ASSIGNMENT 14 :Tangents, Normals and Related Rates.
1. Find the equation of the   

    tangent to the curve 

    y = ln(x2 – 3) at  (2, 0)

2. Find the equation of the normal to the curve y = sin x
at (π, 0)
3. Find the equation  of the tangent to y = ex at the points (a)  (0, 1)

(b) (1, e )
4.(a) Find the gradient of the  

     circle x2 + y2 = 10 at (1, 3)
(b) Find the equation of the 

      tangent at (1, 3)
(c) Find the equation of the 

      normal at (1, 3)

5. Find the equation of the   

    tangent to the curve 

    y = (x + 3)    at (0, 3)

           (x + 1)
6.(a) Find the equation of the   

   normal to the curve 

    y = x2(x – 2) at (1, –1 )
(b) Find where this normal 

     cuts the curve again.
(c) Draw a clear diagram of 

      this situation. 

7.(a) If  x2 + xy + y2 = 3 find

         the value of dy  at (1, 1)  
                             dx
(b) Find the equation of the   

     tangent at (1, 1)
(c) Find the equation of the   

      normal at (1, 1)

(d) Find the coordinates of 

      the point where the   

     normal meets the curve  

     again.

8.(a) If y = ln t and x = e(t – 1)

   find dy , dx and dy

           dt    dt        dx 

(b) Find the equation of the    

    tangent at t = 1

9. Find the equation of the 

   normal to the curve given 

   parametrically as :
   x = t½    y = t ⅓ at t = 1
10. If  dy = 4 ,  dx = 6 ,  
           dt           dt           
     dv = 2 ,  du = 5

     dx          dy

calculate these rates and show the full “chain” for each.
(a) dy                         
     dx

(b) du

      dt

(c)  dv
       dt

(d)  dx
      du

(f)  dv

      du

11.

Given that A = πr2 and 
dr = 3  cm/sec

dt

find  dA   when r = 4 cm

         dt
12.
Given V = 4 πr3     and   
                    3

A = 4 πr2   find dV at r = 3  

                         dt

if  dA = 5 cm2/sec

    dt

13. Sand is dropping from a chute at a rate of 3 m3 a minute and lands on a flat surface in the shape of a cone. The height of the pile always equals the radius of the base.
Find the rate at which the height is increasing when the pile is 2 m high.
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14.  A helicopter travelling at      

20 m/s horizontally at a height of 100m, is being filmed from point C with a special rotating camera.

v = dx = –20               
[image: image3.wmf]
      dt
                                    100m


        θ

 C              x

(a)  Find an expression for the rate of rotation of the camera = dθ  rads/sec
   dt

(b) Find dθ when  θ = π

             dt                    6

(c) Also find dθ when  θ = π

                    dt                    2

      (ie directly overhead)
(d) Also find dθ when  θ = 3π

                    dt                    4

ANSWERS ASSt 14
1. Find the equation of the   

    tangent to the curve 

    y = ln(x2 – 3) at  (2, 0)

y(=    2x        =   4
        x2 – 3

Tan is  y = mx + c

So       0 =  4×2 + c

           c =  – 8
Equ is  y = 4x – 8 

2. Find the equation of the normal to the curve y = sin x

at (π, 0)

y(= cos x =  – 1 

so grad normal = +1

Equ is y = mx + c

So       0 =  1× π + c

           c =  – π 

Equ is y = x – π 

3. Find the equation  of the tangent to y = ex at the points (a)  (0, 1)

y( = ex = 1

equ is y = mx + c

          1 = 0 + c

Tan is y = x + 1

(b) (1, e )

y( = ex = e

equ is y = mx + c

          e = e + c

          c = 0 

Tan is y = ex 

4.(a) Find the gradient of the  

     circle x2 + y2 = 10 at (1, 3)

2x + 2y y( = 0

             y( =  – x  =  –1

                        y         3

(b) Find the equation of the 

      tangent at (1, 3)

Equ is y = mx + c

           3 = –⅓ + c 

c = 10/3

Equ is y = -x  +  10 

                   3       3

(c) Find the equation of the 

      normal at (1, 3)

grad normal =   3 
Equ is y = mx + c

           3 =  3  + c 

           c =  0  

Normal is y =  3x  

5. Find the equation of the   

    tangent to the curve 

    y = x + 3  at (0, 3)

          x + 1

y( = x + 1 – (x + 3)   =   – 2  

            (x + 1)2
Equ is y = mx + c

So      3 = 0 + c 

Tan is  y = – 2x + 3

6.(a) Find the equation of the   

   normal to the curve 

    y = x2(x – 2) at (1, –1 )

