Answers for HW 1
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Consider f(z) = 2%2e™% = i—j By I’Hospital’s Rule twice,
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lim f(z)= lim L lim = =0
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So we get lim,,_,c a,, = lim f(n) = 0.

Since arctan(z) is increasing and a one to one continuous map from (—o0, +00) to (=5, +75), an =
arctan(2n) has the limit 7.

2
0Za, = Coszn(n) < 2% = limy,— o0 ap, = 0.

agy, = 2n and ag,—1 = —(2n — 1), so it is divergent.

Since lim, oo (1 + 1)7 = €7, lima, = lim((1 + 2)2)2 = €%

1 .
0= |ap| = T 50 lim, 00 ay, = 0.

If it converges, then it will has a finite limit. Thus a,, —a,+1 should be very small when n is sufficiently
large, i.e., we would have (lim(a,,—a,+1) = 0). However, for any n in NN, there exists some m bigger
than n s.t. a,, — am+1 = —1. So it diverges.

(In x)?

Consider f(x) = By I’ Hospital’s Rule twice,

2ln z
limg oo f(2) = limg 0o —§— = limg oo % =0.50 lima, = 0.
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By the meaning of continuity of In(x), a,, = In( ), solima, =1In 2.

Simil to 27. lim a,, = arctan1 = 7.
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Since | sin(n)| is bounded by 1 and /n goes to infinity, the limit is 0.
When n > 3,
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VS == Al ) 7

Thus the limit is 0 by the squeeze principle.

Note that a,, is always an integer. A famous conjecture, Collatz conjecture (also called Kakutani,
Shizuo conjecture), is that no matter which positive interger a; is, there will be some finite n s.t. a,, =
1. For more information, gotohttp://en.wikipedia.org/wiki/Collatz_conjecture.
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n= .71 = , SO it is increasing to 2/3 and bounded.

First to prove a,, < 2 by induction, then 2a,, 11 = a% 41 2 an + ay. Hence it is increasing. So the
limit b exists. Take limit to both sides of the equation to get ¥> = 2+ b = b = 2 or — 1. So the limit
is 2.



