
Summary of Convergence Tests for Series
Test Series Convergence or Divergence Commentsnth term test(or the zero test) X an Diverges if limn!1 an 6= 0 Inconclusive if limn!1 an = 0.

Geometric series 1X
n=0 axn

 or 1Xn=1 axn�1
! Converges to a1� x only if jxj < 1

Diverges if jxj � 1
Useful for comparisontests if the nth term an ofa series is similar to axn.

p-series 1X
n=1 1np Converges if p > 1

Diverges if p � 1
Useful for comparisontests if the nth term an of
a series is similar to 1np .

Integral
1X
n=c an (c � 0)

an = f(n) for all n
Converges if Z 1c f(x) dx converges
Diverges if Z 1c f(x) dx diverges

The function f obtainedfrom an = f(n) must becontinuous, positive,decreasing and readilyintegrable for x � c.
Comparison

X an and X bn
with 0 � an � bn for all n

X bn converges =)X an convergesX an diverges =)X bn diverges
The comparison seriesX bn is often a geometricseries or a p-series.

Limit Comparison*
X an and X bn

with an; bn > 0 for all n
and limn!1 anbn = L > 0

X bn converges =)X an convergesX bn diverges =)X an diverges
The comparison seriesX bn is often a geometricseries or a p-series. To �ndbn consider only the termsof an that have the greateste�ect on the magnitude.

Ratio X an with limn!1 jan+1jjanj = L Converges (absolutely) if L < 1
Diverges if L > 1 or if L is in�nite

Inconclusive if L = 1.Useful if an involvesfactorials or nth powers.
Root* X an with limn!1 n

p
janj = L Converges (absolutely) if L < 1

Diverges if L > 1 or if L is in�nite
Test is inconclusive if L = 1.Useful if an involvesnth powers.

Absolute ValueX
janj

X an X
janj converges =)X an converges Useful for series containingboth positive and negativeterms.

Alternating series 1X
n=1(�1)n�1an (an > 0) Converges if 0 < an+1 < an for all nand limn!1 an = 0 Applicable only to serieswith alternating terms.

*The Root and Limit Comparison tests are not included in the current textbook used in Calculus classes at Bates College.
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