
Alternating Series
MAT 229, Spring 2021

Week 10

Supporting materials
If you wish to get a different perspective on the notes below, try either of the following textbook 

sections.

◼ Stewart’s Calculus
Section 11.5: Alternating series

◼ Boelkins/Austin/Schlicker’s Active Calculus
Section 8.4: Alternating series

Review

Series

The infinite sum Σ
k=1

∞
ak = a1 + a2 + a3 +… converges or diverges if its partial sums converge or diverge.

Question

If the series Σ
k=1

∞
ak converges, what must be true about the sequence ak, k = 1, 2,…? (Video)

Question

What particular series do we use for comparisons? (Video)

Question

What tests for convergence and divergence have we discussed? (Video)

Alternating series
So far we have looked mostly at series where we sum nonnegative terms. We want to explore what 
happens if some of the terms are negative.

http://ceadserv1.nku.edu/longa//classes/mat229/highlights/11.5.pdf
https://scholarworks.gvsu.edu/books/10/
https://nku.zoom.us/rec/share/Npnzu2Bd4MqYCjqilj5Bb84ViGD0lkJ0U_NnpxBCakVc4q2ECQTP54apVUtOeFsa.X6re4U3QPh2eUWOl
https://nku.zoom.us/rec/share/D9iFNOXHR751T1sujXRvUNOKVAsV5fl_a3v6FXLy-CdmObi5PIb1-PBZDl_YmWbv.Gmw1lqcacWSA71Sh
https://nku.zoom.us/rec/share/ABTkSn9RwxPyRGZChWiIjdLgmWFoCaB3BES_gc-TDBqsfsKrMmFRQ82ncCCaJam4.C_L4MrsM3xAxSoLA


Alternating Series Test (AST):

The alternating series Σ
k=1

∞
(-1)k+1 ak converges if

1. ak ≥ 0 for k = 1, 2, 3,…

2. The sequence {ak} is a decreasing sequence.

3. limk→∞ak = 0

Questions

◼ Does the p-series Σ
k=1

∞ 1
k  converge or diverge? Why or why not?

◼ Does the alternating p-series Σ
k=1

∞
(-1)k+1 1k  converge or diverge? Why or why not?

(Video)

Questions

◼ What are the first four partial sums of the p-series Σ
k=1

∞ 1
k ?

◼ What are the first four partial sums the alternating p-series Σ
k=1

∞
(-1)k 1k ?

(Video)

Questions

◼ Does the alternating series Σ
k=1

∞
(-1)k+1 1

k!  converge or diverge? Why or why not? (Video

◼ Does the alternating series Σ
k=1

∞
(-1)k+1 k-1k2  converge or diverge? Why or why not? (Video)

Notes

◼ If the three conditions are met

◼ the series is truly alternating,

◼ the individual terms without the sign are decreasing, and

◼ the limit of the individual terms go to zero,

then the alternating series converges.

◼ If the last condition is not met, limn→∞an = 0, then the series diverges by the divergence test.

◼ If either of the first two conditions are not met, the alternating series test provides no conclusion: we 

don’t yet know whether the series converges or not.
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https://nku.zoom.us/rec/share/AXPvkVAlMHSVe0d20R9B2laovsueMtIevJ2JURXmv3IDJ8hsZkCvSEQNdYP0ueY.PYIOIH3B6LFge225
https://nku.zoom.us/rec/share/QYNYvRBVUfjPSruldqGdDkxYlhOSf0fuHvwvm1JWmwbFqLJHp3j_NPUQvJkQI7AZ.sUwSkkh2Dkm-nWQb
https://nku.zoom.us/rec/share/MUr2EDr7SxRhS-pzq6p5sM52exxkgdt4qW7ri071fbrC0aX9qoj3r0Dek4L83XP1.N_aFIwlhBysSKiLD
https://nku.zoom.us/rec/share/psIPJ_1eeLhVlSRAuMzUJixQua0tVJS_t1lyNOuFzoJrDWjI5OpFzPngw5nkC2Wy.JBka0cDMfb1KA0cj


Questions

◼ Does the series Σ
k=1

∞
(-1)k+1 k+1k  converge or diverge? Why or why not? (Video)

◼ Does the series 1 + 1
2 -

1
3 -

1
4 +

1
5 +

1
6 -

1
7 -

1
8 +… converge or diverge? Why or why not? (Video)

◼ Does the series 1 - 1
3 +

1
2 -

1
5 +

1
4 -

1
7 +

1
6 -

1
9 +… converge or diverge? Why or why not? (Video)

Alternating series error estimate
We approximate series using partial sums. In the case of a converging alternating series, with decreas-
ing terms (per the AST):

Σ
k=1

∞
(-1)k+1 ak ≈ Σ

k=1

n
(-1)k+1 ak = a1 - a2 + a3 - a4 +…+ (-1)n+1 an

Questions

◼ What is the error in approximating the alternating series S= Σ
k=1

∞
(-1)k+1 ak with its nth partial sum, Sn 

= Σ
k=1

n
(-1)k+1 ak?

Absolute error = |S - Sn  = | Σ
k=n+1

∞
(-1)k+1 ak|

◼ What is an estimate on this error?

(Video)

Alternating test error estimate

If the series Σ
k=1

∞
(-1)k+1 ak meets the requirements of the alternating series test so that it converges, then 

11.5.alternating_series.nb  ���3

https://nku.zoom.us/rec/share/7cV0tb7r-MRCXA7PBkN-O6_iYuZwd4tSc1mU8gkL_LPhhJS_NkA7BxugAXF9w86M.9u9bM2oo_ul_5gSV
https://nku.zoom.us/rec/share/Umld29LcuV53Td2Z0dVbd7jd3V9xaQsKLm6mWN7Ns4gBxM0yCh78hagH7fJ0Pa3u.OmmAVcJKVNS7Q17b
https://nku.zoom.us/rec/share/_C7516BONOj26v5a1Y-emb6uCBbsoQ5SwOtIXBWmsc-jZPRCEpxbUUcyZwnCJ6Xn.UTmxEWVPL_Zt1S_W
https://nku.zoom.us/rec/share/4P00ILuVA5fosowKfMib02c0T5P_6LxyrB8osNX2HQFf1AnZKdtyLnSwin3bh2He.KFCDz9Jf1gFg4dY4


the error in approximating it with its nth partial sum Σ
k=1

n
(-1)k+1 ak is given very simply: 

error ≤ an+1

Questions

◼ What is the error in approximating Σ
k=1

∞
(-1)k+1 1

k2+3 k+5  with Σ
k=1

10
(-1)k+1 1

k2+3 k+5? (Video)

◼ Which partial sums approximate Σ
k=1

∞
(-1)k+1 1k  with error less than 0.001? (Video)

◼ Approximate Σ
k=1

∞
(-1)k+1 1

k3  with error less than 0.001. (Video)

Homework
◼ IMath problems on alternating series.
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https://nku.zoom.us/rec/share/kVGbFFAFNZFRk4_SXqsozruwSpggG1Xyd94N8OxBnIDVrOeR7YEw6NxHLVzEYhmf.bBlai6lO8BGw_ri2
https://nku.zoom.us/rec/share/F2-Dijx6i7I0Safpw6h6XyK73sdCQy-GE-lqRigiGXcMBaqkT9Fun8wBWeK2S4-V._frFJX6MqKk3XVRg
https://nku.zoom.us/rec/share/1W00QJ3cTEefeBSSaDa7WSOcv-FdRdVNfTt9qcuP2-kVei9EkU5lbhDUqNGwElI6.byUDse0kB4VYQE65

