
  Solutions 6(f)              1 

Complete solutions to Exercise 6(f) 
1.(a) We have 

x = sin t( ), dx

dt
= cos t( )

y = cos t( ), dy

dt
= − sin t( )

 

By (6.36): 
( )

( ) ( )sin sintan Because  tan
cos cos

tdy t
dx t

− ⎡ ⎤= = − =⎢ ⎥⎣ ⎦
 

(b) 
3 2 2

2 3

2 , 6 2

10 , 20 3

dx

2

x t t t t
dt
dyy t t t
dt

= − = −

= − = − t
 

By (6.36) 
( )
( )

2

2

20 320 3 20 3
6 2 6 2 6 2

t tdy t t t
dx t t t t t

−/− −
= = =

− −/ −
  [Cancelling t 's] 

(c) 

( ) ( )2

3 2

3 , 2 3

1, 3

dxx t t
dt

dyy t t
dt

= − = −

= − =
 

By (6.36), 
dy

dx
=

3t 2

2 t − 3( )
. 

(d) 

( )2 2

1,

1, Because  
2

t t

t t kt

dxx e e
dt

dy kty e e e
dt

= − =

′
ke⎡ ⎤= = =⎢ ⎥⎣ ⎦

 

2

2 2
2

1
1 12
2 2 2

t

t t t
t t

edy e e
dx e e

− −= = = =
1

 

2.(a) The MAPLE output is the following: 
> plot([t*sin(t),t*cos(t),t=0..50]);

 

 
(6.36)  

dy

dx
=

dy dt

dx dt
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2.(b) How do we differentiate x = t sin t( )? 
Using the product rule (6.31): 

u = t v = sin t( )
′ u = 1 ′ v = cos t( )

 

dx

dt
= 1.sin t( )+ t.cos t( )= sin t( )+ t.cos t( ) 

We have y = t cos t( ). Similarly for dy

dt
; 

u = t v = cos t( )
′ u = 1 ′ v = − sin t( )

 

( ) ( ) ( ) ( )1.cos sin cos sindy t t t t t t
dt

= + − = −⎡ ⎤⎣ ⎦  

By (6.36) 

        
( ) ( )
( ) ( )

cos sin
sin cos

t t tdy
dx t t t

−
=

+
 

3.(i) The Maple output. 
> plot([(t-2)^2,t^3-5,t=0..3.5]);

 
(ii)  

( ) ( )2

3 2

2 , 2 2

5, 3
x

y

x t v x t

y t v y t

= − = = −

= − = =
 

Hence  

v = 2 t − 2( )[ ]2
+ 3t 2( )2 = 4 t2 − 4 t + 4( )+ 9t4 = 9t4 + 4t2 −16 t +16  

4. (i) Maple commands are: 
> plot([(t^2+2)^(3/2)/3,t,t=0..5]);

 

(ii) x =
t2 + 2( )3 2

3
. Differentiating, 

 
            

(6.31)  ( )uv u v uv′ ′ ′= +  

(6.36)  
dy dy dt
dx dx dt

=  
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( ) ( ) [ ]
1 22

1 22
3 2

.2 2 . Cancelling
2 3

, 1

x

y

t
v x t t t

y t v y

+
= = = +

×
= = =

 

(iii) ( ) ( )
21 22 2 22 1 2v t t t t⎡ ⎤= + + = +⎢ ⎥⎣ ⎦

2 1+  

           ( )24 2 2 22 1 1t t t t= + + = + = +1 
Hence v = t2 +1. 
5. (i) Opening up the brackets gives 3 216 8 , 16 24xx t t v x t= − = = − . 
We have . 3 2, 3yy t v y t= = =
(ii)  

( ) ( )2 22 2

2 4

2 4

16 24 3

    256 768 576 9

     256 768 585

v t t

t t

t t

= − +

= − + +

= − +

4t
 

6. We have   
( ) ( ) ( )
( ) ( ) ( )

cos , sin , cos

sin , cos , sin
x x

y y

x r t v x r t a x r t

y r t v y r t a y r t

= = = − = = −

= = = = = −
 

( ) ( ) ( ) ( ) ( ) ( )2 2 2 2 2 2 2 2 2

1

sin cos sin cos sin cosv r t r t r t r t r t t
=

⎡ ⎤= − + = + = + =⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ ⎣ ⎦

( ) ( )

r

( ) ( )2 2 2 2 2 2cos sin cos sina r t r t r t r t r= − + − = + =⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦  
7. (i) We have x = t3 − t2 : 

