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4.1 Introduction to Linear Transformations

= A linear transformation is a function T that maps a vector space
V' into another vector space W:

T Vv —eed s\ VW : vector space

V:the domainof T V: Domain

W: the co-domain of T

Two axioms of linear transformations Range
1) T(u+v)=T@W+T(v), VuyveV
(2) T(cu)=cT(u), VceR

TV—-W W: Codomain



= Image of v under T:

If visinVandw isin W such that
T(V)=w

Then w is called the image of v under T .

= the range of T:

The set of all images of vectors in V.
range(T) ={T(v)|VYv eV}

= the pre-image of w:
The set of all v in V such that T(v)=w.



= Notes:

(1) A linear transformation is said to be operation preserving.

TUu+v)=TW+T(v) T(cu)=cT(u)
| | [ 1
Addition Addition Scalar Scalar
inV in W multiplication | | multiplication
inV in W

(2) A linear transformation T :VV —V from a vector space into
itself is called a linear operator.
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« Ex: Verifying a linear transformation T from R? into R?
T(v,Vv,)=(,—V,,Vv,+2V,)

Pf:
u=(u,u,), v=(v,V,):vectorin R?, c:any real number

(1) Vector addition:
u+v=(u,u,)+(v,v,)=(U,+Vv,U,+V,)

T(Uu+v)=T(U,+Vv,U,+V,)
— ((ul +V1) - (U2 +V2)’ (ul +V1) + 2(“2 +V2))
— ((u1 _uz) + (Vl _V2)1 (ul + 2U2) + (V1 + 2V2))
= (U, —U,,U, +2u,)+ (v, —V,,V, + 2V,)
=T(U)+T(Vv)
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(2) Scalar multiplication
cu =c(u,,u,) =(cu,,cu,)
T(cu)=T(cu,,cu,)=(cu, —cu,,cu, + 2cu,)
=c(u, —u,,u, +2u,)
=CcT(u)

Therefore, T Is a linear transformation.



= EX: Functions that are not linear transformations
(a) f (X) =sin x
sin(x, +X,) #sIn(X,) +sIn(X,) < f(x)=sinx isnota

Sin(Z + %) #sin(%) +sin(%) linear transformation
(b) f (x) =X’ < f(x)=x? is not a linear
2 2 2
(X + %)™ # X +X% transformation

(1+2)° #1° 4+ 2°

() f(x)=x+1
fOC+X,)=X+X+1
fO)+ () =0+D)+(X +D) =X +X, +2

f(x, +%)= f(x)+f(x,) < T(X)=x+lisnota

linear transformation
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= Notes: Two uses of the term “linear”.

(1) f(x) =x+1 Is called a linear function because its
graph is a line. But

(2) f(x)=x+1 Isnota linear transformation from a
vector space R into R because it preserves neither
vector addition nor scalar multiplication.



= Zero transformation:

T:V-o>W T(v)=0, VveV
- ldentity transformation:
T:V->V T(Vv)=v, YweV

- Thm 4.1: (Properties of linear transformations)
T:V-o>W, uveV

(DTO)=0

(2)T(=Vv)=-T(v)

B TU-v)=TU)-T(v)

(4)If v=cyv, +c,v,+L +C.V,

Then T(v)=T(cyv,+c,v,+L +c V)
=c, T(v,)+c,T(v,)+L +c T(v,)
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= EX: (Linear transformations and bases)
Let T:R’>— R® be a linear transformation such that
T(1,0,0)=(2,-1,4)
T(010) = (1,5,~2)
T(0,01) = (0,31)
Find T(2, 3, -2).
Sol:
(2,3,—2) =2(1,0,0) +3(0,1,0) —2(0,0,1)
T(2,3,-2) = 2T(1,0,0)+3T(0,1,0)—2T(0,0,1) (TisaL.T)
= 2(2,-1,4)+3(1,5,-2)—2(0,3,1)
=(7,7,0)
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« Thm 4.2: (The linear transformation given by a matrix)
Let A be an mxn matrix. The function T defined by

