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Why does this result only hold in radians?

Explanation 1:
The approximations and ଵ

ଶ
ଶ (as ) only holds if 

is in radians (we saw why in the chapter on radians). The proof that 
ௗ

ௗ௫
made use of these approximations.

Explanation 2:
We can see by observation if we look at the graph of in radians and in degrees.

using radians

If ௗ
ௗ௫

sin 𝑥 = cos 𝑥 then 
the gradient when 𝑥 = 0
is cos 0 = 1. This looks 
right from the graph.

using degrees

However when 𝑥 is in degrees, 
and again using the same 
scale for both axes, we can 
clearly see the gradient is 
much lower than 1. 
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Prove, from first principles, that the derivative of sin 𝑥 is cos 𝑥. 
You may assume that as ℎ → 0,

ୱ୧୬ 


→ 1 and ୡ୭ୱ ିଵ


→ 0
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Find:

T.234: Q 1-3 ,P.70 Q 1
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A curve has equation ଵ

ସ
. 

Find the stationary points on the curve in the interval 
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A curve has equation . Find the stationary 
points on the curve in the interval ଷ

ହ

T.234: Q 4-6 ,P.70 Q 2,3
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A curve has equation . Find the 
equation of the tangent to the curve at the point 
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A curve has equation ଶ . Show that the equation of the normal to the curve 
at the point with -coordinate is

ଶ

T.234: 7+,P.70 Q 4+
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Prove that the derivative of ௫ is ௫
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Find:
ௗ

ௗ௫
ଶ௫ ௗ

ௗ௫

భ

య
௫ ௗ

ௗ௫
ି.ହ௫
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Find:

௫ ௫ ௫
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Find:
௫ ௫ ௫
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Find:
ହ௫ ସ௫ ଷ௫
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Find:
ௗ

ௗ௫

ௗ

ௗ௫

ௗ

ௗ௫
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Find:
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Find:
ଶ ଷ ସ
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Find:
ହ௫

ସ௫

ିସ௫

ଶ௫
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Find:
௫ ଶ

T.236: Q1-3,P.70 Q 1-3
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A curve has the equation 
ସ௫

Show that the equation of the tangent to the curve at the point with -coordinate is:
ସ ସ
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A curve has the equation 
𝑦 = 5 2ଷ௫

Find the equation of the normal to the curve at the point with 𝑥-coordinate 1 in the form 𝑦 = 𝑎𝑥 + 𝑏, where 𝑎 and 𝑏 are 
constants to be found in exact form

T.236: Q4+,P.70 Q 4+



9.3) The chain rule

Page 49



Notes

Page 52



Worked Example

Page 53



Worked Example

Page 54



Worked Example
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Differentiate with respect to :
మ య
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Differentiate with respect to :

T.239: Q1,2,P.71 Q 1-3
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Differentiate with respect to :
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Differentiate with respect to :
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Differentiate with respect to :
షೣ
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Given that ହ , find ௗ௬
ௗ௫

at 
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A curve has equation

ସ

Find an equation for the normal to at the point with -coordinate in the form , 
where and are integers

T.239: Q3-5,P.71 Q 4-8
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A curve has equation

ହ

Find an equation for the normal to at the point with -coordinate in the form 
, where and are integers



Worked Example

Page 70

Find the gradient of
ଷ when ଶ ସ at 
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Find ௗ௬
ௗ௫

when: 
ଶ ସ ଶ

T.239: Q6+
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Worked Example
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Differentiate with respect to :



Worked Example
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Determine the coordinates of the turning point:

T.242: Q1-3,P.72 Q 1-5
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Differentiate with respect to :



Worked Example
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Find the equation of the tangent to the curve with equation ଶ ଶ at the point గ

ଶ

గ ଶ

଼
in the form 

where and are exact constants.
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Differentiate with respect to :

ଵ
ଶ

T.242: Q4+,P.72 Q 6+
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Differentiate with respect to :
௫మ

୪୬ ହ௫

୪୬ ସ௫

௫ర
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Differentiate with respect to :

ସ

ସ



Worked Example
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T.244: Q1-4,P.73 Q 1-3
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Find the stationary point of 

యೣ , 
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Find the equation of the tangent to the curve 
భ
ర
ೣ

௫
at the point ଵ

ସ
)

T.245: Q5+,P.73 Q 4+


