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P5 Paper D – Marking Guide 
 
1.  (a)  d

d
y
x

 = 
2

2 2

( 1)cosech coth 2  cosech 
( 1)

x x x x x
x

− + −
+

         M2 A2 

 

  (b)  x = 0.5, d
d
y
x

 = −4.55 (2dp)              A1   (5) 

 
 

2.  ρ = d
d

s
ψ

 = 2(s + a)  ∴ ∫ 1
s a+   ds  = ∫ 2  dψ          M1 A1 

         ln | s + a | = 2ψ + c           A1 
         s + a = e2ψ + c = e2ψ × ec          M1 
           ∴ s = Ae2ψ − a  [where A = ec]       A1   (5) 
 
 
3.  (a)  sinh 3x ≡ sinh (2x + x)               M1 
       ≡ sinh 2x cosh x + cosh 2x sinh x          A1 
       ≡ 2 sinh x cosh2x + (1 + 2 sinh2x)sinh x        M1 
       ≡ 2 sinh x(1 + sinh2x) + sinh x + 2 sinh3x        M1 
       ≡ 2 sinh x + 2 sinh3x + sinh x + 2 sinh3x     
       ≡ 4 sinh3x + 3 sinh x              A1 
 
  (b)  4 sinh3x + 3 sinh x = 7 sinh2x          

sinh x(4 sinh2x − 7 sinh x + 3) = 0            M1 
sinh x(4 sinh x − 3)(sinh x − 1) = 0            M1 
sinh x = 0 or 3

4  or 1                A1 

x = 0 or ln ( )3 9
4 161+ +  or ln ( )1 1 1+ +           M1 

x = 0 or ln 2 or ln (1 + √2)              A2   (11) 
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4.  (a)  ∫ 2

1

9 4x−
  dx = ∫ 1

2 29
4

1

x−
  dx           M1 

         = 1
2 arcsin ( 2

3
x ) + c           M1 A1 

 

  (b)  ∫ 2

1 2

9 4

x
x

−

−
  dx = 1

2 arcsin ( 2
3
x ) − ∫ 2

2

9 4

x
x−

  dx       M1 

         = 1
2 arcsin ( 2

3
x ) + 1

2
29 4x−  + c       M1 A1 

 

  (c)  
 

 1

y

∫ 1
y   dy = 

 

 0

x

∫ 2

1 2

9 4

x
x

−

−
  dx             M1 A1 

    [ln | y |] 1
y  = [ 1

2 arcsin ( 2
3
x ) + 1

2
29 4x− ] 0

x          A1 

    ln | y | − ln 1 = 1
2 arcsin ( 2

3
x ) + 1

2
29 4x−  − ( 1

2 arcsin 0 + 3
2 )    M1 A1 

    ln | y | = 1
2 arcsin ( 2

3
x ) + 1

2
29 4x−  − 3

2          A1   (12) 
 
 

5.  (a)  2y d
d
y
x

 = 4a  ∴ d
d
y
x

 = 2a
y               M1 

    at P, d
d
y
x

 = 2
2

a
ap  = 1

p                A1 

    eqn. is  y − 2ap = 1
p (x − ap2)             M1 

    giving  yp = x + ap2                A1 
 

  (b)  grad of PQ = 2 2
2 2ap aq
ap aq

−
−

 = 2( )
( )( )

p q
p q p q

−
+ −  = 2

p q+          M1 A1 

grad of PS = 2
2 0ap
ap a

−
−

 = 2
2

1
p

p −
             A1 

∴ 2
p q+  = 2

2
1

p
p −

                 M1 

 p2 − 1 = p(p + q) 
 p2 − 1 = p2 + pq 
∴ pq = −1                   A1 

 
  (c)  tangent at P:  yp = x + ap2  (i) 
    tangent at Q:  yq = x + aq2  (ii)  
    (i) × q:   ypq = xq + ap2q 
    (ii) × p:  ypp = xp + apq2               M1 
    subtracting 0 = x(p − q) + apq(q − p)          M1 
        0 = x − apq              A1 
     pq = −1  ∴ x = −a  ∴ meet on directrix         A1   (13) 
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6.  (a)  u = secn−2x, u′ = (n − 2)secn−3x sec x tan x;  v′ = sec2x, v = tan x    M1 A1 

    In = [secn−2x tan x]
π
4
0  − 

π
4 

 0∫ (n − 2)secn−2x tan2x  dx       A1 

    In = (√2)n−2 − 0 − (n − 2)
π
4 

 0∫ secn−2x(sec2x − 1)  dx       M1 A1 

    In = (√2)n−2 − (n − 2)
π
4 

 0∫ secnx  dx  + (n − 2)
π
4 

 0∫ secn−2x  dx 

    In = (√2)n−2 − (n − 2)In  + (n − 2)In−2           M1 
    (n − 1)In = (√2)n−2 + (n − 2)In−2             A1 
 

  (b)  I1 = 
π
4 

 0∫ sec x  dx  =  [ln | sec x + tan x |]
π
4
0          M1 

    = ln (√2 + 1) − ln (1 + 0) = ln (√2 + 1)          M1 A1 
    2I3 = (√2)1 + I1 = √2 + ln (√2 + 1)            M1 A1 
    I3 = 1

2 √2 + 1
2 ln (√2 + 1)              A1   (13) 

 
 

7.  (a)  x2 = a2sinh2u,  x = a sinh u,  d
d

x
u

 = a cosh u         M1 A1 

∫ 2 2a x+   dx  =  ∫ 2 2 2sinha a u+ (a cosh u)  du      M1 

 =  ∫ a2 cosh2u  du           A1 

 = 1
2 a2 ∫ cosh 2u + 1  du         M1 

= 1
2 a2[ 1

2 sinh 2u +  u] + c         A1 

= 1
2 a2sinh u cosh u + 1

2 a2u + c        M1 

= 1
2 a2× x

a × 2

21 x
a

+  + 1
2 a2arsinh( x

a ) + c     M1 

= 1
2 ax 2

21 x
a

+  + 1
2 a2arsinh( x

a ) + c  

= 1
2 x 2 2a x+  + 1

2 a2arsinh( x
a ) + c      A1 

 

  (b)  x = 2t, d
d
x
t

 = 2;   y = t2, d
d
y
t

 = 2t            M1 

    s = 
 3

 0∫ 24 4t+   dt               M1 A1 

    s = 2
 3

 0∫ 21 t+   dt                A1 
 

  (c)  s = 2[ 2
t 21 t+  + 1

2 arsinh t] 3
0              M1 

    s = 2[( 3
2 √10 + 1

2 arsinh 3) − (0 + 0)] = 3√10 + arsinh 3      M1 A1 (16)  
 
 
                         Total  (75) 
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Performance Record – P5 Paper D 

 
 
 

Question no. 1 2 3 4 5 6 7 Total 

Topic(s) diff. hyp. 
fns 

intrinsic 
coords 

eqn. in 
hyp. fns. 

integr. 
std. 
forms 

parabola, 
tangent 

reduction 
formula 

integr. 
using 
hyp. sub., 
arc length 

 

Marks 5 5 11 12 13 13 16 75 
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