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EX:  𝑛=0
∞ 3𝑛 divergence series because r=3>1





Tests of  convergences :  

nth  term test for divergence :

for series  𝑛=1
∞ 𝑎𝑛 if     lim

𝑛→∞
𝑎𝑛 ≠ 0 then the series is divergence  

but lim
𝑛→∞

𝑎𝑛 = 0 then this doesn’t  mean that  𝑎𝑛 is converge .

EX:



The integral test 







EX: 

 𝑛=2
∞ 1

𝑛𝑙𝑛𝑛
,,,,    f(x)=

1

𝑥𝑙𝑛𝑥

 2
∞
𝑓 𝑥 𝑑𝑥= lim

𝑛→∞
( 2

∞ 1

𝑥𝑙𝑛𝑥
𝑑𝑥) = lim

𝑛→∞
(ln 𝑙𝑛𝑥 ] 𝑛

2
=

lim
𝑛→∞

(𝑙𝑛𝑙𝑛𝑛 − 𝑙𝑛𝑙𝑛2)= ∞

∴  𝑛=2
∞ 1

𝑛𝑙𝑛𝑛
is diverges

The ratio test :





The root test :

 𝑛=1
∞ (1 −

3

𝑛
)7𝑛

2

lim
𝑛→∞

𝑛
(1 −

3

𝑛
)7𝑛

2
=  lim

𝑛→∞
(1 −

3

𝑛
)7𝑛 =

(𝑒−3)7 =𝑒−21 <1 



Alternating Series :

A series of form  𝑛=0
∞ (−1)𝑛𝑎𝑛 is called Alternating Series i.e.

 𝑛=0
∞ (−1)𝑛𝑎𝑛 = 𝑎0 − 𝑎1 + 𝑎2 − 𝑎3 −⋯… .

or     𝑛=0
∞ (−1)𝑛𝑎𝑛 =  𝑛=0

∞ (cos 𝑛𝜋) 𝑎𝑛

The Alternating Series Test : 

The series    𝑛=0
∞ (−1)𝑛𝑎𝑛 is convergence if :

1. 𝑎𝑛 > 0 (𝑎𝑛 𝑖𝑠 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 )

2. 𝑎𝑛 ≥ 𝑎𝑛+1 for all n ≥ 𝑁 ,for some integer N

3. lim
𝑛→∞

𝑎𝑛 = 0

Ex:  

1 −  𝑛=0
∞ (−1)𝑛

1

𝑛
is converge  since lim

𝑛→∞

1

𝑛
= 0  

2.  𝑛=0
∞ (cos 𝑛𝜋)

1+𝑛2
=   𝑛=0

∞ (−1)𝑛
1

1+𝑛2
is converge    since    

lim
𝑛→∞

1

1+𝑛2
= 0