R™ vector
a,v,+a,v,+L +a, v,
a,Vv,+a,V,+L +a, Vv

2nn
M

v, +a,,Vv,+ L +a .V, |

T(v)=Av
IS a linear transformation from R" into R™.
n NOte: Rn V?Ctor
a‘11 a'12 L a'ln Vl
AV — a21 a22 L a‘2n V2
M M M| M
_aml a‘m2 L amn_ _Vn_
T(v)=Av

T:R"——>R"

-10



« A linear transformation from M_. . into M .
T(A=A" (T:M_,,—>M_,)

Show that T is a linear transformation.
Sol:
ABeM_

T(A+B)=(A+B) = A" +B" =T(A)+T(B)
T(cA)=(cA)' =cA' =cT(A)

Therefore, T is a linear transformation from M__.into M, .



4.2 The Kernel and Range of a Linear Transformation

« Kernel of a linear transformation T:
Let T :V —W be a linear transformation

Then the set of all vectors v in V that satisfy T(v) =0 IS
called the kernel of T and is denoted by ker(T).

ker(T)={v|T(v)=0, VveV}

Domain  Kernel




- Finding the kernel of a linear transformation

1 -1 =2 .
T(X)= Ax= Lo 3l (T:R°>R%) ker(T)="?

X
Sol: -3
ker(T) ={(X, %o, %) | T (X4, X5, X3) = (0,0), X = (X, X,, X;) € R*}

_ 1 -1 =217 To
T(X, %, %)=(0,0) = {_1 ; JXZ :M

| X3 |
1 -1 -2 0] ¢ (2 0 -1 0
%
-1 2 3 O 01 1 O
_xl_ [t 1]
=|x, |=|-t|=t|-1| = ker(T)={t(1,-1,1)|t e real number}
X, | |t 1] =span{(1,—1,1)} = Nullspace of A




- Thm 4.3: The kernel is a subspace of V.
The kernel of a linear transformation T :V —W Is a subspace of

the domain V.
Pf: QT(0)=0 (Theorem4.1)

- ker(T) Is a nonempty subset of V
Let uand v be vectorsin the kernel of T. then
TWw+v)=TW+T(v)=0+0=0 = u+veker(T)
T(cu)y=cT(u)=c0=0 =cueker(T)

Thus, ker(T) is asubspaceof V.
= Corollary to Thm 4.3:

LetT:R" — R"™ bethe L. T given by T (X) = Ax

Then the kernel of T is equal tothesolutionspaceof Ax=0
T(x)= Ax (alinear transformation T : R" > R™)
= ker(T)= NS(A) = {x| Ax=0, VX e R”} (a subspace of R")
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Finding a basis for the kernel

Let T : R> — R* be defined by T (x) = Ax, where x is in R® and

A=

Sol:

= X =

X X X X X

ol

-

N

w

i

O O L N
I
N

1
1
0
2
2
1
0
0

+1

Find a basis for ker(T) as a
subspace of R>.

o O O O

(Do 2 0 -1 0
o lo@-10 20
lo o 0 (D 4 o0
00 0 0 0 0
i i O

B={(-2, 1, 1, 0, 0) and
(1, 2, 0, —4, 1)}isabasis
of the kernelof T



« Thm 4.4: The range of T Is a subspace of W
Therange of a linear transformation T :V —W is a subspace of W.

Pf: QT(0)=0 (Thm4.l) = range(T) is a nonempty subset of W
Let T (u)and T (v) be vectorin therange of T
TU+v)=Tu)+T(v)erange(T) (ueV,veV =u+veV)
T(cu) =cT (u) e range(T) (ueV =cueV)
Therefore, range(T) Is a subspace of W

Domain Kernel




LetT : R" > R™ bethe L.T. represented by T (x) = AX,
then the range of T is equal to the column space of A

= range(T) =CS(A) ={Ax|V x e R"}

= Rank of a linear transformation T: V—-W:
rank(T) = the dimension of the range of T

= Nullity of a linear transformation T: V—W:

nullity(T ) = the dimension of the kernel of T
= Note:
LetT : R" > R™ bethe L.T. represented by T (X) = Ax, then
rank(T) =rank(A) =dim[CS(A)]
nullity(T) = nullity(A) = dim[NS(A)]
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Finding a basis for the range of a linear transformation

Let T : R> — R* be defined by T (x) = Ax, where X € R® and
(1 2 0 1 -1
21 3 10 Find a basis for the range(T).

