 
 
 
 1

2
−

(−1)𝑘

2
1 + (−1)𝑘

1

4
+

(−1)𝑘

4

1

2
−

(−1)𝑘

2 ]
 
 
 
 

 

=

[
 
 
 
 1

2
+

(−1)(−1)𝑘

2
1 − (−1)(−1)𝑘

1

4
−

(−1)(−1)𝑘

4

1

2
+

(−1)(−1)𝑘

2 ]
 
 
 
 

 

 

=

[
 
 
 
 1

2
+

(−1)𝑘+1

2
1 − (−1)𝑘+1

1

4
−

(−1)𝑘+1

4

1

2
+

(−1)𝑘+1

2 ]
 
 
 
 

 

 
If proposition is true for 𝑛 = 𝑘, it is also true for 𝑛 = 𝑘 + 1. 

As it is true for 𝑛 = 1, by mathematical induction, it is 

true for all positive integers 𝑛. 
 

 
B1 

 
 

M1 

 

 

 

 

 

M1 

 

A1 

 

 

 

A1 

 

 

 

 

 

 

A1 

 

 

 

 

 

 

 

E1 

 
[7] 

 
 
 
 

 

 

 

 

 

 

 

 

oe 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Award for a perfect solution 
including the last line. 
 

  [11]  
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Q Solution Mark Notes 

6. |𝑧 − 2 + 5i| = 3|𝑧 + 𝑞 − i| 
|𝑥 + i𝑦 − 2 + 5i| = 3|𝑥 + i𝑦 + 𝑞 − i| 
|(𝑥 − 2) + i(𝑦 + 5)| = 3|(𝑥 + 𝑞) + i(𝑦 − 1)| 

√(𝑥 − 2)2 + (𝑦 + 5)2 = 3√(𝑥 + 𝑞)2 + (𝑦 − 1)2 
𝑥2 − 4𝑥 + 4 + 𝑦2 + 10𝑦 + 25

= 9𝑥2 + 18𝑞𝑥 + 9𝑞2 + 9𝑦2 − 18𝑦 + 9 
 
8𝑥2 + 8𝑦2 + 𝑥(18𝑞 + 4) − 28𝑦 − 20 + 9𝑞2 = 0 
 

𝑥-coordinate at centre point: 
18𝑞+4

−2×8
 

 
Therefore, 
18𝑞+4

−2×8
= −

5

2
 leading to 𝑞 = 2 

  

 
M1 

 
m1 

 

A2 
 
 
 

m1 
 
 

A1 

[6] 

 

 
 

 
Finding the modulus 
 

A1 each side of equation 

 
 
 

Finding 𝑥-coordinate from a 
circle equation 

 

cao 

  [6]  

 
 
 

7. 
a) 

Reflection matrix:  

(

 
−

1

2

√3

2
0

√3

2

1

2
0

0 0 1)

  

Rotation matrix:  (
−1 0 0
0 −1 0
0 0 1

) 

 

Translation matrix: (
1 0 2
0 1 1
0 0 1

) 

 

𝑇 = (
1 0 2
0 1 1
0 0 1

)(
−1 0 0
0 −1 0
0 0 1

)

(

 
−

1

2

√3

2
0

√3

2

1

2
0

0 0 1)

   

𝑇 = (
−1 0 2
0 −1 1
0 0 1

)

(

 

−
1

2

√3

2
0

√3

2

1

2
0

0 0 1)

  or 𝑇 = (
1 0 2
0 1 1
0 0 1

)

(

 

1

2

−√3

2
0

−√3

2

−1

2
0

0 0 1)

  

 

𝑇 =

(

 
 

1

2
−

√3

2
2

−
√3

2
−

1

2
1

0 0 1)

 
 

 

 

 
B1 

 
 
 

B1 
 
 
 

B1 
 
 
 

M1 
 
 
 

A1 
 
 
 
 

A1 
 
 

[6] 

 
Accept 2×2 matrix 
 
 
 
Accept 2×2 matrix 
 
 
 
 
 
 
 
 
 
 
 
either 
 
 
 
 
 
 
 
If M0, award SC1 for correct 
matrix following multiplication 
in reverse order 
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Q Solution Mark Notes 

b) METHOD 1: 

(

 
 

1

2
−

√3

2
2

−
√3

2
−

1

2
1

0 0 1)

 
 

(

𝑥
𝑦
1
) = (

𝑥
𝑦
1
) 

 

Giving, 
1

2
𝑥 −

√3

2
𝑦 + 2 = 𝑥  AND −

√3

2
𝑥 −

1

2
𝑦 + 1 = 𝑦 

 
Solving simultaneous equations 
e.g. collecting like terms leads to 

−
√3

2
𝑦 + 2 =

1

2
𝑥  and −

√3

2
𝑥 + 1 =

3

2
𝑦 

 
Substituting 1st equation into 2nd equation leads to 

−√3 (−
√3

2
𝑦 + 2) + 1 =

3

2
𝑦  

3

2
𝑦 − 2√3 + 1 =

3

2
𝑦  

−2√3 + 1 = 0   (contradiction) 
 
Therefore, there are no fixed points under 𝑇. 

 
 

M1 
 
 
 

 

A1 
 

m1 
 
 
 
 
 
 
 
 

A1 
 

A1 
 

 
 
FT their 𝑇 from (a) 
 

 
 

Both equations 

 METHOD 2: 

(

 
 

1

2
−

√3

2
2

−
√3

2
−

1

2
1

0 0 1)

 
 

(

𝑥
𝑦
1
) = (

𝑥
𝑦
1
) 

 

Giving, 
1

2
𝑥 −

√3

2
𝑦 + 2 = 𝑥  AND −

√3

2
𝑥 −

1

2
𝑦 + 1 = 𝑦 

 
Forming a pair or linear equations with equal 
coefficients for 𝑥 and for 𝑦 
OR 
two expressions for 𝑥 = ⋯ or 𝑦 = ⋯ ready to compare 
e.g.  

√3𝑥 + 3𝑦 = 2  and  √3𝑥 + 3𝑦 = 4√3 
 
These equations are inconsistent since it is not 

possible for √3𝑥 + 3𝑦 to be 2 and 4√3 simultaneously 
(contradiction), 
 
Therefore, there are no fixed points under 𝑇. 

 
 

(M1) 
 
 
 

 

(A1) 
 

(m1) 
 
 
 
 
 
 
 
 

(A1) 
 

(A1) 
 

[5] 
 

 
 
FT their 𝑇 from (a) 
 

 
 

Both equations 

  [11]  
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_________________________________________________________________________ 

 
About this marking scheme 
 
The purpose of this marking scheme is to provide teachers, learners, and other interested 
parties, with an understanding of the assessment criteria used to assess this specific 
assessment. 
 
This marking scheme reflects the criteria by which this assessment was marked in a live 
series and was finalised following detailed discussion at an examiners' conference. A team 
of qualified examiners were trained specifically in the application of this marking scheme. 
The aim of the conference was to ensure that the marking scheme was interpreted and 
applied in the same way by all examiners. It may not be possible, or appropriate, to capture 
every variation that a candidate may present in their responses within this marking scheme. 
However, during the training conference, examiners were guided in using their professional 
judgement to credit alternative valid responses as instructed by the document, and through 
reviewing exemplar responses.   
 
Without the benefit of participation in the examiners' conference, teachers, learners and 
other users, may have different views on certain matters of detail or interpretation. Therefore, 
it is strongly recommended that this marking scheme is used alongside other guidance, such 
as published exemplar materials or Guidance for Teaching. This marking scheme is final and 
will not be changed, unless in the event that a clear error is identified, as it reflects the 
criteria used to assess candidate responses during the live series.  
_________________________________________________________________________ 
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WJEC GCE AS FURTHER MATHEMATICS 
 

UNIT 2 FURTHER STATISTICS A 
 

SUMMER 2025 MARK SCHEME 
 
 

Q1 Solution Mark Notes 

 
(a) 

 
 

 
𝑛𝑝 = 4  
 

E(𝑋2) = Var(𝑋) + [E(𝑋)]2  
 
 
Var(𝑋) = 𝑛𝑝(1 − 𝑝)  
 
 
 
 
 

18.4 = 4(1 − 𝑝) + 42  
2.4 = 4(1 − 𝑝)  
 
 
 
𝑝 = 0.4  
 
𝑛 = 10  
 
 

 
B1 

 
M1 

 
 

B1 
 
 
 
 
 

m1 
 
 
 
 

A1 
 

A1 
 

 

[6] 
 
 

 
si 
 
Use of.  
 
 
Use of. si  
 
 
OR 2.4 = 𝑛𝑝𝑞 
 
 
Forming equation in 𝑝 or 𝑛 or 𝑞. 

e.g. 2.4 = 𝑛 ×
4

𝑛
(1 −

4

𝑛
) oe 

OR 2.4 = 4𝑞 

 
cao 
 
cao 
 
 

 
(b) 

 
𝑋 and 𝑌 are independent,  

so E(𝑋𝑌) = E(𝑋) × E(𝑌)  
 
E(3𝑋𝑌) = 3 × E(𝑋) × E(𝑌)  
 
E(3𝑋𝑌) = 3 × 4 × 12 × 0.3  
 
E(3𝑋𝑌) = 43.2  
 

 
 
 
 

M1 
 

 
 

 
A1 

 
[2] 

 

 
 
 
 
used 
 
At least 2 of ‘3’, ‘4’and ‘12 × 0.3’ 
 
cao 
 
 
 
 

(c) Var(6𝑋 − 5𝑌 + 1) = 62Var(𝑋) + 52Var(𝑌)  
 
(Var(𝑋) = 10 × 0.4 × 0.6 = 2.4)  

Var(𝑌) = (12 × 0.3 × 0.7) = 2.52  
 
 
Var(6𝑋 − 5𝑌 + 1) = 36 × "2.4" + 25 × "2.52"  
= 149.4  

M1 
 
 

B1 
 
 

 
A1 

 
[3] 

 

si 
 
 
FT their E(𝑌) from (b) 
 
 

 
cao 

Total for Question 1 11  
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Q2 Solution Mark Notes 

 
(a) 

  

𝑏 =
𝑆𝑥𝑦

𝑆𝑥𝑥
=

934655

12916820
 

 
𝑏 = 0.072359 …  
 

𝑎 =
1330

14
− 0.072359. . .×

17738

14
 

 
 
𝑎 = 3.32. .. 
 
 
 

𝑦 = 3.32 + 0.0724𝑥 

 
M1 

 
A1 

 
M1 

 
 
 

A1 
 

 
 

A1 
 

[5] 
 

 
Used 
 
Must be 2sf. Award when seen even 
if subsequently rounded to 1 sf. 
FT their 𝑏 for M1.  
 
 
 
Must be 2sf.  
 
 
 
Provided M1M1 awarded. FT their 𝑎 
and 𝑏 even from A0A0 provided 2sf.  
SC1 for regression line of 𝑥 on 𝑦. 
Must be fully correct. 
𝑥 = 122.03 + 12.05𝑦  
 

 
(b) 

 
𝑦 = 3.32 + 0.0724 × 1200 

𝑦 = £90.20 
 
 
 
 
 
 
 
 
 
 
 
 
Valid comment 
e.g. Reliable because 1200 is within the data 
range. 
e.g. Reliable but likely to be something like 
£89.99 rather than £90.20  
e.g. Reliable as the data seems pretty linear 
according to the scatter graph on the other 
page. 
e.g. Reliable as it does not require extrapolation. 
e.g. Reliable because it requires interpolation. 
 
 

 
 

B1 
 
 
 
 

 
 
 
 
 
 
 
 

E1 
 
 
 
 
 

[2] 

 
 
Correct substitution and evaluation 
into their equation from (a). 
 
Condone £90 from correct working. 
 

 
 
 
 
 
 
 
Do not accept comments saying 
£90.15 (ie referring to 𝑦 values) is 
within the range. 
 

Total for Question 2 7  
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Q3 Solution Mark Notes 

 
(a) 
(i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
(ii) 

 

 

P(𝑋 = 7) = P(score is 8) =
1

4
×

1

4
=

1

16
= 0.0625,  

P(𝑋 = 5) = P(score is 6)) = 3 ×
1

16
=

3

16
= 0.1875,  

P(𝑋 = −3) = P(a spiner lands on 1) = 7 ×
1

16
=

7

16
 

= 0.4375  
 

(P(𝑋 = 0) = P(other value) = 5 ×
1

16
=

5

16
 ) 

 

𝑋 −3 5 7 
𝑃(𝑋 = 𝑥) 7

16
 

3

16
 

1

16
 

 
 

E(𝑋) = −3 ×
7

16
+ 5 ×

3

16
+ 7 ×

1

16
(+0 ×

5

16
)  

 
 
 

E(𝑋) =
1

16
  

 
 
 
ALTERNATIVE using prize money 

E(𝑊) = (0 ×
7

16
) + 8 ×

3

16
+ 10 ×

1

16
+ 3 ×

5

16
   

E(𝑊) =
49

16
= 3.0625  

E(𝑋) =
1

16
= 0.0625  

   
 
 
Valid comment 
Eg. It’s not good for the charity because they’re 
expected to lose money. 
e.g. The fundraising event loses, on average, 
6.25 pence each time the game is played. 
e.g. Expected profit for the player is 6 pence per 
play. 

 
M1 

 
 

A2 
 
 
 
 
 
 
 
 
 
 

M1 
 
 
 
 

A1 

 
 
 
 

(M1) 
 
 

(A1) 
 
 
 

E1 

 
Correct method for one probability.  
si by one correct probability. 
 
A2 all three correct ( P(𝑋 = 0) not 
required)   
A1 for two correct probabilities. Does 
not have to be associated with correct 
value of 𝑋. 
 
 
  
 
 
 
Must be −3, 5 and 7. FT their 
probabilities for M1 only. 
 
 
 
cao. oe E(𝑋) = 0.0625 or 6.25 pence. 
Condone answers to the nearest 
penny. E(𝑋) = 0.06 or 6 pence. 
 
 
 

Only award if A1 follows. 

 
 
 

 
FT their  E(𝑋) 

 
(iii) 

 

Var(𝑋) = (−3)2 ×
7

16
+ 52 ×

3

16
+ 72 ×

1

16
− (

1

16
)

2

   

 

Var(𝑋) =
2991

256
= 11.683 …  

 
 

M1 
 

A1 
 

[8] 

 
 
FT their probabilities, their values of 𝑋, 
and E(𝑋) from (a) 
cao 

 
(b) 

  

 
£9 
 

 
B1 

 
[1] 

 

 
cao 
 
 

Total for Question 3 9  
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Q4 Solution Mark Notes 

(a) 𝐻0: There is no association between the height of the 
athlete and distance jumped. 
 
𝐻1:  There is an association between the height of the 
athlete and distance jumped. 

