MATH 031 Applied Linear Algebra
Midterm 2 Review Problems: Detailed Solutions

Source Note

Khoi Vo

These solutions are written for the problems visible in the uploaded review PDF and the
additional uploaded page for Section 2.2 Problems 39-43. The complete requested set is

included below.

Section 2.2: The Inverse of a Matrix

Problems 1-4

For a 2 x 2 matrix

if

then

Problem 1

Compute the determinant:

ad — be # 0,

1 [d b
ad—be |—c al’

-y

det(A) = 8(2) — 3(5) = 16 — 15 = 1.
Since det(A) # 0, the matrix is invertible. Thus,

12 -3
_1__
A _1[—5 8]'

Therefore,




Problem 2

Compute the determinant:

det(A) =3(2) —1(7) =6 —T= —1.
Since det(A) # 0, the matrix is invertible. Therefore,

Lo 12 —1] [-2 1
AT=T | 3T s

Thus,

Problem 3

Compute the determinant:

det(A) = 8(—3) — 3(—7) = —24 + 21 = —3.
Since det(A) # 0, the matrix is invertible. Therefore,

1 [-3 -3 11
SRR R ]
3|7 8 - -8

Thus,

Problem 4

Compute the determinant:
det(A) =3(—4) — (=2)(7) = —12+ 14 = 2.
Since det(A) # 0, the matrix is invertible. Therefore,

1[-4 2 -9
,1__ _
4 _2{—7 3] {—Z

2

N =
[T



Thus,
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L
|
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[

Problem 9

We are given

First compute A~1. We have

det(A) = 1(12) —2(5) =12 — 10 = 2.

Therefore,

So

To solve each equation Ax = b;, use

X:Ailbi.
Forbl,
6 —1| (-1 -9
a=ae- |5 ][]
! A 4
FOYbQ,
6 —1 1 11
a5 ] )=
2 S I —5
Forbg,
6 —1| |2 6
=it =[5 71 -1
3 ST -3 L6 —2
FOYb4,



Thus,

<[ =

[ =]

13
-5

|

Now solve all four systems at once by row reducing

We begin with

Use

Then

|

Next use

So

Finally use

Thus,

The solution vectors are the

[A by by by by].
1 2]-1 1 2
5 12 3 -5 6
R2 — R2 —5R1
1 2]-1 1 2
0 2| 8 —-10 —4
Ry + 1R
2 2 2-
1 2]-1 1 2
0 1| 4 =5 =2
Ry + Ry — 2Rs.
1 0]-9 11 6
(0 1] 4 -5 =2

3
—10 |-

3
)

13
)

|

|

columns on the right side:

|

-9
4

5

[ L5
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Problems 3943

In Problems 39-42, we use the row-reduction algorithm for inverses. The main idea is

[A 1]~ [ A7,

If the left side cannot be row reduced to the identity matrix, then the matrix is not
invertible.

Problem 39

Find the inverse of

12
4=l

if it exists.
Start with the augmented matrix

1 2/1 0
4 710 1 |°

Use

Ry < Ry — 4R;.
Then

1 2 1 0

0 —-1]—-4 1|
Next use

RQ — —RQ.

So

1 2|11 O
0 114 —11|°

Now eliminate the entry above the second pivot:

Ry + Ry — 2R>.
Thus
1 0]-7 2 ]
0 1[4 -—1]
The left side is now the identity matrix, so the right side is the inverse of A. Therefore,
—7 2]
-1 _
S
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Problem 40

Find the inverse of

S
Il

5 10
4 7\’
if it exists.

Start with

5 1071 O
4 710 1 |°

First scale the first row:

1
R1<—3R1.
Then
12110
4 710 1 |°

Now eliminate the entry below the first pivot:

Ry < Ry — 4R;.
This gives

Next make the second pivot equal to 1:

Ry +— —R,.

