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   number  

 

1.  ( )( )
x
xx

x tanh
sechtanhln

d
d 2

=           M1 A1 

   x
xxx

2cosech 2
2sinh

2
coshsinh
1

===      (*)   M1 A1 (4) 

               4 

  
   
 Notes 
 1M1 Any valid differentiation attempt including ln( ) ln( )x x x xe e e e− −− − +  

 1A1 c.a.o. (o.e e.g. 
cosh sinh
sinh cosh

x x
x x
−  ) 

 2M1 Proceeding to a hyperbolic expression in 2x 
 2A1 c.s.o. 
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2.   13
2

ee4
2

ee8 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ + −− xxxx

         B1 

   13e2e2e4e4 =+−+ −− xxxx   

                06e13e2 2 =+− xx   (or equiv.)       M1 A1 

   0)6e()1e2( =−− xx  

   6e,
2
1e == xx           M1 A1ft 

   ( ) 6ln,2ln or  
2
1ln =−= xx                A1 (6) 

              6 

    
 
 Notes 
 
 B1 Correctly substituting exponentials for all hyperbolics 

1M1 To a three term quadratic in xe  
 1A1 c.a.o. (o.e.) 
 2M1 Solving their equation to xe = 
 2A1ft f.t. their equation. 
 3A1 c.a.o. 
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3.  x
x

xx
x

d
9

d
9

3
22 ∫∫ −

+
−

          B1 

    ⎥⎦
⎤

⎢⎣
⎡ −+= 9

3
arcosh 3 2xx           M1 A1 A1    

    

6
2

2

5

93ln 9
(3)

x x x
⎡ ⎤⎛ ⎞+ −
⎢ ⎥= + −⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

          

   ⎟
⎠
⎞

⎜
⎝
⎛ +

+
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

+
= 4)

3
45(ln327)

3
276(ln3        M1 A1 

   433
3

32ln3427
9

276ln3 −+
+

=−+
+

=     (*)         A1 (7) 

Notes             7 

 B1 Correctly changing to an integrable form. 
 1M1 Complete attempt to integrate at least one bit. 
 1A1 One term correct 
 2A1 All correct 

2DM1 Substituting limits in all.Must have got first M1 
3A1 Correctly (no follow through) 
4A1 c.s.o. 
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4.  (a) 2
3
6

d
d2At ,

1
3

d
d

6

2

===
+

=
x
yx

x
x

x
y      M1 A1, A1 

        )2(2)2(2arsinh  −=− xy          M1 

        ( )223ln222 ++−= xy       (*)   A1  (5) 

  (b) )1(492
1
3 64

6

2

aa
a

a
+==

+
        M1  A1 

        0)24)(2(0494 24246 =−−−=+− aaaaa     A1 

         92.0
8

331
8

32112 ≈
+

=
+±

= aa       M1 A1 (5) 

           10 
 Notes 

 (a)1M1 Attempt to differentiate need ( )
1
261 x

−
+  at least 

      1A1 correct 
      2A1 c.a.o. 

      2M1 Substituting into straight line equation (linear). Must use 2x =  
      3A1 c.s.o. 
     (b)1M1 Their derivative = their gradient (condone x throughout) 
     2M1= A mark  cao, any form 
     1A1 quartic cao  
     3M1 Solving their quartic to ‘a’ = 
     2A1 c.a.o. (a.w.r.t. 0.92 to 2dp) 
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5.  (a) [ ] xxxnxxxI nxnxnx
n dcossinesinedsine 1

0 ∫∫ −−==
π

       M1 A1 

[ ] xxxxnxnxxnx nnxnxnx d)cossincos)1(sin(ecossinesine 21 −− −+−+− ∫    M1 A1 

[ ] 0cossinesine 0
1 =− − π

xxnx nxnx         B1 

∫∫ −−+−= − xxxnnxxnI nnx
n d)sin1(sin)1(dsine 22       M1 

nnnn InnInnnII )1()1( 2 −−−+−= −  22 1
)1(

−
+
−

= nn I
n

nnI   (*)   M1 A1 (8) 

    (b) 024 5
2

17
12,

17
34 III ×=

×
=         M1, A1 

        [ ] ....ede 0
0

0 === ∫
ππ

xx xI  , ( )1e
85
24

4 −= πI      M1, A1 (4) 

            12 

      

 (a)1M1 Complete attempt to use parts once in the right direction need 1sin n x−  
      1A1 cao 
      2M1 Attempt to use parts again with sensible choice of parts, not reversing. Need to be differentiating a product. 
      2A1 cao 
      1B1 both = 0 at some point. (doesn’t need to be correct, must must =0) 

     3DM1 In = expressions in sinx ke x dx∫  Depends on 2nd M 

     4DM1Expresssion in nI and n 2I −  to  In = . Depends on 3rd M 
     3A1 c.s.o. 

 (b)1M1 4I  in terms of  2I  

      1A1 4I  correctly in terms of 0I  [ o.e.] 