 

 
B1 

 
 

[1] 
 

 
Must engage with the variables.  
i.e. 𝐻0: There is no association 

with 𝐻1:  There is an association 
earns B0 
B0 for ‘correlation’ 
 

 
(b) 

The ranks are 

Athlete A B C D E F G 

Height 
Rank 

3 
(5) 

2 
(6) 

7 
(1) 

6 
(2) 

5 
(3) 

4 
(4) 

1 
(7) 

Dist 
Rank 

7 
(1) 

2 
(6) 

3 
(5) 

4 
(4) 

1 
(7) 

6 
(2) 

5 
(3) 

𝑑2 16 0 16 4 16 4 16 

 
∑𝑑2 = 72  
 

𝑟𝑠 = 1 −
6×72

7×48
  

 

𝑟𝑠 = −0.2857   or     −
2

7
 

 

 
 

 
B1 

 
 

B1 
 
 

 
 

B1 
 

 
M1 

 
 

A1 
 

[5] 
 

 
 
 
Correct values for first row. 
 
 
Correct values for second row. 
Accept reverse ranks. 
 
 
 
si 
 
 
 
 

 
cao Correct to at least 3sf 
 

 
(c) 
(i) 

 
 
 
 

 
 
5% 2-tailed CV = −0.7857 
 
 
 
 
 
 
 
Since −0.2857 > −0.7857 there is insufficient evidence to 
reject 𝐻0. 
 
There is insufficient evidence to suggest there’s an 
association between height and distance jumped for 
athletes at this competition. 
 

 
 

B1 
 
 
 
 
 
 
 

B1 
 
 

E1 
 
 
 

[3] 
 

 
 
Other CVs: 
20% 2-tailed CV = −0.5714 

10% 2-tailed CV = −0.6786 
1% 2-tailed CV = −0.8929 

2% 2-tailed CV = −0.8571 

Allow ± for first B1 
B0 if one-tail is explicitly stated. 
 

FT their 𝑟𝑠 from (b) 
Condone correct comparison of two 
positive values. 
Provided two previous B marks 
awarded and correct hypotheses in 
(a). 
 

 
(ii) 

 
Valid comment. 
e.g. It may not be true for this sample, but being tall may 
be an advantage in triple jump. 
e.g. Judge’s comment may not be reliable because tall 
people are more likely to be triple jumpers. 
e.g. There might be association if you pick a bigger range 
of heights. 

 
E1 

 
 

[1] 
 

 
E0 for sample size too small. 

 
 
 

(d) B or E B1 
[1] 

Accept either or both 

Total for Question 4 11  
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Q5 Solution Mark Notes 

(a) 
(i) 
 
 

 
(ii) 

The p-value is extremely small. 
 
 
 
 
The comparatively small values in the last two columns 
are likely to give rise to small expected values. 
 
 
 
This may call into question the validity of any conclusions 
drawn. 

E1 
 
 
 
 

E1 
 

 
 
 

E1 
[3] 

No not condone ‘less than 5%’ 
E0 for ‘p-value is a negative number.’ 
 
 
 
Allow ‘likely to give rise to expected 
values <5 ∴ need to combine classes’ 
Do not allow ‘lots of the numbers are 
less than 5 so we need to combine 
classes.’  

 (b) 
 
 
 
 
 
 
 
 
 
 
 

 
Table of expected values 

Gender Outlasting Timing Out 

Men 1379.073 1835.927 

Women 241.927 322.073  
 
 
 
 

Use of  
(𝑂−𝐸)2

𝐸
  or ∑

𝑂2

𝐸
− 𝑁. 

 
TS= 1545.67 … + 1677.63 … + 107.14 … + 504.26 … − 3779 
 
 
Table of chi-squared contributions 

Gender Outlasting Timing Out 

Men 4.749 3.567 

Women 

27.071  
or (27.096) 

20.335 
or (20.334) 

 
TS = 4.749 + 3.567 + 27.071 + 20.335 
 
= 55.722 …  
 
 

DF = 1 
5% CV = 3.841 
 
 
Since 55.722 > 3.841 there is sufficient evidence to 
reject 𝐻0. 
 
There is evidence to suggest gender affects manner of 
victory. 

 
M1 

 
 
 
 

A2 
 
 
 

M1 
 
 
 
 
 
 
 

A2 
 

 
 

m1 
 

A1 
 

 

B1 
B1 

 
 

m1 
 
 

A1 
 
[12] 

 
M1 Attempt at calculating an 
expected value. 
 
 
 
 

A2 Fully correct table.  
A1 At least two correct.  
 
 
FT their expected values for 
M1A2 
 
 
 
 
 
 
A2 fully correct table (or all 
contributions correct.) (at least1dp) 
A1 At least two correct (at least1dp) 

 
FT their 𝜒2 contributions 
 
  
 
 
 
FT their DF 
 
 

 

FT their TS and CV 
Allow comparing individual values that 
are >  3.841 for m1 
cso 

(c) Women most affect the outcome due to the large values in 
the chi-squared contributions table for Outlasting and 
Timing Out in the Women row. 
 
Valid comment comparing expected and observed. 
e.g. There are fewer Outlasting victories than expected 
and more Timing Out victories than expected. 

 
B1 

 
 

E1 
 

[2] 

 

Total for Question 5 17  
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Q6 Solution Mark Notes 

(a) 
(i) 

Exponential B1 
[1] 

Allow negative exponential.  

(ii) 
 
 
 
 

(iii) 

∫
𝑘e−𝑘𝑡d𝑡 = [−e−𝑘𝑡]0

𝑥

= −e−𝑘𝑥 − (−1)

𝑥

0

 

          = 1 − e−𝑘𝑥            ag 
 

𝐹(𝑥) = {
1 − e−𝑘𝑥, 𝑥 ≥ 0

0, 𝑥 < 0
 

M1 
 
 

A1 
 

B1 
 

[3] 

 
 
 
Convincing 
 
oe ‘otherwise’ 

(iv) 0.75 = 1 − e−𝑘𝑄3 

𝑄3 =
ln (

1
4

)

−𝑘
 

𝑄3 =
1

𝑘
ln4 

 

0.25 = 1 − e−𝑘𝑄1 
 

𝑄1 =
ln (

3
4

)

−𝑘
 

𝑄1 =
1

𝑘
ln (

4

3
)  

 
𝐼𝑄𝑅 = 𝑄3 – 𝑄1 

𝐼𝑄𝑅 =
1

𝑘
ln4 −

1

𝑘
ln (

4

3
)  

𝐼𝑄𝑅 =
1

𝑘
ln3    

 
 

M1 
 

m1 
 
 

 
 

M1 
 
 

(m1) 
 

 
 

m1 
 
 

A1 
 

[5] 

 
 
m1 for attempt to solve either eqn 
following M1 must use logs.  
 
 
 

 
 
 

If not previously awarded. 
 

 
 
Use of. i.e. subtractions of their 
expressions in 𝑘. 
 
oe provided single log term 

eg. −
1

𝑘
ln

1

3
. 

(b) 
 (i) 

𝐹(1200) – 𝐹(600) =  

(1 − e−
1200

800 ) − (1 − e−
600

800) =  e−
600

800 − e−
1200

800   

 
= 0.2492  

 
M1 

 
 

A1 
[2] 

 
M1 for either expression. 
 
 
3 sf 
 

(ii) 
 

P(𝑌 > 200) = e−
200

800  

= 0.7788  
 

P(No punctures) = 0.77883  
 
= 0.4724  
  
 
ALTERNATIVE METHOD – Poisson 
Let the random variable 𝐴 be the number of 
punctures for the trip. 
 
𝐴~Po(0.75)  
 
P(𝑋 = 0)  
 
= 0.4724  

 

M1 
 

A1 
 

M1 
 

A1 
 

[4] 

 
 
 

(M1) 

(A1) 
(M1) 

 
(A1) 

 
 
 

 
FT their probability 
 
cao 
 
 
 
 
M1A1 for correct distribution with 
correct parameter. M1 for Po(𝜆)  with 

either 𝜆 = 0.25 or  𝜆 = 0.00125  

or 𝜆 = 0.75.     si 
si Could be from use of formula or 
variables listed for calculator. 

Total for Question 6 15  
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About this marking scheme 
 
The purpose of this marking scheme is to provide teachers, learners, and other interested 
parties, with an understanding of the assessment criteria used to assess this specific 
assessment. 
 
This marking scheme reflects the criteria by which this assessment was marked in a live 
series and was finalised following detailed discussion at an examiners' conference. A team 
of qualified examiners were trained specifically in the application of this marking scheme. 
The aim of the conference was to ensure that the marking scheme was interpreted and 
applied in the same way by all examiners. It may not be possible, or appropriate, to capture 
every variation that a candidate may present in their responses within this marking scheme. 
However, during the training conference, examiners were guided in using their professional 
judgement to credit alternative valid responses as instructed by the document, and through 
reviewing exemplar responses.   
 
Without the benefit of participation in the examiners' conference, teachers, learners and 
other users, may have different views on certain matters of detail or interpretation. Therefore, 
it is strongly recommended that this marking scheme is used alongside other guidance, such 
as published exemplar materials or Guidance for Teaching. This marking scheme is final and 
will not be changed, unless in the event that a clear error is identified, as it reflects the 
criteria used to assess candidate responses during the live series.  
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WJEC GCE AS FURTHER MATHEMATICS 
 

UNIT 3 FURTHER MECHANICS A 
 

SUMMER 2025 MARK SCHEME 
 

Q1 Solution Mark Notes 

 
(a) 

 

𝐚 =
d𝐯

d𝑡
 

 

𝐚 = 6𝑡2𝐢 + 4𝐣 − 2𝑡𝐤 
 

𝐅 = 𝑚𝐚 = 1 ∙ 5(6𝑡2𝐢 + 4𝐣 − 2𝑡𝐤) 
 

𝐅 = 9𝑡2𝐢 + 6𝐣 − 3𝑡𝐤  
 

 
M1 

 
A1 

 
B1 

 
[3] 

 

 
Correct differentiation of at least one 
term 
All correct 
 
FT their 𝐚, isw 

 
(b) 

  

 

𝐅. 𝐯 = (9𝑡2 × 2𝑡3) + (6 × 4𝑡) + (−3𝑡 × −𝑡2) 

 
𝐅. 𝐯 = 18𝑡5 + 24𝑡 + 3𝑡3 
 

At 𝑡 = 2, 𝐅. 𝐯 = 18(2)5 + 24(2) + 3(2)3 
 
𝐅. 𝐯 = 648  W  
 

 
M1 

 
 
 

m1 
 

A1 
 

[3] 

 
Correct method for dot product  
Must lose i, j, k 
FT 𝐹 from part (a)  
 
Use of 𝑡 = 2 
 
cao, including units (oe) 
 
For example, 

• J s−1 
• kg m2s−3 
• N m s−1 

 Alternative Solution 
 
At 𝑡 = 2, 𝐯 = 16𝐢 + 8𝐣 − 4𝐤, 𝐅 = 36𝐢 + 6𝐣 − 6𝐤 
 

𝐅. 𝐯 = (36 × 16) + (6 × 8) + (−6 × −4) 
 

𝐅. 𝐯 = 648  W  
 

 
 
(M1) 

 
(m1) 

 
(A1) 

 
([3]) 

 

 
 
Use of 𝑡 = 2 for both 

FT 𝐹 from part (a) 
Correct method for dot product 
Must lose i, j, k  
cao, including units (oe) 
 
 

Total for Question 1 6  
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Q2 Solution Mark Notes 

 
(a) 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
 
𝑒 = 0 ∙ 8 
 
 
 
 

 
 

 
Conservation of momentum 

 
(2𝑚)(𝑢𝐴) + (𝑚)(𝑢𝐵) = (2𝑚)(−1 ∙ 6) + (𝑚)(8 ∙ 8) 
 
2𝑢𝐴 + 𝑢𝐵 = 5 ∙ 6    

   

 
M1 

 
A1 

 

 
Attempted. Allow 1 sign error 
 
All correct 
 

 
 

Restitution 
 
8 ∙ 8 − (−1 ∙ 6) =  −0 ∙ 8(𝑢𝐵 − 𝑢𝐴)  
  
𝑢𝐴 − 𝑢𝐵 = 13  
 
Elimination of one variable 
 
𝑢𝐴 =     6 ∙ 2  ⇒  speed of A = 6 ∙ 2   (ms−1) 
𝑢𝐵 = −6 ∙ 8  ⇒  speed of B = 6 ∙ 8   (ms−1) 
 
 
 

M1 
 

A1 
 

 
 

m1 
 

A1 
A1 

 
[7] 

 

Attempted. Allow 1 sign error 
 
All correct, oe (Ratio) 
 
 
 
  
 
cao 
cao 
 

 
(b) 

 
 
 

 
 
 
 
 
 
 
 
 
 

  

 
 

 
Impulse on 𝐵                      (Impulse on 𝐴)         
 
𝐼𝐵 = 𝑚𝐵𝑣𝐵 −𝑚𝐵𝑢𝐵           −𝐼𝐴 = 𝑚𝐴𝑣𝐴 −𝑚𝐴𝑢𝐴 
 
   = (5)(8 ∙ 8 − −6 ∙ 8)           = (10)(−1 ∙ 6 − 6 ∙ 2) 
 
   = 78                                        = −78 
 
|𝐼𝐵| = 78    (Ns)      
 
Opposite direction to original motion of 𝐵 
 
 
 
 

 
 
 

M1 
 

 
 
 
 

A1 
 

B1 
 

[3] 
 

 
 
 
Used, allow 1 sign error  
 
 
 
 
 
cao 
 
cao 
Accept  

• ‘to the right’  

• ⟶ 

• Towards the wall 

−1 ∙ 6 8 ∙ 8 

𝑢𝐵 𝑢𝐴 

𝐴 (2𝑚 kg) 𝐵 (𝑚 kg) 

8 ∙ 8 

−6 ∙ 8      

𝐵 (𝟓 kg) 

−1 ∙ 6 

6 ∙ 2 

𝐴 (2 × 𝟓 kg) 
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Q2 Solution Mark Notes 

 
(c) 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

 
 

 
𝑉𝐵 = ±8 ∙ 8𝑒 
 

To collide with 𝐴 again, 𝑉𝐵 > 1 ∙ 6 

 
 8 ∙ 8𝑒 > 1 ∙ 6 

 

𝑒 >
2

11
                                (= 0 ∙ 1818… )  

 

Range:    
2

11
< 𝑒 ≤ 1 

 

 
B1 

 
 

M1 
 
 

 
 

A1 
 

[3] 
 

 
si 
 
 
ANY comparison of  
±8 ∙ 8𝑒 with ±1 ∙ 6 
 
 
 

cao 

Total for Question 2 13  

𝑉𝐵 

8 ∙ 8 

𝐵  

1 ∙ 6 

 

𝐴  
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Q3 Solution Mark Notes 

 
(a) 

 
 

 
Position vector of the form 𝐫 = 𝐩 + 𝐯𝑡 
 

𝐫𝐴 =

{
 
 

 
 
3𝐢 − 10𝐣 + 20𝐤 + (−𝐢 + 2𝐣 + 𝐤)𝑡

(
3 − 𝑡

−10 + 2𝑡
20 + 𝑡

)

(3 − 𝑡)𝐢 + (−10 + 2𝑡)𝐣 + (20 + 𝑡)𝐤

 

 

𝐫𝐵 =

{
 
 

 
 
−2𝐢 + 30𝐣 + 15𝐤 + (3𝐢 − 4𝐣 + 2𝐤)𝑡

(
−2 + 3𝑡
30 − 4𝑡
15 + 2𝑡

)

