https://answersun.com/download/
solutions-manual-of-elementary-linear-algebra-with-applications-by-kolman-9th-edition/

LINEAR ALGEBRA

withh APPLICATIONS NintH Epirias

BERNARD KOLMAN DAVID R. HILL

Download full file from answersun.com



http://www.ebook3000.org

https://answersun.com/download/
solutions-manual-of-elementary-linear-algebra-with-applications-by-kolman-9th-edition/
1.1 Systems of Linear Equations 7

It is not difficult to prove that performing these manipulations on a linear sys-
tem leads to an equivalent system. The next example proves this for the second
type of manipulation. Exercises 24 and 25 prove it for the first and third manipu-
lations, respectively.

m Suppose that the ith equation of the linear system (2) is multiplied by the nonzero
constant ¢, producing the linear system

anx) + apxy + -+ apx, = by

anx; + apxs + -+ apxy = by

I

7
ca; Xy + cdpXa + -+ caix, = cb;
Ay X -+ A2 X2 st ppXp = hm-
If x; = 5;.x2 = 5. ....x, = 5, 1s a solution to (2). then it is a solution to all the

equations in (17), except possibly to the ith equation. For the ith equation we have
('(H”Si LR S ar’u-“n) — Cbr'

or
€151 +caiasy + - -+ cdis, = eb;.
Thus the ith equation of (17) 1s also satisfied. Hence every solution to (2) is also

a solution to (17). Conversely, every solution to (17) also satisfies (2). Hence (2)
and (17) are equivalent systems. |

The following example gives an application leading to a linear system of two
equations in three unknowns:

m (Production Planning) A manufacturer makes three different types of chemical
products: A, B, and C. Each product must go through two processing machines:
X and Y. The products require the following times in machines X and ¥':
1. One ton of A requires 2 hours in machine X and 2 hours in machine Y.

2. One ton of B requires 3 hours in machine X and 2 hours in machine Y.
3. One ton of C requires 4 hours in machine X and 3 hours in machine Y.

Machine X is available 80 hours per week, and machine Y is available 60 hours
per week. Since management does not want to keep the expensive machines X and
¥ idle, it would like to know how many tons of each product to make so that the
machines are fully utilized. It is assumed that the manufacturer can sell as much
of the products as 1s made.

To solve this problem, we let x, x,, and x; denote the number of tons of
products A, B, and C, respectively, to be made. The number of hours that machine
X will be used is

2x) + 3x2 + 43,

which must equal 80. Thus we have

2x1 + 3x2 + 4x5 = &0.
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1.2 Matrices 17

We shall sometimes use the summation notation, and we now review this
useful and compact notation.
n
By > a; we mean a; + a; + -+ + a,. The letter 7 is called the index of
i=

summation; it is a dummy variable that can be replaced by another letter. Hence
we can write
n N 1
Ya=3a=3a
i=1 i= k=1

4
Zﬂ; =a) +ax+ay + a,.

i=1

The summation notation satisfies the following properties:

Thus

i n n
L Y (i +s)a =3 riai + 3 sia
i=l

i=1 i=1

n n
2. Y e(ria)) =} _ria
i=1 i=1

n n m n
33 (Ew) =1 (z)
Jj=1 \i=l i=1\ j=1
Property 3 can be interpreted as follows: The left side is obtained by adding all the

entries in each column and then adding all the resulting numbers. The right side
is obtained by adding all the entries in each row and then adding all the resulting

numbers.
If Ay Agyiiis Ay are m x n matricesand ¢, €3, .. ., ¢ are real numbers, then
an expression of the form
c1Ay + Az + -+ Ay (2)
is called a linear combination of A, A», ..., Ay, and ¢y, c3. .... ¢ are called

coefficients.
The linear combination in Equation (2) can also be expressed in summation

notation as
k

ZC{AI: =[.'|Al +C2A2+“'+Ck‘4k'

i=l

m The following are linear combinations of matrices:

0 =3 3 1 A & B
3|2 3 4|- 5 6 2 B
1 -2 -3 -1 -2 3

2[3 —2]-3[5 0]+4[-2 5],

1 0.1
05| —4|+04| -4
-6 0.2
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1.3 Matrix Multiplication 27

columns of matrix A, where the coefficients are the entries in the jth column of
matrix B:

col;(AB) = Acol;(B) = by;col | (A) + byjcala(A) + - - - + byjcol,(A).