1 2 0
0 1 -1 |

Now eliminate the entry above the second pivot:

So

(SN

R1 < Rl — 2R2
Then
1 0[-% 2
4
10 1] & -1
Therefore,
7
- 2
A_l - |: 45
= -1




Problem 41

Find the inverse of

1 0 =2
A=|-3 1 4
2 -3 4
if it exists.
Start with the augmented matrix
10 =211 00
-3 1 4]0 10
2 =3 4]0 0 1
Use
RQ(—R2+3R1.
This gives
1 0 —-2/1 00
0 1 =213 10
2 =3 410 01
Use
Rs(—Rg—QRl
Then
1 0 2|1 00
0O 1 =213 10
0 -3 8 |—-2 01

Now eliminate the entry below the second pivot:

R3 < R34+ 3Rs.
So

10 —=2|1 00

01 —=2(3 10

00 2|7 31
Make the third pivot equal to 1:

1
R3<—§R3.

Then



10 =2|1 0 0

01 —-2(3 10

oo 1|1 21
Now eliminate the entries above the third pivot.
First use

R2<—R2+2R3.
Then

10 —2{1 0 0

01 01]10 4 1

o0 11 22
Next use

Rl(—R1+2R3.
This gives

1 00[/8 3 1]

01 0]10 4 1

00 1]3F 3 5|

The left side is the identity matrix, so the right side is A=!. Therefore,

8 3 1
At =110 4 1
7 3 1
2 2 2
Problem 42
Find the inverse of
1 -2 1
A=14 -7 3|,
-2 6 -4
if it exists.
Start with
1 -2 111 00
4 -7 31010
-2 6 =40 0 1

Eliminate entries below the first pivot:

RQ(—R2—4R1, Rs < Rs +2R;.



This gives
1 -2 1 (1 00
0 1 —-1|—-4 10
0 2 =22 01

Now eliminate the entry below the second pivot:

R3 < R3 — 2R,.

Then
1 -2 1 1 0
1

0o 1 —-1,-4
0 0 010 -2

The left side has a zero row, so it is impossible to row reduce the left side to I5. Therefore,
A is not invertible.

0
0
1

A~ does not exist.

Problem 43

We first find the inverses of the two displayed matrices.

The 3 x 3 case. Let

1 00
A3: 1 10
1 1 1
Start with
1 001 0O
1 1 0/0 10
11 1/0 01
Use
Ry < Ry — Ry, Rs < R3 — R;.
Then
1 001 0O
01 0|—-1 10
01 1|{-1 0 1
Now use
R3<—R3—R2.



So

1 0 0] 1 0 0
01 0/-1 1 O
0010 -11
Therefore,
1 0 O
Ayt=|-1 1 0
0 -1 1
The 4 x 4 case. Let

1 0 00

1100

Ai=1111 0

1 1 11

—+

Use the same idea. Subtract each row from the row below it, working from bottom to

top:

R4<—R4—R3, Rg%Rg—Rz, Ry + Ry — R;.
This changes the left side to 4. The right side becomes

10 0 0

-1 1 0 0

0O -1 1 0

0 0 —-11

Thus,

1 0 0 0
4 _|=1 1 0 0
A= 0O -1 1 0
0 0 —-11

The general n x n case. Let A be the n X n matrix whose entries are

{1, =y
Qij = . .
0, 2<7.
So A has 1’s on and below the main diagonal, and 0’s above the main diagonal. Based
on the 3 x 3 and 4 x 4 cases, we guess that B = A~! is the matrix

10



L i=y

bij=4q -1 i=j+1,
0, otherwise.
In other words,
1 0 0 0]
-1 1 0 0
B=10 —-11 0 7
00 0 - 1

where the entries directly below the main diagonal are —1.
Now prove that this guess is correct.
First compute AB. The (i, ) entry of AB is

n

(AB)ZJ = Z aikbkj.

k=1
Since column j of B has nonzero entries only in positions 7 and j + 1, we get

(AB)” = Q45 — Q4 541
for j < n. If j =n, then
For j < n, there are three cases:
o If i < j, then a;; =0 and a; ;41 =0, so (AB);; = 0.
o Ifi= j, then Q5 = 1 and A j4+1 = 07 S0 (AB)U =1
o If i > j, then a;; =1 and a; ;41 = 1, so (AB);; = 0.
For j = n, we have a;, = 1 only when ¢ = n, and a;, = 0 otherwise. Therefore,

AB = 1,.

