STATIONARY POINTS

Website: math.nie.edu.sg/bwjyeo/it

The purpose of this worksheet is to investigate how the gradient of a curve changes over a stationary point.

Section A: Investigation (Part I)
1. The LiveMath template shows the graph of 
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 (blue curve) and the tangent (pink line) to the curve at P(x1, y1).
2. Change the value of x1 to those in the table below and record the gradient of the curve at P.
	x-coordinate of P,  x1
	(2
	(1
	0
	1
	2
	3
	4

	Gradient of Curve at P
	
	
	
	
	
	
	


3. Write down the coordinates of the point where the gradient 
[image: image2.wmf]dx
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 is 0.  ___________________
This point is called a stationary point.
4. As x increases from –2 to 4, what do you notice about the sign of the gradient of the curve?
This stationary point is called a minimum point.

Section B: Animation
5. Click on the second graph and it will show the animation of the tangent at different points of the curve. The x-coordinate, h, of the point of contact P will increase from –2 to 4 in steps of 0.5. Observe how the gradient of the tangent changes as it goes past the stationary point from left to right (or as x increases).
Section C: Investigation (Part II)
6. Change the values of a, b and c in the LiveMath template to show the graph of 
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7. Change the value of x1 to those in the table below and record the gradient of the curve at P.

	x-coordinate of P,  x1
	(3
	(2
	(1
	(0.5
	0
	1
	2

	Gradient of Curve at P
	
	
	
	
	
	
	


8. Write down the coordinates of the stationary point.  ___________________

9. As x increases from –3 to 2, what do you notice about the sign of the gradient of the curve?
10. Think of a suitable name for this type of stationary point: _____________________________
Section D: Conclusion
11. A stationary point is a point on the curve where the gradient 
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 is equal to ______________. 
12. A minimum point is a stationary point on the curve where the gradient 
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 changes sign from _____________ to _____________ as x increases through the point.
13. A maximum point is a stationary point on the curve where the gradient 
[image: image6.wmf]dx
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 changes sign from _____________ to _____________ as x increases through the point.
14. In conclusion, how do you determine the nature of a stationary point, i.e. how do you test whether a stationary point is maximum, minimum or neither?

This is called the first derivative test since it makes use of the first derivative 
[image: image7.wmf]dx
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.

Section E: Enrichment
15. Change the equation of the curve from 
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 to 
[image: image9.wmf]c

bx

ax

y

+

+

=

3

 by changing the power of 
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 from 2 to 3. Then change the equation of the curve to 
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 by changing the values of a, b and c to 1, 0 and 0 respectively.
16. Change the value of x1 to those in the table below and record the gradient of the curve at P.

	x-coordinate of P,  x1
	–3
	–2
	–1
	0
	1
	2
	3

	Gradient of Curve at P
	
	
	
	
	
	
	


17. Write down the coordinates of the stationary point.  ___________________

18. Is this stationary point a maximum or a minimum point?  ___________________

19. As x increases from –3 to 3, what do you notice about the sign of the gradient of the curve?
This stationary point is called a point of inflexion.

STATIONARY POINTS

Section A: Investigation (Part I)
2. For 
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	x-coordinate of P,  x1
	(2
	(1
	0
	1
	2
	3
	4

	Gradient of Curve at P
	(6
	(4
	(2
	0
	2
	4
	6


3. Coordinates of point where the gradient is 0: (1, (1)
4. As x increases from –2 to 4, the sign of the gradient of the curve changes from negative to positive.

Section C: Investigation (Part II)
7. For 
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	x-coordinate of P,  x1
	(3
	(2
	(1
	(0.5
	0
	1
	2

	Gradient of Curve at P
	5
	3
	1
	0
	(1
	(3
	(5


8. Coordinates of stationary point: ((0.5, 2.25)
9. As x increases from –3 to 2, the sign of the gradient of the curve changes from positive to negative.
10. Maximum Point

Section D: Conclusion
11. A stationary point is a point on the curve where the gradient 
[image: image14.wmf]dx
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 is equal to 0.
12. A minimum point is a stationary point on the curve where the gradient 
[image: image15.wmf]dx
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 changes sign from negative to positive as x increases through the point.
13. A maximum point is a stationary point on the curve where the gradient 
[image: image16.wmf]dx

dy

 changes sign from positive to negative as x increases through the point.
14. To determine the nature of a stationary point, observe how the sign of the gradient of the curve changes as x increases through the point:

· If the sign of the gradient changes from negative to positive, it is a minimum point.

· If the sign of the gradient changes from positive to negative, it is a maximum point.

· If the gradient does not change sign, it is neither a maximum nor a minimum point.
Section E: Enrichment
16. For 
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	x-coordinate of P,  x1
	–3
	–2
	–1
	0
	1
	2
	3

	Gradient of Curve at P
	27
	12
	3
	0
	3
	12
	27


17. Coordinates of stationary point: (0, 0)
18. This stationary point is neither a maximum nor a minimum point.

19. As x increases from –3 to 3, the sign of the gradient of the curve remains the same (or the gradient does not change sign).
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