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Q Marking instructions AO Marks Typical solution 
     

12(a) Explains  
that there are more 
intersections/solutions  
Must be definite 
AND 
that would be seen on the graph 
if it was extended 
or 
that lie outside of the range of 
values shown 

2.3 E1 

The graphs will continue to 
intersect for values of x < 0 and x > 
4. 
The equation will have lots of 
solutions. 

 Subtotal  1  
 

Q Marking instructions AO Marks Typical solution 
     

12(b) Uses sin 2a ≈ 2a  
Or 
Uses sin2 2sin cosa a a=  
AND sina a≈  

AND
2

cos 1
2
aa ≈ −  

3.1a M1 

1 4
sin 2

a
a
= −  

1
2a

 ≈ 4 – a 

1 ≈ 8a – 2a2 
2a2 – 8a + 1 ≈ 0 

Completes reasoned argument 
to show the given result.  
 
If sin2 2sin cosa a a= approach 
is used they must explain that 
higher powers can be ignored 
for small values. 
Condone equality throughout 
Must have conclusion in terms 
of a 
Condone α  

2.1 R1 

 Subtotal  2  
 

Q Marking instructions AO Marks Typical solution 
     

12(c) Obtains at least one solution to  
2a2 – 8a + 1 = 0 
4 14

2
±

 , 3.87(0…), 0.129(1…) 
1.1a M1 

2a2 – 8a + 1 = 0 

a = 
4 14

2
±

 

a = 0.129 
Infers the correct decimal value  
AWRT 0.129 2.2b R1 

 Subtotal  2  
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Q Marking instructions AO Marks Typical solution 
     

13(a)(i) Forms an equation for the area 
of the form Axw + Bπ x2 = 100,  
 

3.3 M1 π

π

π

π

wx x

wx x

xwx

xw
x

+ =

= −

−
=

−
=
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2

2

2
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2004
2

 
Completes reasoned argument 
with at least one more line of 
working to show 

πxwidth
x
−

=
2200

8
 

2.1 R1 

 Subtotal  2  
 

Q Marking instructions AO Marks Typical solution 
     

13(a)(ii) Obtains 6x + 2w + π x 
Can be unsimplified ISW 
Accept a consistently used 
alternative letter for width. 

3.3 B1 

π

π π

π π

π

P x w x

xP x x
x

xx x
x

x
x

= + +

 −
= + + 

 

= + − +

 = + + 
 

2

6 2

200
6 2

8

50
6

4
3 50

6
4

 Uses the given result from part 
(a)(i) to  eliminate w from their 
expression for perimeter in the 
form πAx Bw C x+ +  to form an 
expression for P in terms of x 

3.4 M1 

Completes reasoned argument 
with at least one more line of 
working, with no errors seen, to 

show 
πP x

x
 = + + 
 

3 50
6

4
 

2.1 R1 

 Subtotal  3  
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Q Marking instructions AO Marks Typical solution 
     

13(b)(i) Explains a minimum or 
stationary point will occur when
d
d
P
x

= 0 or d 0
d
C
x
=  where C is 

the cost. 

2.4 E1 

The minimum perimeter will occur 

when d
d
P
x

= 0 

 
d
d
P
x

 = 6 + 3
4
π  – 2

50
x

 

6 + 3
4
π  – 2

50
x

 = 0 

x2 = 200
24 3+ π

 

x = 2.45 
Cost = 

.
.

3 50
6 2 45

4 2 45
 π  + × +    

 × 12.75 

= 521.23 
£521.23 
 
d
d

2

2
P

x
 = .

.x
= =3 3

100 100 6 8
2 45

 > 0 

∴ P is a min 
 
So the minimum cost is £521.23 
 

Uses the model to minimise 
perimeter or cost. 
For example 
Differentiates P w.r.t. x with 

either 6 + 3
4
π  or – 2

50
x

 

correct.  
Could be multiplied by 12.75 
 

3.4 M1 

Obtains  6 + 3
4
π  – 2

50
x

 

Could be multiplied by 12.75 
 

1.1b A1 

Uses their 6 + 3
4
π  – 2

50
x

 = 0 to 

obtain a positive value for x 
1.1a M1 

Obtains cost of £521.23 or 
£521.24  3.2a A1 

Justifies that the cost/perimeter 
is a minimum. 
For example  
Shows that  
d
d

2

2
P

x
 = 3

100
x

 > 0, since x > 0 

Or 
Compares sign of gradient 
either side of x = AWRT 2.45 

2.4 E1 

 Subtotal  6  
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13(a)(i) Forms an equation for the area 
of the form Axw + Bπ x2 = 100,  
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Completes reasoned argument 
with at least one more line of 
working to show 

πxwidth
x
−

=
2200

8
 

2.1 R1 
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13(a)(ii) Obtains 6x + 2w + π x 
Can be unsimplified ISW 
Accept a consistently used 
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 Uses the given result from part 
(a)(i) to  eliminate w from their 
expression for perimeter in the 
form πAx Bw C x+ +  to form an 
expression for P in terms of x 

3.4 M1 

Completes reasoned argument 
with at least one more line of 
working, with no errors seen, to 

show 
πP x
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3 50
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13(b)(i) Explains a minimum or 
stationary point will occur when
d
d
P
x

= 0 or d 0
d
C
x
=  where C is 

the cost. 