(−2 + 3𝑡)𝐢 + (30 − 4𝑡)𝐣 + (15 + 2𝑡)𝐤

 

 

 
M1 

 
 
 

A1 
 
 

 
 

 
A1 

 
 

[3] 
 

 
oe 
 
 
 
isw when correct result seen 
 
 
 
 
 
isw when correct result seen 
 

 
(b) 

  

 
𝐴𝐵 = 𝐫B − 𝐫𝐴 
 
        = (−5 + 4𝑡)𝐢 + (40 − 6𝑡)𝐣 + (−5 + 𝑡)𝐤 
 

𝐴𝐵2 = (−5 + 4𝑡)2 + (40 − 6𝑡)2 + (−5 + 𝑡)2 
 
 

𝐴𝐵2 = 53𝑡2 − 530𝑡 + 1650 

 
M1 

 
A1 

 
m1 

 
 

A1 
 

[4] 
 

 
±(𝐫𝐵 − 𝐫𝐴)  
Attempted difference for all 3 terms 
oe, at least 2 correct terms 
 
oe. Must lose i, j, k and be linear 
expressions  
 
Convincing, intermediate line required 

 
(c) 

 

d

d𝑡
𝐴𝐵2 =

d

d𝑡
(53𝑡2 − 530𝑡 + 1650) (= 106𝑡 − 530) 

 

 
d

d𝑡
𝐴𝐵2 = 0                               (106𝑡 − 530 = 0) 

 

𝑡 = 5 
 

When 𝑡 = 5, 𝐴𝐵2 = 53(5)2 − 530(5) + 1650       
                           (= 325) 
 

Least distance is  

√325 = 5√13 = 18 ∙ 02(775638)           (m) 
 
 

 
M1 

 
m1 

 
A1 

 
 
 
 
 

A1 
 

[4] 
 

 
First derivative attempted 
No FT as quadratic given in (b) 
Used 
 
cao 
 
 
 
 
 
cao, any form 
 

 Alternative solution 
 

𝐴𝐵2 = 53(𝑡2 − 10𝑡) + 1650 

𝐴𝐵2 = 53(𝑡 − 5)2 + 325 
 
Minimum value occurs when 𝑡 = 5 
 

When 𝑡 = 5, 𝐴𝐵2 = 325      
                    

Least distance is  

√325 = 5√13 = 18 ∙ 02(775638)           (m) 
 

 
 

(M1) 
(m1) 

 
(A1) 

 
 
 
 

(A1) 
 

([4]) 
 

 
 
Attempt to ‘complete the square’ 

53(𝑡 ± 𝑎)2 + 𝑏, allow 𝑏 = 0 
 
cao 
 
 
 
 
cao, any form 

Total for Question 3 11  
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Q4 Solution Mark Notes 

  
 
 
 
 
 
 
 
 
 
 

  
 
 

cos 𝛼 =
6

7
  

 

sin 𝜃 =
√13

7
 

 
 
 
1500𝑔 = 14 700 
 

(a) Resolve vertically 
𝑅 cos 𝛼 = 𝑚𝑔 
 
17 150 cos 𝛼 = 1500𝑔 
 

cos 𝛼 =
6

7
=
14700

17150
  

 
𝛼 = 31 ∙ 00271913… (≈ 31°) 
 

M1 
 

 
 

A1 
 
 
 
 

A1 
 

[3] 
 

Dimensionally correct eqn. 
Accept 𝑅 sin 𝛼 = 𝑚𝑔 
 
 
 
 
 

 
Convincing 

 
(b) 

 
N2L towards centre 
𝑅 sin 𝛼 = 𝑚𝑎 
 
17 150 sin 𝛼 = 1500𝑎 
 
 

17 150 sin 𝛼 = 1500 (
𝑣2

𝑟
) 

 

17 150 (
√13

7
) = 1500 (

𝑣2

150
) 

 

𝑣2 = 883 ∙ 3600625 
 
𝑣 = 29 ∙ 72(137383… )    (ms−1) 
 
 
SC1 
Award SC1 for 𝑣 = 29 ∙ 72(137383… )  
via 𝑣2 = 𝑟𝑔 tan𝛼 
 
 

 
M1 

 
 

A1 
 
 

m1 
 

 
 
 

 
 

 
A1 

 
[4] 

 

 
Dimensionally correct eqn. 
Accept 𝑅 cos 𝛼 = 𝑚𝑎 
 

 
 
 

Used with 𝑎 =
𝑣2

𝑟
 

 
 
 
 

𝑣2 =
1715√13

7
= 245√13 

 
 
Note. Using 𝛼 = 31° 
 

𝑣2 = 883 ∙ 2902985 
 
𝑣 = 29 ∙ 72(020018… )    (ms−1) 
 

Total for Question 4 7  

 

  

𝛼 

17 150 sin𝛼  

17 150 cos𝛼  

1500𝑔 

 

𝑅 = 17 150 N  

𝛼 
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Q5 Solution Mark Notes 

 
(a) 

 
Use of Hooke’s Law     
 

36 =
156∙8𝑥

1∙4
  

 

𝑥 =
9

28
     or     0 ∙ 32(142857… )         (m)   

   

 
 

M1 
 
 

A1 
 

[2] 
 

 
 
Used 
 

 
(b) 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

 
 

Using expression for  EE =
𝜆𝑥2

2𝑙
 

 

EE =
 156∙8(0∙6)2

2(1∙4)
                            =

504

25
= 20 ∙ 16          

 

Using expression for PE = 𝑚𝑔ℎ   
 

PE = 𝑚𝑔(±2)                 =
98

5
𝑚 = 19 ∙ 6𝑚 = 2𝑚𝑔  

 
 
 
KE = 15 ∙ 12 (provided in question) 
 

Conservation of Energy (before = after) 
 
 
 

𝑚𝑔(2) = 15 ∙ 12 +
 156 ∙ 8(0 ∙ 6)2

2(1 ∙ 4)
    

 

19 ∙ 6𝑚 = 15 ∙ 12 + 20 ∙ 16  
19 ∙ 6𝑚 = 35 ∙ 28  
2𝑔𝑚 = 35 ∙ 28  
𝑚 = 1 ∙ 8 

 
 

M1 
 

A1 
 
M1 

 
A1 

 
 

 
 
 

M1 
 
 

A1 
 
 
 

 
 

A1 
 

[7] 
 

 
 
Used 
 
A correct expression 
 
Used 
 
A correct exp. relative to their 𝑃𝐸 = 0. 
For example,  
𝑚𝑔(0 ∙ 32) = 3 ∙ 136𝑚  

𝑚𝑔(0 ∙ 28) = 2 ∙ 744𝑚 
 

 
KE (15 ∙ 12), EE and PE all present 
Any combination of signs 
 
All correct, oe  
 
 
 
 
 

Convincing, intermediate line required 
 

Total for Question 5 9  

  

𝑃 

𝑥 = 0 ∙ 6 

𝑙 = 1 ∙ 4 

𝑃𝐸 = 0 

Before (at highest point) After (at extension 𝑥 = 0 ∙ 6)   
 𝑂 𝑂 

𝑃 

𝑥 = 

𝑙 = 1 ∙ 4 

𝑂 

𝑻 = 𝟑𝟔 

𝒎𝒈 
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Q6 Solution Mark Notes 

 
(a) 

 
 
 
 
 
 
 
 

  
 
 

 
 

 

𝐹 =
𝑃

20
 

 
At constant speed 𝐹 = 𝑅  (N2L with 𝑎 = 0) 
 

1000 + 50(20) =
𝑃

20
  (= 𝐹)          2000 =

𝑃

20
(= 𝐹)              

 
 

𝑃 = 40 000       (W)              
 
 

 
B1 

 
 

M1 
 

A1 
 
 

A1 
 

[4] 
 

 
Used, oe, si 
 
 
𝐹 − 𝑅 = 𝑚𝑎 with 𝑎 = 0 

1000 + 50𝑣 = 𝐹 
Correct equation using 𝑣 = 20 
 
 

cao, oe 

 
(b) 

 

   
 
 
 

2500𝑔 (
2

49
) = 1000 

 
 

 

𝐹 =
100 × 1000

𝑣
 =

100000

𝑣
 

 
Using N2L up slope 
 
𝐹 − 𝑅 −𝑚𝑔 sin 𝛼 = 𝑚𝑎 
 

 
 100000

𝑣
− (1000 + 50𝑣) − 2500𝑔 (

2

49
) = 2500(0 ∙ 3) 

 
 100000

𝑣
− (1000 + 50𝑣) − 1000 = 750 

 
Forming and solving a quadratic 

100000 − 2750𝑣 − 50𝑣2 = 0 
 

𝑣2 + 55𝑣 − 2000 = 0 
(𝑣 − 25)(𝑣 + 80) = 0 
 
𝑣 = 25       (ms−1)                 (or    𝑣 = −80)     
 
    

 
B1 

 
 

M1 
 

A1 
 
 

A1 
 
 
 
 
m1 

 
 
 
 
 

A1 
 

[6] 
 

 
si 
 
 
All forces, dim. correct.  
Allow sign errors and use of 𝑚𝑔 cos𝛼 
Correct equation 
 
 
oe, equation in 𝑣. 
 
 
 
 
 
 
 
 
 
 
cao 
𝑣 = −80 must be clearly discarded  
(as it leads to 𝑅 = −3000) 
 

Total for Question 6 10  

 

  

𝑅 = 1000 + 50𝑣 𝐹       ൬=
𝑃

𝑣
൰ 

𝑅 = 1000 + 50𝑣 

2500𝑔 

𝛼 

𝐹 2500𝑔 sin𝛼 

𝛼 
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Q7 Solution Mark Notes 

  
 

 
 
 
 
 
 

  
 

𝑟 = 0 ∙ 5  
 

𝑚 = 0 ∙ 04  
 
 
 

 
(a) 

 

 
(i)    Conservation of energy 
 
 
1

2
𝑚𝑢2 =

1

2
𝑚𝑣2 +𝑚𝑔𝑟(1 − cos 𝜃) 

 

𝑣2 = 𝑢2 − 2𝑔(0 ∙ 5)(1 − cos 𝜃) 
 

𝑣2 = {
𝑢2 − 𝑔(1 − cos 𝜃) =  𝑢2 − 9 ∙ 8(1 − cos 𝜃)

𝑢2 − 𝑔 + 𝑔 cos 𝜃    = 𝑢2 − 9 ∙ 8 + 9 ∙ 8 cos 𝜃
 

 

 
M1 

 
 

A1 
A1 

 
 
 

A1 

 
KE and PE in dim. correct equation 

±
1

2
𝑚𝑢2 = ±

1

2
𝑚𝑣2 ±𝑚𝑔𝑟(𝑡𝑟𝑖𝑔) 

 

KE, both terms 
PE, 𝑚𝑔𝑟(1 − cos 𝜃) 
 
 
 
Allow in terms of 𝑔 

 
 

(ii)     N2L towards centre  
         ±(𝑅 − 𝑚𝑔 cos 𝜃) = 𝑚𝑎 
 

𝑅 −𝑚𝑔 cos 𝜃 =
𝑚𝑣2

𝑟
 

 
 

𝑅 = 0∙04

0∙5
(𝑢2 − 9 ∙ 8 + 9 ∙ 8 cos 𝜃) + (0 ∙ 04)(9 ∙ 8) cos 𝜃     

 

𝑅 = 0 ∙ 08𝑢2 − 0 ∙ 784 + 1 ∙ 176 cos 𝜃 

 
M1 

 
 

A1 
 
 

m1 
 

A1 

Dim. correct equation 
𝑚𝑔 cos 𝜃 , 𝑅 opposing.  Allow 𝑚𝑔 sin 𝜃 
 

 

Correct equation with 𝑎 =
𝑣2

𝑟
  

 
 

Substitute for 𝑣2 
 
Convincing, intermediate line required 

 
 

 

(iii)   Let 𝑅 = 0 and  𝜃 = 120° 
 

𝑢2 = 17 ∙ 15 =
343

20
  

 

𝑢 = 4 ∙ 14(12558… )    or   =
7√35

10
     (ms−1)    

 
M1 

 
 
 

A1 
 

[10] 
 

 
Used 
 
 
 
cao 

 
(b) 

 

 
Work done overcoming resistance 
𝑊𝐷 = 0 ∙ 03 × 10                             (= 0 ∙ 3) 
 
Work-energy principle 
1

2
(0 ∙ 04)(5)2 − 0 ∙ 3 =

1

2
(0 ∙ 04) 𝑣2 

 

0 ∙ 5 − 0 ∙ 3 = 0 ∙ 02𝑣2 
 

𝑣2 = 10 
 

𝑣 = √10 = 3 ∙ 1(6227766… )         (ms−1)    
 
𝑣 = 3 ∙ 1(62277… )  < 4, so the ball will drop into 
the hole. 
 

 
 

B1 
 
M1 
A1 

 
 
 
 
 
 
 
 

A1 
 

[4] 
 

 
 
Used, si , 𝐹 × 𝑑 = 𝐸 
 
All terms included, oe 
FT their WD 
 
 
 
 
 
 
 
 
oe, i.e. comparison of squares 
Convincing 
 

Total for Question 7 14  
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WJEC GCE A LEVEL FURTHER MATHEMATICS 
 

UNIT 4 FURTHER PURE MATHEMATICS B 
 

SUMMER 2025 MARK SCHEME 
 

 

Q Solution Mark Notes 
1. 
a)  

Use of formula booklet expansion for e𝑥 with 𝑥2: 

e𝑥2
= 1 + (𝑥2) +

(𝑥2)
2

2!
+

(𝑥2)
3

3!
+ ⋯  

 

e𝑥2
= 1 + 𝑥2 +

𝑥4

2
+

𝑥6

6
+ ⋯  

M1 
 
 
 

A1 
 

[2] 
 

 

b) Approximate ∫ e𝑥21

0
d𝑥 = ∫ (1 + 𝑥2 +

𝑥4

2
+

𝑥6

6
)

1

0
d𝑥 

 

= [𝑥 +
𝑥3

3
+

𝑥5

10
+

𝑥7

42
]

1
0
  

= (1 +
1

3
+

1

10
+

1

42
) − 0  

(=
51

35
) = 1.457   correct to 3dp 

M1 

 
A1 

 

A1 

 

 

[3] 

 

FT (a), attempt to integrate  
 

 
 
 

cao 

Final A0 for exact answer 
1.463 to 3dp 

  [5]  
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Q Solution Mark Notes 
2. 
a) 

The result is true for 𝑛 = 1 since it gives   

(cos 𝜃 + i sin 𝜃)1 = cos 1𝜃 + i sin 1𝜃. 

Let the results be true for 𝑛 = 𝑘, ie  

(cos 𝜃 + i sin 𝜃)𝑘 = cos 𝑘𝜃 + i sin 𝑘𝜃 

 

Consider 𝑛 = 𝑘 + 1 

(cos 𝜃 + i sin 𝜃)𝑘+1 = (cos 𝜃 + i sin 𝜃)𝑘(cos 𝜃 + i sin 𝜃) 

= (cos 𝑘𝜃 + i sin 𝑘𝜃)(cos 𝜃 + i sin 𝜃) 

= cos 𝑘𝜃 cos 𝜃 − sin 𝑘𝜃 sin 𝜃 + i(sin 𝑘𝜃 cos 𝜃 + cos 𝑘𝜃 sin 𝜃) 

= cos(𝑘 + 1)𝜃 + i sin(𝑘 + 1)𝜃 

True for 𝑛 = 𝑘 ⇒ true for 𝑛 = 𝑘 + 1 and since true for 𝑛 = 1 

the result is proved by mathematical induction. 

