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GROWTH RATES

Definition: Growth Rates of Functions (as z approaches infinity)

Suppose f and g are functions with lim f(z) = lim g(x) = co. Then
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o [ grows faster than g as v — oo if lim —f@) —00. OF LN) = O

e f and g have comparable growth rates if lim % = M, where M is a positive number.
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Theorem: Asymptotic Hierarchy

Let the symbol f < g mean that g grows faster than f as x — oo. Then
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Exponential functions grow faster than polynomials. Seqnen e

Computation showing that r* (for r > 1) grows faster than a?:
save Fimey 1 do x=4 a0 P=2

Yoo ¥
lim 4K_ lli lim 4" dn 4 “’:j l/HDST’;fm\I5 Rale o
T—r 00 x?_ T—00 2 X »
M )im 4@ DD by YHospitul® Rule 2
rx—oo - .

2

o0




Lecture 11.7 Growth Rates, Strategy for Testing Series - Page 2 of 5

WHEN RATIO TEST SHOULD NOT BE USED
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USING GROWTH RATES TO CHECK WHETHER. A SERIES CONVERGES
Q: Will +he Ratio Test work €

1. Consider the series
No, He Ratio Test will e

- 1
;ln(n+ 1) Tncenclusive,

(a) Fill in the blank with < or >:

In(n+1) << n.

(b) This means that
lim n 00

" hw

(See page 1)
(c) Fill in the blank with < or >>:

1 1
In(n + 1) z n
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(d) State whether the series Z — converges or diverges:
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A COMBINATION OF TWO TYPES OF SERIES

2. Consider the series - ~ 0 "
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(¢) Which one is more dominant? The numerator or the denominator?

Fill in the blank with < or >: .
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Since (2‘ is more dominant, I think g ngn will turn out to be (on \je like nE:1 30"
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(d) State the ratio test. '
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(e) Above, we said that if we see only logarithmic-like terms and polynomial-like terms, like
In(2n) 4+ nP* + nP2, the ratio test will be inconclusive (Why?)

But, if you see powers like a™ (or a factorial or n™) then the ratio test will probably work.
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A COMBINATION OF MORE THAN TWO TYPES OF SERIES

3. Consider the series

>
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(a) Look at the term of the series.
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(b) Which do you think is more dominant for large n? The numerator or the denominator?

w

n A nl
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(Recall: lim (1 + —) = e using 'Hospital’s Rule for indeterminate powers, Sec 6.8)
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