m If A and B are the matrices defined in Example 11, then

The columns of AB as linear combinations of the columns of A are given by

4 1 2
coli(AB)=| 6| =Acoli(B)=-2| 3|[+3|4
|17 ] 5
kA 1
cola(AB) = | 17 | = Acolh(B)=3| 3| +2
7 —

col3(AB) = | 16 | = Acola(B) =4 3

h = b Lh B

| |3
6 Iyt

|

Consider the linear system of m equations in n unknowns,

B Linear Systems

anx; + apx; + -+ apX, = by
anx| + anxs + -+ apx, = b

()

A1 X1 T ApaXy + - App Xy = bm-

Now define the following matrices:

ay  danp ain X by

ax  an azy X2 by
A - . 1 o= 5 b —

Ay am2 - Qmp Xn bm
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1.4 Algebraic Properties of Matrix Operations 37

and (verify)
15 1 3 -1 18 0
AC+BC._[7 74]+[5 7]_[12 3]. .

Recall Example 9 in Section 1.3, which shows that AB need not always
equal BA. This is the first significant difference between multiplication of
matrices and multiplication of real numbers.

Theorem 1.3 Properties of Scalar Multiplication
If 7 and s are real numbers and A and B are matrices of the appropriate sizes, then
(a) r(sA) = (rs)A
(b) (r +8)A =rA+sA
(¢) r(A+B)=rA+rB
(d) A(rB) =r(AB)=(rA)B
Proof
Exercises 13, 14, 16, and 18. ]

|_Exampie 5 [
3 =2 1

¢ 1 2
Then E
12 6 9 24 12 18
2(34) =2 = e
e { 6 —9 12] |12 18 24] ’
We also have
6 —4 27
4 2 3 32 —-10 16
A(2B) = 4 0 =-2|= = 2(AB).
()[2—3 4} {0 026] LAH)
0 2 4] i
m Scalar multiplication can be used to change the size of entries in a matrix to meet
prescribed properties. Let
3
7
A= 2
1

Then for k = .l,, the largest entry of kA is 1. Also if the entries of A represent the
volume of products in gallons, for k = 4, kA gives the volume in quarts. |

So far we have seen that multiplication and addition of matrices have much in
common with multiplication and addition of real numbers. We now look at some
properties of the transpose.
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Supplementary Exercises

Let
2 4 0
A=1|0 | 3
0 0 6

Find a matrix B in reduced row echelon form that is row
equivalent to A, using elementary matrices.

. Find all values of a for which the following linear systems

have solutions:
(@ x+2y4+ z=a°
x+ y+3z=a
Ix+4y+7z=8

x+2y+4+ z=a’
X4 Wlr—1g
x4+4y+8:=8

(b)

. Find all values of a for which the following homogeneous

system has nontrivial solutions:

(1 —a)x +z=
—ay+z=0
y+z=10
Find all values of a, b, and ¢ so that the linear system
a
Ax=1|b
&
is consistent for
1 0 2
A=]1 =2
1 3 =10

. Let A be ann x n matrix.

(a) Suppose that the matrix B is obtained from A by
multiplying the jth row of A by k # 0. Find an
elementary row operation that, when applied to B,
gives A.

Suppose that the matrix € is obtained from A by in-
terchanging the ith and jth rows of A. Find an ele-
mentary row operation that, when applied to C, gives
A.

Suppose that the matrix D is obtained from A by
adding & times the jth row of A to its ith row. Find
an elementary row operation that. when applied 1o D,
gives A.

Exercise 5 implies that the effect of any elementary row
operation can be reversed by another (suitable) elemen-
ary row operation.

(e)

(a) Suppose that the matrix E, is obtained from [, by
multiplying the jth row cf 1, by k £ 0. Explain why
E, is nonsingular.

Download full file from answersun.com

10.

11.

12.

Supplementary Exercises 137

(b) Suppose that the matrix E; is obtained from I, by in-
terchanging the ith and jth rows of [,. Explair why
E; is nonsingular.

(¢) Suppose that the matrix Ej is obtained from I, by

adding k times the jth row of /, to its ith row. Ex-

plain why E; is nonsingular.

Find the inverse of

Find the inverse of

As part of a project, two students must determine the in-

verse of a given 10 x 10 matrix A. Each performs the

required calculation, and they return their results 4, and

As, respectively, to the instructor.

(a) What must be true about the two results? Why?

(b) How does the instructor check their work without re-
peating the calculations?