 

B1 

M1 
 
 
 
 
 

M1 

A1 

A1 

A1 
 
 

A1 
 

[7] 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

cso 

b) METHOD 1: 
(cos 𝜃 + i sin 𝜃)4 

= cos4 𝜃 + 4i cos3 𝜃 sin 𝜃 + 6i2 cos2 𝜃 sin2 𝜃 + 4i3 cos 𝜃 sin3 𝜃
+ i4 sin4 𝜃 

 

= cos4 𝜃 + 4i cos3 𝜃 sin 𝜃 − 6 cos2 𝜃 sin2 𝜃 − 4i cos 𝜃 sin3 𝜃
+ sin4 𝜃 

 
(cos 𝜃 + i sin 𝜃)4 = cos 4𝜃 + i sin 4𝜃 
 
Equating real parts, 

∴ cos 4𝜃 = cos4 𝜃 − 6 cos2 𝜃 sin2 𝜃 + sin4 𝜃 
 

= (1 − sin2 𝜃)2 − 6(1 − sin2 𝜃) sin2 𝜃 + sin4 𝜃 

= 1 − 2 sin2 𝜃 + sin4 𝜃 − 6 sin2 𝜃 + 6 sin4 𝜃 + sin4 𝜃 

= 8 sin4 𝜃 − 8 sin2 𝜃 + 1 

 

 

 
 

M1 
 
 

A1 
 
 

B1 
 
 
 
 

M1 
A1 

A1 
 
 

 
 
Accept real terms only 
 
 
Accept real terms only 
 
 
 
 
 
 
 
Use of identity 
 

Convincing 

 METHOD 2: 

Use of identity cos 4𝜃 = 1 − 2 sin2 2𝜃 
Use of identity sin 2𝜃 = 2 sin 𝜃 cos 𝜃 

∴ cos 4𝜃 = 1 − 2(2 sin 𝜃 cos 𝜃)2  

= 1 − 8 sin2 𝜃 cos2 𝜃  

= 1 − 8 sin2 𝜃 (1 − sin2 𝜃)  

= 1 − 8 sin2 𝜃 + 8 sin4 𝜃  
 

 
(M1) 

(M1) 

(A1) 

(A1) 

(M1) 

(A1) 

 
[6] 

 

 

 

 

 

 

Use of identity 

Convincing 
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Q Solution Mark Notes 

2. 
c)i) 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

METHOD 1: 

8 sin4 𝜃 − 8 sin2 𝜃 + 1 = 2sin2 𝜃 − 1  

8 sin4 𝜃 − 10 sin2 𝜃 + 2 = 0 

4 sin4 𝜃 − 5 sin2 𝜃 + 1 = 0 
(4 sin2 𝜃 − 1)(sin2 𝜃 − 1) = 0 
 
Solving, 

sin 𝜃 = ±
1

2
   or sin 𝜃 = ±1 

 
𝜃 = 30°, 150°, 210°, 330°…   or  𝜃 = 90°, 270°…  
 
𝜃 = 360𝑛° + 30°, 𝜃 = 360𝑛° + 150°, 
       𝜃 = 360𝑛° + 210°, 𝜃 = 360𝑛° + 330° 
𝜃 = 360𝑛° + 90°, 𝜃 = 360𝑛° + 270° 
 
 
 

 
 
 

M1 
 
 

m1 
A2 

 

 
 
 

A1 

A1 

Accept degrees or radian 
throughout 
 
Solvable form 

 

 
 
A1 for 2 solutions 

 

Accept ±𝜃 values  
 
 
For all 4 solns, oe 

For both solns, oe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

METHOD 2: 

cos 4𝜃 = 2sin2 𝜃 − 1 = − cos 2𝜃 
cos 4𝜃 + cos 2𝜃 = 0  
 
Use of summation formulae, 

2 cos
4𝜃+2𝜃

2
cos

4𝜃−2𝜃

2
= 0  

2 cos 3𝜃 cos 𝜃 = 0 
 
Therefore,  
cos 3𝜃 = 0   or cos 𝜃 = 0 

3𝜃 = 180𝑛° + 90°    
𝜃 = 60𝑛° + 30°           𝜃 = 180𝑛° + 90° 
 
 

 
(B1) 

 
 

(M1) 

(A1) 

 

(m1) 
 

(A2) 
 

 
Identifying identity 

 
 

 

 

 

Either 
 
A1 each set 
 

ii) Therefore, the general solution is 𝜃 = 60𝑛° + 30°  
    

B1 
 

[7] 
 

oe  

 Radian values: 
 

30° 150° 210° 330° 
𝜋

6
 

5𝜋

6
 

7𝜋

6
 

11𝜋

6
 

90° 270° 180° 360° 

𝜋

2
 

3𝜋

2
 𝜋 2𝜋 

60𝑛° + 30° 
𝑛𝜋

3
+

𝜋

6
 

 
 

 

 

  [20]  
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Q Solution Mark Notes 
3. 
a) cosh 𝑥2 =

e𝑥2
+ e−𝑥2

2
 

d

d𝑥
(cosh 𝑥2) 

=
2𝑥e𝑥2

− 2𝑥e−𝑥2

2
 

  = 2𝑥 (
e𝑥2

−e−𝑥2

2
) 

  = 2𝑥 sinh 𝑥2 
 

 
 
 

M1 
 

A1 
 

 
A1 

 
[3] 

 

 
 
 
Differentiating 
 
 
 

 
Convincing, answer given 
 
 

b) METHOD 1: 

∫ 2𝑥3 sinh 𝑥2 d𝑥 

 
Integrating by parts  

with 𝑢 = 𝑥2,
d𝑣

d𝑥
= 2𝑥 sinh 𝑥2 

= 𝑥2 cosh 𝑥2 − ∫ 2𝑥 cosh 𝑥2 d𝑥 

 

= 𝑥2 cosh 𝑥2 − sinh 𝑥2 + 𝑐 
 
 
 

 
 
 
 

M1 
m1 

 
A1 

 

A1 
 

 
 
 

 
 
 
 
 
 
ISW 

 METHOD 2: 

∫ 2𝑥3 sinh 𝑥2 d𝑥 

 

Integration by substitution with 𝑢 = 𝑥2 
d𝑢 = 2𝑥d𝑥  

leading to ∫ 𝑢 sinh 𝑢 d𝑢 

 

Integration by parts with 𝑢 = 𝑢,
d𝑣

d𝑥
= sinh 𝑢 

= 𝑢 cosh 𝑢 − ∫ cosh 𝑢 d𝑢 

= 𝑢 cosh 𝑢 − sinh 𝑢 + 𝑐  

= 𝑥2 cosh 𝑥2 − sinh 𝑥2 + 𝑐  

 
 
 
 

(M1) 
 

(A1) 
 

(m1) 

 

 

(A1) 
 

[4] 
 

 
 
 
 
 
 
 
 
 
 
 
 

ISW 

  [7]  
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Q Solution Mark Notes 
4. 
a) 

det𝐌 = (3 × 14) + (4 × −4) = 26 
 

Cofactor matrix: (
14 −23 −4
0 13 0

−8 15 6
) 

 

Adjugate matrix: (
14 0 −8

−23 13 15
−4 0 6

) 

 

∴ 𝐌−1 =
1

26
(

14 0 −8
−23 13 15
−4 0 6

) 

 

B1 
 
 

B2 

 
 
 

B1 
 
 

B1 
 

[5] 
 

 
 
 
si B1 for any 5 correct 

 
 
 
FT cofactor from B1 
 
 

cao  
No workings, no marks 

b) Multiplying matrices and use of matrix equation, leading to  
𝑝 + 4𝑟 + 2𝑝 = −6 (3𝑝 + 4𝑟 = −6) 
3𝑝 − 𝑟 + 2𝑞 = 11 (3𝑝 + 2𝑞 − 𝑟 = 11) 

2𝑝 + 5𝑟 + 2𝑟 = −17 (2𝑝 + 7𝑟 = −17) 
 
THEN: 
 

M1 
 
 

A2 
 
 

 
 
 
A1 for 2 correct equations 

 METHOD 1: 

(
3 0 4
3 2 −1
2 0 7

) (
𝑝
𝑞
𝑟

) = (
−6
11

−17
)  

 
Use of inverse from part (a): 

(
𝑝
𝑞
𝑟

) =
1

26
(

14 0 −8
−23 13 15
−4 0 6

) (
−6
11

−17
)  

(
𝑝
𝑞
𝑟

) = (
2
1

−3
)  

 

 
 
 
 

M1 
 

A1 
 
 

A2 

 
 
 
 
 
FT (a) 
 
 
 

cao A1 for 2 correct solutions 

 METHOD 2: 

(
3 0 4
3 2 −1
2 0 7

|
−6
11

−17
) 

 
Using row reduction 

e.g. r1 − 1.5r3 and r2 − 1.5r3: 

(
0 0 −6.5
0 2 −11.5
2 0 7

|
19.5
36.5
−17

) 

 
Therefore, −6.5𝑟 = 19.5  ∴ 𝑟 = −3 
2𝑞 + (−11.5 × −3) = 36.5 ∴ 𝑞 = 1 

2𝑝 + (7 × −3) = −17  ∴ 𝑝 = 2 
 

 
 
 
 
 

(M1) 
 
 

(A1) 
 
 
 

(A2) 

 
 
 
 
 
 
 
 
 
 
 
 
cao A1 for 2 correct solutions 

 METHOD 3: 
Using 1st and 3rd equations, removal of 1 variable 
𝑝 = 2 or 𝑟 = −3 
Other variable 
 
Use of second equation to find 𝑞: 
(3 × 2) + 2𝑞 − (−3) = 11 ∴ 𝑞 = 1 

 
(M1) 
(A1) 
(A1) 

 
 

(A1) 
 

[7] 
 

 
 
 
cao 
 
 
cao 

  [12]  
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Q Solution Mark Notes 
5. METHOD 1: 

Volume = 𝜋 ∫ sinh2 2𝑦 d𝑦
1

0
 

 

Use of cosh 4𝑦 = 1 + 2 sinh2 2𝑦 
 

𝜋 ∫ (
cosh 4𝑦 − 1

2
) d𝑦

1

0

 

 

𝜋 [
1

2
×

sinh 4𝑦

4
−

1

2
𝑦]

1
0
 

 

𝜋 [(3.411 … −
1

2
) − (0)] 

 
Volume = 9.146 
 
 
 

 

B1 
 

M1 
 
 

A1 
 
 

A1 
 
 

m1 
 

A1 
 

 

Correct notation required 

 
M0 no workings 
 
 

Integrable form with no more 
than 1 slip  

oe cao integration  
 
 

Substitute in correct limits 
 

cao  

 METHOD 2: 

Volume = 𝜋 ∫ sinh2 2𝑦 d𝑦
1

0
 

 

Use of sinh 2𝑦 =
e2𝑦−e−2𝑦

2
 

 

𝜋

4
∫ (e4𝑦 − 2 + e−4𝑦)d𝑦

1

0

 

 
𝜋

4
[
e4𝑦

4
− 2𝑦 −

e−4𝑦

4
]

1
0
 

 
𝜋

4
[(

e4

4
− 2 −

e−4

4
) − (

1

4
− 0 −

1

4
)] 

 
Volume = 9.146 
 

 

(B1) 
 

(M1) 
 
 

(A1) 
 
 

(A1) 
 
 

(m1) 
 

(A1) 
 
 
 

[6] 
 

 

Correct notation required 

 
M0 no workings 
 
 

Integrable form with no more 
than 1 slip 
 

oe cao integration 
 
 

Substitute in correct limits 

 
cao 
 
If M0, award SC1 for 9.1... 
unsupported 

  [6]  
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Q Solution Mark Notes 
6. Dividing both sides by cos 𝑥: 

d𝑦

d𝑥
+

𝑦

cos 𝑥
= tan 𝑥 

 

Integrating factor: e∫
1

cos 𝑥
d𝑥 = e∫ sec 𝑥d𝑥 

= eln(sec 𝑥+tan 𝑥) = sec 𝑥 + tan 𝑥 
 
Multiplying both sides: 

(sec 𝑥 + tan 𝑥)
d𝑦

d𝑥
+ 𝑦

(sec 𝑥 + tan 𝑥)

cos 𝑥
= (sec 𝑥 + tan 𝑥) tan 𝑥 

 

RHS: sec 𝑥 tan 𝑥 + tan2 𝑥 → sec 𝑥 tan 𝑥 + sec2 𝑥 − 1 
 
Integrating both sides: 
𝑦(sec 𝑥 + tan 𝑥) = sec 𝑥 + tan 𝑥 − 𝑥 + 𝑐 
 
Substituting 
3 = 1 + 0 − 0 + 𝑐  →   𝑐 = 2 
 
Solution: 𝑦(sec 𝑥 + tan 𝑥) = sec 𝑥 + tan 𝑥 − 𝑥 + 2 

𝑦 =
sec 𝑥 + tan 𝑥 − 𝑥 + 2

sec 𝑥 + tan 𝑥
 

M1 
 
 
 

M1 
A1 

 

M1 

 
 

A1 
 

m1 
A1 

 
 
 
 
 

B1 
 

[8] 
 

 
 
 
 
 

 
 

 
 
 

Right-side integrable form 

 
 

 

 
 
 

 

oe 

  [8]  
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Q Solution Mark Notes 
7. 
a) 
i) 

METHOD 1: 
d𝑦

d𝑥
= −

1

√1−(2𝑥−1)2
× 2  

d𝑦

d𝑥
= −

2

√1−4𝑥2+4𝑥−1
  

 
d𝑦

d𝑥
= −

1

√𝑥−𝑥2
 

 
 
 

 
M1 

 
A1 

 
A1 

 
Must be chain rule 
 
oe 
 
oe simplified 
 

 METHOD 2: 
cos 𝑦 = 2𝑥 − 1  

− sin 𝑦
d𝑦

d𝑥
= 2  

d𝑦

d𝑥
= −

2

sin 𝑦
   

d𝑦

d𝑥
= −

2

√1−cos2 𝑦
  

d𝑦

d𝑥
= −

2

√1−(2𝑥−1)2
  

d𝑦

d𝑥
= −

2

√1−4𝑥2+4𝑥−1
    

 
d𝑦

d𝑥
= −

1

√𝑥−𝑥2
 

 
 

(M1) 
 
 
 
 
 
 

(A1) 

(A1) 
 

[3] 
 

 
 
 
 
 
 
 
 
 
oe  

oe simplified 
 

ii) d𝑦

d𝑥
= (3𝑥 × cosh 4𝑥 × 4) + (sinh 4𝑥 × 3) 

 
d𝑦

d𝑥
= 12𝑥 cosh 4𝑥 + 3 sinh 4𝑥  or  3(4𝑥 cosh 4𝑥 + sinh 4𝑥) 

M1 
A1 

 

A1 
 

[3] 
 

Product rule 
One term correct 
 

Fully correct and simplified  

 

b) d𝑦

d𝑥
=

(cosh 𝑥 × − sin 𝑥) − (cos 𝑥 × sinh 𝑥)

(cosh 𝑥)2
 

 

At 𝑥 =
𝜋

2
, 

d𝑦

d𝑥
= −

1

cosh
𝜋

2

= −0.3985 …   and 𝑦 = 0 

 

Gradient of normal: cosh
𝜋

2
=

−1

−0.3985…
= 2.509 … 

 

Equation: 𝑦 − 0 = 2.509 … (𝑥 −
𝜋

2
) 

 
𝑦 = 2.51𝑥 − 3.94  
 

M1 
A1 

 

B1 
 

B1 

 
m1 

 
A1 

 
[6] 

 

Quotient rule oe 
Fully correct 
 

Both d𝑦/d𝑥 and 𝑦 
 

FT their d𝑦/d𝑥 
 

Dependant on M1 

 

Must be 2d.p. 