Now compute BA. For i = 1, row 1 of B is the first standard row vector, so row 1 of BA
equals row 1 of A, which is

100 --- 0].

For ¢ > 1, row 7 of B has —1 in column 7 — 1 and 1 in column 4. Therefore,

(BA)U = @ij — ai,ljj.

Again, there are three cases:

11



o If j >4, then a;; =0 and a;,_1; =0, so (BA);; = 0.
o If j =i, then a;; =1 and a;_1; =0, so (BA);; = 1.
o If j < i, then a;; =1 and a;_1; =1, s0 (BA);; =0.
Therefore,

BA =1,.
Since both

AB =1, and BA =1,

we conclude that

B=A"1

Section 2.3: Characterizations of Invertible Matrices

Problems 1-8

Unless otherwise specified, each matrix is square. A square matrix is invertible if and only if
its determinant is nonzero. Equivalently, it is invertible if and only if it has a pivot in every
column.

Problem 1
5 7
A= {_3 ’ 6} .
det(A) = 5(—6) — 7(—3) = =30+ 21 = —9.
Since det(A) # 0,

| A is invertible. |

Problem 2
-4 6
A= [ ; _9} .
det(A) = (—4)(—9) — 6(6) = 36 — 36 = 0.
Since det(A) = 0,

| A is not invertible. |

12



Problem 3

5 0 0
A=1-3 =7 0
8 5 —1

This is a lower triangular matrix. The determinant of a triangular matrix is the product
of its diagonal entries:

det(A) = 5(=T7)(—1) = 35.
Since det(A) # 0,

| A is invertible. |

Problem 4
-7 0 4
A=|3 0 -1
2 0 9

The second column is the zero column. Therefore, the columns cannot be linearly inde-
pendent. Hence the matrix cannot be invertible.

| A is not invertible. |

Problem 5
0 3 -5
A= |1 0 2
-4 -9 7

Notice that

3Ry + 4Ry + R = 0.
Indeed,

3[0 3 5] +4[1 0 2]+[-4 -9 7]=1[0 0 0].

Thus the rows are linearly dependent, so the matrix is not invertible.

| A is not invertible. |

13



Problem 6

1 -5 —4
A=10 3 4
-3 6 0

Notice that

3Ry + 3Ry + R3 = 0.
Indeed,

3[1 =5 —4]+3[0 3 4]+ [-3 6 0]=[0 0 0].

Thus the rows are linearly dependent, so the matrix is not invertible.

| A is not invertible. |

Problem 7
-1 -3 0 1
3 5 8 =3
A= -2 -6 3 2
0o -1 2 1
A determinant computation gives
det(A) = 12.

Since det(A) # 0,

| A is invertible. |

Problem 8
1 3 7 4
0 59 6
A=100 2 s
0 0 0 10

This is an upper triangular matrix. Therefore,

det(A) = 1(5)(2)(10) = 100.
Since det(A) # 0,

| A is invertible. |

14



Section 4.1: Vector Spaces and Subspaces

Problem 9
Let

H = 3s| :se€eR
2s
Factor out the parameter s:
S 1
3s| =s |3
2s 2
Therefore,
1
H = Span< |3
2
Thus we may take
1
v=|3
2

Because H is the span of a vector in R?, it is a subspace of R3.

H is a subspace of R3.

Problem 10
Let
[ 2t
H= 0] :teR
|t
Factor out the parameter t:
2t | 2
=t |0
t] 1
Therefore,
2
H = Span 0
1

15



Since a span is always a subspace,

H is a subspace of R?.

