101 111 1 11 1| -IF
4. —1 -2(I) » |0 -3 3|=+(-3) =0 1. -1 —+
13 4 2] —3(n 0 1 -1 0 1 —1] 11
1 0 2 _ 9
0 1 —1 ,so that © ; -1
[0 0 0
I + Iy = 1 I =1l—-x4
10. The system reduces to Tz — 31y = 2| —|ms =24 31y
Tz + 2ry = =3 rg = =3 —214
Let z4 = £.
Iy 1-1t
Ia 2+3’t . .
%3 _3_9¢ , Where t is an arbitrary real number.
T4 t

18. a. No, since the third column contains two leading ones.
b. Yes

c. No, since the third row contains a leading one, but the second row does not.

d. Yes
30. Plugging the points into f(t), we obtain the system
a = 1
a + b + ¢ + d = 0
a — b 4+ ¢ - d = 0
a + 2b + 4¢ + 8 = -15

with unique solutiona =1, b=2, ¢= —1, and d = —2, so that f(t) = 1+ 2t — t? — 2t3.
(See Figure 1.8.)

fAn=l+2=-r-27

(2, =15)

Figure 1.8: for Problem 1.2.30.



42. Let x,, 73,23, and 24 be the traffic volume at the four locations indicated in Figure 1.11.

Figure 1.11: for Problem 1.2.42.

We are told that the number of cars coming into each intersection is the same as the
number of cars coming out:

1 + 300 =320+ 2 T - Iz = 20
zz + 300 =400+ 3 or Tz — I3 = 100
T3+ x4 + 100 = 250 rs + x4y = 1350
150 + 120 =)+ T4 £ + 14 = 270
I 2710 -t
The solutions are of the form | 2 | = 260 —¢ ;
I3 150 —¢
Ty t

Sinee the z; must be positive integers (or zero), £ must be an integer with 0 < ¢ < 150.

The lowest possible values are =, = 120, z; = 100, z3 = 0, and x4 = 0, while the highest
possible values are z; = 270, zp = 250, x5 = 150, and x4 = 150.

32. The requirement f(a;) = f{,;(a:) and f{'(a;) = fIi,(a;) ensure that at each junction two
different cubics fit “into” one another in a “smooth” way, since they must have the same
slope and be equally curved. The requirement that f](ag) = f1(an) = 0 ensures that the
track is horizontal at the beginning and at the end. How many unknowns are there? There
are n pieces to be fit, and each one is a cubic of the form f{t) = p+ gt + rt* + st3 with
p.q.r, and s to be determined; therefore, there are 4n unknowns. How many equations

are there?

fila) = b fori=12,...,n gives n equations
_f;fﬂ.;_ljl =b_ fori=12...,n gives n equations
fifa:) = fila:) fori=1,2,...,n—1 gives n—1 equations
flas) = fii,(a:) fori=1,2,...,n—1 givesn — 1 equations
filag) =0, frlan) =0 gives 2 equations

Alwogether, we have 4n equations; convince yourself that all these equations are linear.



0 0.2 03] _ 320
Fafi=|01,k=10]|,HKB=|04],b=| 90
0.2 0.5 0 150

b. Recall that z; is the output of industry Iy, and the dth component ag; of 4 is the
demand of Industry [; on industry f; for each dollar of output of industry f;.

Therefore, the product x;ay; (that is, the ith component of z;7;), represents the total
demand of industry I; on Industry I; (in dollars).

c. iy + -+ Tptn + b is the vector whose ith component represents the total demand
on industry [; (consumer demand and interindustry demand combined).

d. The ith component of the equation %) +- - -+ Znila + b = T expresses the requirement
that the output z; of industry I; equal the total demand on that industry.

20. Four, namely [E g] s [3 g], [g é] ' [{1} 2] (k is an arbitrary constant.)