Compute the vector w for each of the following expres-

sions without computing the inverse of any matrix, given

that

1 0 -2 1 W |

A=]1 1 0 E=|2 3 1

0 1 1 1. & -
2.1 0 6
F=|-30 2|, ¥= 7
-1 1 2 -3

(@) w=AYC+Fyv (b)w=(F+2A)C v
Determine all values of s so that

iy 1 427
A=|2 1 1
) s
is nonsingular.
Determine all values of s so that
(s 1 07
A=]1 4% 1
L0 1 & ]

is nonsingular.



https://answersun.com/download/

solutions-manual-of-elementary-linear-algebra-with-applications-by-kolman-9th-edition/

Key Terms

Vectors

Rectangular (Cartesian) coordinate system
Coordinate axes

x-axis, y-axis, z-axis

Origin

Coordinates

2-space, R*

m Exercises

4.1

Tail of a vector

Head of a vector
Directed line segment
Magnitude of a vector
Vector in the plane
Components of a vector
Equal vectors

Vectors in the Plane and in 3-Space

Scalar multiple of a vector

Vecter addition

Zero vector

Difference of vectors

Right- (left-) handed coordinate sys
3-space, R?

Vector in space

1.

In Exercises 7 and 8, determine the components of each vector

. Determine the head of the vector [

. Determine the tail of the vector 4

. For what values of a, b, and ¢ are the vectors

Sketch a directed line segment in R, representing each
of the following vectors:

wa-[3] wee]]
) w= [:;] (dy z= [_g]

_i] whose tail is

(=3, 2). Make a sketch.

. Determine the tail of the vector [2] whose head is (1, 2).

Make a sketch.
)

whose head is
—1
(3,-2,2).

. For what values of ¢ and b are the vectors [a ; b] and

4
al?
{a+b] equal?

2a—b
a—2b
[§]

[ ST 3%

and equal?
a+b—2c

PO.

T

(a) P(1,2),0(3.5)
(b)y P(=2,2,3),0(-3,5.2)

. (a) P(—1.0),0(-3,—4)

(b) P(1,1,2), 0(1, -2, —4)
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tem

In Exercises 9 and 10, find a vector whose tail is the origin

==y
that represents each vector PQ.
9. (a) P(—1.2).0(35
(b) P(1.1,-2), 0(3.4,5)
10. (a) P(2,-3), Q(-2.4)
(b) P(—2.-3,4), 0(0,0. 1)
11. Compute u + v, u — v, 2u, and 3u — 2v if

o[-
-0
@ s-[2o-[3]

12. Compute u + v, 2u — v, 3u — 2v, and 0 — 3vif

(b) u=

" 1 2
(a) u=[2 |, v=|0|:
| 3 1
[ 27 1
(b) u=|—-1|,v= 2
4 ] -3
[ 1] |
(c) u= 0], v= 1
=L 4
13. Let
27 -1 0
u= 3 V= 2], w= 1
-1 4 =1
¢ = —2, and d = 3. Compute each of the following:
(a) u4v
(b) eu+ dw
(c) u+v+w

(d) cu+dv+w
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8.1

. Which of the following can be transition matrices of a

Markov process?

. 02 03 0.1
30 E
@ [03 %] wos s 07
= ’ 00 02 02
= 0.3 04 0.2
5 33 '
(c) ::iq :im] @ [02 00 08
s [ 0.1 03 06
Which of the following are probability vectors?
M1 "
2 0
(@) |4 ) |1
2 0
L3
& e
4 5
L 2
(@ | @ |
3 10
1 2
Lo ] L 10

0.4
06]°

0.7
e [na

(a)y Ex" = [rl}] compute X', x*', and x* to three
decimal places.

(b) Show that T is regular and find its steady-state vec-
tor.

Consider the transition matrix

0 0.2 0.0
Ti=|]'Q 0.3 0.3
1 0.5 0.7
(a) If
0
X 1
0

compute x'", x*, x* and x"*' (o three decimal
places.

(b) Show that T is regular and find its steady-state vec-
tor.

Which of the following transition matrices are regular?
0 0

1
0
Download full file from answersun.com
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. Show that each of the following

Stable Age Distribution in a Population; Markov Processes 487
Lo Ly
@ [0 11 @ |3 00
o ¢ 0 gy

transition malrices
reaches a state of equilibrium:

1 04 02
(@) % 0 (®) [ﬂ.{‘l U.S:|
i1 03 0.1 04
© |1 0 4 ) |02 04 00
19 & 05 05 0.6
L3 o4

. Find the steady-state vector of each of the following reg-

ular matrices:

.