2.4 E1 

The minimum perimeter will occur 

when d
d
P
x

= 0 

 
d
d
P
x

 = 6 + 3
4
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50
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6 + 3
4
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50
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x2 = 200
24 3+ π
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Cost = 

.
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3 50
6 2 45
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 π  + × +    

 × 12.75 

= 521.23 
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d
d
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2
P

x
 = .

.x
= =3 3

100 100 6 8
2 45

 > 0 

∴ P is a min 
 
So the minimum cost is £521.23 
 

Uses the model to minimise 
perimeter or cost. 
For example 
Differentiates P w.r.t. x with 

either 6 + 3
4
π  or – 2

50
x

 

correct.  
Could be multiplied by 12.75 
 

3.4 M1 

Obtains  6 + 3
4
π  – 2

50
x

 

Could be multiplied by 12.75 
 

1.1b A1 

Uses their 6 + 3
4
π  – 2

50
x

 = 0 to 

obtain a positive value for x 
1.1a M1 

Obtains cost of £521.23 or 
£521.24  3.2a A1 

Justifies that the cost/perimeter 
is a minimum. 
For example  
Shows that  
d
d

2

2
P

x
 = 3

100
x

 > 0, since x > 0 

Or 
Compares sign of gradient 
either side of x = AWRT 2.45 

2.4 E1 

 Subtotal  6  
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13(b)(ii) Gives a reason connected with 
the length why the cost is likely 
to be more: 

• Unlikely to be able to 
purchase exactly the 
right length of material. 

• There might be wastage 
if the material has to be 
cut 

• Corners/curves may 
cause increased length, 
possibly due to thickness 
of material. 

3.5a E1 

It is unlikely the material can be 
bought in exactly the required 
length. 

 Subtotal  1  
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13(b)(ii) Gives a reason connected with 
the length why the cost is likely 
to be more: 

• Unlikely to be able to 
purchase exactly the 
right length of material. 

• There might be wastage 
if the material has to be 
cut 

• Corners/curves may 
cause increased length, 
possibly due to thickness 
of material. 

3.5a E1 

It is unlikely the material can be 
bought in exactly the required 
length. 
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14 If log rule applied to start with, 
give first two marks for 
integration by parts applied to 
x3 ln x and ignore x3 ln 2 term. 
Begins integration by parts by 
writing 
u = ln 2x v′ = x3 

u′ = P
x

  v = Qx4 

PI by 

Qx4 ln 2x – P
x∫  × Qx4 dx 

Or 
u = x3  v′ = ln 2x 
u′ = Rx2 v = f(x) ln2x≠  

3.1a M1 

u = ln 2x v′ = x3 

u′ = 1
x

  v = 
4

4
x

 

d
24 42

1
1 2
2

1
ln2

4 4
x xx x

x
 

− 
 

∫  

24 4

1
2

ln2
4 16
x xx

 
= − 
 

 

    
          = − − −    
 
 

4 4

4
1 1

2 2 2ln4 ln1
4 4 16

1  

( )  = − − − 
 

24ln2 1
256
1

 

= 8ln 2 – 255
256

 

Substitutes their u, u′, v, v′ of 
either of the above forms into 
the integration by parts formula 
eg 

Qx4 ln 2x – P
x∫  × Qx4 dx 

x3 f(x) – Rx∫ 2 f(x) dx PI by 
4

4
x

 ln 2x – 
4

16
x

 OE 

1.1a M1 

Obtains 
4

4
x

 ln 2x – 1
x∫

4

4
x

 dx 

Condone missing dx PI by 
4

4
x

 ln 2x – 
4

16
x

 

1.1b A1 

Completes integration by parts 
to obtain 

4

4
x

 ln 2x – 
PQx4

4
 

1.1a M1 

Substitutes correct limits into 
4

4
x

 ln 2x – Kx4 and subtracts 

condone poor bracketing. 

1.1a M1 

Completes reasoned argument 

to obtain 8ln 2 – 255
256

 

With at least one line of 
substituted values before final 
answer. 

2.1 R1 

 Question 14 Total  6  
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