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P2 Jan 2005 Mark Scheme (final) 

P2 (2602)Jan 2005 Final mark scheme 
 
1 (a) (i) 
 
 
 
 
 
 
 
 
     (ii)            
 

 
 
B1 
 
 
 
 
 
 
 
B1 
 
B1 
[3] 
 

 
 
 
 
 
 
 
 
 
 
Translation 1 unit to right 
 
Stretch in y direction s.f. 2 

 
   (b)   2 10( 1)x x dx+∫   let u = x2 + 1, du = 2x dx 

         = 101
2

u du∫  

         = 111
22

u c+  

         = 2 111 ( 1)
22

x c+ +  

 
M1 
 
A1 
 
 
A1 
 
A1 

 
Substituting u10 =( x2 + 1)10 in integral 

101
2

u du∫  [condone no du] 

 
111

22
u  oe – allow 11 2 111 1 1 1 ( 1)

2 11 2 11
× × +u or x  

cao – must have + c and 1
22

. Allow ½ c. 

or     
           = 2 111 ( 1)

22
x c+ +  by inspection 

 
M1 
A1 
 
A1 
 
A1 
[4] 
 

 
k(x2 + 1)11 
k = 1 1 1

2 11 22
× =   

2 111 ( 1)
22

+x  

+c or ½ c 

  (c)    1ln(1 )y
x

= +    let u = 11
x

+   , 
2

1du
dx x

= −  

 y = ln u ⇒ 1dy
du u

=  

⇒ 
2 2

1 1 1 1.( ) .( )11

dy
dx u x x

x

= − = −
+

 

                        = 
2

1
x x

−
+

 

                        = 1
( 1)x x

−
+

   

or 1 1ln(1 ) ln( ) ln( 1) ln+
= + = = + −

xy x x
x x

 

⇒ 1 1
1

= −
+

dy
dx x x

 

 

 
B1 
 
 
B1 
 
M1 
 
 
A1cao 
 
 
M1 
A1,A1 
A1cao 
[4] 

1 1
11

=
+

dy or
du u

x

 seen 

2

1 1( ) = −d
dx x x

 seen 

×
dy du
du dx

 

 
denominator simplified; mark final answer; 
accept 

2

1
x x

−
+

 as final answer [not 2

11

−

−−
+
x

x
] 

 
1

1+x
, 1

x
 ; no need to combine, but mark final 

answer. 

   (d)    y = x e2x 
 ⇒ dy/dx = e2x + 2x e2x 
 
 ⇒ d2y/dx2 = 2 e2x + 2 e2x + 4x e2x 

 
                                          = 4 e2x + 4x e2x 

 ⇒   
2

2 4 4d y dy y
dx dx

− +  = 4e2x + 4xe2x − 4e2x − 8xe2x + 4xe2x = 0. 

B1 
B1 
 
M1 
 
B1cao 
 
E1 

2x e2x 
…+ e2x 
 
Finding their d2y/dx2 and attempting to verify 
 
 
 
www (NB fortuitous result with  

x 

y 

−1 1 

x 

y 

2 

2 
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 [5] dy/dx = 2xe2x and  d2y/dx2 = 4x e2x – SC2) 
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2 (i)   4500, 4050 
    5000 × 0.911  = 1569 
           
 

 
B1,B1 
M1A1 
 
 
[4] 
 

 
SC B1 for 4050, 3645 
or 1570 – must be rounded, but penalise once 
only.  
Allow M1A0  for 5000 × 0.912 ( = 1412.14…) 
 

 
   (ii) 

245000(1 0.9 )
(1 0.9)

−
−

 or 
245000(0.9 1)

(0.9 1)
−

−
 

 = 46 011.67… 
 = 46 012 
 

 
M1 
 
A1 
A1 
 
 
[3] 
 

 
sum formula – correct expression 
 
correctly evaluated 
correctly rounded - accept 46 000 or 46 010 or 
46 011 – penalise lack of rounding once only 
(see 2(i)) 
 

