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Problem Set 3 — Number theory

1. Find the last two digits of
22026.

2. Find the last digit of
77

77

.

3. Find the fifth digit from the right of

55
55

5

4. Let the sequence (an)n∈N be defined by

a1 = 7, an+1 = 7an , n ∈ N.
Let

bn = an mod 100, n ∈ N.
Find all integers that occurs in the sequence (bn)n∈N infinitely many times.

5. The same message m was encrypted using the RSA cryptosystem for three recipients with
public keys

(ni, e), i = 1, 2, 3,

where

n1 = 856205355226618825334201920757106189619224699081629760978379,

n2 = 1328989703057549513436915621825085287854653749432700959218047,

n3 = 454354335307926896909207147444504297415186755348139088337797

and e = 3 (all recipients use the same exponent e). The corresponding ciphertexts are

m̂1 = 740425793465388555119503964648476369739800418029540350718050,

m̂2 = 379024675447467155328545229780563222680646766208695846228599,

m̂3 = 411198195497414070662759224293482345584589805255958400512866.

Decipher the message m. Is it possible to recover m using only two triples (ni, e, m̂i)? Why or
why not?

6. The RSA public key is

n = 1313515961823594815575154913315852207747386471941686554907750978089,

e = 33952409280164118828863932489364912227773802472046082146931865987.

Knowing that the corresponding private exponent is

d = 916068662416111846290622300265918825790030273088625292735182448923

find the prime factorization of n.

7. Bob’s RSA key generation was flawed because he chose two primes p and q whose difference
is too small. His public key in the RSA cryptosystem is

n = 21065697565526050283709340617359483226129252608263375868118038621,

e = 16293777489894186846358032589196527500195521068667278107937310471.

Find Bob’s private key.
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