
	
	
	 		
	
	

Unit 1 Toolkit: Limits 

1A:	Finding	Limits	Graphically	and	Numerically	(1.2)	
	

Definition:	If	𝑓(𝑥)	becomes	arbitrarily	close	(i.e.	really	close)	to	a	single	number	𝐿	as	𝑥	approaches	𝑐	from	
either	side,	then	the	limit	of	𝒇(𝒙),	as	𝑥	approaches	𝑐,	is	𝐿.		This	is	written	as	

lim
K→M

𝑓(𝑥) = 𝐿	

Types	of	discontinuity	
Removable	discontinuity	 Jump	discontinuity	 Infinite	discontinuity	

	 	 	

lim
K→R

𝑓(𝑥) = 1	 lim
K→R

𝑓(𝑥)	Does	Not	Exist	because	
it’s	not	the	same	from	both	sides	

lim
K→V

𝑓(𝑥)	Does	Not	Exist	because	
it’s	not	the	same	from	both	sides	

	

Epsilon-Delta	 𝜺 − 𝜹 	Definition	of	a	Limit:			
Let	𝑓(𝑥)	be	a	function	defined	on	an	open	interval	including	𝑐	(except	possibly	at	the	value	𝑐,	
and	let	𝐿	be	a	real	number.		Then	we	can	say	

lim
K→[

𝑓(𝑥) = 𝐿	
if	for	any	small	number	𝜀 > 0,	there	exists	a	𝛿 > 0	such	that	if	

0 < 𝑥 − 𝑐 < 𝛿, 𝑡ℎ𝑒𝑛		 𝑓 𝑥 − 𝐿 < 𝜀.	
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1B:	Evaluating	Limits	Analytically		(1.3)	
Some	General	Limits	

lim
K→h

𝒄 = 𝒄		, lim
K→h

𝑥 = 𝑏		, lim
K→[

𝑥k = 𝑐k	

	

	

	

	

	

	

	

	

	

Two	Special	Trigonometry	Limits	
	The	following	are	two	special	limits	that	we	
will	use	as	we	study	calculus.	

lim
l→V

sin 𝑥
𝑥

= 1		, lim
K→V

cos 𝑥 − 1
𝑥

= 0	

Steps	for	evaluating	the	limit	of	𝒇(𝒙)	as	𝒙 → 𝒄	

1. Can	you	evaluate	the	limit	by	direct	substitution?		i.e.	Does	𝑓(𝑐)	exist	and	is	it	the	limit?	
2. If	𝑓(𝑐)	does	not	exist,	is	there	a	function	𝑔(𝑥) = 𝑓(𝑥)	for	all	values	except	𝑥 = 𝑐?		Then	

lim
K→[

𝑓(𝑥) = lim
K→[

𝑔(𝑥) = 𝑔(𝑐)	

3. 		Use	a	table	or	a	graph	to	reinforce	your	conclusion.		



1C:	Continuity	and	One-Sided	Limits	(1.4)	
	

Continuous	on	an	interval	(𝒂, 𝒃)	implies	that	
𝑓(𝑥)	is	continuous	on	all	points	on	the	
interval.	

Continuous	everywhere	implies	that	𝑓(𝑥)	is	
continuous	on	the	entire	real	line	(−∞	,∞).	

	

One	sided	limits:		

• Limit	from	the	right:	 lim
K→[v

𝑓(𝑥) = 𝐿	

• Limit	from	the	left:	 lim
K→[w

𝑓(𝑥) = 𝐿	

o Note	lim
K→[

𝑓(𝑥) = 𝐿	if	and	only	if	 lim
K→[w

𝑓(𝑥) = 𝐿	and	 lim
K→[v

𝑓(𝑥) = 𝐿	

Functions	that	are	continuous	everywhere	on	their	domain:			
					 	 Polynomial,	Rational,	Radical,	Trigonometric	(sin,	cos,	tan,	cot,	sec,	csc)	

	

	 	

Properties	of	Continuity.		If	𝑏	is	real	number	and	functions	𝑓	and	𝑔	are	continuous	at	𝑥 = 𝑐,	then	the	
following	are	also	continuous:	

𝑏 ⋅ 𝑓	, 𝑓 ± 𝑔	, 𝑓𝑔	,
𝑓
𝑔
	

Continuity	Requirements.		A	function	𝑓	is	continuous	
at	𝑥 = 𝑐	if	these	conditions	are	met:	

1. 𝑓(𝑐)	is	defined	
2. lim

K→[
𝑓(𝑥) 	𝑒𝑥𝑖𝑠𝑡𝑠	

3. lim
K→[

𝑓(𝑥) = 𝑓(𝑐)	

Intermediate	Value	Theorem	(IVT)	

If	𝑓(𝑥)	is	continuous	on	the	closed	interval	[𝑎, 𝑏],	and	𝑓(𝑎) ≠ 𝑓(𝑏),	and	𝑘	is	any	real	number	
such	that	𝑓(𝑎) < 𝑘 < 𝑓(𝑏),	then	there	exists	at	least	one	number	𝑐	in	[𝑎, 𝑏]	such	that	𝑓(𝑐) = 𝑘.	



1D:	Infinite	Limits		(1.4)	

Vertical	Asymptotes	⇔	Infinite	Limits	
Vertical	asymptotes	occur	on	a	function	𝑅 𝑥 = 𝑓(𝑥)/𝑔(𝑥)	when	𝑓 𝑥 ≠ 0	and	𝑔 𝑥 = 0.		

	
Here	is	the	technical	definition	of	an	infinite	limit…	

	

	
	

	

	

	

	

	

	

	

Basically,	for	any	large	number	𝑀,	there	is	a	value	of	𝑓(𝑥)	that	is	greater	than	𝑀	for	some	𝑥	that	is	
very	close	to	𝑐	(more	specifically,	for	all	values	of	𝑥	that	are	less	than	𝛿	away	from	𝑐).	

	

Here’s	the	most	important	part:	

Properties	of	Infinite	Limits.		Let	lim
l→�

𝑓(𝑥) = ∞	and	lim
K→[

𝑔(𝑥) = 𝐿,	then	

1. lim
K→[

[𝑓(𝑥) ± 𝑔(𝑥)] = ∞	

2. lim
K→[

𝑓(𝑥)𝑔(𝑥) = ∞	if	𝐿 > 0,			

lim
K→[

𝑓(𝑥)𝑔(𝑥) = −∞		if	𝐿 < 0	

3. lim
K→[

�(K)
�(K)

= ∞	


