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24 b 
2

2

d ( 1)2
d
x x
t x

−
=  

  ( ) ( )

2

2

1 1
2 2

d 2d
1

1 d 2
1 1

1 11n 2
2 1

x x t
x

x t
x x

xx t c
x

⇒ =
−

 
⇒ + − = 

− + 
−

⇒ + = +
+

∫ ∫

∫  

  1 1 1 12, 1 2 1n 2 1n
2 3 2 3

x t c c= = ⇒ + = + ⇒ =  

  
1 1 1 11n 2 1n
2 1 2 3

xx t
x
−

∴ + = +
+

 

25 a  d
d
v kV
t
= −  

  

1

1

1 d d

1n

e
0, e ( )

kt

kt

V k t
V
V kt C

V A
t V A V A A A

−

−

⇒ = −

⇒ = − +

⇒ =

= = ⇒ = =

∫ ∫
 

 b    

   

 c 1 1
2 2, e kTt T V A A A −= = ⇒ =  

  
1n 2

   1n 2
kT

kT
⇒ − = −
⇒ =  

26 a d
d
y x
x k y
=

−
  

    ( )  d  dk y y x x− =∫ ∫   

  ( )2 2

2 2
k y xc
−

− + =   

   ( )22x y k c+ − =   
 
 b Concentric circles with centre (0, 2) 
 

27 a  2 d1 2 d 4 d d
4
uu x u x x x x= + ⇒ = ⇒ =

 
  So  

   
5

2 5

6 2 6

1 1

(1 2 ) d d
4

(1 2 )
24 24

ux x x u

u xc c

+ =

+
= + = +

∫ ∫
 

 

 b 2 5 2d (1 2 ) cos 2
d
y x x y
x
= +  

  

2 2 5

2 6

2

2 2

2 6

sec 2 d (1 2 ) d

1 (1 2 )     tan 2
2 24

π 1 1 11, 0
8 2 24 24

(1 2 ) 11tan 2
12 12

y y x x x

xy c

y x c c

xy

⇒ = +

+
⇒ = +

= = ⇒ = + ⇒ =

+
∴ = +

∫ ∫

 

 
 

28 2

1  d
1

I x
x

=
+∫   

 Let 2dtan sec
d

xx u u
u

= ⇒ =   

 2
2

1 sec  d
1 tan

I u u
u

=
+∫   

   
 But 2 21 tan secu u+ =   
 So dI u u c= = +∫   
     arctan x c= +   
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29 

1
2

1
2

d( 2)
d

1 1  d d
( 2)

1
( 2) 2

      1 ( 2)
0 1 2

2 1 2

yx x y
x

y x
y x x

A B
x x x x

A x Bx
x A A
x B B

+ =

⇒ =
+

≡ +
+ +
⇒ ≡ + +

= ⇒ = ⇒ =

= − ⇒ = − ⇒ = −

∫ ∫
 

 So ln y = 
( ) ( )1 1

2 2 d
2

x
x x

 
− 

+ 
∫  

 

( )

1 1
2 2

1
2

2

ln ln 2

ln
2

22, 2 2 4 2
4

8 8or
2 2

x x c

kxy c k
x

kx y k

x xy y
x x

= − + +

∴ = =
+

= = ⇒ = ⇒ × =

∴ = =
+ +

 

30 a 2 dπ 2π
d
AA r r
r

= ⇒ =   

  d d d 1 sin
d d d 2π 3π
r r A tk
t A t r

 = × = ×  
 

  

  d sin
d 2π 3π
r k t
t r

 =  
 

 

 

 b 2π  d sin  d
3π
tr r k t =  

 ∫ ∫   

          2π 3π cos
3π
tr k c = − + 

 
  

            2 3 cos
3π
tr k c = − + 

 
 

 
  1, 0 1 3 3 1r t k c c k= = ⇒ = − + ⇒ = +   
 

  2 32, π 4 3 1
2
kr t k= = ⇒ = − + +   

   

  So 2 6cos 6 1
3π
tr  = − + + 

 
 

   

        2 6cos 7
3π
tr  = − + 

 
 

 

30 c 1.5 2.25 6cos 7
3π
tr  = ⇒ = − + 

 
  

  6cos 4.75
3π
t  = 

 
 

    cos 0.7917
3π
t  ≈ 

 
 

              0.6527
3π
t
=   

                 6.19 dayst =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free. 10 

Challenge 
 a

 
   

  
3 3 2

3 3 1
f ( )  d f ( ) d 2 f ( ) dx x x x x x

− − −
= + ×∫ ∫ ∫   

  
33 23

3
3

f ( ) d 2 6
3 2
x xx x x

−
−

 
= − − = 
 

∫  

  
23 22

1
1

9f ( ) d 2
3 2 2
x xx x x

−
−

 
= − − = 
 

∫  

  
3

3

9f ( )  d 6 2 15
2

x x
−

= + × =∫   

   
b

 
 

  ( )3 3

3 0
f  d 2 f ( ) dx x x x

−
= ×∫ ∫  

  
33 23

0
0

3f ( ) d 2
3 2 2
x xx x x

 
= − − = − 
 

∫   

  ( )3

3

3f  d 2 3
2

x x
−

 = × − = − 
 ∫  


