
Solutions of the Exercises

1. a. The first row of C has a sum exceeding 1 and the first sector is
unprofitable, so we can’t use either Corollary 1 or Corollary 2. The principal
minors of

I − C =

 .5 −.4 −.2
−.2 .7 −.3
−.3 −.4 .6


are 0.5, 0.27, and 0.008, so C is productive by Theorem 2.
b. All three sectors are profitable, so C is productive by Corollary 2.
c. All the row sums of C are 1 or more, so C is not productive by Corollary
5.
d. All three sectors are unprofitable, so C is not productive by Corollary 4.

2. There are many correct answers, including the example

C =

 .5 .15 0
.25 .15 .5
.25 .15 .5


given in the notes. Another is

C =

.1 .2 .3
.2 .3 .4
.3 .4 .5

 ,
which can be shown productive either by using Theorem 2 (the principal
minors of I − C are 0.9, 0.59, and 0.04) or by Theorem 3 (the maximal
eigenvalue of C is λpf ≈ 0.962348).

1



3. If t ≥ 0.5 then no sector is profitable, so C(t) cannot be productive in
that case by Corollary 4. On the other hand, the principal minors of

I − C(t) =

 .3 −.3 −.2
−.1 .6 −.3
−.2 −.4 1 − t


are 0.3, 0.15, and 0.15(0.426667− t), so if 0 ≤ t < 0.426667 then C(t) is pro-
ductive by Theorem 2. If t = 0.426667, then it follows that 1 is an eigenvalue
of C(t), and thus C(t) isn’t productive by Theorem 3. For 0.426667 < t < 0.5
a more refined analysis is needed. (It turns out that C(t) always has an eigen-
value greater than 1 in this case, and so C(t) isn’t productive by Theorem
3.)
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