       = x3 – 2x2
   y( = 3x2 – 4x = –1

so grad normal = +1

Equ is y = mx + c

So      –1 = 1 + c

           c = –2

normal is y = x – 2 

(b) Find where this normal 

     cuts the curve again.

x – 2 = x3 – 2x2
     0  =  x3 – 2x2 – x + 2

     0 = (x – 1)(x2 –x – 2 )

     0 = (x – 1)(x + 1)(x – 2)  

     x = 1 ,  – 1,  2 

Points are (–1, –3) ,  (2, 0)

 (c) Draw a clear diagram 

                            (1,-1)
                                   (2,0)
      -2     -1           1        2

      (-1,-3)    
7.(a) If  x2 + xy + y2 = 3 find

         the value of dy  at (1, 1)  

                             dx

2x + x y( + y + 2y y( = 0
       y( (x + 2y)  = -(2x + y)
                 y(     = -(2x + y)
                              (x + 2y)  
                         =  – 1 

(b) Find the equation of the   

     tangent at (1, 1)

Tan is  y = mx + c

So       1=  – 1 ×1 + c

           c = 2

tan is y = – x + 2

(c) Find the equation of the   

      normal at (1, 1)

grad normal = +1

Equ is y = mx + c

So       1 =  1× 1 + c

           c = 0  

normal is y = x

(d) Find the coordinates of 

      the point where the   

     normal meets the curve  

     again.

x2 + x2 + x2 = 3
                x2 = 1

                x = 1 ,  – 1 

intersection (1,1), (–1, –1) 

8.(a) If y = ln t and x = e(t – 1)

 dy =  1
 dt      t 
dx   = e(t – 1)
dt        

dy =    1
dx      t  e(t – 1)

(b) Find the equation of the    

    tangent at t = 1 x = 1,y = 0
    dy  =  1      
    dx   
 tan is :    y = mx + c

                0 =  1 + c          

     tan is   y = x – 1 

9. Find the equation of the 

   normal to the curve given 

   parametrically as :

   x = t½    y = t ⅓ at t = 1

dx =  t-½          dy  =   t-2/3
dt      2           dt        3

dy  =   2   grad of norm = -3

dx       3                              2

Equ of norm is  y = mx + c

                          1 = -3  + c
                                 2
                          c = 2.5
  normal is   y =  – 1.5x + 2.5          
10. If  dy = 4 ,  dx = 6 ,  

           dt           dt           
     dv = 2 ,  du = 5

     dx          dy

calculate these rates and show the full “chain” for each.

(a) dy   = dy  dt   = 4                
     dx       dt  dx      6
(b) du   = du  dy = 5×4 = 20
      dt       dy  dt
(c)  dv = dv dx  = 2×6 = 12
       dt     dx dt
(d)  dx = dx dt dy = 6    = 3
      du     dt dy du    4×5   10
(f)  dv  = dv dx dt dy = 3
      du     dx dt dy du    5
11.

Given that A = πr2 and 

dr = 3  cm/sec

dt

find  dA   when r = 4 cm

         dt

dA   = dA  dr = 2πr × 3 = 24π

 dt       dr   dt
12.Given V = 4 πr3     and   

                    3

A = 4 πr2   find dV at r = 3  

                         dt

if  dA = 5 cm2/sec

    dt

dV = dV dr dA = (4πr2) 5  
 dt     dr  dA dt     (8πr)   
                          = 3×5   = 15 
                               2           2
13. Sand is dropping from a chute at a rate of 3 m3 a minute and lands on a flat surface in the shape of a cone. The height of the pile always equals the radius of the base.

Find the rate at which the height is increasing when the pile is 2 m high.




                                  

                       r

V =  πr2h    = πr3   
         3           3

dV = πr2    = 4π   
dr

dh = dr = dr  dV  =  3
dt     dt    dV dt       4π   
14.  A helicopter travelling at      

20 m/s horizontally at a height of 100m, is being filmed from point C with a special rotating camera.

v = dx  = -20              
[image: image2]
      dt

                                    100m


          θ

 C              x

(a)  Find an expression for the rate of rotation of the camera = dθ  rads/sec

               dt

100  = tan θ  so  x = 100 cot θ

  x

dx = –100 cosec2 θ

dθ

dθ = dθ dx = 20sin2 θ
dt     dx  dt    100

 (b) Find dθ when  θ = π

             dt                    6

dθ = dθ dx = 20sin2 θ
dt     dx  dt    100

    = 0.05 rad/sec 

(c) Also find dθ when  θ = π

                    dt                  2

dθ = dθ dx = 20sin2 θ
dt     dx  dt    100

     = 0.2 rad/sec

(d) Also find dθ when  θ = 3π

                    dt                    4

dθ = dθ dx = 20sin2 θ
dt     dx  dt    100

     = 0.1 rad/sec

 h = r





 h = r








