
Number Theory 

Questions 
 
 
Q1. 
  

The highest common factor of 963 and 657 is c. 

(a)  Use the Euclidean algorithm to find the value of c. 

(3) 

(b)  Hence find integers a and b such that 

963a + 657b = c 

(3) 

  

(Total for question = 6 marks) 

  

 
 
 
Q2. 
  

In this question you must show all stages of your working. 

Solutions relying on calculator technology are not acceptable. 

(i)  (a)  Use the Euclidean algorithm to find the highest common factor h of 416 and 72 

(3) 
(b)  Hence determine integers a and b such that 

416a + 72b = h 

(3) 
(c)  Determine the value c in the set 0,1,2...,415 such that 

23 × 72 ≡ c (mod 416) 

(2) 

(ii)  Evaluate 510 (mod 13) giving your answer as the smallest positive integer solution. 

(3) 

  

(Total for question = 11 marks) 
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Q3. 
  

(i)  Use Fermat's Little Theorem to find the least positive residue of 6542 modulo 13 

(5) 

(ii)  Seven students, Alan, Brenda, Charles, Devindra, Enid, Felix and Graham, are attending 
a concert and will sit in a particular row of 7 seats. Find the number of ways they can be 
seated if 

(a)  there are no restrictions where they sit in the row, 

(1) 

(b)  Alan, Enid, Felix and Graham sit together, 

(2) 

(c)  Brenda sits at one end of the row and Graham sits at the other end of the row, 

(2) 

(d)  Charles and Devindra do not sit together. 

(2) 

  

(Total for question = 12 marks) 

  

 
 
 
Q4. 
  

(i)  Determine all the possible integers a, where a > 3, such that 

15 ≡ 3mod a 

(2) 

(ii)  Show that if p is prime, x is an integer and x2 ≡ 1mod p then either 

x ≡ 1mod p     or     x ≡ −1mod p 

(3) 

(iii)  A company has £13 940 220 to share between 11 charities. 

Without performing any division and showing all your working, decide if it is  
possible to share this money equally between the 11 charities. 

(2) 

  

(Total for question = 7 marks) 
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Q5. 
  

In this question you must show detailed reasoning. 

Without performing any division, explain why n = 20 210 520 is divisible by 66 

(4) 

  

(Total for question = 4 marks) 

  

 
 
Q6. 
  

(a)  Use the Euclidean Algorithm to find integers a and b such that 

125a + 87b = 1 

(5) 

(b)  Hence write down a multiplicative inverse of 87 modulo 125 

(1) 

(c)  Solve the linear congruence 

87x ≡ 16 (mod 125) 

(2) 

  

(Total for question = 8 marks) 

  

 
 
Q7. 
  

(a)  Use the Euclidean algorithm to show that 124 and 17 are relatively prime (coprime). 

(2) 

(b)  Hence solve the equation 

124x + 17y = 10 

(3) 

(c)  Solve the congruence equation 

124x ≡ 6 mod 17 

(2) 

  

(Total for question = 7 marks) 
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Q8. 
  

(i)   Without performing any division, explain why 8184 is divisible by 6 

(2) 

(ii)  Use the Euclidean algorithm to find integers a and b such that 

27a + 31b = 1 

(4) 

  

(Total for question = 6 marks) 

  

 
 
Q9. 
  

(i)  Using a suitable algorithm and without performing any division, determine whether 23 
738 is divisible by 11 

(2) 

(ii)  Use the Euclidean algorithm to find the highest common factor of 2322 and 654 

(3) 

  

(Total for question = 5 marks) 

  

 
 
Q10. 
  

(i)   Use the Euclidean algorithm to find the highest common factor of 602 and 161. 

Show each step of the algorithm. 
(3) 

(ii)  The digits which can be used in a security code are 1, 2, 3, 4, 5, 6, 7, 8 and 9 

Originally the code used consisted of two distinct odd digits, followed by three distinct 
even digits. 
To enable more codes to be generated, a new system is devised. This uses two distinct 
even digits, followed by any three other distinct digits. No digits are repeated. 
Find the increase in the number of possible codes which results from using the new 
system. 

(4) 

  

(Total for question = 7 marks) 
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