This derivation of Stirling’'s approximation
(including upper and lower bound) uses
infinite series for logarithms instead of
integrals.
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When we group according to powers of k we
get:

B 1 1 1\,
In n! =nln n—(n—l)—l—alr] n—I—(Z—g) ; k

Let =<n—|—%>|nn—(n—1)
ML: Z k_L
k=1




1 _2
In n! S —— | M> — k
= 8- g (12 37)

L=3 n
— S_M_I_iio: —2_i§:k—3
- 12 4 12 4
+3§jk—4—i§k—5+
40 15 4

Since:
1 1 3 1 /1 1 k—9
st iow = 13+ )T D
12k< 12k 40k 12\t k41 120k%(k + 1)
we have

1 s k—9

S— M+ — —
12n <7 120k%*(k+ 1)
>1ln n! >
1 S k—9 <1

S— M4+ — —

12n << 120k*(k+1) Z,; 15k5



Forn>9, Inn!l <S—M+41/12n is immediate.
For a lower bound, we can use [k > 9]:
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To determine M, the usual argument
involving Wallis’ product can be used:
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