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Unit S.No Question Marks

1 1 If Pn is the nth prime, then prove that Pn ≤ 22n−1
2m

1 2 Prove that the only prime p for which 3p+ 1 is a perfect square is p = 5. 2m

1 3 Prove that the only prime of the form n3 − 1 is 7. 2m

1 4
State Dirichlet’s theorem an hence deduce that there are infinitely many

primes whose last three digits are 999.
2m

1 5
If Pn is the nth prime, then prove that N = P1 · P2 · · · Pn + 1 is never a

perfect square for any n.
2m

1 6 If n > 2, then prove that there exist a prime p satisfying n < p < n!. 2m

1 7
If p 6= 5 is an odd prime, then prove that p2 − 1 or p2 + 1 is divisible by

10.
2m

1 8 For n ≥ 2, show that the last digit of Fnis 7. 2m

1 9 Find the successor of 2
111

in F257. 2m

2 10 Show that
∑
p
q
∈Fn

p

q
=
|Fn|

2
. 2m

2 11 Prove that F0 · F1 · · · Fn−1 = Fn − 2. 2m

1



2 12 Find the number of elements in Fn. 2m

2 13 Show that Fermat Number Fn for n = 5 is composite. 2m

2 14 Define Farey sequence. 2m

2 15 Show that m
√
N is irrational unless N = nm for any n. 2m

2 16 Show that ϕ(n) =
∑
d|n

µ(d) · n
d

2m

2 17 Define an Arithmetical function with an example. 2m

2 18 State Mobius inversion Formula. 2m

2 19 Define Dirichlet product of two arithematical functions. 2m

2 20
Show that Λ is neither a multiplicative function, nor a completely mul-

tiplicative function.
2m

3 21 Define a multiplicative function with an example. 2m

3 22
Given two completely multiplicative functions f and g, show that f = g

if and only if fp(x) = gp(x) for all primes p.
2m

3 23 Define Bell series. 2m

3 24 Show that
∑
d|n

Λ(d) = log n 2m

3 25 Define Mangoldt function. 2m

3 26
If a′n is the nth complete quotient of a continued fraction [a0, a1, a2, ···, aN ],

then find the integral part of a′N−1.
2m

3 27
If pn

qn
, pn−1

qn−1
are the nth and (n − 1)th convergents of a continued fraction

[a0, a1, a2, · · ·, aN ], then show that pn
qn
− pn−1

qn−1
= (−1)n−1

qn·qn−1
F

2m
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3 28 Express 29
10

as a finite simple continued fraction. 2m

4 29
If [a0, a1, a2, · · ·, aN ] is a finite simple continued fraction, then show that

qn ≥ qn−1 for n ≥ 1.
2m

4 30
If [a0, a1, a2, · · ·, aN ] is a finite simple continued fraction, then show that

qn ≥ n for n ≥ 1.
2m

4 31
If pn

qn
is the nth convergent of a finite simple contiued fraction, then show

that pn
qn

is an irreducible rational number.
2m

4 32 Obtain the continued fraction for x = 1+
√
5

2
. 2m

4 33
If [a0; a1, a2, a3, · · ·] is an infinte simple continued fraction such that it

converges to x , then show that x is an irrational number.
2m

4 34 Define equivalent numbers. Show that any two integers are equivalent. 2m

4 35 Show that the relation ξ ∼ η is an equivalence relation. 2m

4 36 Define periodic continued fraction. 2m

1 37
If p is an odd prime, a, b ∈ Z+ such that (a, p) = (b, p) = (a, b) = 1 and

p|a2 + b2, then show that p ≡ 1( mod 4 ).
3m

1 38
Find the values of n ≥ 1 for which is n! + (n + 1)! + (n + 2)! a perfect

square.
3m

1 39 Prove that 1
P1

+ 1
P2

+ · · ·+ 1
Pn

is never an integer. 4m

1 40 Show that (Fn, Fm) = 1 for n 6= m. 4m

4 41 Show that
√

2 is never equivalent to
√

3. 4m
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1 42 Show that there are infinitely many primes of the form 6n+ 5. 7m