 
   (iii)   S∞ = 

1
a

r−
 

     = 5000
1 0.9−

 = 50 000 

 [So total production can’t exceed 50 000] 
 

 
M1 
 

A1 
 
 
 

Sum to infinity used, [or Sn = 5000(1 0.9 )
(1 0.9)

−
−

n
 

together with 0.9n → 0] 
50 000 [or → 50 000] 

or 50000(1 0.9 )= − n
nS  < 50 000 B2 

[2] 
 

 

 
   (iv) 500 × 1.1n−1 
 ⇒   500 × 1.1k−1 > 5000 × 0.9k−1 

 ⇒    
1

1

1.1 5000
0.9 500

k

k

−

− >  

 [⇒   
11.1 10

0.9

k−
⎛ ⎞ >⎜ ⎟
⎝ ⎠

] 

 ⇒   
111 10

9

k−
⎛ ⎞ >⎜ ⎟
⎝ ⎠

  * 

  
 

 
B1 
M1 
 
 
 
 
 
 
E1 
(3) 
 

 
 
forming inequality – allow equality 
[condone n instead of k, or k instead of k − 1] 
 
 
 
 
 
if working from equality, final inequality must 
be adequately explained 

⇒   (k − 1)ln(11/9)  > ln 10 
 ⇒   k  > 1 + ln10

ln(11/ 9)
  = 12.47… 

 ⇒   k = 13 

M1 
A1 
 
A1 
(3) 
 

taking lns or logs 
Re-arranging to find k or k − 1 
 
cao 

or by trial and improvement: 

 
1111 9.09 10

9
⎛ ⎞ = <⎜ ⎟
⎝ ⎠

 

 
1211 11.11 10

9
⎛ ⎞ = >⎜ ⎟
⎝ ⎠

 

⇒ k = 13 

 
 
B1 
 
B1 
 
B1dep 
 
(3) 
 

 
 
Or n = 12 ⇒ old 1569, new 1426 
 
Or n = 13, old = 1412, new 1569 
 
dep both B1s 
SCB1: k = 13 unsupported 
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3 (i)    f(x) = 0 when x = 1/8 

 ⇒  
2 /31 1 0

8 8
a ⎛ ⎞− =⎜ ⎟

⎝ ⎠
 

 ⇒ a = 8 × ¼ = 2  * 
 
 
 
 

 
 
M1 
 
E1 
 
 
 
 

 
 
f(1/8) = 0 
 
NB Answer given!  

2/3(1/ 8) 2
(1/ 8)

= =a  not enough: must show 

2 31 8 1 4/( / ) /=  or (1/8)−1/3 or 
1 3

1
1 8 /( / )

 (oe) 

or by verification: f(1/8) = 2×(1/8) − (1/8)2/3 
                                         = ¼ − ¼ = 0 
          

M1 
E1 
[2] 
 

f(1/8) 
= 0, but must show some working as above 

 
   (ii)    f(x) = 2x − x2/3 
 ⇒  f′(x) = 2 − (2/3)x−1/3 
 
 When x = 1/8, f′(1/8) = 2 − (2/3)×(1/8)−1/3 
                                                  = 2 − 2/3 × 2 
                                                  = 2/3 
 
 As x → 0, gradient tends to (negative) infinity. 
 

 
M1 
A1 
 
 
 
A1 
 
A1dep 
 
 
 
 
[4] 
 

 
Differentiating 
 
 
 
 
or  6.0   but must be exact – not 0.67 etc. 
 
allow ‘undefined’ or ‘vertical’, but not ‘very 
steep’ or ‘asymptotic’, dep negative power 
of x in their derivative. 
 
