
Numerical	Approximation	to	Integration	
	

𝒇 𝒙 𝒅𝒙
𝒃

𝒂
≈ 𝒇𝒐𝒓𝒎𝒖𝒍𝒂	

	
• Let	𝑓	be	a	continuous	function	over	a	closed	interval	[𝑎, 𝑏]	and	chose	the	

number	of	partitions	n.	
	

• Partition	the	interval	[𝑎, 𝑏]	into	n-subintervals	of	equal	length	∆𝑥	where	
∆𝑥 = 567
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Left	Endpoint	Approximation	
	

	

	
	

𝒇 𝒙 𝒅𝒙 ≈ 𝑳𝒏
𝒃

𝒂
	

	
	



	
where		
	
𝐿8 = 𝑓 𝑥< Δ𝑥86>

<?@ 		
	
𝐿8 = 𝑓 𝑥@ Δ𝑥 + 𝑓 𝑥> Δ𝑥 + 𝑓 𝑥B Δ𝑥 + ⋯+ 𝑓 𝑥86B Δ𝑥 + 𝑓 𝑥86> Δ𝑥		
	
𝐿8 = 𝑓 𝑥@ + 𝑓 𝑥> + 𝑓 𝑥B + ⋯+ 𝑓 𝑥86B + 𝑓 𝑥86> Δ𝑥	
	
That	is,		
	

𝑓 𝑥 𝑑𝑥 ≈ 𝑓 𝑥< Δ𝑥
86>

<?@
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Right	Endpoint	Approximation	

	
	

	

𝒇 𝒙 𝒅𝒙 ≈ 𝑹𝒏
𝒃

𝒂
	

	
	

	
	
	



where		
	
𝑅8 = 𝑓 𝑥< Δ𝑥8

<?> 		
	
𝑅8 = 𝑓 𝑥> Δ𝑥 + 𝑓 𝑥B Δ𝑥 + 𝑓 𝑥G Δ𝑥 + ⋯+ 𝑓 𝑥86> Δ𝑥 + 𝑓 𝑥8 Δ𝑥		
	
𝑅8 = 𝑓 𝑥> + 𝑓 𝑥B + 𝑓 𝑥G + ⋯+ 𝑓 𝑥86> + 𝑓 𝑥8 Δ𝑥	
	
That	is,		
	

𝑓 𝑥 𝑑𝑥 ≈ 𝑓 𝑥< Δ𝑥
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<?>
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Midpoint	Approximation	

	

	

𝑓 𝑥 𝑑𝑥 ≈ 𝑀8
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where	𝑚< =
JKLMNJK

B
			is	the	midpoint	of	the	interval	[𝑥<6>, 𝑥<]	from	𝑖 = 1	𝑡𝑜	𝑛	

	
𝑀8 = 𝑓 𝑚< Δ𝑥8

<?> 		
	
𝑀8 = 𝑓 𝑚> Δ𝑥 + 𝑓 𝑚B Δ𝑥 + 𝑓 𝑚G Δ𝑥 + ⋯+ 𝑓 𝑚86> Δ𝑥 + 𝑓 𝑚8 Δ𝑥		
	
𝑀8 = 𝑓 𝑚> + 𝑓 𝑚B + 𝑓 𝑚G + ⋯+ 𝑓 𝑚86> + 𝑓 𝑚8 Δ𝑥	
	
That	is,		
	

𝑓 𝑥 𝑑𝑥 ≈ 𝑓 𝑚< Δ𝑥
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Simpson’s	Rule	Approximation	
	

	

	
	

𝒇 𝒙 𝒅𝒙 ≈ 𝑺𝒏
𝒃

𝒂
	

	
	

	
	



We	can	numerically	approximate	a	definite	integral	over	a	closed	interval	and	a	
continuous	function.	We	require	an	even	number	of	partitions	
	
Let	n	(even)	the	number	of	partitions	and	∆𝑥 = 567
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Then		
	

𝑺𝒏 =
∆𝒙
𝟑

𝒇 𝒙𝟎 + 𝟒𝒇 𝒙𝟏 + 𝟐𝒇 𝒙𝟐 + 𝟒𝒇 𝒙𝟑 + ⋯+ 𝟐𝒇 𝒙𝒏6𝟐 + 𝟒𝒇 𝒙𝒏6𝟏 + 𝒇 𝒙𝒏 	

	
That	is,		
	
	
𝒇 𝒙 𝒅𝒙 ≈𝒃

𝒂 	∆𝒙
𝟑
𝒇 𝒙𝟎 + 𝟒𝒇 𝒙𝟏 + 𝟐𝒇 𝒙𝟐 + 𝟒𝒇 𝒙𝟑 + ⋯+ 𝟐𝒇 𝒙𝒏6𝟐 + 𝟒𝒇 𝒙𝒏6𝟏 + 𝒇 𝒙𝒏 	

	
	
	
Note	The	weights	to	the	function	is	of	the	sequence	1,4,2,4,2,…,2,4,1		