  [12]  
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Q Solution Mark Notes 
8. 
a) 

4 cos 𝜃 + 7 sin 𝜃 = 4 − tan (
𝜃

2
)  

4 (
1−𝑡2

1+𝑡2) + 7 (
2𝑡

1+𝑡2) = 4 − 𝑡  

4(1 − 𝑡2) + 7(2𝑡) = (4 − 𝑡)(1 + 𝑡2) 

4 − 4𝑡2 + 14𝑡 = 4 + 4𝑡2 − 𝑡 − 𝑡3  

𝑡3 − 8𝑡2 + 15𝑡 = 0  
  

 
 

M1 

A1 

A1 
 

[3] 
 

 
 

Use of 𝑡 formulae 

Removing fraction 

Convincing  

b) 𝑡(𝑡2 − 8𝑡 + 15) = 0  
 
Solving, 

𝑡 = 0   or  𝑡2 − 8𝑡 + 15 = 0 
   (𝑡 − 3)(𝑡 − 5) = 0 

𝑡 = 0   𝑡 = 3        or    𝑡 = 5 

tan (
𝜃

2
) = 0   tan (

𝜃

2
) = 3   or   tan (

𝜃

2
) = 5 

 
𝜃 = 0   𝜃 = 2.498 … 𝜃 = 2.7468 … 
 
 
 
 

B1 
 

M1 
 
 

A2 
 
 

B2 
 
 
 
 

[6] 
 

si 
 

M0 no workings 
 
 

A1 for any two 
 

 

B1 for any two  
Accept degrees 
Ignore angles outside range 
-1 for each additional roots in 
range 
 

 Other factorisations could include (not exclusively) 

• (𝑡 − 3)(𝑡2 − 5𝑡) 

• (𝑡 − 5)(𝑡2 − 3𝑡) 

• Completed squares 

  

  [9]  
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Q Solution Mark Notes 
9. Solve auxiliary 𝑚2 + 16 = 0 

𝑚2 = −16 
𝑚 = ±4i 
 
Complementary function: 𝑦 = 𝐴 sin 4𝑥 + 𝐵 cos 4𝑥 
 
Use particular integral of the form 𝐶 sin 𝑥 + 𝐷 cos 𝑥 
d𝑦

d𝑥
= 𝐶 cos 𝑥 − 𝐷 sin 𝑥 

d2𝑦

d𝑥2
= −𝐶 sin 𝑥 − 𝐷 cos 𝑥 

 
Therefore,  
−𝐶 sin 𝑥 − 𝐷 cos 𝑥 + 16(𝐶 sin 𝑥 + 𝐷 cos 𝑥) = 3 sin 𝑥 
 

−𝐶 + 16𝐶 = 3   →    𝐶 =
1

5
 

−𝐷 + 16𝐷 = 0    →      𝐷 = 0 
 
General Solution: 

𝑦 =  𝐴 sin 4𝑥 + 𝐵 cos 4𝑥 +
1

5
sin 𝑥 

 
d𝑦

d𝑥
= 4𝐴 cos 4𝑥 − 4𝐵 sin 4𝑥 +

1

5
cos 𝑥 

 
 

When 𝑥 = 𝜋, 𝑦 = 3, 
d𝑦

d𝑥
= 0 

𝐵 = 3 
and 
d𝑦

d𝑥
= 4𝐴 −

1

5
= 0 →    𝐴 =

1

20
 

 
 
Therefore,  

𝑦 =
1

20
sin 4𝑥 + 3 cos 4𝑥 +

1

5
sin 𝑥 

M1 
 

 
 

A1 
 

M1 
 
 

A1 
 
 

A1 
 
 
 

A1 
 
 

M1 
 
 

A1 
 
 

M1 
 
 

A1 
 
 
 

B1 
 

[11] 
 

 
 

 
 
 
 
 
 
 
 
 
 

Substitution  
 
 
 
Both values 

FT C,D for M1A1M1A1 
 
Sub and differentiate 
 
 
 
 

 

Substituting 𝜋 and one other 

value into either 𝑦 or 
d𝑦

d𝑥
 

 
Both 𝐴 and 𝐵 
 
 
 

cao  

  [11]  
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Q Solution Mark Notes 
10. 
a)i) 
 
 
 

2𝑥3+𝑥2+12

𝑥3−2𝑥2−3𝑥+6
=

2(𝑥3−2𝑥2−3𝑥+6)

𝑥3−2𝑥2−3𝑥+6
+

5𝑥2+6𝑥

𝑥3−2𝑥2−3𝑥+6
  

 

∴
2𝑥3+𝑥2+12

𝑥3−2𝑥2−3𝑥+6
= 2 +

5𝑥2+6𝑥

𝑥3−2𝑥2−3𝑥+6
  

 

M1 
 
 

A1 
 

[2] 
 

Or polynomial division 
 
 

convincing 
 

ii) METHOD 1: 

(𝑥 − 2) is a linear factor of 𝑥3 − 2𝑥2 − 3𝑥 + 6 
 

∴
2𝑥3+𝑥2+12

𝑥3−2𝑥2−3𝑥+6
= 2 +

5𝑥2+6𝑥

(𝑥−2)(𝑥2−3)
  

 
5𝑥2+6𝑥

(𝑥−2)(𝑥2−3)
=

𝐴

𝑥−2
+

𝐵𝑥+𝐶

𝑥2−3
  

 

5𝑥2 + 6𝑥 = 𝐴(𝑥2 − 3) + (𝐵𝑥 + 𝐶)(𝑥 − 2)  
When 𝑥 = 2, 32 = 𝐴 

When 𝑥 = 0, 0 = −3𝐴 − 2𝐶 → 𝐶 = −48 

Comparing 𝑥2 coefficients: 5 = 𝐴 + 𝐵 → 𝐵 = −27 
 
Therefore,  

∫ (
2𝑥3+𝑥2+12

𝑥3−2𝑥2−3𝑥+6
) d𝑥 = ∫ (2 +

32

𝑥−2
+

−27𝑥−48

𝑥2−3
) d𝑥  

 

= ∫ (2 +
32

𝑥−2
+

−27𝑥

𝑥2−3
+

−48

𝑥2−3
) d𝑥  

 

= 2𝑥 + 32ln|𝑥 − 2| −
27

2
ln|𝑥2 − 3| −

48

2√3
ln |

𝑥−√3

𝑥+√3
| + 𝑐   oe 

 
 
 

 

B1 
 
 
 

M1 
 

m1 
 
 

A2 
 
 

m1 
 

 
 
 

A3 

 

si 
 

 
 

Partial fractions 
 
 

 

All values 
A1 two values 
 

Integration 

FT their partial fractions 
 
 
 
Fully correct ISW 
A2 for 4 correct terms 
A1 for 2 correct terms 

Note: 
48

2√3
=

24

√3
= 8√3 
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Q Solution Mark Notes 

10. 
a) 
ii) 
 

METHOD 2: 

(𝑥 − 2) is a linear factor of 𝑥3 − 2𝑥2 − 3𝑥 + 6 
 

∴
2𝑥3+𝑥2+12

𝑥3−2𝑥2−3𝑥+6
= 2 +

5𝑥2+6𝑥

(𝑥−2)(𝑥2−3)
  

 
5𝑥2+6𝑥

(𝑥−2)(𝑥2−3)
=

𝐴

𝑥−2
+

𝐵

𝑥+√3
+

𝐶

𝑥−√3
  

 
5𝑥2 + 6𝑥 = 𝐴(𝑥 + √3)(𝑥 − √3) + 𝐵(𝑥 − √3)(𝑥 − 2) + 𝐶(𝑥 + √3)(𝑥 − 2)  

When 𝑥 = 2,  32 = 𝐴 

When 𝑥 = √3,  15 + 6√3 = 𝐶(√3 + √3)(√3 − 2) 

  
15+6√3

6−4√3
= 𝐶       (=

−16√3−27

2
) 

When 𝑥 = −√3, 15 − 6√3 = 𝐵(−√3 − √3)(−√3 − 2) 

  
15−6√3

6+4√3
= 𝐵 (=

16√3−27

2
) 

 
 

 

 

(B1) 
 
 
 

(M1) 
 

(m1) 
 
 
 
 
 
 

(A2) 
 
 
 

 

si 
 

 
 

Partial fractions 
 
 
 
 
 
 
 
 
All values 
A1 two values 
 
 

 Therefore,  

∫ (
2𝑥3+𝑥2+12

𝑥3−2𝑥2−3𝑥+6
) d𝑥 = ∫ (2 +

32

𝑥−2
+

15−6√3

6+4√3

𝑥+√3
+

15+6√3

6−4√3

𝑥−√3
 ) d𝑥  

 

= 2𝑥 + 32ln|𝑥 − 2| +
15−6√3

6+4√3
ln|𝑥 + √3| +

15+6√3

6−4√3
ln|𝑥 − √3| + 𝑐   oe 

 
e.g. with rationalised coefficients: 

= 2𝑥 + 32ln|𝑥 − 2| +
16√3−27

2
ln|𝑥 + √3| +

−16√3−27

2
ln|𝑥 − √3| + 𝑐  

 

(m1) 
 

 

(A3) 
 
 
 
 
 

[9] 

 
Integration 

FT their partial fractions 
 

Fully correct ISW 
A2 for 4 correct terms 
A1 for 2 correct terms 
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Q Solution Mark Notes 

10. 
b) 

4 − 4𝑥 − 𝑥2 = 8 − (𝑥 + 2)2  
 

∫
1

√4−4𝑥−𝑥2
d𝑥

0

−2
= ∫

1

√8−(𝑥+2)2
d𝑥

0

−2
  

= [sin−1 (
𝑥+2

√8
)]

0
−2

  

=
𝜋

4
− 0  

=
𝜋

4
  

B1 
 

M1 
 

A1 
 

A1 
 

[4] 
 

 
 

FT square for 𝑎2 − 𝑥2 only 
 
 

 
cao 
No workings, no marks 

c) METHOD 1: 

Mean value =
1

2−0
∫ tanh 2𝑥 d𝑥

2

0
 

 
 

=
1

2
[
ln(cosh 2𝑥)

2
]

2
0
 

=
1

2
(1.65359 … − 0) 

= 0.83 
 
 
 

 

M1 
 
 
 

A1 
 
 

A1 
 

 

Attempt to integrate. 
Condone omission of ½ for 
M1A1 
 
Integration 
 

 

cao  

 METHOD 2: 

tanh 2𝑥 =
e2𝑥−e−2𝑥

e2x+e−2𝑥  

 

Mean value =
1

2−0
∫ tanh 2𝑥 d𝑥

2

0
 

=
1

2
∫

e2𝑥−e−2𝑥

e2𝑥+e−2𝑥 d𝑥
2

0
  

 

Integration by substitution with 𝑢 = e2𝑥 + e−2𝑥 

d𝑢 = (2e2𝑥 − 2e−2𝑥)d𝑥  

leading to 
1

2
∫

d𝑢

𝑢
 

=
1

2
ln 𝑢  

 

With limits and 
1

2
: 

=
1

4
[ln 𝑢]e4 + e−4

2𝑒
 OR =

1

4
[ln(e2𝑥 + e−2𝑥)]

2
0
 

=
1

4
(4.000335 … − 0.69314 … ) 

= 0.83 
 

 
 
 
 

 

M1 
 
 
 
 
 

A1 
 
 
 
 
 
 

A1 
 
 
 

[3] 
 

 
 
 
 

 

Attempt to integrate. 
Condone omission of ½ for 
M1A1 
 
 
 
Integration 
 

 
 
 
 
 

cao  
 
If M0, SC1 for correct answer 
only 

  [18]  
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Q Solution Mark Notes 
11. 
a) 

 

 
 
 

G2 
 
 
 

[2] 

 
 
 
Fully correct graph 
 
Allow G1 for  

• two circles 

• half graph 
 
 

b) 𝑦 = 𝑟 sin 𝜃 = cos2 𝜃 sin 𝜃   
 

Differentiating 
d𝑦

d𝜃
= cos3 𝜃 − 2 cos 𝜃 sin2 𝜃  

 

When parallel to initial line 
d𝑦

d𝜃
= 0 

 

cos3 𝜃 − 2 cos 𝜃 sin2 𝜃 = 0  

cos 𝜃 (cos2 𝜃 − 2 sin2 𝜃) = 0 
 
cos 𝜃 = 0 (no tangent parallel to initial line) 
or 

cos2 𝜃 − 2 sin2 𝜃 = 0  

cos2 𝜃 − 2(1 − cos2 𝜃) = 0 

3 cos2 𝜃 − 2 = 0 

cos 𝜃 = ±√
2

3
    (sin 𝜃 = ±

1

√3
, tan θ = ±

1

√2
)  

𝑟 =
2

3
  

 

M1 
 

m1 

A1 
 
 
 

m1 
 
 

A1 
 
 
 
 

A1 

A1 
 

 
 

Must be product rule 
 
 
 
 
 

 
 
 
 
 
 
 
 

Any value 

 
 

 Then, 

𝑥 = 𝑟 cos 𝜃 =
2

3
× √

2

3
=

2√2

3√3
=

2√6

9
 

𝑦 = 𝑟 sin 𝜃 =
2

3
×

1

√3
=

2

3√3
=

2√3

9
 

 
Area = 2𝑥 × 2𝑦 

= 2 ×
2√2

3√3
× 2 ×

2

3√3
=

16√2

27
    oe 

 
 

m1 

 
 
 

m1 

A1 
 

[10] 
 

 
 
Attempt to find 𝑥, 𝑦 for any 
point 

 
 

 

Must be exact 
 

 Alternative possible derivatives: 

• 𝑦 = (
cos 2θ+1

2
) sin θ  

d𝑦

d𝜃
= (

cos 2θ+1

2
) cos 𝜃 − sin 𝜃 sin 2𝜃  

 

• 𝑦 = (
cos 2θ+1

2
) sin θ =

1

2
cos 2𝜃 sin 𝜃 +

1

2
sin 𝜃  

d𝑦

d𝜃
=

1

2
cos 2𝜃 sin 𝜃 − sin 2𝜃 sin 𝜃 +

1

2
cos 𝜃  

 

• 𝑦 = (1 − sin2 θ) sin θ = sin θ − sin3 θ  
d𝑦

d𝜃
= cos θ − 3 cos θ sin2 θ  

  

  
 
 

  [12]  
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The purpose of this marking scheme is to provide teachers, learners, and other interested 
parties, with an understanding of the assessment criteria used to assess this specific 
assessment. 
 