¥ 03 0.1
wola i ®) [0.7 0.9

_" 2

1 1 1

i % 73 04 00 0.1
© |03 32 @ [02 05 03

(2 0 0 04 05 06

(Psychology) A behavioral psychologist places a rat
each day in a cage with two doors, A and B. The rat can
go through door A, where it receives an electric shock, or
through door B, where it receives some food. A record
is made of the door through which the rat passes. At the
start of the experiment, on a Monday, the rat is equally
likely to go through door A as through door B. After
going through door A and receiving a shock, the proba-
bility of going through the same door on the next day is
0.3. After going through door B and receiving food. the
probability of going through the same door on the next
day is 0.6.
(a) Write the transition matrix for the Markov process.
(b) What is the probability of the rat going through door
A on Thursday (the third day after starting the exper-
iment)?
(¢) What is the steady-state vector?
(Socielogy) A study has determined that the occupation
of a boy, as an adult, depends upon the occupation of
his father and is given by the following transition matrix
where P = professional, F = farmer, and L = laborer:

Father's occupation

P F i ]
o p [08 03 02
BN Flol 05 02
OI.LUPJ.“OH 2
L |01 02 06
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transpose of, 18
properties of, 38
type L, 1L, or 11, 117
Matrix,
addition, 15
adjoint, 166
augmented, 28
block diagonal, 81
characteristic equation of, 444
characteristic polynomial of, 444
circulant, 83
coefficient, 28
column echelon form, 86
column rank of, 272
column space of, 270
columns of, 11
complex, A-8
conjugate of, A-9
covariance, 508
defective, 462
definition of, 11
determinant of, 142
diagonal, 42
diagonalizable, 456
eigenvalue of, 442
eigenvector of, 442
element of, 11
elementary, of type L, I1, or IIL, 117
elementary column operation, 87
elementary row operation, 87
encoding, 371
entry of, 11
equality, 14
full rank of, 500
Hermitian, A-10
Householder, 82
idempotent, 81
identity, 42
(i, j)entry , 11
(1. j)th element of, 11
incidence, 13
inertia, 553
of inner product with respect to
ordered basis, 311
inverse of, 46, 121, 165
invertible, 46
involutory. 289
leading one of row, 86
of a linear transformation, 389
lower triangular, 43
main diagonal of, 11
mxn, 11

Markov, 483

multiplication, 22
properties of, 35

negative of, 34

nilpotent, 81

noninvertible, 46

nonsingular. 46

normal, A-11

nullity of, 247

order of. 11

orthogonal, 466

partitioned, 43

polynomial, A-11

positive definite, 311

positive semidefinite, 359

powers, 42

probability, 483

product of, 22

O R-factorization, 326

of a quadratic form, 535

rank of, 272

reduced column echelon form, 86

reduced row echelon form. 86

representation of a linear
transformation, 369

row echelon form, 86

row equivalent, 89

row rank of, 272

row space of, 270

rows of, 11

scalar, 42

scalar multiple of, 16

scalar multiplication of, 16
propetties of, 37

similar, 410

singular, 46

singular value decomposition of, 495

size of, 11

skew Hermitian, A-12

skew symmetric, 43

spectral decomposition of, 488

square, 11

square root of, 80

standard representing, 369

stochastic, 483

storage of multipliers, 135

sub-, 43

subtraction, 16

sum of, 15

symmetric, 43

trace of, 33

transition, 483
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from a basis, 261
of a Markov process, 483
transpose. 18
properties of, 38
triangular, 43
type I, II, or I1I operation, 117
unitary, A-10
upper triangular, 43
zero, 34
Matrix representation, 394, 396
Matrix transformation, 57
range of, 57
Matrix-vector product, 25
as a linear combination of columns,
25
Maximal independent subset, 238
Member of a set, A-1
Method of elimination, 2
Minimal spanning set, 239
Minor, 157
Modulus of complex numbers, A-8
Multiple
scalar, 16
scalar, of a matrix, 16
Multiplication
block, of matrices, 45
of complex numbers, A-6
of matrices, 22
differences from multiplication of
real numbers, 39
propetties of, 35
of partitioned matrices, 43
Multiplicity, of an eigenvalue, 459
Multipliers, storage of, 135
Multivariate data matrix, 507

N

Natural basis, 229
Negation of a statement, A-22
Negative
of a matrix, 34
of a vector, 182, 184, 189
Network analysis, 140
Nilpotent matrix, 81
Nonhomogeneous linear system, 111,
280
Noninvertible matrix, 46; see also
Singular matrix
Nonlinear transformation, 434
Nonsingular matrix, 46
properties of 48
Nontrivial solution to a linear system, 2
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