MATH1050 Assignment 4

1. Apply mathematical induction to justify each of the statements below:
(a) 1-242-5+3-8+---+n(3n—1)=n?(n+1) for any positive integer n.

1 1
+ —— > /n whenever n is a positive integer.

1
(b) 1+ ot et

n(n? + 2) is divisible by 3 for any n € N.

(e) 7 (3n+ 1) —1 is divisible by 9 for any n € N.
2. (a) 1. Consider the statement (A):
(A) Suppose {a,}52, is an infinite sequence of complex numbers. Then Z(akﬂ —ag) = apt1 — ao-
k=0
Fill in the blanks in the blocks below, all labelled by capital-letter Roman numerals, with appropriate words so
that they give a proof for the statement (A). (The ‘underline’ for each blank bears no definite relation with the
length of the answer for that blank.)
Suppose {a,}22, is an infinite sequence of complex numbers.
Denote by P(n) the proposition (0
o We verify that P(0) is true:
(D)
Hence P(0) is true.
m
o Let m € N. (I11) - Then » (a1 — ax) = (IV)
k=0
We verify P(m + 1):
V)
Hence P(m + 1) is true.
(VD)
ii. Prove the statement (B):
(B) Suppose {an}5%, is an infinite sequence of complex numbers. Further suppose a; # 0 for each j € N. Then
ﬁ Gk+1 _ Gntl
o Yk Qo
Remarks.  The statements (A), (B) give the mechanism for a useful method for computing sums/products of

consecutive terms of sequences. This method is known as the Telescopic Method.
(b)® Apply the result described in the statement (A) to prove the statement (f):

(8) Let {cn}>2, be an infinite sequence of numbers. Let «, B be numbers, with oo # 1. Suppose ¢,+1 = acy, + 8 for

A —a")

each n € N. Then ¢, = a"¢cy +
11—«

for eachn > 1.

(¢) Prove the statements below. (The Telescopic Method may be useful.)

_ 2n+1
i. Let 6 € R. Suppose sin(#) # 0. Then cos() cos(26) cos(220) - ... - cos(2"0) = M for any n € N.
sin((n +1/2)6)

f N.
sin(gj2)  orawne

6 n
ii. Let 6 € IR. Suppose sin <2) # 0. Then 1+ 22(:05(1{:6) =
k=1

iii. Let 6 € R. Suppose sin(2P0) # 0 for any p € N. Then Z 2k tan(280) = cot() — 2" cot(2"110) for any n € N.
k=0

iv. Let 6 € R. Suppose sin(2P0) # 0 for any p € N. Then chc(2k9) = cot(#) — cot(2"0) for any n € N\{0}.
k=1



3.

4.

Fill in the blanks in the blocks below, all labelled by capital-letter Roman numerals, with appropriate words so that they
give respectively a proof for the statement (F) and a proof for the statement (F). (The ‘underline’ for each blank bears
no definite relation with the length of the answer for that blank.)

(a) We prove the statement (E):

n 2
1
(E) Let {an}32 be an infinite sequence of positive real numbers. Suppose E a; = ( —;an) for each n € N.

j=0
Then a, = 2n + 1 for each n € N.

Let {a,}22, be an infinite sequence of positive real numbers. 4]

Denote by P(n) the proposition below:
(ID)

o We verify that P(0) is true:

(I11)
Hence P(0) is true.
. (1v)
We verify that P(k + 1) is true:

V)
Therefore P(k + 1) is true.

(VD)

(b) We prove the statement (F'):

2

(F) Let «, B are the two distinct roots of the polynomial f(x) = x* —x—1. Suppose {a,}22, is the infinite sequence

of real numbers defined by

a; = 1, a 3,
Apt+2 = Qpil T 0n if m>1

Then a,, = o™ + " for each positive integer n.

@

Denote by P(n) the proposition below:

a, = a" + B" and a,41 = o™t 4 gt
o We verify that P(1) is true:

We have a; = (I1)
We also have as = (I1I)
Hence P(1) is true.

. (Iv)
Then a = o + 5’“, and apy1 = ol 4 5k+1-

We verify that P(k + 1) is true:

We have ap41 = V) by (VI)  immediately.
Now we verify that a(,41)+1 = b+ 4 glk+1)+,
(VII)

Therefore P(k + 1) is true.

