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4D2:	2nd	Fundamental	Theorem	of	Calculus	 	
The	1st	Fundamental	Theorem	of	Calculus	defines	a	definite	integral	of	𝑓(𝑥)	by	its	antiderivatives	𝐹(𝑥).	

FTC1:	∫ 𝑓(𝑥)!
" = 𝐹(𝑏) − 𝐹(𝑎).		Now	we	will	flip	it	around	and	define	the	function	by	its	derivative.		But	first	

we	will	need	a	couple	simple	theorems	regarding	the	area	under	a	curve.	

A	Couple	Simple	Area	Theorems	
Mean	Value	Theorem	for	Integrals	

	

This	theorem	is	useful	because	it	tells	us	that	there	exists	some	value	𝑐	
on	the	interval	[𝑎, 𝑏]	that	will	give	us	a	simple	rectangle	that	has	the	exact	area	as	the	integral.	

	

Example		Find	the	value	of	𝑐	on	[0, #
$
]	that	satisfies	the	MVT	for	

Integrals	for	𝑓(𝑥) = cos 𝑥.		That	is,		

𝑓(𝑐) T
𝜋
2
− 0W = X cos 𝑥 	𝑑𝑥

#
$

%
	

	

	



		

Average	value	of	a	function	on	an	interval.	

	

	

	

	

	

Since	an	integral	is	a	summation	of	infinitely	narrow	rectangles,	we	can	think	of	the	integral	∫ 𝑓(𝑥)	𝑑𝑥!
" 	as	

the	“sum	of	all	the	values	of	𝑓(𝑥)	from	𝑎	to	𝑏”.		Furthermore,	when	we	divide	by	𝑏 − 𝑎,	we	are	dividing	by	
the	“number	of	infinitely	thin	rectangles”.			Therefore,	we	get	a	nice	average	of	all	the	heights.	

Example		Find	the	average	value	of	𝑔(𝑥) = (2𝑥 + 4)$	on	the	interval	[−4,−1].	

	
	

	

	

2nd	Fundamental	Theorem	of	Calculus	

Example	1	Compute	𝐺′(𝑥)	by	finding	the	integral	first	using	FTC1.	

𝐺(𝑥) = X 6𝑡$
&

$
− 2𝑡	𝑑𝑡	

	

Example	2	Compute	G’(x)	using	FTC2.	

𝐺(𝑥) = X
𝑑𝑡
1 + 𝑡

&

%
	

2nd	Fundamental	Theorem	of	Calculus	(FTC2)		

If	𝑓	is	continuous	on	an	open	interval	𝐼	,	then,	for	every	𝑥	on	the	interval,	𝐺(𝑥) = ∫ 𝑓(𝑡)		𝑑𝑡&
" 		

Then		

𝐺'(𝑥) =
𝑑
𝑑𝑥
X 𝑓(𝑡)		𝑑𝑡
&

"
= 𝑓(𝑥)			



		

Example	3	Compute	𝐹′(𝑥)	using	FTC2.	

𝐹(𝑥) = X sin(ln(𝑡 + 7))
&!()

%
	𝑑𝑡	

	

Proof	of	FTC2	

We	define	𝐺(𝑥) = ∫ 𝑓(𝑡)		𝑑𝑡&
" 	.			Now	if	we	increase	𝑥	to	𝑥 + 𝛥𝑥,	we	get	

an	additional	area	of		

𝛥𝐺 = 𝑓(𝑐)𝛥𝑥	 →
𝛥𝐺
𝛥𝑥

= 𝑓(𝑐)	

for	some	𝑐	in	[𝑥, 𝑥 + 𝛥𝑥]		(which	exists	thanks	to	the	MVT	for	
Intervals).		Taking	the	limit	as	𝛥𝑥 → 0,	we	get	

𝐺'(𝑥) = lim
*&→%

𝛥𝐺
𝛥𝑥

= 𝑓(𝑥)	

AP	Application	Problem		(2014-NC)	

	

	

	


