
MAT 320 Quiz 5 Solutions

Fall 2009 - - Professor Sormani

The sequences on your quiz are an = 1/n, bn = −n2 and cn = cos(nπ). Suppose xn is a
sequence whose limit is 5 and suppose yn is a sequence such that (n + 1)/n < yn < 1.

1. Write the first three terms of these sequences:

a1 = 1 a2 = 1/2 a3 = 1/3 a4 = 1/4 a5 = 1/5

b1 = −1 b2 = −4 b3 = −9 b4 = −16 b5 = −25

c1 = cos(1π) = −1 c2 = cos(2π) = 1

c3 = cos(3π) = −1 c4 = cos(4π) = 1

2. Using Calculus I, write down the limits of each sequence. Write “does not exist” if
there is no limit :

lim
n→∞

an = 0

lim
n→∞

bn = DNE

lim
n→∞

cn = DNE

lim
n→∞

xn = 5 (given)

lim
n→∞

yn = 1 (squeeze theorem)

3. Which of these sequences are bounded above?

an = 1/n ≤ 1∀n, so an is bounded above.

bn = −n2 ≤ 0∀n, so bn is bounded above.

cn = cos(nπ) ≤ 1 because cosine is always ≤ 1, so cn is bounded above.

xn has a limit, and Theorem 4.25 says that any sequence with a limit is bounded, so
xn is bounded above.

yn < 1 so yn is bounded above.
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4. Which of these sequences are bounded below?

an = 1/n ≥ 0∀n so an is bounded below.

bn = −n2 has no lower bound.

cn = cos(nπ) ≥ −1 because cosine is always ≥ −1, so cn is bounded below.

xn has a limit, and Theorem 4.25 says that any sequence with a limit is bounded, so
xn is bounded below.

yn > (n + 1)/n > 0 so yn is bounded below.

5. Which of these sequences are increasing?

an = 1/n is decreasing, not increasing.

bn = −n2 is decreasing, not increasing.

cn = cos(nπ) is alternating, not increasing.

xn has a limit, but we don’t know if it is increasing or not. xn could be 5− 1/n or it
could be 5 + 1/n.

yn is between an increasing sequence and a constant sequence but it could be jumping
up and down between them, so we don’t know.

6. Which of these sequences are decreasing?

an = 1/n is decreasing: 1/n > 1/(n + 1)

bn = −n2 is decreasing: −n2 > −(n + 1)2

cn = cos(nπ) is alternating, not decreasing.

xn has a limit, but we don’t know if it is increasing or not. xn could be 5− 1/n or it
could be 5 + 1/n.

yn is between an increasing sequence and a constant sequence but it could be jumping
up and down between them, so we don’t know.

7. Which of the sequences has a converging subsequence?

an = 1/n has a limit, so all its subsequences also converge to 0.

bn = −n2 has no converging subsequence, because any subsequence also decreases
without ever approaching a limit.

c2n = cos(2nπ) = 1, so the even terms give a converging subsequence. Or quote
Bolzano-Weierstrass, that any bounded sequence has a converging subsequence.

xn has a limit, so all its subsequences also converge to that limit.

yn has a limit, so all its subsequences also converge to that limit.
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