(VIII)

(a) Fill in the blanks in the blocks below, all labelled by capital-letter Roman numerals, with appropriate words so
that they give respectively a proof for the statement (K), and a proof for the statement (L). Both statements are



referred to as (the ‘inequality part’ of) the Triangle Inequality for complex numbers. (The ‘underline’ for
each blank bears no definite relation with the length of the answer for that blank.)

i. We prove the statement (K):
(K) Suppose p,v € C. Then |p+ v| < |u| + |V

Suppose u, v € €. We have
(lul + W) = lp+v* = @
= 2[uv| — 2Re(uv)
= 2(|up| —Re(ur) ——(x)
Note that (IT) < (I1IT) = |uv|?.
Then Re(uv) < |Re(uv)| < |up|. Therefore |uv| — Re(uv) > 0.
Then by (%), (IV)
Since |p + v| > 0 and (V) , we have |p + v| < |u| + |v|.

ii. We prove the statement (L):

n

(L) Let n € N\{0,1}. Suppose p1, pia,- - , i, € €. Then ij < Z |15l
j=1 j=1

Denote by P(n) the proposition below:
(1) . Then (I1)

o By the statement (L), (I11)

. (IV)

We verify that P(k + 1) is true:

Suppose (V) . Then (VI)
Therefore P(k + 1) is true.

By (VII) , P(n) is true for any n € N\{0, 1}.

(b) By applying the results above, or otherwise, prove the statement (f) below:

4060 ¢ [1050
(8) Let ¢ € C. Suppose 0 < || < 1. Then Z ¢kl < .
k=1050 1—1c

5. Fill in the blanks in the block below, all labelled by capital-letter Roman numerals, with appropriate words so that it
gives a proof for the statement (U), a proof for the statement (V'), and a proof for the statement (W). (The ‘underline’
for each blank bears no definite relation with the length of the answer for that blank.)

(a) We prove the statement (U).

(U) Suppose r is a real number. Then there are at most one rational number a and at most one rational number b

satisfying r = a + by/2.



Suppose r is a real number.

[The desired conclusion is: ‘there are at most one rational number a and at most one rational
number b satisfying r = a + b\/2.” It can be re-formulated as:

‘For any a,a’,b,b’ € Q, if Q8] then (1I1) J]
Pick any a,a’,b,b' € Q. Suppose r = a + by/2 (I11)
Then we have a + bv/2 = a’ + b'/2. Therefore (IV) =a —a.
We verify that b = b'with the help of proof-by-contradiction:
* V)
Then b — &' # 0. We would have (VD)
Since a,a’,b,b’ are rational numbers, (VII) . However, v/2 is an irra-

tional number. Contradiction arises.

Now we have verified that (VIII) . Then @’ —a = (b—')v/2 = 0. Therefore a = a'.

(b) We prove the statement (V):

(V) Suppose ¢ € C\R, and n € €. Then there are at most one a € R and at most one b € R satisfying n = al + b(2.

Suppose €

[The desired conclusion is: ‘there are at most one a € IR and at most one b € R satisfying
n = aC + b2’ Tt can be re-formulated as:

(IT) |

(I11)
(IV) 5 =al+b? and (V) . Then al + b¢% = d/¢ + b/ 2.
Since ¢ ¢ R, wehave (VI) inparticular. Then a+b( = a’4+b'¢. Therefore (b—0')¢ = (VII) .
We verify b = b’ with the help of proof-by-contradiction:

. (VIII)

Then b — V' # 0. Therefore ( = (IX) .

Since a,a’, b, b’ are real, ( would be (X) . However, by assumption, (XI)
Contradiction arises.

Now we have verified that b =b'. Then ¢’ —a = (b— ') = 0. Therefore (XII) also.

(c) We prove the statement (W):
(W) Suppose r € R. Then there is at most one integer n satistying n <r <n+ 1.

(D

[The desired conclusion to be deduced is: ‘there is at most one integer n satisfying n < r <
n+ 1. It can be re-formulated as:

‘ (IT) |

(I11)
Then 0<r—-n<land0<r—-n'<1.
Therefore n —n/ = (IV) =1.
Also,n —n' = (V) = -1
Hence -1 <n—n' < 1.
By assumption, (VI) . Then n — n' is also (VII) .
The (VIII) integer strictly between —1,1is (IX) . Then (X) . Therefore n = n'.




