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What is the l a rges t poss ible de te rminan t of o rde r n, if ze ro and 
one a r e the only en t r i e s a l lowed? This question, las t posed by H a r a r y 
("l~j , s eems difficult,, 

Wil l iamson [2"] obtained the values 1, 1, 2, 3, 5, 9 for n = 1, 2, 
3, 4, 5, 6; and proved the genera l problem equivalent to a s imi l a r 
Hadamard quest ion with allowed en t r i e s 1 and - 1 . 

Cohn [ 3 ] der ived an asymptot ic lower bound, 

( n + 1£-0(n+l) / 2n t 

where c is any posit ive number . The upper bound 

( n + 1 ) ( n + l ) / 2 / 2 n 

follows from H a d a m a r d ' s inequali ty [ 4 l , applied to the 1, -1 ve rs ion 
of the problem. 

Clements and Lindstrorn [5 J have announced the lower bound 

( n + l ) K / Z n . 

where K = (n+1 )(1-(log 4/3) / log(n+l ) ) /2 , and the logar i thms a r e base 
two. 

In this note, I show that the Fibonacci sequence 1, 1, 2, 3, 5, 
8, . . . is a lower bound for the sequences of maximum zero-one de -
t e r m i n a n t s . Also, I compare this bound with the Clements -L inds t ro rn 
bound. 

Theorem: The maximum zero -one de te rminan t of o rde r n is 
at leas t as large as the n Fibonacci number . 

This is proved by exhibiting zero-one matrices whose deter-
minants are the Fibonacci numbers. 

Let-.a(n) be the row vector with n en t r i e s which a r e a l t e rna te ly 
Con 
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one and ze ro , s ta r t ing with one. Consider the n o rde r m a t r i x 
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F(n) = 

a(n) 
1 a (n - l ) 
0 1 

0 

a(2) 
1 a( l ) 

For example, 

F ( l ) = (1), F(2) 1 0 
1 1 

, and F(3) 
/ 1 0 1 

1 1 0 
0 1 1 

Notice that det F( l ) = 1, det F(2) = 1, and det F(3) = 2 . 
Expanding det F(n) by the f i r s t column gives det F(n) = 

/0 a(n-2) 
1 a(n-2) 
0 1 a(n-3) 

det I . 0 1 d e t 

a(2) 

1 a ( l ) l 0 0 
a(2) 

0 1 a ( l ) 

= det F ( n - l ) - (-l)det 

a(n-2) 
1 a(n-3) 
0 1 

0 

a(2) 
1 a ( l ) , 

= det F ( n - l ) + det F(n-2) . Therefore , the sequence det F(n) is the 
Fibonacci sequence. 

To compare this bound with the Clements - Linds t rom bound, ex-
amine the following table . 
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1 n 
| det F(n) 
[jn+l)K/2n 

1 2 
1 1 

. 8 . 9 

3 

2 

1. 1 

4 
3 

1.7 

5 

5 

2 . 8 

6 

8 

5. 2 

7 

13 

10. 1 

8 
21 

21.1 

9 
34 

46. 3 

! 10 
55 

107.2 

11 

89 

259.5 

12 

144 

654.9 

13 

233 

1, 717.7 

14 

377 

4, 669 

15 j 
610 

13, 122 

If n is g r e a t e r than 8, the C l e m e n t s - L i n d s t r o m bound is be t t e r . 
For speciaL n, st i l l be t te r bounds can be found. One of Cohn's 

inequal i t ies ("3 | becomes , for ze ro -one de te rminan t s , 

M(mn-l) > z*™-1**11-1) [ M ( m - l ) ] n [ M ( n - l ) ] m , 
where M(i) is the maximum de te rminan t of o rde r i. If mn-1 = 14 
and mn-1 = 15, then 

M(14) > 6, 912, and 
M(15) > 131,072 . 

The n u m b e r s in the table above were bought from Diane K. Mid-
dents for 2 pa l ind romes . 
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