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S T A R T E R  – R E V I E W  O F  P R I O R  L E A R N I N G

A curve 𝐶 is defined parametrically by 𝑥 = 𝑡 − 5, 𝑦 = 7 − 2𝑡

a) Find the coordinates where the curve meets the 𝑥 − and 𝑦 − axes.

b) Find a Cartesian equation for 𝐶 in the form 𝑦 = ...



L E A R N I N G  O B J E C T I V E S :  P A R A M E T R I C  
D I F F E R E N T I A T I O N

• To understand how to differentiate parametrically using the chain rule;

• To solve problems involving gradients, tangents, normals and stationary points on curves 
parametrically.



I N T R O D U C T I O N

• Since we have now looked at parametric curves, it makes sense 
to consider how we would find their gradient, and to solve other 
problems linked to our prior learning, such as those involving 
tangents, normals and stationary points.

• Again, the chain rule is our friend!



I N T R O D U C T I O N

• If we have a curve 𝐶 defined parametrically, that means I have two equations for 𝑥 and 𝑦
given in terms of 𝑡.

• This means that I can (hopefully) easily find ௗ௫

ௗ௧
and ௗ௬

ௗ௧
.

• Then, by the chain rule:
𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
×

𝑑𝑡

𝑑𝑥

Some people learn the equivalent result:

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
÷

𝑑𝑥

𝑑𝑡

Either one is fine  - they’re the same!



P A R A M E T R I C  D I F F E R E N T I A T I O N

For example, if given a curve 𝐶 defined parametrically such that 𝑥 = 𝑡ଶ + t, 𝑦 = 3 − 2𝑡

𝑑𝑥

𝑑𝑡
= 2𝑡 + 1

𝑑𝑦

𝑑𝑡
= −2

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
×

𝑑𝑡

𝑑𝑥

𝑑𝑦

𝑑𝑥
= −2 ×

1

2𝑡 + 1

𝑑𝑦

𝑑𝑥
= −

2

2𝑡 + 1



Q U I C K F I R E  D E R I V A T I V E S  - W H I T E B O A R D S

Find 
ௗ௬

ௗ௫
for each of:

𝑥 = 2𝑡, 𝑦 = tଷ 𝑑𝑦

𝑑𝑥
=

3𝑡ଶ

2

𝑥 = sin 𝑡 , 𝑦 = 𝑡ଶ
ௗ௬

ௗ௫
=

ଶ௧

ୡ୭ୱ ௧
or ௗ௬

ௗ௫
= 2𝑡 𝑠𝑒𝑐 𝑡

𝑥 = tan 𝑡 , 𝑦 = ln 𝑡 𝑑𝑦

𝑑𝑥
=

1

𝑡 secଶ 𝑡

𝑥 = 𝑒௧, 𝑦 = 𝑡 − 𝑡ଷ 𝑑𝑦

𝑑𝑥
=

1 − 3𝑡ଶ

𝑒௧

𝑥 = 𝑡ଶ − 3 ଷ, 𝑦 = 𝑙𝑛 𝑡
𝑑𝑦

𝑑𝑥
=

1

6𝑡ଶ 𝑡ଶ − 3 ଶ

𝑥 = 𝑐𝑜𝑠 3𝑡, 𝑦 = 𝑡 − 𝑠𝑖𝑛𝑡
𝑑𝑦

𝑑𝑥
= −

1 − cos 𝑡

3 sin 3𝑡

Differentiation Results:



E X A M P L E  1

A curve 𝐶 is defined parametrically by 𝑥 = 𝑡ଷ − 𝑡, 𝑦 = 2𝑡 − 𝑡². 

Find the equation of the tangent to 𝐶 at the point 𝑃 where 𝑡 = 3.

𝑑𝑥

𝑑𝑡
= 3𝑡ଶ − 1

𝑑𝑦

𝑑𝑡
= 2 − 2𝑡

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
×

𝑑𝑡

𝑑𝑥

∴
𝑑𝑦

𝑑𝑥
=

2 − 2𝑡

3𝑡ଶ − 1
 

𝑑𝑦

𝑑𝑥
=

2 − 2(3)

3 3 ଶ − 1
When 𝑡 = 3, = −

2

13
and 𝑥 = 24,  𝑦 = −3

∴ equation of tangent is: 𝑦 + 3 = −
2

13
(𝑥 − 24)



T A S K  1

A curve is defined by parametric equations     
𝑥 = 2 cos 𝜃, 𝑦 = 3 sin 𝜃. Find the equation of   
the normal to the curve at the point where 𝜃 =

గ

଺
.

𝑑𝑥

𝑑𝜃
= −2 sin𝜃

𝑑𝑦

𝑑𝜃
= 3 cos 𝜃

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝜃
×

𝑑𝜃

𝑑𝑥

∴
𝑑𝑦

𝑑𝑥
= −

3 cos 𝜃

2 sin 𝜃
 

𝑑𝑦

𝑑𝑥
= −

3
3

2

2
1
2

When 𝜃 =
గ

଺
, = −

3 3

2

and 𝑥 = 3,  𝑦 =
ଷ

ଶ

∴ equation of normal is: 𝑦 −
3

2
=

2 3

9
𝑥 − 3

T A S K  2

so m୒ =
ଶ ଷ

ଽ

Find the coordinates of the stationary points on the 
curve given by the parametric equations

𝑥 = 2 − 𝑡,    𝑦 = 2𝑡ଶ − 𝑡³. 
You do not need to determine the nature of these 
points.

𝑑𝑥

𝑑𝑡
= −1

𝑑𝑦

𝑑𝑡
= 4t − 3𝑡ଶ

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑡
×

𝑑𝑡

𝑑𝑥

𝑑𝑦

𝑑𝑥
= 3𝑡ଶ − 4𝑡

At stationary points, ௗ௬

ௗ௫
= 0

3𝑡ଶ − 4𝑡 = 0 ⇒ 𝑡 = 0, 𝑡 =
ସ

ଷ
 

When 𝑡 = 0, 2,0

When 𝑡 =
ସ

ଷ
,

ଶ

ଷ
,

ଷଶ

ଶ଻



T E S T  Y O U R  U N D E R S T A N D I N G  2

Complete TYU 2 from your pack.

You can now complete the PPQ booklet on parametric and implicit 
differentiation – DO IT!
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