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	What is the work?
	
	Differentiating a function without having to go from first principles, and using this technique to find the equation of tangents and normals.

	
	
	

	What is required before starting?
	
	GCSE Work: Solving linear equations.
A Level Unit 1: Solving quadratic equations.

	
	
	

	Where does this lead to?
	
	Units 1–4: Differentiating and integrating various functions.
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[bookmark: _Hlk175136304]In the previous workbook, the technique of differentiating from first principles was introduced. Did you notice, in this work, the connection between each question and its answer? 
For example, we can differentiate from first principles to obtain the following answers.[image: A qr code with a few squares  Description automatically generated]
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We can use the following rule to quickly differentiate a function without having to go from first principles:
If , then .
Example 1
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Given a function that is a sum or difference of a series of terms, we can differentiate the terms individually to differentiate the function.
Example 2
	
	

	
	

	
	


Exercise 1
Complete the following table.[image: ]
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We can use the process of differentiation to find the equation of the tangent or normal 
to a curve at a particular point.

Example 3
The curve for  is shown on the right.
(a) Find the equation of the tangent to the curve at the point where .
(b) Find the equation of the normal to the curve at the point where .
Answer: (a) If , then . 
When , we have , and
. 
We can use  to find the equation of the tangent to the curve:

 
 
 
(b) When , we have , and . Given that the normal is always perpendicular to the tangent, we can say that the gradient of the normal is  (which is the negative of the reciprocal of ). We can use  to find the equation of the normal to the curve:
 
 
 
 
Exercise 2 

The curve for  is shown on the right.
(a) Find the equation of the tangent to the curve at the point where .
(b) Find the equation of the normal to the curve at the point where .
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(C1 Summer 2006, Question 7)
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7. (a) Given that y = x> — 3x + 4, show from first principles that

Y 2x-3.
dx [5]
(b) Differentiate 2 + 7\/; with respect to x. 2]

Xz
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d
6. (a) Giventhat y=3x>—7x-5, find d_gc) from first principles. [5]
5
(b) Given that y =ax> and day = —2 when x =4, find the value of the constant a. 3]
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(@) Given that y = 10x2 - 7x — 13, find % from first principles. [5]

(b) Giventhat y= 4\E+%, find the value of % when x = 9. [4]
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3. The curve C has equation y = 2x* — 10x + 16. The point P has coordinates (3, 4) and lies on C.
Find the equation of the tangent to C at P. [4]
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[

8. The curve C has equation y = 3x2 — 32.
X

(a)  Find the equation of the tangent to C at the point where x = 4. [7]

(b)  Find the equation of the normal to C at the point where x = 4. 2]
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3. The curve C has equation y = x> — 9x + 13.

(a) The point P has coordinates (6, =5) and lies on C. Find the equation of the tangent to C at
P. [4]

(b)  The point Q lies on C and is such that the gradient of the normal to C at Q is % .

Find the x-coordinate of Q. [3]
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3.

The curve C has equation y =2x?— 10x + 7.

(a)

(b)

The point P has coordinates (3, —5) and lies on C. Find the equation of the normal to C
at P. [5]

The point Q lies on C and is such that the tangent to C at Q is parallel to the x-axis. Find
the x-coordinate of Q. 2]
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3. The curve C has equation y = x% = 8x + 10.

(a) The point P has coordinates (3, —5) and lies on C. Find the equation of the normal to C
at P. [5]

(b)  The point Q lies on C and is such that the tangent to C at Q has equation
y=4x+c,

where ¢ is a constant. Find the coordinates of Q and the value of c. 4]
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The curve C has equation y = x% — 6x + 7.

(a) The point P, whose x-coordinate is 5, lies on the curve C. Find the equation of the
tangent to C at P. [5]

The line L has equation y= 1 x—2.
2

(b) (i) Find the coordinates of the two points of intersection of C and L.

(i)  Verify that L is in fact the normal to C at one of these points of intersection. [8]
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6

3
b)  The function f is defined by f (x)=4x2+—= for x> 0.

i) Find f7(x). [2]

ii) When x>k, f(x) is an increasing function. Determine the least possible
value of k. Give your answer correct to two decimal places. 4]
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The curve C has equation y = 7 + 13x — 2x2. The point P lies on C and is such that the
tangent to C at P has equation y = x + ¢, where c is a constant. Find the coordinates of
P and the value of c. [5]
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