
Homework Assignment for Mariner 9 Mission

Read Cameron, pp. 267-268 (section 16.6 Project: Hadamard Matrices), pp. 271-276 
(sections 17.1 and 17.2 of Error Correcting Codes).

1. Prove that multiplying a row of a Hadamard matrix by -1 produces another Hadamard 
matrix.

2. Two Hadamard matrices of the same size are said to be equivalent if one can be 
obtained from the other by some combination of a) multiplying some rows and/or 
columns by -1, b) permuting rows and/or columns or c) taking transposes. Show that, 
up to equivalence, there is a unique Hadamard matrix of orders 4, 8 and 12.

3. Use the Hadamard matrix H=1 1 1 1
1 1 −1 −1
1 −1 1 −1
1 −1 −1 1  to construct a Hadamard matrix of 

order 8.
4. Prove that the Hamming distance between words of V(n,k) satisfies the triangle 

inequality [ d(x,y) + d(y,z) ≥ d(x,z)  for all x,y,z in V(n,k)] and is thus a metric. 
5. Suppose that S is a set of binary codewords in V(n,2) with Hamming distance d(a,b) = 

s (a constant) for each pair of codewords a and b in S. Let T be defined from S by 
taking complements of words in S (interchanging 0 and 1). 
a) What is the distance between two words of T?
b) What is the distance between a word of S and a word of T?
c) If n = 12 and s = 5, how many errors will the code T detect? How many will it 
correct?
d) Form a new code by combining S and T. If n = 12 and s = 5, how many errors will 
this new code detect? How many will it correct?

6. Suppose that the rows of the order 8 Hadamard matrix constructed in problem 3, are 
used as codewords (with -1's replaced by 0's). If a received word is 11001101 what is 
the most likely codeword that was sent?

7. As in problem 6, how would the received word 11101101 be decoded?