After 0 scored, SCB1 for correct derivative 
in (iii) 
 

  (iii)  f′(x) = 0 when 1/322 0
3

x−− =  

 ⇒ 1/322
3

x−=  

 ⇒ x−1/3 = 3 
 
 ⇒ x = 1/27 
 
  y = 2 × 1/27 − (1/27)2/3 
                   = 2 1

27 9
−  = 1

27
−  

 ⇒  range is y ≥ 1
27

−  

 

 
M1 
 
 

A1ft 
 

A1cao 
 
 
A1cao 
 
 
B1ft 
 
 
[5] 
 

 
Equating derivative to zero 
 
 

or better, e.g. x1/3 = 1/3 
allow ft on their −1/3 unless eased 

or; 730.0 must be exact, but allow recovery 
from logs if answer correct 
or  730.0−  
 

or f(x) ≥ 1
27

− , ft their 1
27

− , 

Not x ≥ 1
27

− ,  accept ≥ 1
27

−  

 

   (iv)    A = (−) 
21/8
3

0
(2 )x x dx−∫  

    = (−) 
1/8

2 5/3

0

3
5

x x⎡ ⎤−⎢ ⎥⎣ ⎦
 

    = (−) 1 3 1( )
64 5 32

− ×  

    = (−) 1
320

 or (−) 0.003125 

 
M1 
 
B1 
 
M1 
 
A1 
 
[4] 
 

 
Correct integral and limits (soi) – allow 0

1
8
∫  

2 5/33
5

x x−  

substituting limits (upper − lower) 
 
accept ±0.0031 or better. 
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4 (i)    105 − 85 = 20 °C 
            dT

dt
 = 85 e−t 

                    = 85 when t = 0 
           
 

 
B1 
M1 
 
A1 
[3] 
 

 
 
85 e−t  
 
M1 can be implied by 85e0 seen. 
85 unsupported M0 

 
   (ii) 105 − 85 e−t  = 100 
 ⇒ 85 e−t = 5 
 ⇒ e−t = 5/85 = 1/17 
 ⇒ et = 17 
 ⇒ t = ln 17 = 2.83 mins 
 

 
M1 
 
M1 
 
A1cao 
[3] 
 

 
Equating 
 
taking lns or logs correctly on correct eqn 
 
 2.8 or better 
B3 trial and improvement ⇒ 2.83 or better 

 
   (iii) a = 80 
 20 represents room or background  
temperature 
 
 

 
B1 
B1 
[2] 
 

 
 
or initial temperature from first part, or 
starting, original, minimum temperature 

 
   (iv) T − 20 = a e−kt 
 ⇒ ln(T − 20) = ln a − kt 
 cf        y         = c    +  mx 
 so straight line with gradient −k 
               and intercept ln a. 
 

 
 
M1 
 
A1ft 
 
 
[2] 
 

 
 
taking lns correctly – ft their a 
 
Comparison with straight line equation, but 
if explicit must be correct.  
ft their value of a, allow kt ln e 

 
   (v) gradient = 3 4

7 2
−
−

 = −0.2. 

 ⇒ k = 0.2 

 
 
M1 
A1 

 
 
 
k = −0.2 M1A0 

 
or using a point to find k: 
 ln(T − 20) = ln 80 − kt 
 e.g. using (2, 4): 4 = 4.4 − k × 2 
 
 ⇒ k = 0.2 

 
 
 
M1 
 
A1 
 

 
 
 
substituting cords of a point into equation – 
ft their a 
allow art 0.20 for k from correct working 

 
When T = 50, ln(T − 20) = ln 30 = 3.40 
  reading from graph,   t = 5  
 

 
M1 
A1 

 
3.40 soi 

 
or using equation or ln equation: 
 T = 20 + 80e−0.2t  = 50 
⇒ 80 e−0.2t = 30 
⇒ e−0.2t = 0.375 
⇒ −0.2t = ln(0.375) 
⇒ t  = ln(0.375)

0.2−
 = 4.9 

 

 
 
 
M1 
 
 
A1 
 
[4] 
 

 
 
 
Solving by taking lns  
or ln 30 = ln 80 − 0.2t  
     [3.40 = 4.4 − 0.2t] 
or t = 5 allow art 4.9 or 5.0 
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