A:
10 2 0 1
0 0 0 2 8
Sol: 1 2 0 1 -1 (D 0o 2 0 -1]
2 1 3 1 0 -1 0 2
A= G.E @ =B
10 -2 0 1 lo 0 0 @D 4
0 0 0 2 8. 0 0 0 0 0
cC C, C C C WooW, W, W, W

= {W,,W,, W, }is a basis for CS(B)
{c,,C,,C,}is a basis for CS(A)
={(1,2,-1,0),(2,1,0,0), (L 1,0, 2)}is a basis for therange of T
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Domain Kernel

- Thm 4.5: Sum of rank and nullity
LetT :V - W beaL.T.froman n -dimensional
vector space V into a vector space W,
then rank(T)+ nullity(T) =n,
I.e., dim(range of T)+ dim(kernel of T) =dim(domain of T)

Pf:  LetT is represented by a matrix A__
Assume rank(A)=r (i.e., the number of leading var iables)
(1) rank(T)=dim(range of T)=dim(column space of A)

=rank(A)=r Q T(x)= AX
(2) nullity(T) =dim(kernel of T)=dim(solution space of A)
=N-—r

= rank(T)+ nullity(T)=r+(n—-r)=n
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= Finding the rank and nullity of a linear transformation
Find the rank and nullity of the L.T. T : R’ — R® define by

1 0 -2
A=[0 1 1
00 0

Sol:
rank(T) =rank(A) =2

nullity(T) =dim(domain of T)—rank(T)=3-2=1



=« One-to-one:

A functionT :V — W s called one-to-one if the preimage of
every w In the range of T consists of a single vector.

T 1s one-to-one ifand only if foralluand vin V,
T(u)=T(v) implies that u=v.

one-to-one not one-to-one



« Onto:

A function T :V — W issaid to be onto if every element
In W has a preimage inV

l.e., Tisonto W when range(T)=W.

VoW W: Codmolmain



« Thm 4.6: (One-to-one linear transformation)
LetT :V —-W bealL.T.,
Tisone-to-oneif andonly if ker(T)={0}
I.e., The addtive unit element in V is mapped onto
Df- SupposeT is1-1 the additive unit element in W.

ThenT (v) =0 can have only one solution:v=0
l.e., ker(T)={0}

Suppose ker(T)={0}and T (u)=T(v)
Tu-v)=Tu)-T(v)=0

L TkaLT
Qu-veker(T)=>u-v=0 =Tisone-to-onelL.T.
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« One-to-one and not one-to-one linear transformation
(@)TheLT. T:M__ —>M__ givenby T(A)=A'

IS one-to-one.
Because its kernel consists of only the mxn zero matrix

l.e., ker(T) ={0_.}.
(b) The zero transformation T : R® — R* is not one - to - one.
Becauseits kernelis all of R®.



Note: rank(T)=dim[range(T)]=dim[CS(A)]

« Onto linear transformation
LetT :V =5 W bealL.T., whereW is finite dimensional,

then T is onto Iff the rank of T is equal to the dimension of W..

= Thm 4.7: (One-to-one and onto linear transformation)
LetT :V =5 W bea L.T.with vector spaceV and W both of
dimension n, then T isone-to-one iff itisonto.

Pf: If T isone-to-one, then ker(T)={0}and dim(ker(T))=0
rank(T) =dim(range(T)) =n—-dim(ker(T))=n=dim(W)
Consequently, T Is onto.

