2.1 1 4 1 4], . N
6. Notethat -, | 2| + 22 |8 = |2 5. [ ‘}, so that T is indeed linear, with matrix |2 §
3 6 3 6|1™ 3 6

—

14. a. By Exercise 13(a) [i 2] is invertible if (and only if) 2k — 15 # 0, or k # 7.5.

yol
9 3 H -t
b. By Exercise 13{b). [5 ;J =% {mg j]

: 2
2%k —-15 2k -~15" 2k-15

If all entries of this inverse are integers, then is a (nonzero) integer n,

1 1 k 1

so that 2k — 15 = ~ or k = 7.5 + —. Since ———— = kn = 7.5n + = is an integer as well, 1 must

:)O lii ‘] n dfgn 2k——15 2 5 g g A8 W
e odd. :

. . . S i .
‘e have shown: If all entries of the inverse are integers, then k =7.5 + v where n is an odd
a1

. ol
integer. The converse is true as well: If k is chosen in this way, then the entries of [; 2] will be

24. Compare with Example 5.

)
N

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

ahy
£

&
26. Matrix represents a reflection in the line Ty = Xy,

AR
X

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

SR
N4

i




28. If A= [(1) g} , then A [f‘J = [ 2‘";‘2], so that the z, component is multiplied by 2, while the z,
'3
component remains unchanged.

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

(A
\J/

30. IfA = [g ?J, then A [2] = [:2] » 80 that A represents the projection onto the & axis.

) S
.1

34. As in Exercise 33, we find T'(é) and T'(&); then by Fact 2.1.2, A = [T(&) T(ém))]

4

P cosa  —sina
Therefore, 4 = | .
= , $in ¢ COs o

image of x, axis
@)

image of x, axis

Ty

T@)

image of x, axis

-4 1 0] %] o] |-k 4+ m =
b. Solve the equation Lo o1 Ty | =gl Or

~4e + Ty =



":1' 1 0 %1 - "L.‘I? 1+ x =0
b. Solve the equation f Ty | == [ 8] or i
-3 0 1) z3 ~3¥1 +- Ty =0
‘ Ty 2t
The solutions are of the form [z, | = | ¢ » where t is an arbitrary real number. These points are
Ty t

on the line through the origin and the observer's eve.

2 Ty -l Iy
482 T(@) = | 3| |2 | =20, + 30y + 4z = (234] |
4 :ngJ T3

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

|

vy
b. If &= | v |, then T is linear with matrix [v1 v2 vy}, as in part (a).
v3
€Ty €y a €Ty
c. Let la b ¢] be the matrix of T. Then T' ) =labd |z | =ar, +brytery= | b . T2 !, 80
z3 ] - 4 C Ty
a
that & = | b | does the job.
C
- ™
2 41 T Wty — V3 - ke T g -
M Tyl = |y | x ﬂ'-zlv = v?xf - v:;f = 1(3; ?(; m:f o i bhat T e T §
; : > 1 Tz |, 80 that 7" is linear,
T Uy T3 V1Ty — U3 /I O 0 T3
0 -y » E
with matrix | w0 —y, S —
-y ] |
1 1 2
Il =1 -]1 i, where 4 is a unit vector on L. To get @, we normalize | 1
1 1 2
L. 1] 5, [2 ¥ -
% = 3 1/, sothat proj; | 1] = 3'3 1] = 3 »
. 1 2 LQQ

Ig.r Proceeding as in Exercise 13, we find that A is the matrix whose ijth entry is 2uu; if ¢  j and uf ~ 1
ifi=j:

ui -1 2uwuy ... 2ugu.
Quuy ui-1 ... 2usu,

Quaw 2ugur ..o ud -1

18, o D e



16 b. By Fact 2.1.2. the matrix of T is (T(&1) T(&)).

sy |08 (200
Té) [sin(Za)]

(&) is the unit vector in the fourth quadrant perpendicular to T(#y) = [""5(2“)

sin{2a) ]" so that

TR sin(20r 20 i
(&) = [_ (;(_)S(‘.Za)}]' The matrix of T is therefore [Cf"‘"(f“) sin(2a)
sin{2a)  —cos{2a) |

since

o
“

lternatively, we can use the result of Exercise 13, with [”‘} = [ms “11 to find tt i
. : 16 matnx

9 cos® ‘ i
2co8“a— 1 2cosovsing
Jeosasineg  2sinfa—1]

¢ < & ? e e LS agree.
1 use 1%()”0“19( 1 1(l€[ ities t() Qh()\v thai fhe WO l(“)\l“ 5 agree
You cax tr X lt t1 t 3 ARG

18, If 7" is indeed ar i ilati '
a reflection-dilation, then the factor of dilatiou is |T°(&){f = I 3 i = B, s i
leaves the length of a vector unchanged. L e

Now write {3 1] _ fos 03], -
4 -3 08 —06 | Weneed to verify that the matrix [“"’ 0

0.8 —0 } represents a

8
R
2
i
Vi
i
Vh

reflection. The result of Exercis
> result of Exercise 13 shows that this is indeed the case, with [7“}
Ty :
uy

24. a. Compare the Example 6.

b. ;Vze Zlaim that T is a shear parallel to the &, axis L. We need to check the two parts of Definition

, 1 0110 0

e[t ) [a]-eermemtmar-e- s )21
2 1| |v v 7, forall ¥in L, and AT — & 2 1|z o | = |20 + 2 -
[T . ¢
xo - 2:1:2

is on L for all # in R%

C. "I‘h(, 1 t '- F the H . : . 1 0 . . . " N
natrix of the inverse transformation is [_2 e representing a shear parallel to the &, axis

as well.

|

34. Keep in mind that the columns of the matrix of a linear transformation T are T(&)), T(&); and T(&).

1 7T is the orthogonal projection onto & line L, then T(F) will he on L for all & in ®%: in particular, the
three columns of the natrix of 7" will be on L, and therefore pairwise parallel. This is the case only
for matrix B: B represents an orthogonal projection onto a line.
A reflection transforms orthogonal vectors into orthogonal vectorsy therefore, the three columnns of its
matrix must be pairwise orthogonal. This is the case only for matrix E: E represents the reflection in

3 line. !
L . ‘ o " . . - |
45" Since # and @ are not parallel, any vector T i R? ¢an be written as a linear combination of %1 and {

fiy: & = ot + cyta.
Then T{&) = T{c1th + et} = eT(h) + e () = e L(ih) + e L(#:) = L(ei® + e2t2) = L(&), as

claimed.

o vendicular to L, and set



