
Math 383: Complex Analysis: Fall ‘21 (Williams)

Professor Steven J Miller: sjm1@williams.edu

Homepage: 
https://web.williams.edu/Mathematics/sjmiller/
public_html/383Fa21/

Lecture 22: 11-08-21: https://youtu.be/gsW8VnoZSjk (slides)
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•Lecture 22: 11/03/17: Sketch of the Prime Number Theorem, Gamma Function and Stirling's Formula: 
https://youtu.be/I3YaoEw8z6s

mailto:sjm1@williams.edu
https://web.williams.edu/Mathematics/sjmiller/public_html/383Fa21/
https://youtu.be/gsW8VnoZSjk
https://web.williams.edu/Mathematics/sjmiller/public_html/383Fa21/lectures/383Fa21_lecture22.pdf
https://youtu.be/I3YaoEw8z6s


Plan for the day: Lecture 22: November 8, 2021:

https://web.williams.edu/Mathematics/sjmiller/public_html/383Fa21/coursenotes/
Math302_LecNotes_Intro.pdf

• Recurrence relations (especially for sums)
• Stirling’s Formula (integral test, dyadic analysis)

General items.
• Methods to attack: special cases
• Methods to attack: perturb easier problem
• Methods to attack: dyadic decompositions
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https://web.williams.edu/Mathematics/sjmiller/public_html/383Fa21/coursenotes/Math302_LecNotes_Intro.pdf
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Crude upper/lower bounds.

Note (n+1)!/n! = n+1; let’s see what Stirling gives:
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Stirling’s Formula and Convergence of Series
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Integral Test and the Poor Mathematician’s Stirling



Stirling’s Formula: Lower bound from Integral Test:
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Euler–Maclaurin formula
From Wikipedia, the free encyclopedia: https://en.wikipedia.org/wiki/Euler%E2%80%93Maclaurin_formula

https://en.wikipedia.org/wiki/Euler%E2%80%93Maclaurin_formula
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Recurrence Relations: Fibonacci numbers
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Estimate….
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Take n a power of 2…. (even/odd trick, zeta values)
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an+1 = an + (n+1)
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Stirling’s Formula: Estimates from Dyadic Decompositions
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Extra credit: Can you expand on the dyadic interval arguments / the 
Farmer Brown idea to get in the limit, at least for a sequence of n? In 
other words, can you show that it converges to nn/e-n times something
small relative to the main term?

Additionally, can you prove the claims from class about the sums of 
powers? In particular, perturb and prove that the sum of the k-th
powers  is a polynomial of degree k+1 with constant term 0 and leading 
term nk+1 / (k+1)? Can you use the telescoping method and induction to 
show that the sum is a polynomial?

Looks like some of these results, with telescoping, are known: see 
https://www.jstor.org/stable/pdf/3026439.pdf

https://www.jstor.org/stable/pdf/3026439.pdf
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