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3 a = 1 × y + x × d
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x

 b = 2x × y3 + x2 × 3y2 d
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4 a 2x × y + x2 d
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 c 8x − 2 × y − 2x × d
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 i 1 × sin y + x × d
d
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cos y + 2x × cos y + x2 × (−sin y) d
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 = 0 

   sin y + 2x cos y = d
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5 a 2x + 2y d
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 − 3 d
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 = 0 b 4x − 1 × y − x × d
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 + 2y d
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  grad = 4  grad = −1 
   ∴ y − 1 = 4(x − 2)          ∴ y − 5 = −(x − 3) 
    [ y = 4x − 7 ]           [ y = 8 − x ] 
 

 c 4 d
d
y
x

cos y − sec x tan x = 0 d 2 sec2 x × cos y + 2 tan x × (−sin y) d
d
y
x

 = 0 

  4 d
d
y
x

cos y = sec x tan x  2 sec2 x cos y = 2 d
d
y
x

tan x sin y 

  d
d
y
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 = sec tan
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x x
y

  d
d
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x y
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  grad = 
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2

2 3
4

×
×

 = 1  grad = 
1
2
3

2

2

1

×

×
 = 2 3

3 3
×  = 2

3 3  

   ∴ y − π6  = x − π3           ∴ y − π3  = 2
3 3 (x − π4 ) 

    [ y = x − π6  ]           [ 4 3 x − 6y + π(2 − 3 ) = 0 ] 
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6 a 2x + 4y d

d
y
x

 − 1 + 4 d
d
y
x

 = 0      7  a 2x + 4 × y + 4x × d
d
y
x

 − 6y d
d
y
x

 = 0 

   d
d
y
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(4y + 4) = 1 − 2x          2x + 4y = d
d
y
x

(6y − 4x) 

   d
d
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 = 1 2
4( 1)
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d
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x y
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 b grad = 1
8               grad = −4 

   ∴ grad of normal = −8         ∴ y − 2 = −4(x − 4) 
   ∴ y + 3 = −8(x − 1)           [ y = 18 − 4x ] 
    [ y = 5 − 8x ]          b at Q, 2

3 2
x y
y x
+
−

 = −4 

                     x + 2y = −4(3y − 2x) 
                     x = 2y 
                   sub. into equation of curve 
                   ⇒  (2y)2 + 4y(2y) − 3y2 = 36 
                     y2 = 4 
                     y = 2 (at P)  or  −2 
                   ∴ Q (−4, −2) 
 
8 ln y = ln ax 
  ln y = x ln a 
  1

y
d
d
y
x

 = ln a 

 d
d
y
x

 = y ln a = ax ln a 

 
9 a = 3x ln 3 b = 62x ln 6 × 2 c = 51 − x ln 5 × (−1) d = 

3

2x ln 2 × 3x2 
    = 2(62x) ln 6  = −(51 − x) ln 5  = 3x2(

3

2x ) ln 2 
 
10 d

d
N
t

 = 800 (1.04)t × ln 1.04 

 N = 4000 
 ∴ 4000 = 800(1.04)t 
   (1.04)t = 5 
 d

d
N
t

 = 800 × 5 × ln 1.04 = 157 (3sf) 

 ∴ growing at rate of 157 per minute 
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