Problem 11
Let
5b + 2¢
W = b tb,ceR
c
Separate the parameters b and c:
ob + 2c¢ 5 2
b =b|l|+c|O
c 0 1
Thus,
5 2
W = Span 11,10
0 1
So we may choose
5 2
u= |1}, v=10
0 1

Since W is a span, it is a subspace of R3.

W is a subspace of R3.

Problem 12
Let
s + 3t
s—t
W = 9g _ ¢ s,teR
| 4t
Separate the parameters:
s+ 3t 1 3
s—t| _ 1 y —1
2 —t| 72 1
4t | 0 4

16



Therefore,

W = Span

Since W is a span,

Problem 13
Let
1 2 4 3
Vi = 0 s Vo = 1 s V3 = 2 s w= |1
-1 3 6 2
Part (a)
The set

{Vla Vo, VS}

contains exactly three vectors.

The vector w is not equal to vy, v, or vs.
Thus,

W ¢ {V17 Vo, V3}-

Part (b)
The span

Spaﬂ{Vh Vo, V3}

contains all linear combinations of the vectors. Since these vectors are not all zero, the
span contains infinitely many vectors.

Span{vy, v, v3} contains infinitely many vectors.

17



Part (c)
We test whether

W = (V] + CaVa + C3V3.

One solution is

61:1, 02:1, 03:0.
Indeed,
1 2 3
Vi + Vo = 0 + 1l = 11| = W.
-1 3 2
Therefore,
w € Span{vy, vy, v3}.
Problem 14

Let

We want to know if

w € Span{vy, va, v3}.

This means we need to solve

1 2 4 8
ci | 0| +e |1 +c3|2] =4
—1 3 6 7

The augmented matrix row reduces to a matrix with an inconsistent row:

1 2 4|8 1 0 0[]0
0 1 2141 ~]101 20
-1 3 6|7 00 0]1
The row
0=1
is impossible. Therefore the system is inconsistent.
Thus,

w ¢ Span{vy, vy, v3}.

18



Section 4.2: Null Spaces, Column Spaces, and Linear
Transformations

Problems 3-6
Problem 3

Row reduce:

The equations are

ZL‘1—7CL’3+61’4:0, ZE2+4ZE3—25L‘4:0.

Let
T3 =8, T4 = 1.
Then
r1 =T7s — 6t, To = —4s + 2t.
Thus,
7 —6
X = —4 + 1 2
— 1 0
0 1
Therefore,
7 —6
—4 2
Nul(A) = Span 1o
0 1
Problem 4

Row reduce:

1—64ON1—600
0 0 20 0 0 1 0f°



The equations are

$1—61’2:O, 1’3:0.
Let
Ty = S, Ty =1
Then
r1 = 0s, 3 =20
Thus,
6 0
X = 1 + 1 0
~ 7o 0
0 1
Therefore,
6 0
Nul(A) = Span (1] , 8
0 1
Problem 5

1 =20 4 0
A=|0 0 1 -9 0
0 0 0 0 1

This matrix is already in echelon form. The equations are

r1 — 229 + 44 = 0, r3 — 924 = 0, x5 = 0.
Let
Ty = 8, Ty =1
Then
r1 = 25 — 4t, r3 = 9t, x5 = 0.
Thus,
2 —4
1 0
x=s|0]+t| 9
0 1
0 0



Therefore,

2 —4
1 0
Nul(A) = Span<g |0, ] 9
0 1
0 0
Problem 6
15 -4 =31
A=101 -2 1 0
00 0 0 O
Row reduce:
15 -4 =31 10 6 -8 1
01 -2 1 0f~]01 -2 1 O
00 0 0 0 00 0 0 0
The equations are
J}1+6I3—85L’4+$5:O, $2—25L’3+l’4:0.
Let
T3 = S, Ty =1, Ty =1U
Then
r1 = —6s + 8 — u, To = 28 — t.
Therefore,
—6 8 —1
2 —1 0
x=s|1|+¢t|0|4+u]| 0
0 1 0
0 0 1
Thus,
—6 8 —1
2 —1 0
Nul(A) = Span 11,101,160
0 1 0
0 0 1

21



Problems 7-14
Problem 7

a
W = bl ta+b+c=2
c

This set is not a vector space because it does not contain the zero vector. Indeed,

0+0+0=0#2.