23 2 , 6x xv x t t a x t= = − = = − 2

t

 
Also : y = 5t2 − t3

210 3 , 10 6y yv y t t a y= = − = = −  
(ii) Substituting t = 2, vx = 3 × 22( )− 2 × 2( )= 8 , vy = 10 × 2( )− 3 × 22( )= 8  

      2 28 8 11.31m/sv = + =  
For the acceleration magnitude at t = 2  we substitute t = 2  into a  and a . x y

( )
( )

( )22 2

6 2 2 10

10 6 2 2

10 2 10.20m/s

x

y

a

a

a

= × − =

= − × = −

= + − =

 

8. From  we have x = cosh t( ) dx

dt
= sinh t( ) and y = sinh t( ), dy

dt
= cosh t( ) . 
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By (6.36)    
dy

dx
=

cosh t( )
sinh t( )

= coth t( ) 

By (6.37) 

( )
( )

( )
( )

22

2

coth cosech
sinh sinh

d t td y dt
dx t t

⎡ ⎤⎣ ⎦ −
= =  

  
= −cosech 2 t( ). 1

sinh t( )
= −cosech 2 t( ).cosech t( ) = −cosech 3 t( ) 

9. We have: 

( ) ( )

( ) ( )

sin , 1 cos

1 cos , sin

dxx r r
d
dyy r r
d

θ θ θ
θ

θ θ
θ

= − = −⎡ ⎤ ⎡⎣ ⎦ ⎣

= − =⎡ ⎤⎣ ⎦

⎤⎦
 

By (6.36) 
( )

( )
( )

( ) [ ]sin sin
Cancelling '

1 cos1 cos
rdy r s

dx r
θ θ

θθ
= =

−−⎡ ⎤⎣ ⎦  
 

By (6.37) 
( )

( )
( )

2

2

sin
1 cos

(†)
1 cos

d
dd y

dx r

θ
θ θ

θ

⎡ ⎤
⎢ ⎥−⎣ ⎦=

−⎡ ⎤⎣ ⎦
 

How do we find 
( )

( )
sin

1 cos
d

d
θ

θ θ
⎡ ⎤
⎢ ⎥−⎣ ⎦

? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
            

 (6.36)  
dy dy d
dx dx d

θ
θ

=     

(6.37)  
2

2

d dy
d y dt dx
dx dx dt

⎛ ⎞
⎜ ⎟
⎝ ⎠=  
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Use the quotient rule (6.32).We have 
u = sin θ( ) v =1 − cos θ( )

′ u = cos θ( ) ′ v = sin θ( )
 

( )
( )

( ) ( ) ( ) ( )
( ) 2

cos 1 cos sin .sinsin
1 cos 1 cos

d
d

θ θ θθ
θ θ θ

− −⎡ ⎤⎡ ⎤ ⎣ ⎦=⎢ ⎥− −⎡ ⎤⎣ ⎦ ⎣ ⎦

θ
   

        

( ) ( ) ( )
( )

( ) ( ) ( )
( )

( )
( )

( )
( ) ( ) ( )

2 2

2

2 2

2

2 2

cos cos sin

1 cos

cos cos sin

1 cos

1 coscos 1 1 Cancelling
1 cos1 cos 1 cos

θ θ θ

θ

θ θ θ

θ

θθ
θθ θ

− −
=

−⎡ ⎤⎣ ⎦
⎡ ⎤− +⎣ ⎦=
−⎡ ⎤⎣ ⎦

− −⎡ ⎤− −⎣ ⎦= = =
−− −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

 

Substituting into (†  gives )
( )

( ) ( )

2

22

1 1 cos 1
1 cos 1 cos

d y
dx r r

θ
θ θ

− −⎡ ⎤ −⎣ ⎦= =
−⎡ ⎤ −⎡ ⎤⎣ ⎦ ⎣ ⎦

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(6.32)  2

u u v u
v v

v′ ′ ′−⎛ ⎞ =⎜ ⎟
⎝ ⎠

 


