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1 a ∫ y−3  dy  = ∫ x  dx       2  d

d
y
x

 = 3cos sin
x

y y
 

   1
2− y−2 = 1

2 x2 + c          ∫ cos y sin3 y  dy  = ∫ x  dx 

   y−2 = k − x2            1
4 sin4 y = 1

2 x2 + c 

   y2 = 2
1

k x−
            sin4 y = 2x2 + k 

 b y = 1
2   when  x = 1          y = π4   when  x = 1 

   ∴ 1
4  = 1

1k −
            ∴ ( 1

2
)4 = 2 + k 

    k = 5              1
4  = 2 + k 

   ∴ y2 = 2
1

5 x−
            k = − 7

4  

                  ∴ sin4 y = 2x2 − 7
4  

 
3 a d

d
N
t

 = kN           4  a u = ln x, d
d
u
x

 = 1
x

;  d
d

v
x

 = x, v = 1
2 x2 

   ∫ 1
N

  dN  = ∫ k  dt          ∫ x ln x  dx  = 1
2 x2 ln x − ∫ 1

2 x  dx 

   ln N = kt + c                = 1
2 x2 ln x − 1

4 x2 + c 
   N = ekt + c = ec × ekt               = 1

4 x2(2 ln x − 1) + c 

   ∴ N = Aekt            b ∫ 1
y

  dy  = ∫ x ln x  dx 

 b t = 0, N = 200 ∴ A = 200        lny = 1
4 x2(2 ln x − 1) + c 

   t = 2, N = 3000 ∴ 3000 = 200e2k      y > 0  ∴ ln y = 1
4 x2(2 ln x − 1) + c 

   ∴ k = 1
2 ln 15 = 1.354          y = 4  when  x = 2 

   ∴ N = 200e1.354t           ∴ ln 4 = 2 ln 2 − 1 + c 

   ∴ 10 000 = 200e1.354t           c = 1 
    t = 1

1.354 ln 50 = 2.889 hours       ∴ ln y = 1
4 x2(2 ln x − 1) + 1  

      = 2 hours 53 minutes         when  x = 1,  ln y = 1
4 (0 − 1) + 1 = 3

4  

 c 5 per second = 18 000 per hour       ∴ y = 
3
4e  

   d
d
N
t

 = 200 × 0.1354e1.354t 

   ∴ 18 000 = 270.8e1.354t 
    t = 1

1.354 ln 18000
270.8  = 3.099 hours 

      = 3 hours 6 minutes 
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5  d

d
y
x

 = ey × ex cos x         6  a − d
dt
θ  = kθ 

  ∫ e−y  dy  = ∫ ex cos x  dx         ∫ 1
θ

  dθ  = ∫ −k  dt 

   u = ex, d
d
u
x

 = ex;  d
d

v
x

 = cos x,  v = sin x     ln θ = −kt + c 

  I = ∫ ex cos x  dx  = ex sin x − ∫ ex sin x  dx    θ  = e−kt + c = ec × e−kt 

   u = ex, d
d
u
x

 = ex;  d
d

v
x

 = sin x,  v = −cos x    ∴ θ  = Ae−kt 

  I = ex sin x − (−ex cos x + ∫ ex cos x  dx)      t = 0, θ  = 25 − 10 = 15 

  2I = ex sin x + ex cos x + C         ∴ A = 15 
  −e−y = 1

2 ex(sin x + cos x) + c         ∴ θ  = 15e−kt 
  e−y = k − 1

2 ex(sin x + cos x)         b t = 30, θ  = 20 − 10 = 10 
  y = 0  when  x = 0            ∴ 10 = 15e−30k 
  ∴ 1 = k − 1

2               k = − 1
30 ln 2

3  = 0.0135 (3sf) 
   k = 3

2               c θ  = 15 − 10 = 5 
  ∴ e−y = 3

2  − 1
2 ex(sin x + cos x)         ∴ 5 = 15e−0.01352t 

   [ 2e−y = 3 − ex(sin x + cos x) ]         t = − 1
0.01352 ln 1

3  
                      = 81.3 minutes (3sf) 
 
7  a A = πr2  ∴ r = 

π
A         8  a ( 4)

(1 )(2 )
x
x x

+
+ −

 ≡ 
1

A
x+

 + 
2

B
x−

 

   P = 2πr = 2π
π
A  = 2 πA         x + 4 ≡ A(2 − x) + B(1 + x) 

   d
d
A
t

 = cP = c × 2 πA  = 2 πc × A      x = −1  ⇒  A = 1,  x = 2  ⇒  B = 2 

   ∴ d
d
A
t

 = k A             ∴ ( 4)
(1 )(2 )

x
x x

+
+ −

 ≡ 1
1 x+

 + 2
2 x−

 

  b ∫
1
2A−   dA  = ∫ k  dt         b ∫ 1

y
  dy  = ∫ ( 1

1 x+
 + 2

2 x−
)  dx 

   
1
22A  = kt + C            lny = ln1 + x − 2 ln2 − x + c 

   A  = 1
2 kt + 1

2 C = pt + q        y = 2  when  x = 3 
   ∴ A = (pt + q)2            ∴ ln 2 = ln 4 − 0 + c 
  c t = 0, A = 25  ∴ 25  = 0 + q       c = −ln 2 
         q = 5         ∴ lny = ln1 + x − 2 ln2 − x − ln 2 
   t = 20, A = 40 ∴ 40  = 20p + 5       [ y = 2

1
2(2 )

x
x

+
−

 ] 

         p = 2 10 5
20

−  

   A = 50 ⇒   50 = ( 2 10 5
20

− t + 5)2 

   t = ( 5 2  − 5) ÷ 2 10 5
20

−  
           = 31.3 minutes (3sf) 
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9 a − d

d
V
t

 = aV  where a is a positive constant 

   d
d
V
t

 = d
d
V
h

× d
d
h
t

 

   if angle at vertex = 2θ,  tan θ = r
h

 

∴ r = bh  where b is a positive constant 
   V = 1

3 πr2h = 1
3 πb2h3 

   ∴ d
d
V
h

 = πb2h2 

   ∴ −πb2h2 × d
d
h
t

 = a × 1
3 πb2h3 

    d
d
h
t

 = −kh  where k is a positive constant 

 b ∫ 1
h

  dh  = ∫ −k  dt 

   lnh = −kt + c 
   h = e−kt + c = ec × e−kt = Ae−kt 
   t = 0, h = 12  ∴ A = 12 
   t = 20, h = 10 ∴ 10 = 12e−20k 
   ∴ k = − 1

20 ln 5
6  

   ∴ h = 12e−kt,  k = 0.00912 (3sf) 
 c 6 = 12e−0.009116t 
   t = − 1

0.009116 ln 1
2  

     = 76.0 (3sf) 


