Linear algebra, WNE, 2018/2019
meeting 12. — solutions

13 November 2018

1. Find the matrices of a linear transformation ¢ in the standard bases and also in bases A, B:

o p:R3 — R2 o((x1,22,23)) = (x1 — 22 + 423, —371 + 823),A = {(3,4,1),(2,3,1),(5,1,1)},B =
{3, 1),(2,1)},

o 0: R2 =R o((z,y) = Bz +y,x + 5y, —z + 4y, 2z +y), A = {(3,1), (4,2)},
B=1{(1,0,1,0),(0,1,1,1),(0,1,2,3),(0,0,0,1)},

o 0: R = R% o((x,y,2) = (4o +y+23c+2y+23c+2y+2), A={(3,1,1),(1,0,0),(5,1,0)}, B=
{(la 717 1)v (47 17 1)3 (2707 1)}

e In the standard bases:

. 1 -1 4
e

We calculate the values for vectors from A: ¢((3,4,1)) = (3—4+4,-9+8) = (3,—-1),9((2,3,1)) =
(2—3+4+4,—-6+8) = (3,2) and ¢((5,1,1)) = (5—1+4,—15+8) = (8, —7). And their coordinates with
rescepct to B: (3,—1) =5(3,1) —6(2,1),(3,2) = —(3,2) +3(2,1) and (8,—7) = 22(3,1) —29(2, 1), so

5 -1 22
M(*D)f‘:[—ﬁ 3 —29}‘

e In the standard bases:

3 1

. 15
M(e)i=| -y 4
2 1

We calculate the values of vectors from A: ¢((3,1)) = (9+1,3+5,-3+4,6+1) = (10,8,1,7) i
»((4,2)) = (12+ 2,44 10, -4+ 8,8 + 2) = (14, 14,4,10). And their coordinates with respect to B:

100 0 10 14 100 0 10 14
01 10 8 14 B 01 10 8 14 B B
1120 1 4 "=l 1 20 —9 —10 |W"W2wa—uws
013 1 7 10 0131 7 10
1000 10 14 1000 10 14
0110 8 14 L 0110 8 14 B
00 1 0 —17 —24 |71 g 0 1 0 —17 —24 |“2""3
002 1 -1 -4 00 0 1 33 44
1000 10 14
0100 25 38
0010 —17 —24
00 0 1 33 44
Thus,
10 14
5 | 25 38
M(SD)A*_17_24
33 44



e In the standard bases:

4 1 1

Mg =3 2 1

3 2 1
We calculate the values for vectors from A: ¢((3,1,1)) = (12+1+1,9+24+1,9+2+4+1) =
(14,12,12), 0((1,0,0)) = (4,3,3) and ©((5,1,0)) = (20 + 1,15 + 2,15 + 2) = (21,17,17). And their

coordinates with respect to B:

1 4 2 14 4 21 1 4 2 14 4 21
-1 1 0 12 3 17 |we+wi,wg—wy; | 0 5 2 26 7 38 w3 - D
1 1 1 12 3 17 o -3 -1 -2 -1 -4

1 4 2 14 4 21 1 4 2 14 4 21
0 5 2 26 7 38 |wsg—3wz| 0 5 2 26 7 38 | w —2ws3,wy—2ws
0 -15 -5 —-10 -5 20 0 01 68 16 94

1 4 0 —-122 -28 -167 1 1 4 0 -—-122 -28 -—167
0 5 0 —-110 —-25 —150 | ws- E 01 0 =22 -5 =30 |w —4ws
0 0 1 68 16 94 — | 0 0 1 68 16 94

1 0 0 =34 -8 —47
010 -22 -5 =30
0 01 68 16 94

Thus,
—34 -8 A7
M5 =1 -22 -5 30
68 16 94

2. Let p: R?® — R? be a linear transformation with matrix

4

w

11
M()h=|2 1
0 1 1
in bases A ={(3,1,1),(1,0,0),(5,1,0)}, B={(3,4,5),(4,1,1),(2,0,1)}. Find the formula for ¢.

The coordinated of the vectors from the standard basis with respect to A are:
(1,0,0) = (0,1,0) 4, (0,1,0) = (0,—5,1) 4 and (0,0,1) = (1,2, —1) 4. Thus,

0 0 1
MGidd=11 -5 2 |,
0 1 -1
But, obviously
3 4 2
M@idg =14 1 0
5 1 1
Thus,
3.4 2 11 4 0 0 1
M(p)St = M(id)sf - M()5 - M@d)4A =4 1 0 2 1 3 1 -5 2 | =
5 1 1 0 1 1 0 1 -1
3 4 2 1 -1 -1 9 —19 3
=4 10|12 1 |=|5 -6 -3
5 1 1 1 —4 1 7 11 -3

Therefore, o((x,y,2)) = (92 — 19y + 3z, 5z — 6y — 3z, 7 — 11y — 32).



3. Let ¢: V — W,¢p: W — Z be linear transformations with M(p)5 = [ ? (1) 211 g } and M ()G =

3 1
2 5 | in bases A, B,C of spaces V,W, Z, respectively. Let a € V have coordinates 1,—1,3, —2 with
0 1
respect to A. Find the coordinates of ¢(a) with respect to B, the coordinates of (1) o ¢)(a) with respect
to C and the matrix M (¢ 0 )G.

3 1 9 1 4 5 7 3 13 18
M(pop)y =MW Me)i=|2 5 -[1 0 1 3]= 9 2 13 25
0 1 10 1 3
1
7 3 13 18 _ 7
Meanwhile, ((o¢)(a))e = M(pop)S-(a)a=| 9 2 13 25 |- 3 | = —4 . So the coordinates
10 1 3 e 2

are 7,—4, —2.