Therefore,
W is not a vector space.‘
Problem 8
r
W = sl :or—1=s+2t
t
Rewrite the equation as
5r —s—2t =1.

The zero vector does not satisfy this equation because

5(0) — 0 —2(0) =0 # 1.

Therefore,

’W is not a vector space.‘

Problem 9

W = ca—2b=4c, 2a=c+3d

QO o

Rewrite the equations as

a—2b—4c=0, 2a —c—3d = 0.

These are homogeneous linear equations. The solution set of a homogeneous system is
always a subspace.
Therefore,

W is a vector space.

22



Problem 10

W = ca+3b=c, b+c+a=d

QU O o

Rewrite the equations as

a+3b—c=0, a+b+c—d=0.

These are homogeneous linear equations. Therefore, W is the solution set of a homoge-
neous system.

Thus,
W is a vector space.
Problem 11
b—2d
W= b5j365i hdek
d

This set is not a vector space because it does not contain the zero vector. If the vector
were zero, then from the fourth component we would need

d=0.

But then the second component becomes

5+d=5#0.
So the zero vector is not in W.
Therefore,
W is not a vector space.
Problem 12
b— 5d
2b
W = 2 +1] b,d e R
d

This set is not a vector space because it does not contain the zero vector. If the fourth
component is zero, then

d=0.
But then the third component is

23



2d+1=1#0.

Therefore,
W is not a vector space.‘
Problem 13
[c — 6d
W = d e, deR 3.
| ¢
Separate the parameters:
c— 6d] 1] —6
d =c |0 4+d]| 1.
c | | 1] 0
Therefore,
(1] [—6
W =Spang |0], | 1
1 0

Since W is a span,

W is a vector space.

Problem 14
—a+2b
W = a—2b | :a,beR
3a — 6b
Separate the parameters:
—a+2b —1 2
a—2b | =a| 1| +b|-2
3a — 6b 3 —6
But
2 -1
2| =-211
—6 3
Therefore,
—1
W = Span 1



Since W is a span,

’W is a vector space. ‘

Section 4.3: Linearly Independent Sets; Bases

Problems 1-8

For subsets of R3, a set is a basis for R? exactly when it contains three linearly independent
vectors. Equivalently, if the vectors are placed as columns of a matrix, the matrix must have

rank 3.

Problem 1

1 1 1

Of,(1],]1

0 0 1

Place the vectors as columns:

1 11

A=1(0 1 1

0 01

This matrix is upper triangular with determinant

det(A) = 1.

Therefore, the columns are linearly independent and span R3.

This set is a basis for R3.

Problem 2
1 0 0
0],]0],]|1
1 0 0

This set contains the zero vector. Any set containing the zero vector is linearly dependent.
Also, the rank is only 2, so the set does not span R3.

Not a basis; linearly dependent; does not span R?.

25



Problem 3

1 3 -3
O, 2],]-5
-2 —4 1

Row reducing the matrix with these columns gives rank 2. Since there are three vectors
but rank is not 3, the vectors are linearly dependent and do not span R3.

Not a basis; linearly dependent; does not span R?.

Problem 4

2 1 -7
=20,1-3|,| 5
1 2 4

The determinant of the matrix with these vectors as columns is

—24.

Since the determinant is nonzero, the vectors are linearly independent and span R3.

This set is a basis for R?.

Problem 5

This set has four vectors in R?, so it cannot be linearly independent. It also contains the
zero vector, so it is definitely linearly dependent.
However, row reduction gives rank 3, so the vectors span R3.