This marking scheme reflects the criteria by which this assessment was marked in a live 
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every variation that a candidate may present in their responses within this marking scheme. 
However, during the training conference, examiners were guided in using their professional 
judgement to credit alternative valid responses as instructed by the document, and through 
reviewing exemplar responses.   
 
Without the benefit of participation in the examiners' conference, teachers, learners and 
other users, may have different views on certain matters of detail or interpretation. Therefore, 
it is strongly recommended that this marking scheme is used alongside other guidance, such 
as published exemplar materials or Guidance for Teaching. This marking scheme is final and 
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WJEC GCE A LEVEL FURTHER MATHEMATICS 
 

UNIT 5 FURTHER STATISTICS B 
 

SUMMER 2025 MARK SCHEME 
 
 

Q1 Solution Mark Notes 

 
(a) 

 
 
 

 

Standard error =
50

√100
 (=5) 

 
Use of 785 ± 𝑧 × SE  
 

     =785 ± 1.96 ×
50

√100
   

  
[775.2, 794.8]  
 

 

 
B1 

 
M1 

 
A1 

 
A1 

 

[4] 
 

 

SE2 =
502

100
 (=25) 

 
 

FT their SE ≠ 50 for M1 only. 
 
 
 
 

cao 3sf or better. 

 
(b) 

 
Valid interpretation 
e.g. The confidence interval does not support the 
manufacturer’s claim about the mean lifespan. 
e.g. If the claim about the standard deviation being 
50 is correct then the claim about the average is 
too high. 
e.g. One (or both) of the claims appear(s) to be 
incorrect, i.e. either the claimed population mean of 
800 hours is too high, or the claimed population 
standard deviation is too low (or both) 

 
E1 

 

 
 
 
 
 
 
 
 

[1] 
 

 
FT their CI 
Must reference their confidence 
interval. 
E0 for 95% of samples will contain the 
true mean. 
 
 
 
 

 
(c) 

 

1.96 ×
50

√𝑛
< 5  

 
 
1.96×50

5
< √𝑛  

 
𝑛 > 384.16  

𝑛 = 385 

 
M1 

 

 
A1 

 
 

A1 
 

[3] 
 

 

Attempt at inequality/equation with 
1.96, 𝑛 and 5 

oe e.g. 2 × 1.96 ×
50

√𝑛
< 10  

Correct inequality (or equation). 
 
 

cao 

 

 
(d) 

 

 
The lifespans of bulbs are not said to be normally 
distributed, but because 𝑛 is large, the CLT allows 
us to use the normal distribution in our calculations.  
 

 
E1 

 
[1] 

 
 
 
 
 
 
  

Total for Question 1 9  
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Q2 Solution Mark Notes 

 
(a) 
(i) 
 
 

 

E(𝑋) = (
−𝜃+𝜃

2
) = 0  

 

Var(𝑋) =
1

12
(𝜃 − −𝜃)2 =

1

3
𝜃2  

 

E(𝑋2) = Var(𝑋) + (E(𝑋))
2
  

 

E(𝑋2) =
1

3
𝜃2 + 0 =

1

3
𝜃2  

 
OR 
 

E(𝑋2) = ∫ 𝑥2𝑓(𝑥)d𝑥
𝜃

−𝜃
  

 

𝑓(𝑥) =
1

2𝜃
  

 

E(𝑋2) = [
𝑥3

3
]

−𝜃

𝜃

×
1

2𝜃
  

 

E(𝑋2) =
𝜃2

3
  

 
 

 
B1 

 
 

B1 
 
 

M1 
 

A1 
 

[4] 
 
 

(M1) 
 
 

(B1) 
 
 

(A1)  
 

(A1) 

 
Must be seen. 
 
 
oe 
 
 

Used 
 
 
 
 
 
 

𝑓(𝑥) must be a constant. Limits not 
required. 

 
(b) 

 

Unbiased estimator for 𝜃2 is 3𝑋2 

 
B1 

 
[1] 

 

 
B1 3𝑋̅2  
FT where possible  

B0 for 3E(𝑋2) 
Mark final answer. 

Total for Question 2 5  
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Q3 Solution Mark Notes 

 
(a) 

 
 
 

𝐻0: The median difference in wellbeing is 0. 
𝐻1: The median difference, when subtracting wellbeing before from 
wellbeing after is greater than 0. 
OR 𝐻0: 𝜂𝑑 = 0       𝐻1: 𝜂𝑑 > 0     where 𝜂𝑑 is the median of the   
                                                   differences from subtracting wellbeing  
                                                   before from wellbeing after.                                              
                                                   𝜂𝑑 = 𝜂𝐴 − 𝜂𝐵 
 

Participant A B C D E F G H I 

Difference  8 9 1 -3 10 -2 20 5 4 

Ranks 

Participant A B C D E F G H I 

Ranks  6 7 1 3 8 2 9 5 4 

 

𝑊+ = Sum of ranks of positive       (𝑊− = Sum of ranks of negative 
                 differences                                        differences 

    = 6 + 7 + 1 + 8 + 9 + 5 + 4 = 40         (     = 3 + 2 = 5) 
 
Upper CV = 37                                  (  Lower CV = 8) 
 

Since 40 > 37 (OR 5 < 8) there is sufficient evidence to reject H0. 
 
There is sufficient evidence to suggest taking time off social media is 
beneficial for wellbeing. 

 
 

B1 
 

 
 
 

 
 

B1 
 
 
 

M1 
A1 

 
M1 

 
A1 

 
B1 

 
B1 

 
E1 

 
[9] 

 
Both. 
oe 
Do not condone median 
difference in levels of wellbeing 
before and after is greater than 
zero.  
 
 
Accept differences with 
opposite signs. 
 
 
M1 either attempt at ranks. FT 
one slip in difference for A1 
 
 

Must match direction of 𝐻1 
 
 

 
 
 
FT their W and CV. 

 
cso 
 
 

(b) Let 𝜇 be the population mean. 

𝐻0: 𝜇𝑋 = 𝜇𝑌           𝐻1: 𝜇𝑋 ≠ 𝜇𝑌          

 
B1 
[1] 

 
Both 

(c) 𝑥̅ =
1560

30
= 52  

𝑦̅ =
940

20
= 47  

𝑥̅ − 𝑦̅ = 5 

SE of difference of means = √
5.52

30
+

5.52

20
=

11√3

12
 

= 1.5877 … 
 

P(𝑋̅ − 𝑌̅ > 5) =  0.00081863 …  
 
p-value = 2 × 0.00081863 … 
 
= 0.001637  
 
ALTERNATIVE SOLUTION 

P(−5 < 𝑋̅ − 𝑌̅ < 5) = P (−
20√3

11
< 𝑍 <

20√3

11
) = 0.99836   

p-value = 1 − 0.99836 

= 0.00164  
 
Since 0.001637 < 0.01 there is sufficient evidence to reject 𝐻0. 
There is sufficient evidence to suggest that time off social media 
changes anxiety levels. (In this case it seems to suggest a 
decrease.) 

B1 
 
 

B1 
 

M1 
 

 
A1 

 
m1 

 
A1 

 
 
 

(A1) 
(m1) 
(A1) 

 
m1 

 
A1 
[8] 

Either 52 or 47 
 
 
si 
 
Or SE2   
 
 
awrt 0.00082 
 
 
 
cao  
 
 
 
 
 
cao  
 
Dep on M1 only. 
Allow other significance levels. 

cso  

  Total for Question 3 18  
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Q4 Solution Mark Notes 

 
(a) 

 
 
 

 
Let 𝑇 = 𝑋1 + 𝑋2 + 𝑋3 + 𝑋4 − 𝑋5 − 𝑋6 − 𝑋7  
E(𝑇) = 10   
Var(𝑇) = 7Var(𝑋)  

Var(𝑇) = 71.68 

P(𝑇 < 0) = 0.11877  

 
 

B1 
M1 
A1 
A1 

 
[4] 

 

 
 
Or E(𝑇) = −10 
 
 
3sf or better. Or P(𝑇 > 0) = 0.11877 
cao 

 
(b) 

 

𝑋1 is the time taken by Ela. 𝑋2 is the time taken by Mali.  

Consider 𝑈 =
𝑋1

2
− 𝑋2       or      𝑈 = 𝑋1 − 2𝑋2 

E(𝑈) = −5                         or      E(𝑈) = −10 
 
 

Var(𝑈) =
1

4
Var(𝑋1) + Var(𝑋2)   

                                         or     Var(𝑈) = Var(𝑋1) + 4Var(𝑋2)   

 

Var(𝑈) =
64

5
= 12.8    or    Var(𝑈) =

256

5
= 51.2     

 
P(𝑈 > 0) 
= 0.08113 
 

 
M1 
A1 

 
 
 

M1 
 
 

A1 
 

m1 
A1 

 
 [6] 

 

 
oe 
Or E(𝑈) = 5 or E(𝑈) = 10.                         
 

 
 
M1 for equation  
 
 
 

 
Dep on both M1. Or P(𝑈 < 0)  
3sf or better. cao 

(c) Consider 𝑉 = 𝑋 − 𝑌 
E(𝑉) = 2  
Var(𝑉) = 2.82 + 3.22  
Var(𝑉) = 18.08  
P(𝑉 < 0) = 0.3190 
 

M1 
A1 
M1 

 
A1 

 
[4] 

 

 
Or E(𝑉) = −2 
 
 
3sf or better. Or P(𝑉 > 0) = 0.3190 
cao 
 

Total for Question 4 14  
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Q5 Solution Mark Notes 

 
 
 
 

𝐻0: The median numbers of litres of milk produced by cows on 
antibiotics and not on antibiotics are the same.  
 
𝐻1: The median number of litres of milk produced by cows on 
anitbiotics is less than the median number of litres of milk 
produced by cows not on antibiotics.  
 
 
 
 
 
 
 
 
Use of the formula 𝑈 = ∑∑𝑧𝑖𝑗  

 
𝑈 = 9 + 4 + 0 + 6 + 9 + 1 + 4              OR  
𝑈 = 5 + 5 + 2 + 2 + 1 + 5 + 4 + 2 + 4 
                                                                                 
 𝑈 = 33                               OR        𝑈 = 30 
 
 
 
 
 
 
 
 
 
 
Upper critical value is 48           OR      Lower CV is 15 
 
33 < 48 OR 30 > 15, there is insufficient evidence to reject 𝐻0. 

    
 
 

B1 
 

 
 

 
 
 
 
 
 
 

M1 
 
 
 
 

A1 
 
 
 
 
 
 
 
 
 
 

B1 
 

B1 
 

Accept  
𝐻0: 𝜂𝐴 = 𝜂𝐵       𝐻1: 𝜂𝐵 < 𝜂𝐴 
Where 𝜂𝐴 is the median numbers 
of litres of milk produced by cows 
on antibiotics and 𝜂𝐵 is the median 
numbers of litres of milk produced 
by cows not on antibiotics. 
 
 
 
 
 
 
 
Attempt to use 
 
Accept ranks with opposite signs 
ALTERNATIVE METHOD  
𝑡𝐴 = sum of ranks for 𝐴 = 58 

𝑈𝐴 = 58 −
8×7

2
= 30  

𝐵 = sum of ranks for 𝐵 = 78 

𝑈𝐴 = 78 −
9×10

2
= 33  

 
 
 
 
 
 
 
 
 
FT their 𝑈 and CV. 
 
 

 There is insufficient evidence to suggest that cows produce less 
milk when they are on antibiotics 
 

E1 
 

[6] 
 

cso Conclusion should not imply 
two-tailed test. 

Total for Question 5 6  
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Q6 Solution Mark Notes 

(a) Valid assumption. 
e.g. The population heights are normally distributed. 

 

E1  

 
 
 
 
 

∑𝑥 = 2076       ∑𝑥2 = 359340 
𝑥̅ = 173 
 
 

𝑠2 =
1

𝑛−1
(∑𝑥2 − 𝑛𝑥̅2)  

 

𝑠2 =
1

11
(359340 − 12 × 1732)  

 

= 
192

11
= 17.4545 … …      or 𝑠 =

8√33

11
= 4.17786 … 

 
 
 
DF = 11 
 
𝑡-value = 1.796 
 

Standard error = √
17.4545….

12
=

4√11

11
= 1.20604 …  

 

CL = 173 ± 1.796 × √
17.4545….

12
 

 
90%CI is [170.8, 175.2] 
 

 
B1 

 
 

M1 
 

 
 
 

A1 
 

 
 

B1 
 

B1 
 

B1 
 
 

M1 
 
 

A1 
 

[9] 
 

 
All three attempted. At least 
two correct. si. 
 
Use of. oe 
12

11
× (

359340

12
− 1732)  

 
 
 
 
 
 
 
 
 

FT their DF 
 
 
 
 
FT their 𝑡-value and 𝑥̅ and SE, si 
Must be 𝑡-value. 
 
cao, 3sf or better.  
 
 

(b) Unlikely Country A is The Netherlands because the mean height 
is outside the confidence interval. 

E1 
 

[1] 

FT their CI 

(c) Valid comment 
e.g. It’s reasonable because heights are often normally 
distributed. 

E1 
 

[1] 
 

 
 

Total for Question 6 11  
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Q7 Solution Mark Notes 

(a) 
(i) 
 
 

(ii) 
 
 

E(𝑋) = −3 × 𝜃 − 1 × 0.2 + 2 × 𝜃 + 4 × (0.8 − 2𝜃)  
 
E(𝑋) = 3 − 9𝜃  
 

Var(𝑋) = (−3)2  × 𝜃 + (−1)2 × 0.2 + 22 × 𝜃  

                                           +42  × (0.8 − 2𝜃) − (3 − 9𝜃)2  
 
Var(𝑋) = 9𝜃 + 0.2 + 4𝜃 + 12.8 − 32𝜃   
                                                       −(9 − 54𝜃 + 81𝜃2)  
 

Var(𝑋) = 13 − 19𝜃  −9 + 54𝜃 − 81𝜃2) 

Var(𝑋) = 4 + 35𝜃 − 81𝜃2      *ag 
 
 

M1 
 

A1 
 
 

M1 
 
 
 

 
 
 

A1 
 

[4] 

oe 
 
Must be simplified. 
 
 
 
 
 
 
 

 
Convincing At least one line of 
working out between M1 and A1. 
 

 
(b) 
(i) 

 

E(𝑇1) = E (
3 − 𝑋̅

9
)  

𝐸(𝑇1) =
3 − E(𝑋̅)

9
 

E(𝑇1) =
3 − (3 − 9𝜃)

9
 

E(𝑇1) = 𝜃 ∴ 𝑇1 is an unbiased estimator for 𝜃. 
 

 
 
 
 

 
M1 

 
 

A1 
 
 

 
 
 
 
si 
 
 
convincing.  
 