1 43 If Pn is the nth prime, then prove that Pn ∼ n loge n for large n. 7m

2 44 If ϕ(n) is Euler’s function, then show that
∑
d|n

ϕ(d) = n 7m

2 45 Show that ϕ(n) = n
∑
d|n

µ(d)

d
. 7m

2 46
For any two intgers m,n, show that ϕ(m · n) = ϕ(m) · ϕ(n) · d

ϕ(d)
, where

d = (m,n).
7m

2 47 Show that if a|b then ϕ(a)|ϕ(b). 7m

2 48
If both g and f ∗ g are multiplicative, then show that f is also multi-

plicative.
7m

2 49
If f is multiplicative, then show that f is completely multiplicative if and

only if f−1(n) = µ(n) · f(n) ∀ n ≥ 1.
7m

2 50 Show that
∑
d|n

Λ(d) = log n for n ≥ 1. 7m

2 51 Show that for n ≥ 1, Λ(n) =
∑
d|n

µ(d) · log
n

d
= −

∑
d|n

µ(d) · log d. 7m

3 52
Prove that every odd convergent is greater than any even convergent in

a continued fraction. .
7m

3 53
If [a0, a1, a2, · · ·, aN ] is a finite continued fraction, then show that pn =

anpn−1 + pn−2, qn = anqn−1 + qn−2, n ≥ 2.
7m

3 54
Show that the even convergents increase strictly with n while the odd

convergents decrease strictly in a continued fraction.
7m
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3 55 Find the value of the continued fraction [−2; 1, 2, 5, 7, 4, 1, 6] 7m

3 56

If [a0, a1, a2, · · ·, aN ] = [b0, b1, b2, · · ·, bM ] and aN > 1, bN > 1 then prove

that N=M and ai = bi ∀i, 0 ≤ i ≤ N .

Show that if x is representable by a simple continued fraction with an

odd (even) number of convergents, then it is also representable by one

with an even (odd) number.

7m

3 57 Solve the linear diophantine equation 172x+ 50y = 500. 7m

3 58
Given any rational number , show that it can be expressed as a finite

simple continued fraction.
7m

3 59 Show that any infinite simple continued fraction [a0, a1, a2, · · ·] converges. 7m

3 60 If [a0, a1, a2, ···, ] = [b0, b1, b2, ···, ] then show that ai = bi ∀i, i = 0, 1, 2, ··· 7m

4 61
Show that given any irrational number ξ has an infinite simple continued

fraction reprezentation.
7m

4 62 Show that any two rationals are equivalent. 7m

4 63

Show that any two irrational numbers ξ and η are equivalent if and only

if ξ = [a0, a1, a2, ···, am, c0, c1, c2, ···], η = [b0, b1, b2, ···, bn, c0, c1, c2, ···], the

sequence of quotients in ξ after the mth being the same as the sequence

in η after the nth.

7m

4 64 Show that a periodic continued fraction is a quadratic surd. 7m

1 65 Show that
∞∑
i=1

1

Pi

is a divergent series, where Pi is the ith prime. 8m
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1 66
If π(x) is the prime counting function, then show that log logx ≤ π(x)

for x ≥ 2.
8m

2 67 Show that ey is irrational for y 6= 0, y ∈ Q. 8m

2 68

If f is an arithmetical function with f(1) 6= 0 , then show that there is

a unique arithmetical function f−1 called the Dirichlet inverse of f such

that f ∗ f−1 = f−1 ∗ f = I where I(n) =
[
1
n

]
=


1, if n = 1

0 if n > 1

.

8m

1 69 State and prove Pepin’s test. 10m

4 70
Show that the continued fraction which represents a quadratic surd is

periodic.
10m
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