Not a basis; linearly dependent; spans R?.

Problem 6
1 —4
2 1,|-5
-3 6

There are only two vectors in R?, so they cannot span R?. Since neither vector is a scalar
multiple of the other, they are linearly independent.

Not a basis; linearly independent; does not span R?.

26



Problem 7
—2 6
31, (-1
0 5

There are only two vectors in R3, so they cannot span R3. Since neither vector is a scalar
multiple of the other, they are linearly independent.

Not a basis; linearly independent; does not span R?.

Problem 8

This set has four vectors in R?, so it cannot be linearly independent. However, row
reducing the matrix with these vectors as columns gives rank 3. Hence the vectors span R3.

Not a basis; linearly dependent; spans R3.

Problems 9-10
Problem 9

S

I
w O =

[S—y

|

ot

B~

Row reducing gives

S

2
o o=
o~ o
|
ot
NN

The equations are

r1 — 3x3 + 224 = 0, To — dx3 + 44 = 0.

Let
T3 =S, Ty = 1.
Then
r1 = 3s — 2t, To = Hs — 4t.
Thus,

27



3 -2
—s P e |
X=5 1 0
0 1
Therefore,
3 -2
5) —4
Nul(A) = Span o lo
0 1
Problem 10

D
|

|
[\]
—
D

|
[\

|
[\

Row reducing gives

10 -5 0 7
A~ 1 -4 0 6
00 0 1 =3

The equations are

ZE1—5£L‘3+7(L'5:O, $2—4ZE3+6ZE5:0, {L‘4—3(L'5:O.

Let
T3 =S, Ts5 = t.
Then
r1 = bs — Tt, To = 4s — 6t, T4 = 3t.

Thus,

5 -7

4 —6

x=s|1|+¢t] 0

0 3

0 1
Therefore,

28



5 -7
4 —6
Nul(A) = Spang [1|,] 0
0 3
0 1
Problems 13-14
Problem 13
Suppose A is row equivalent to
1 0 6 5
B=10 2 5 3],
0000
where
-2 4 -2 —4
A=12 -6 -3 1
-3 8 2 =3

The pivot columns of B are columns 1 and 2. Therefore, a basis for Col(A) is given by
the corresponding columns of A:

-2 4
Col(A) = Span 2 |,|-6
-3 8

A basis for Row(A) is given by the nonzero rows of B:

Row(A) =Span{[1 0 6 5],[0 2 5 3]}.
To find Nul(A), solve Bx = 0:

X1 + 6l’3 + 5ZE4 = 0, 21’2 + 5?[73 + 3ZE4 = 0

Let 23 = 2s and z4 = 2t to avoid fractions. Then

r1 = —12s — 10¢, Ty = —bs — 3t.

Thus,
—12 —10
X =S5 = +1 -3
o 2 0
0 2
Therefore,

29



—12 —10
-5 -3
Nul(A) = Span 5 || o
0 2
Problem 14
Suppose A is row equivalent to
1 20 4 5
005 =7 8
B = 000 0 =9’
000 0 O
where
1 2 -5 11 -3
2 4 =5 15 2
A= 12 0 4 5
3 6 =5 19 -2

The pivot columns of B are columns 1, 3, and 5. Therefore, a basis for Col(A) is given
by columns 1, 3, and 5 of the original matrix A:

Col(A) = Span

A basis for Row(A) is given by the nonzero rows of B:

Row(A) =Span{[1 2 0 4 5,0 0 5 =7 8],[0 0 0 0 —9]}.

To find Nul(A), solve Bx = 0. The equations are

T +2£IZ’2 +4:1:4+5x5 = O,

533'3 — 733'4 + 8375 = 0,

—91'5

From the third equation,

=0.

$5:0.

Let

Tg = S,

Ty = 5t.