(ii) Var(𝑇1) =
1

81
Var(𝑋̅)  

Var(𝑇1) =
1

81

Var(𝑋)

𝑛
  

Var(𝑇1) =
4+35𝜃−81𝜃2

81𝑛
  

M1 
 

 
 

A1 
 

[4] 

 

(c) P(𝑋 > 0) = 0.8 − 𝜃 
𝑌~B(𝑛, 0.8 − 𝜃) 
E(𝑌) = 𝑛(0.8 − 𝜃) 

E(𝑇2) =
4𝑛−5E(𝑌)

5𝑛
    

E(𝑇2) =
4𝑛−5(0.8−𝜃)𝑛

5𝑛
  

E(𝑇2) =
4𝑛−4𝑛+5𝜃𝑛

5𝑛
  

E(𝑇2) = 𝜃 ∴ 𝑇2 is an unbiased estimator for 𝜃. 
 
 

B1 
 

B1 
M1 

 
 
 
 

A1 
 

[4] 

si 
 

FT their  P(𝑋 > 0) 

 
 
 

 
convincing.  

(d) Var(𝑌) = 𝑛(0.8 − 𝜃)(0.2 + 𝜃) 

Var(𝑇2) =
(−5)2𝑛(0.8−𝜃)(𝜃+0.2)

52𝑛2    

Var(𝑇2) =
0.16+0.6𝜃−𝜃2

𝑛
   

Var(𝑇1) − Var(𝑇2) =
4+35𝜃−81𝜃2

81𝑛
−

0.16+0.6𝜃−𝜃2

𝑛
   

Var(𝑇1) − Var(𝑇2) =
4+35𝜃−81𝜃2

81𝑛
−

12.96+48.6𝜃−81𝜃2

81𝑛
   

Var(𝑇1) − Var(𝑇2) =
−8.96−13.6𝜃

81𝑛
 < 0   

∴ 𝑇1 is the better estimator. 
  
 

B1 
M1 

 
A1 

 
 

m1 
 

 
A1 
[5] 

No FT. 
FT their  Var(𝑌) for M1 only. 
 
 
 
 
Dep on M1. Attempt to simplify 
FT their  Var(𝑇1) and Var(𝑇2) 
 
convincing. cso 

Total for Question 7 17  
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WJEC GCE A LEVEL FURTHER MATHEMATICS 
 

UNIT 6 FURTHER MECHANICS B 
 

SUMMER 2025 MARK SCHEME 
 
 

Q1 Solution Mark Notes 

 
(a) 

 

(i)   𝐹 =
96×1000

40
            (= 2400) 

 
      Using N2L at maximum speed with 𝑎 = 0 
 

96×1000

40
= 𝑘(40)2                  

 

     𝑘 =
3

2
= 1 ∙ 5 

 

 
B1 

 
 

M1 
 
 
 

A1 
 

 

Sight of 𝐹 =
96 (000)

𝑣
  in (i) or (ii), oe 

 
 

𝐹 − 𝑘𝑣2 = 0 
 
 
 
Convincing, intermediate line required 

 
 

(ii)   Applying N2L (𝐹, 𝑘𝑣2 opposing), 
 

       
96 (000)

𝑣
− 1 ∙ 5𝑣2 = 2250𝑎 

 

       Multiplying by 𝑣 and using 𝑎 = 𝑣
d𝑣

d𝑥
 

 

       2250𝑣 (𝑣
d𝑣

d𝑥
) = 96 000 − 1 ∙ 5𝑣3 

 

       1500𝑣2 d𝑣

d𝑥
= 64000 − 𝑣3 

 

M1 
 

A1 
 
 
 
 
 
 
 

A1 
 

[6] 
 

Dimensionally correct equation  
𝐹 − 𝑘𝑣2 = ±𝑚𝑎 
Fully correct equation, oe 
 
 
 
 
 
 
 
Convincing 

 
(b) 

 

1500 ∫ 𝑣2

64000−𝑣3 d𝑣 = ∫ d𝑥   ±15(00) ∫ 𝑣2

64(000)−𝑣3 d𝑣 = ± ∫ d𝑥 

 
 
1500

−3
ln|64 000 − 𝑣3| = 𝑥   (+𝐶) 

 
 

When 𝑥 = 0, 𝑣 = 10 
 

−
1500

3
ln|64000 − 103| = 𝐶      

 𝐶 = −500 ln|63000| 
 

𝑥 = 500 ln|63000| − 500 ln|64000 − 𝑣3| 
 

𝑥

500
= ln |

63000

64000 − 𝑣3
| 

 

63000

64000 − 𝑣3
= e

𝑥
500 

 

64000 − 𝑣3 = 63000e−
𝑥

500 
 

𝑣3 = 1000 (64 − 63e−
𝑥

500) 

 

 
M1 

 
 

A1 
A1 

 
 

 
m1 

 
A1 

 
 

 
 
 

 
m1 

 
 

 
 

A1 
 

[7] 
 

 
Separating variables  
Integration notation not required 
 

ln|64 000 − 𝑣3| 
Everything correct, oe 
| | not needed for both 
 

 
Use of initial conditions 
(accept use of limits->examiner notes) 
 

Finding 𝐶, FT ±𝐶 from sign error only 

𝐶 ≈ 5525 ∙ 445 … 
 
 
 
 
 
Inversion, FT 𝐶 ≠ 0 
 
 
 
 
oe, isw 
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Q1 Solution Mark Notes 

 
(c) 

  

 
When 𝑥 = 250, 
 

𝑣3 = 1000 (64 − 63e−
250

500)      (= 25 788 ∙ 568 … )  

 

𝑣 = 29 ∙ 5(444 … ) 

 
 
 

M1 
 

A1 
 

[2] 
 

 
 
 

Used in their expression for 𝑣3 or 𝑥 
 
cao 
 
 

 
(d) 

 
Appropriate explanation, e.g. 
 

• When 𝑣 = 40     (or 𝑣3 = 64 000) 
we get division by zero  
(in expression for 𝑥) 
OR 
we get an undefined expression (for 𝑥) 

 

• 𝑣 = 40 is a limiting value 
 

 
 
 
 

E1 
 
 
 

 
 

[1] 
 

 
 
 
 

Total for Question 1 16  
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Q2 Solution Mark Notes 

 
 

 
  
 
 

                                                                                                           Before collision 
 
                                                                                                                        After collision 
 
 

                                                                                                                               𝑒 =  3

4
 

 

 

(a) Con. of momentum (along line of centres) 
 

𝑚(10) + 2𝑚(−2) = 𝑚𝑣𝐴 + 2𝑚(𝑣𝐵)  
 
𝑣𝐴 + 2𝑣𝐵 = 6 

M1 
 

A1 
 

 

Attempted, allow 1 sign error. 
 
Consistency of 𝑣𝐴,𝑣𝐵 across M’s 

All correct, oe 
 
 

 Restitution (along line of centres) 
 

𝑣𝐵 − 𝑣𝐴 =  −3

4
(−2 − 10)  

 
3

4
=

𝑣𝐵 − 𝑣𝐴

10 − −2
=

𝑣𝐴 − 𝑣𝐵

−2 − 10
     OR      −

3

4
=

𝑣𝐵 − 𝑣𝐴

−2 − 10
=

𝑣𝐴 − 𝑣𝐵

10 − −2
 

 
𝑣𝐵 − 𝑣𝐴 = 9 
 
Solving equations 
𝑣𝐴 = −4 

𝑣𝐵 = 5 
 
Velocities after collision 
 
Sphere 𝐴 = −4𝐢 + 8𝐣       (ms−1) 
 
Sphere 𝐵 =    5𝐢 +    𝐣        (ms−1) 
 

M1 
 

A1 
 
 
 

 
 
 

m1  
 
 
 

 
 

A1 
 

A1 
 

[7] 
 

Attempted, allow 1 sign error. 
 
All correct, oe   
 
 
 
 
 
 
One variable eliminated. 
 
 
 
 
 

cao, isw (i.e. magnitude) 
 
cao, isw 

 
(b) 

 
Impulse on 𝐵                       
 

 𝐈 = 𝑚𝐵𝐯𝐵 − 𝑚𝐵𝐮𝐵                 
 
   = (2𝑚)[(5𝐢 + 𝐣) − (−2𝐢 + 𝐣)]  
 
   = 14𝑚𝐢      Ns 
 

 
 
 

M1 
 
 
 

A1 
 

[2] 
 

  
 
 
Used,  
 
FT 𝐯𝐵 
  
Units must be included, cao 
Allow kg ms−1 
 

Total for Question 2 9  

 

  

𝐣 

𝐢 

𝑣𝐴𝐢 + 8𝐣 

𝑣𝐵𝐢 + 𝐣 

𝐴 (𝑚 kg) 𝐵 (2𝑚 kg) 

(−2𝐢 + 𝐣) ms−1 

(10𝐢 + 8𝐣) ms−1 
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Q2 Solution Mark Notes 

(a) 

 
Alternative Solution for M1A1 in (a) 
 
Conservation of momentum 
 

𝑚𝐮𝐴 + 2𝑚𝐮𝐵 = 𝑚𝐯𝐴 + 2𝑚𝐯𝐵 
 

𝑚(10𝐢 + 8𝐣) + 2𝑚(−2𝐢 + 𝐣)
= 𝑚(𝑣𝐴𝐢 + 8𝐣) + 2𝑚(𝑣𝐵𝐢 + 𝐣) 

 
𝑣𝐴 + 2𝑣𝐵 = 6 
 

 
 
 

M1 
 
 
 

A1 
 
 

 
 
 
Attempted.  
 
 
 
All correct, oe 
 

(b) 

 
Alternative Solution for (b) 
 
Impulse on 𝐴                       
 
 𝐈 = 𝑚𝐴𝐯𝐴 − 𝑚𝐴𝐮𝐴                 
 
   = 𝑚[(−4𝐢 + 8𝐣)  − (10𝐢 + 8𝐣)]  
 
   = −14𝑚𝐢    
 
|𝐈| = 14𝑚𝐢    Ns 
 

 
 
 
 
 

M1 
 
 
 

 
 

A1 
 

[2] 
 

 
 
 
 
 
Used 
 
FT 𝐯𝐴  
 
 
 
Units must be included, cao 
Allow kg ms−1 
 

(b) 

 
Alternative Solution for (b): Non-vector versions 
 
Impulse on 𝐵                      (Impulse on 𝐴)         
 
𝐼 = 𝑚𝐵𝑣𝐵 − 𝑚𝐵𝑢𝐵                = 𝑚𝐴𝑣𝐴 − 𝑚𝐴𝑢𝐴 
 

   = (2𝑚)(5 − (−2))                      = 𝑚(−4 − 10) 

 
   = 14𝑚      Ns                                 = −14𝑚    Ns 
 
𝐈 = 14𝑚𝐢    Ns             
 

 
 
 
 
 

M1 
 
 
 
 

 
A1 

 
[2] 

 

 
 
 
 
 
Used 
 
FT ANY 𝑣𝐴 , 𝑣𝐵 
 
 
 
Units must be included, cao 
The 𝐢 MUST (re)appear OR direction 
must be given 
Allow kg ms−1 
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Q3 Solution Mark Notes 

 
(a) 

𝑦̅ = 35 

Shape Area 
 

Mass 
Distance 
from AG 

Distance 
from AD 

ADFG 
60 × 120 
(= 7200) 

7200𝜌 60 30 

Quad 
AHB 

𝜋(30)2

4
 

(= 225𝜋) 

±225𝜋𝜌 
40

𝜋
 

40

𝜋
 

Quad 
DCE 

𝜋(30)2

4
 

(= 225𝜋) 

±225𝜋𝜌 120 −
40

𝜋
 

40

𝜋
 

L 225𝜋 𝟐 × 225𝜋𝜌 80 𝑎 

Sign  7 200𝜌 𝑥̅ 𝑦̅ 

 
 

 
 
 

B3 
 
 
 
 
 
 
 

B1 

 

Condone  

• omission of 𝜌 (mass per unit area)  

• inclusion of 𝑔 
 
All 12 values correct 
B2 any 2 rows or columns correct 
B1any row or column correct 
 

4(30)

3𝜋
=

40

𝜋
= 12 ∙ 732 … 

 

120 −
40

𝜋
= 107 ∙ 2676 … 

 
Correct combination of masses 
(ADFG - QUADx2 + L) 
FT their values.   

 (i)   Moments about AG 

    

7200𝑥̅ = (7200)(60) − (225𝜋) (
40

𝜋
)

− (225𝜋) (120 −
40

𝜋
) + (450𝜋)(80) 

 

7200𝑥̅ = 432000 − 9000 − 27000𝜋 + 9000 + 36000𝜋   
 

7200𝑥̅ = 432000 + 9000𝜋         = 460274 ∙ 33.. 
 

          𝑥̅ = 60 +
5

4
𝜋 = 63 ∙ 926(9908 … )      (cm) 

 

M1 
 
 

 
A1 

 
 

 
 

A1 

Masses and moments consistent 
All terms, allow sign errors. FT table. 
 
 
FT equations leading to 
(𝑘𝑥̅) = 𝑙 + 𝑚𝜋 

(ADFG - QUADx2 + L) 
 
 
cao, any form 
 

 (ii)  Moments about AD (use of 𝑦̅ for A1 only) 
 

(7200)(35) = (7200)(30) − (225𝜋) (
40

𝜋
)  

− (225𝜋) (
40

𝜋
) + (450𝜋)(𝑎) 

 

252000 = 216000 − 9000 − 9000 + 450𝜋𝑎 

 

      𝑎 =
120

𝜋
= 38 ∙ 19(718634 … )       (cm) 

M1 
 
 

A1 
 
 
 
 

A1 
 
[10] 

 

Masses and moments consistent 
All terms, allow sign errors. FT table. 
 