     2M1 xe dx∫  

     2A1 c.a.o for 4I  . 
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6.  (a) x
x

xxxxxxx d
sinh1

coshsinh)harctan(sinsinhd)harctan(sincosh 2∫∫ +
−=     M1 A1 A1 

        )()sinh1ln(
2
1)harctan(sinsinh 2 Cxxx ++−=        M1 A1 (5) 

        Or:          xxdtanh............ ∫−         

        )()ln(cosh)harctan(sinsinh Cxxx +−=             M1 A1    

   Alternative: 

   Let ∫∫ +
−=== t

t
tttttx

x
txt d

1
arctandarctan,cosh

d
d,sinh 2        M1 A1 A1 

          )1(ln
2
1...... 2t+−=       M1 

        )()sinh1ln(
2
1)harctan(sinsinh 2 Cxxx ++−=   (or equiv.)      A1 

   (b) [ ] .....)ln(cosh)harctan(sinsinh
10
1 2

0 =− xxx ,  0.34  (*)   M1, A1 (2) 

                       7 

  (a) Alternative: 

   Let ∫∫ −=== tttttttx
x
ttxt dtantandsec,cosh

d
dsec,sinhtan 22     M1 A1 A1 

          )(secln...... t−=       M1 

        )(sinh1ln)harctan(sinsinh 2 Cxxx ++−=   (or equiv.)      A1 
  
 Notes 
 (a)1M1 Complete attempt to use parts 
      1A1 One term correct. 
      2A1 All correct. 
      2M1 All integration completed. Need a ln term. 
      3A1 c.a.o. ( in x)  o.e, any correct form, simplified or not 
    (b)1M1 Use of limits 0 and 2 and 1/10. 
      1A1 c.s.o. 
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7.   (a) 0
d
d

9
2

16
2

=−
x
yyx       ⎥⎦

⎤
⎢⎣
⎡ == t

t
ytt

t
x 2sec3

d
d,tansec4

d
d    M1 A1 

         
tt

t
y
x

x
y

sin4
3

tan48
sec36

16
9

d
d

===          M1 A1 

        )sec4(
3
sin4tan3 txtty −

−
=−          M1 

        tytx tan253sin4 =+        (*)   A1  (6) 

   (b) Using )1( 222 −= eab :  522 =+= baae       or   e = 
4
5    M1 A1 

        P: 
5
4cos5sec4 == tt          M1 

        Coordinates of P: ( ) ⎟
⎠
⎞

⎜
⎝
⎛=

4
9,5tan3,sec4 tt        M1 A1 (5) 

   (c) R: 
16
125

sin4
tan25

==
t
tx           M1 

        Area of PRS: ( ) ⎟
⎠
⎞

⎜
⎝
⎛==×⎟

⎠
⎞

⎜
⎝
⎛ −×=×

128
213

128
405

4
95

16
125

2
1

2
1 SPSR     M1 A1 (3) 

             14 

  Notes 
 (a)1M1 Differentitating 
      1A1 c.a.o. 

      2M1 
dy
dx

 in terms of t. 

      2A1 c.a.o. 
      3M1 Substituting gradient of normal into straight line equation. 
      3A1 c.s.o. 
     (b)1M1 Use of 2 2 2( 1)b a e= −  
      1A1 c.a.o. for ae or for e 

     2M1 Using x coordinate of focus= x coordinate of P, to get single term  
f(t)= constant. (Allow recovery in (c) ) 

      3M1 Substituting into P coordinates to a number for x and for y. 
       2A1 c.a.o. 
    (c)1M1 Attempt to find x coordinate of R. 
      2M1 Substituting into correct template i.e. ½ x |their Rx -  their Hx| x their Py 
      1A1 c.a.o. 3 s.f. or better. 
             



 

 9

 

 
June 2008 

Further Pure FP2 
Mark Scheme 

 
  Question     Scheme               Marks 
   number  

 

8.  (a) tytx sin3cos33 =+= &&           B1 

        
2

tan
2cos2

2cos2sin2

cos1
sin

d
d

2

t
t

tt

t
t

x
y

x
y

==
+

==
&

&
    (*)   M1 A1 (3) 

  (b) tttyxs dcos123d22 ∫∫ +=+= &&         M1 A1ft 

        
0

6 cos d 12sin
2 2

t t tt= =∫  (Limits or establish C = 0 for A1) (*)   M1 A1 (4) 

  (c) ψψψ sin12
22

tantan =⇒=⇒= stt         B1  (1) 

  (d) Surface area = ttttyxy
t

dcos1)cos1(218d2
0

22 ∫∫ +−=+ ππ &&     M1 A1ft 

        ttt d
2

cos
2

sin72 2∫= π           M1 

        ⎟
⎠
⎞

⎜
⎝
⎛=

2
sin

3
2........... 3 t           M1 A1 

        But 
12122

sin Lst
== , so surface area =

36123
144 3

3

3 LL ππ
=×   (*)   M1 A1 (7)  

 (a)1B1 both 
      1M1 Attempt at y’/x’ 
      1A1 cso – on paper need to see half angles 
      (b)1M1    Attempt at arc length, integral formula 
      1A1 cao follow through on their x’ and y’ one variable only 
      2M1 Integrating 
      2A1 cso – on paper 
           (c) 1B1  cao 
     (d) 1M1 Attempt at Surface area, integral formula.Condone lack of 2π. 
          1A1 cao follow through on their x’ and y’ condone lack of 2π. one variable only 

      2DM1Getting to integrable form condone lack of 2π. Depends on previous M mark. 
      3DM1integrating condone lack of 2π. Depends on previous M mark. 
      2A1 cao 
     4DM1Eliminating t to give expression in L only Depends on previous M mark. 
     3A1  cso – on paper. 
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