21

1. Not a linear transformation, since y; = 2, + 2 is not linear in our sense.
0 2 0
2. Linear, with matrix {0 0 3
1 00
3. Not linear, since ¢ = 7173 is nonlinear
9 3 -37
2 -9 1
4. A= 4 -9 -9
5 1 5
5. By Fact 2.1.2, the three columns of the 2 x 3 matrix 4 are T(&), T(&), and T(é;), so that
7 6 —13]
A= [11 9 17
1 4 1 4 " 1 4
6. Notethat 21 | 2] + 2 {5} =2 5 [z}]’ so that T is indeed linear, with matrix |2 5
3 6 3 6|47 3 6
I
7. Note that ;71 + -+ - + 2,5, = [?)... T} | --- |, 50 that T is indeed linear, with matrix [ 7, - - Tl
En
. - T+ Tee =y Ll = =20+ T
8. Reducing the system 32y + 200, = gy | we obtain . _ By - oyl

. We have to attempt to solve the equation [;]] = [2 3} {El] for &, and z». Reducing the system
4

6 9]
2y + 3z = m . x + 1.5z, = 0.5
e obta ;
62; + Sxp = we obtain 0= —3p1 + 1

No unique selution {x), z3) can be found for a given (y,%2); the matrix is noninvertible.



- Ta hev T b wml |1 27 |x
11. We have to attempt to solve the equation L}.]] = [3 9} [$2

] for xx; and x». Reducing the system

2 2
X 2. = \ l Iy = Gy — g . L. 3 —=
ot c "2 h we find that 4 :J . The inverse matrix is ;
3r; + Y2 = e ! ¥y = -y 5 -1 3
. T + ks =1 T = Yy — ki . ..
12. Reducing the system |7 TR = e find that |11 Y Y2 1 The inverse matrix is
T = Yo &y = Y

i

13. a. First suppose that a % 0. We have to attempt to solve the equation Bl] = [(; Z} [;1} for =
: . ,2

and Ta.
b R,
ar; + bhe = oy +ay T+ T i
cry 4+ diz o= ¥ cEy A+ dze = ye | —e(T)
b 1
ry T2 = zWu l
i
hey _ _r
(d="hy = =Sy +
b _ 1
. f Sd2 =
act—be v, _ ¢,
(P = =Ly W

We ean solve this system for z; and #; if {and only if) ad — be # 0, as claimed.
If @ = 1), then we have to consider the system

lf,fiﬂﬁcml + dzy; = Yz
i bﬁL‘g = Ul

bra = n
cry, + dxy = 2

We can solve for x; and o3 provided thal both b and ¢ are nonzero, that is if be # 0. Since « = 0,

this means that ad - be # 0, as claimed.

I, First suppose that ad — be # 0 and a # 0. Let D = ad — be for simplicity. We continue our work in

part {(a):
1] i
o . B )
el
f2) T — _ 4 1 —
PR Yl V2| p
b
By 4 -—({{1
T+ fra = S ‘ a( )
r = —py + pyel
. — 1 fur: b,
£ = (,+,plwn — pw
i . I /
Ty = — 5 + s
N ) W ?
X 1 Sl 1
Lpoom %?Jl -+ %Ijz |

Notetlmta FE S T T D

1 be D+ be ad d
all



It follows that | © -— a b . as claimed. If ad - be # 0 and a = 0, then we have
¢ d ad — be | ~cC
to solve the systemn
ey +day = 1| T
bey =1 | +b
. i
fl?l:*;fﬂ»’z:%yz ,L(”)
| c
F2 =
N = - ;—’:,yz - (l Yo
vy o=y
a 617" -4 1 d b
It follows that = " = — {recall that e = 0), as claimed.
e d L ad —be | —¢

v



24. Compare with Example 5.

N
NBY%

25. The matrix represents a dilation by the factor of 2.

2

ARy
o

26. Matrix represents a reflection in the line oy = 4.




(-

27. Matrix represents a reflection in the €) axis.

ars

0 2 21‘2
component remains unchanged.

2. If A= [1 U] , then A [il] = [ 1 ], so that the x; component is multiplied by 2, while the z;
"2

2

Oy
k2

20. Matrix represents a reflection in the origin. Compare with Exercise 17.

(AN
NP

06

01

] , then A [111
I jp]

] = [ 0 ], so that A represents the projection onto the € axis.
2

30. IfA;[






2 I I
A3, a0 T(L) = 3| - |2 | =201 +3za+dxy =123 4] | =
4 T3 T3

The transformation is indeed linear, with matrix [2 3 4].

Ty
b. f ¢ = |22 |, then T is linear with matrix [v1 v vy, as in part {a).
2%
X 0,
¢. Let [a b ¢} be the matrix of 7. Then ¥" |z | = [a b e {32 ] = am +brs + 0z =
T3 Ty

7
that ¥ = | b | does the job.
(&

a
b
¢

T
x2
Iy

. 8O



R 1 I ray — Uy 0 —u g €y
4. Tl =m]x ot = |me—nr | = g 0 -n 2y i, so that T is linear,
3 1 T3 Ve — ML) -1y 3 ] T3

with matrix vy 0 —n
— 1ty o 0