30



Then

Thus,
-2 —20
1 0
x=s|0|+t| 7
0 5
0 0
Therefore,
-2 -20
1 0
Nul(A) = Span 01, 7
0 5
0 0

Problems 15-18

For each problem, place the given vectors as columns of a matrix. The pivot columns of that
matrix form a basis for the space spanned by the given vectors.

Problem 15

The given vectors are

1 0 -3
0 1 —4
Vl - _3 ) V2 - 2 ) V3 1 )
2 -3 6
1 2

Vyq = - y V5= !

—8 —6

7 9

Row reduction shows that the pivot columns are columns 1, 2, and 4.
Therefore, a basis for the span is

1 0 1
0 1 -3
=372 |-8
2 -3 7

31



Problem 16

The given vectors are

1 —2 6
0 1 -1
Vi = 0l Vo = —11l> V3 = 2 )
1 1 -1
) 0
-3 3
Vy = 3| Vo= 1_1
—4 1

Row reduction shows that the pivot columns are columns 1, 2, and 3.
Therefore, a basis for the span is

1 -2 6
0 1 -1
O’ [—-1]"1] 2
1 1 —1
Problem 17
The given vectors are
8 4 -1
9 5 —4
V] = -3 , Vg = 1 , V3= -9 s
—6 —4 6
0 4 -7
6 -1
8 4
Vyq4 = 4 s Vy = 11
-7 -8
10 -7

Row reduction shows that the pivot columns are columns 1, 2, and 3.
Therefore, a basis for the span is

8 4 -1
9 5 —4
=3,({11],[-9
—6 —4 6
0 4 -7

32



Problem 18

The given vectors are

—8 8 -8
7 =7 7
V] = 6 , Vg = -9 , V3= 4 s
b} -5 5
-7 7 —7
1 -9
4 3
V4 = 9 , V5= —4
6 -1
=7 0

Row reduction shows that the pivot columns are columns 1, 2, and 4.
Therefore, a basis for the span is

-8 8 1
7 -7 4
6 (,]-9,]9
5 ) 6
-7 7 -7

Section 4.4: Coordinate Systems

Problems 1-4

If
B ={by,...,b,}
and
&1
xlg=1|:],
Cp,
then
X =cby 4+ -+ ¢,b,.
Problem 1






Problem 4

Thus,

Compute:

Problems 5—8

To find [x]p, solve

X =

-1 3 4
2 1,1-5, -7
0 2 3
-1 3
x=—4|2|+8|[-5| -7
0 2
4 24 —28
—8| + |40 + | 49 | =
0 16 -21
0
x=11
-5

The coordinate vector is

Problem 5

Solve

This gives

Therefore,

X201b1+"'+0nbn.
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Problem 6

Solve

The solution is

C1 = —6, Cy = 2
Thus,
—6
X = ||
Problem 7
1 -3 2
bl = |[—1 ) b2 - Z ) b3 = | -2 )
-3 9 4
Solving
c1by + coby + c3bs = x
gives
Clz—l, 62:_17 03:3.
Therefore,
-1
x]p = |—1
3
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Problem 8

1 2 1 3
b1: 0 s b2: 1 s b3: —1 s x=|—5
3 8 2 4
Solving
c1by + coby + c3bs = x
gives
Cc1 = —2, Cy = 0, C3 — 5.
Therefore,
-2
[X]B = 0
5

Problems 9-10

The change-of-coordinates matrix from B-coordinates to standard coordinates is

Py = [bl by --- bn}.
Problem 9
2 1
s={[ %) [+}
Therefore,
2 1
Pa= |’y
Problem 10
3 2 8
B = —1{,]101],[|-2
4 -5 7
Therefore,
3 2 8
Pg=1|-1 0 =2
4 -5 7
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Problems 11-12

To find [x]p using an inverse matrix, first form

Then

SO

Problem 11

Thus,

Compute

Therefore,

Thus,

Problem 12

Thus,

Compute

PB:[bl b2:|

X = PB[X]B,

[x|p = Pglx.




Therefore,

Thus,

Copyright
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