FT equations leading to 
(𝑘) = 𝑙 + 𝜋𝑎 

(ADFG - QUADx2 + L) 
 
 
cao, any form 
  

 
(b) 

 
Length 𝐵𝑃 = 𝑥̅ − 30  
 

                  = 30 + 5

4
𝜋 = 33 ∙ 92 …  (cm) 

 
 
 

B1 
 

[1] 
 

 
 
 
FT 𝑥̅ from (a)(i) 

Total for Question 3 11  
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Q4 Solution Mark Notes 

 
(a) 

 
 

 

(i)     
d2𝑥

d𝑡2 = −𝜔2𝑥       ⇔        𝑣
d𝑣

d𝑥
= −𝜔2𝑥 

 

∫ 𝑣 d𝑣 = −𝜔2 ∫ 𝑥 d𝑥 

 
1

2
𝑣2 = −𝜔2 ×

1

2
𝑥2  (+𝐶)  

 

When 𝑥 = 𝑎, 𝑣 = 0 

𝐶 =
1

2
𝜔2𝑎2  

 

𝑣2 = 𝜔2(𝑎2 − 𝑥2) 
  

 
 
 
 

M1 
 

 
A1 

 
m1 

 
 

A1 
 

 
 
 
 

𝑎 = 𝑣
d𝑣

d𝑥
 used and separation of 

variables, ALLOW ± 
 
 
 
Use of initial conditions 
 
 
Convincing 

 
 

(ii)   𝑣 =
d𝑥

d𝑡
 = 𝜔√(𝑎2 − 𝑥2)  

 

∫
1

√(𝑎2 − 𝑥2)
d𝑥 = 𝜔 ∫ d𝑡 

 

sin−1 (
𝑥

𝑎
) = 𝜔𝑡  (+𝐶)   

 
When 𝑡 = 0, 𝑥 = 0 
𝐶 = 0  
 

𝑥 = 𝑎 sin(𝜔𝑡)  
 

 

M1 
 
 

M1 
 
 

A1 
 
 

m1 
 
 

A1 
 

[9] 
 

Allow  √𝜔2(𝑎2 − 𝑥2) 

𝑣 =  or  
d𝑥

d𝑡
 = 

𝑣 =
d𝑥

d𝑡
 used and separation of 

variables,   
 
 

 
 
 
 
 
Convincing  

 
(b) 

 

 

(i)     𝑣2 = 𝜔2(𝑎2 − 𝑥2) 
 

82 = 𝜔2(𝑎2 − 32) 

62 = 𝜔2(𝑎2 − 42) 
 
Eliminating one variable 
𝜔 = 2 

𝑎 = 5 

 
M1 

 
A1 

 
 
m1 
A1 
A1 

 

 
Used 
 
Either correct 
 
 
 
cao 
Convincing 

 Period, 𝑇 =
2𝜋

𝜔
= 𝜋       (s) A1 

 
cao 

 
 

 
(ii)    Using 𝑥 = ±5 sin(2𝑡) with 𝑡 = 1 ∙ 8 
 
At 𝑡 = 1 ∙ 8, 𝑥 = 5 sin(2 × 1 ∙ 8)       
                      = −2 ∙ 2126 … 
 

Distance         = 2 ∙ 21(26 … )          (m) 

 
M1 

 
 
 
 

A1 
 

[8] 
 

 
FT 𝜔 
 
 
 
 
cao 

Total for Question 4 17  
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Q4 Solution Mark Notes 

 
 

 
Alternative Solution to (a) (ii) 
 

Auxiliary equation: 𝑟2 + 𝜔2 = 0 
Roots:  𝑟 = ±𝜔i 
 
General solution: 𝑥 = e−0𝑡(𝐴 cos 𝜔𝑡 + 𝐵 sin 𝜔𝑡) 
 
Initial conditions: 𝑡 = 0, 𝑥 = 0                (⇒ 𝐴 = 0) 
 
𝑥 = 𝐵 sin 𝜔𝑡 
 
𝑣 = 𝐵𝜔 cos 𝜔𝑡 
 
Conditions: 𝑣 = 0  when 𝑥 = 𝑎 
 

0 = 𝐵𝜔 cos 𝜔𝑡         ⇒         𝜔𝑡 =
𝜋

2
, …            

 

∴    𝑎 = 𝐵 sin 𝜋
2          ⇒         𝑎 = 𝐵    

 

∴     𝑥 = 𝑎 sin 𝜔𝑡 
    

 
 
 

M1 
A1 

 
B1 

 
 
 
 

 
m1 

 
 
 
 
 

 
 

A1 
 

 
 
 
 
 
 
oe 
 
 
 
 
 
𝑡 = 0  𝑥 = 0 used in expression for 

𝑥 and 𝑥′ attempted 
 
Not using 𝑣 = 0  when 𝑥 = 𝑎 

𝜔√(𝑎2 − 𝑥2)  = 𝐵𝜔 cos 𝜔𝑡 

Using 𝑡 = 0, 𝑥 = 0      

√(𝑎2 − 02)  = 𝐵 cos 0     ⇒      𝑎 = 𝐵 
 

Convincing 

Total for Question 4 (a) (ii) 5  
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Q5 Solution Mark Notes 

 
(a) 

 
 
 
 
 
 
 
 
 
 
 

              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Moments about 𝐴 
 
𝑇 × 0 ∙ 8 = 72𝑔 × 0 ∙ 8 sin 60° 
 

𝑇 = 36√3𝑔 =  
1764√3

5
= 611 ∙ 0(675249 … )   (N)  

M1 
 

A1 
 

A1 
 

[3] 
 

Dim. correct equation, no extra terms 
Allow cos 60°  
oe 
 
cao, any form 
 

 
(b) 

  

Finding the values of 𝐹 and 𝑅 
 
Resolve vertically                     𝐹 pointing downwards 

𝐹 + 𝑇 cos 30° = 72𝑔                (𝑇 cos 30° = 𝐹 + 72𝑔) 

 
Resolve horizontally   or     Moments about 𝐶 

𝑇 sin 30° = 𝑅   or    𝑅 × 1 ∙ 6 = 72𝑔 × 0 ∙ 8 sin 60° 
 
Substitution of 𝑇   or   attempting to evaluate 𝑅 
 

𝐹 = 18𝑔     = 176 ∙ 4 = 882

5
             (N)        

     

𝑅 = 18√3𝑔 =
882√3

5
= 305 ∙ 5(337625)     (N)  

 

Limiting Friction; use of 𝐹 = 𝜇𝑅 
 

𝜇 =
𝐹

𝑅
=

18𝑔

18√3𝑔
=

1

√3
=

√3

3
= 0 ∙ 577(3502692)       

 
 

 
 

M1 
A1 

 
M1 
A1 

 
m1 

 
 

A1 
 
 
M1 

 
A1 

 

[8] 

M’s: Allow trig errors  
 
 
Dim. correct equation, no extra/missing 
forces.  
 
Dim. correct equation, no extra forces 
 
Sub. of 𝑇 into at least one equation 
 
 
cao, at least one correct 
 
 
𝐹 ≤ 𝜇𝑅 si, sub in their F OR R  
 
cao 

 
(c) 

 

 
In reality, any of the given modelling 
assumptions may not be true. 
 
 

 
B1 

 
[1] 

 
 

Total for Question 5 12  

 

  

𝐴 

𝐵 

𝐶 

0 ∙ 8 

60° 

𝐹 

72𝑔 = 705 ∙ 6 

𝑅 

𝑇 
1 ∙ 2 

0 ∙ 8 

 

4√3

5
 

0 ∙ 8 cos 60 = 0 ∙ 4 

0 ∙ 8 sin 60 =
2√3

5
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(b) 

 

Alternative Solution to (b)  
 
Elimination of 𝐹 using 𝐹 = 𝜇𝑅 
 
Resolve vertically                     𝐹 pointing downwards 

𝐹 + 𝑇 cos 30° = 72𝑔                (𝑇 cos 30° = 𝐹 + 72𝑔) 

 
Resolve horizontally   or     Moments about 𝐶 
𝑇 sin 30° = 𝑅    or     𝑅 × 1 ∙ 6 = 72𝑔 × 0 ∙ 8 sin 60° 
 

𝑅 = 18√3𝑔 = 305 ∙ 5(337625)        (N) 
 

Limiting Friction; use of 𝐹 = 𝜇𝑅  
 
𝜇𝑅 + 𝑇 cos 30° = 72𝑔 
 

𝜇 =
72𝑔 − 𝑇 cos 30°

𝑇 sin 30°
 

 
Substitution of 𝑇 to get 
 

𝜇 =
𝐹

𝑅
=

18𝑔

18√3𝑔
=

1

√3
=

√3

3
= 0 ∙ 577(3502692)  

 
 
 

 

 
 
 

 
M1 
A1 

 
M1 
A1 

 
A1 

 
M1 

 
 
 
 
 
 

m1 
 

A1 
 

[8] 

 

 
M’s: Allow trig errors 
 
 
Dim. correct equation, no extra/missing 
forces,  
 
Dim. correct equation, no extra forces 
 
 
cao 
 
FT 𝑅 
 
 
 
 
 
 
Sub. of 𝑇 into at least one equation 
overall 
cao, any form 
 

(b) 

 
Alternative Solution to (b)  
 
Moments about 𝐵  
 
Moments about 𝐵 
 
𝐹 × 0 ∙ 8 sin 60° = 𝑅 × 0 ∙ 8 cos 60° 
 
 

𝜇 =
𝐹

𝑅
=

1

tan 60°
=

1

√3
=

√3

3
= 0 ∙ 577(3502692)  

 

 
 
 
 
 

M1 
 

A1 
A1 

 
M1 
A4 

 
[8] 

 

 
 
 
 
 
Dim. correct equation, no extra terms 
Allow trig errors 
LHS 
RHS 
 
𝐹 = 𝜇𝑅 used 
cao, any form 
 

 

  



 

10 
© WJEC CBAC Ltd. 

Q6 Solution Mark Notes 

 
(a) 

 

 

  
 
 
 

𝑦 = {

𝑟

ℎ
𝑥

𝑟 −
𝑟

ℎ
𝑥 = 𝑟 (1 −

1

ℎ
𝑥)

 

 
 
 

 
 

Rotation about the 𝑥-axis 

(𝑉𝑥̅ =) 𝜋 ∫ 𝑥𝑦2

ℎ

0

d𝑥 

(𝑉𝑥̅) = 𝜋 ∫ 𝑥 (
𝑟

ℎ
𝑥)

2
ℎ

0

d𝑥                 =
𝑟2

ℎ2
𝜋 ∫ 𝑥3

ℎ

0

d𝑥 

(𝑉𝑥̅) =
𝑟2

4ℎ2𝜋[𝑥4]0
ℎ 

 

(𝑉𝑥̅) =
1

4
𝜋𝑟2ℎ2                                               

 

Using 𝑉 =
1

3
𝜋𝑟2ℎ and dividing to get 

 

𝑥̅ =
3

4
ℎ 

 
Distance from base = ℎ − 3

4
ℎ = 1

4
ℎ 

 

 
 
M1 

 
 

A1 
 
 

 
 

A1 
 
 
 
 
 

A1 
 

[4] 
 

 
 
Used with 𝑦 = 𝑓(𝑥) = ±𝑎𝑥 ± 𝑏, 𝑎 ≠ 0 

𝜋 si, 𝑦2 could be incorrect 
 
All correct, oe, limits not needed 

(𝑉𝑥̅) = 𝜋 ∫ 𝑥 (𝑟 −
𝑟

ℎ
𝑥)

2ℎ

0
d𝑥  

 
 
 

(𝑉𝑥̅) =
1

12
𝜋𝑟2ℎ2 

 
 

𝑥̅ =
1

4
ℎ 

 
Distance from base = 1

4
ℎ 

Convincing 
 

 
(b) 

  

 

Shape Volume/Mass 
Distance 
from OX 

 
Distance 

from top plane 
face 

 
 

±
1

3
 𝜋𝑟2ℎ      (× 𝜌) 

 

(= 1

3
 𝜋𝑟2ℎ𝜌)  

𝑟 
1

4
 ℎ 

 

 
 

𝜋(3𝑟)2 × ℎ     (× 𝜌) 
 

(= 9𝜋𝑟2ℎ𝜌) 
0 

1

2
 ℎ 

 

 
 

9𝜋𝑟2ℎ −
1

3
𝜋𝑟2ℎ (× 𝜌) 

 

(=
26

3
𝜋𝑟2ℎ𝜌)  

𝑥̅ 𝑦̅ 

  
(i)      Moments about top plane face  
 
26

3
𝜋𝑟2ℎ𝜌 × 𝑦̅ = 9𝜋𝑟2ℎ𝜌 ×

1

2
ℎ −

1

3
 𝜋𝑟2ℎ𝜌 ×

1

4
ℎ 

 
26

3
𝜋𝑟2ℎ × 𝑦̅ =

53

12
 𝜋𝑟2ℎ2 

 

𝑦̅ =
53

104
ℎ 

 

 
 
 
 
 
 

B2 
 

 
 
 
 
 

B1 
 
 
 

M1 
 

A1 
 
 
 
 

A1 
 

[6] 

 
Condone  

• omission of 𝜌 (mass per unit area)  

• inclusion of 𝑔 
 
 
All 6 entries correct 
B1 One correct row or column 
 
 
 
 
 
Difference of volume/mass 

FT above B1’s (=
𝑘

𝑙
𝜋𝑟2ℎ𝜌) 

 
 

No extra/missing terms. Allow sign 
errors 
FT table, each term of the form 

𝑘

𝑙
𝜋𝑟2ℎ𝜌 

 

Note that 1

4
 ℎ → 3

4
 ℎ when working relative 

to bottom plane face, 𝑦̅ = ℎ − 51

104
ℎ 

 

Convincing 
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(ii)       Moments about 𝑂𝑋  
 
26

3
𝜋𝑟2ℎ𝜌 × 𝑥̅ = 9𝜋𝑟2ℎ𝜌 × 0 −

1

3
 𝜋𝑟2ℎ𝜌 × 𝑟 

 

𝑥̅ = −
1

26
𝑟 

 
Distance = 1

26
𝑟 

 
M1 

 
A1 

 
 

 
 

A1 
 

[3] 
 

 
No extra/missing terms. Allow sign 
errors 
FT table, each term of the form 

𝑘

𝑙
𝜋𝑟2ℎ𝜌 

 
 
 
 

cao, accept 𝑥̅ = ± 1

26
𝑟 

 (iii)      If hanging in equilibrium, vertical passes      
           through centre of mass. 
 
 
 
 
 
 
 
 
 
 

             tan 𝛼 = (
1

26
𝑟

53
104ℎ

=)
104𝑟

1378ℎ
=

4𝑟

53ℎ
 

 
 

M1 
 

 
 
 
 
 
 
 
 
 
 
 

A1 
 

[2] 
 

Correct triangle identified 
 

sin/cos/tan 𝛼 =
𝑥̅

53
104

ℎ
=

53
104

ℎ

𝑥̅
 

 
or sight of a supporting diagram  
(⊥ triangle) with the sides 53

104
ℎ, 𝑥̅ 

 
 
 
 
 

 
cao, accept ± 

Total for Question 6 15  

  

𝑋 

𝑂 

𝛼 

53

104
ℎ 

 
1

26
𝑟 
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(a) 

 
Alternative Solution to (a)  
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 

𝑥 = {

𝑟

ℎ
𝑦

𝑟 −
𝑟

ℎ
𝑦 = 𝑟 (1 −

1

ℎ
𝑦)

 

 
 

 
 

Rotation about the 𝑦-axis 

(𝑉𝑦̅ =) 𝜋 ∫ 𝑥2𝑦

ℎ

0

d𝑦 

(𝑉𝑦̅) = 𝜋 ∫ (
𝑟

ℎ
𝑦)

2

𝑦

ℎ

0

d𝑦                 =
𝑟2

ℎ2
𝜋 ∫ 𝑦3

ℎ

0

d𝑦 

(𝑉𝑥̅) =
𝑟2

4ℎ2𝜋[𝑦4]0
ℎ 

 

(𝑉𝑦̅) =
1

4
𝜋𝑟2ℎ2 

 

Using 𝑉 =
1

3
𝜋𝑟2ℎ and dividing to get 

 

𝑦̅ =
3

4
ℎ 

 
Distance from base = ℎ − 3

4
ℎ = 1

4
ℎ 

 

 
 
M1 

 
 

A1 
 
 

 
 

A1 
 
 
 
 
 

A1 
 

[4] 
 

 
 
Used with 𝑥 = 𝑓(𝑦) 
 
 
All correct, oe,  limits not needed 

(𝑉𝑦̅) = 𝜋 ∫ 𝑦 (𝑟 −
𝑟

ℎ
𝑦)

2ℎ

0
d𝑦  

 
 
 

(𝑉𝑦̅) =
1

12
𝜋𝑟2ℎ2 

 

 

𝑦̅ =
1

4
ℎ 

 
Distance from base = 1

4
ℎ 

Convincing 
 


