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Let M, «m(R) be the set of n x m real matrices. Suppose that A € M, x(R) and B €
Myo(R). Let T - My (R) — Myyx(R) be defined by

T(X)=AXB.
a. Show that 7' is a linear transformation.
b. Let A = { g g } and B = [ (1) (2) . Find the eigenvalues and eigenvectors of T
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a. vV XY € Mpum(R), ¢ € R, we have

T(X+c¢Y)=AX+cY)B=(AX +cAY)B = AXB + cAYB
=T(X)+cT(Y).

Thus, T is a linear transformation.
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b.LetB—{[O O}’[O 0],{1 0}’[0 1}}beorderedbalsmfor]\42X2(R).
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Now, we find the eigenvalues and eigenvectors of [1']s. The characteristic equation of
[T is
F(A) =det([T]g) =0=> A+ 1)(A—4)(A+2)(A—8) =0.

Hence, A = —2, —1,4, 8 are eigenvalues of [T']g. Let E) = Ker ([T]s — (A)I). Since
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E_5 = span 0 , E_; = span _9 s

e L
2 0
0 2

E, = span 1 , Eg = span 0 ,
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we obtain that



o 1 ]. . . .
- 0 —92 is eigenvector corresponding to eigenvalue A = —2.

1 0. . . )
| 29 0 is eigenvector corresponding to eigenvalue A = —1.

(2 07. . . .
11 0 is eigenvector corresponding to eigenvalue \ = 4.

[0 27. . ) i
— 0 1 is eigenvector corresponding to eigenvalue A = 8.

B2 2: KM T &) eigenvalues and eigenvectors A — B tb & brik oy B0k ¢
M =1L, M =4 X =1, N =20 = [ 1 1,112: [21,1“: [1}and

1 0
Uy = {?}.Then

Avy = Moy, Avg = M, u] B=MPu], u) B=\u,.
It is easy to check that

T(v,-ujT) = A(viujT)B = A;q)\f(viu;), for 1 <i,7 <2.

Hence, viujT is eigenvector corresponding to eigenvalue )\Z-A)\f for 1 <,5 <2.
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@ TXHY) = A (X+Y)E> [A(xm] B= AXM‘I’]
= AXB+AYBRB = TOO+TE)

TeX) = A(NB= [AC0]B =[c(AX]B
= c(AXB) = ¢ T(X) | where CER.
He,nce_T is o linear trans formotion,
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(D) If b#0, consider XA x@ 4 45@ , we have
| Nty 4ua)b=n ¥ K=bptb=o 9 Aegor -2
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B)/ coase () 12, (5),{4-)‘, we have e?jenm,u\e; ANA @?‘7% vectors 45!

(I)A 4‘ 'V [10]5
(ii))\z_-:-,} VL-:"[] o];
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G Az= &, Vy= [3 ,Z]:
(iv) }\9_':: -2_} ]};: [Z—L]’

whee T(R) = Lt for 1414,
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