If T Is onto, thendim(range of T) =dim(W) =n
dim(ker(T))=n—-dim(rangeof T)=n—-n=0
Therefore, ker(T) ={0}. T isone-to-one. (from Thm 4.6)
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Note: rank(T) = the dimension of the range of T =dim(CS(A))

- EX:
The L. T.T : R" = R™isgiven by T (x) = Ax, find the nullity and rank

of T and determine whether T is one - to - one, onto, or neither.

1 2 0 1 2
(@Q)A=[0 1 1 (b)A=|0 1
0 0 1 0 0]
(1 2 0]
(c)A:Ll) i O} (A=[0 1 1
: - 0 0O
Sol: i |
_ dim(domain :
T:R"—RM of ) rank(T) nullity(T) 1-1 onto
(a)T:R3—>R3 3 3 0 Yes Yes
(b)T:R?>—>R3 2 2 0 Yes No
(C)T:R3—R? 3 2 1 No Yes
(d)T:R3—R8 3 2 1 No No



= Isomorphism

A linear transformation T :V — W that is one to one and onto is called an isomorphism.
Moreover, if V and W are vector spaces such that there exists an isomorphism fromV
to W, thenV and W are said to be isomorphic to each other.

« Thm 4.8: (Isomorphic spaces and dimension)
Two finite-dimensional vector space V and W are isomorphic if

and only if they are of the same dimension.

Pf: Assume thatV is isomorphic toW, whereV has dimension n.
—> Thereexistsa L.T.T :V — W that is one to one and onto.

QT isone-to-one =dim(Ker(T))=0
= dim(range of T) =dim(domain of T) —dim(Ker(T))
=nN—-0=n
QT Is onto.
— dim(range of T) =dim(W) =n Thus dim(V) =dim(W) =n
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= EX: (Isomorphic vector spaces)
The following vector spaces are isomorphic to each other.
(a)R* =4-space
(b)M, , =spaceof all 4x1matrices
()M, , =spaceof all 2x2 matrices
(d)P,(x) =spaceof all polynomiak of degree 3or less

eV ={(X,, X,, X, X,, 0), X. is a real number}(subspaceof R*)



4.3 Matrices for Linear Transformations

« Two representations of the linear transformation T:R3—R3:

T (X, X,, X3) = (2X, + X, — X5,—X; +3X, —2%5,3X, +4X,)

(2 1 -1x
2)T(X)=Ax=|-1 3 -2 X,
0 3 4 X

= Three reasons for matrix representation of a linear transformation:
- It i1s simpler to write.
- Itis simpler to read.

- It 1s more easily adapted for computer use.



« Thm 4.9: (Standard matrix for a linear transformation)
LetT : R" —> R™ bea linear transformation and {('al, ('92,..., ('en}

are the basis of R" such that

_all_ _alz_ _aln_
a21 a22 a2n

. T(e)= L, T(e )= ,

M ( 2) M ( n) M
a a a

| 'm1_ m?2 | 'mn _|

Then the mxn matrix whose i columns correspond to T (e, )

T(e1)=

-all a12 L aln
a a L a,,
A=[T(e) | T(e) |L [T(e,)]= ,2\1/| |2\2/| O |2v|
Ay o L a'mn-

Issuch that T (v) = Av for every vinR",

A IS called the standard matrix for T.
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Pf: _V ]

v, r r Ir

n
veR =>v= =Vv,e, +V.e,+L +Vv e,

TisaLT.=>T(v)=T(ve,+v,e,+L +ve )
r r r
=T(ve)+T(.e,)+L +T(v.e,)
r r r
=v,T(e,)+Vv,T(e,)+L +v.T(e,)

all a12 L a1n Vl allvl + a12V2 + L + a1nVn
AV . a21 a22 L 2n V2 . a21V1 + a22V2 + L + a2nVn
M ™M O M| M M
_aml am2 L amn _ _Vn _ _amlvl + am2V2 + L + amnVn _
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a11

an

a

M

ml

+V,

a12

aQZ

a

M

m?2

+L +v,

a1n

a2n

a

M

mn

=v,T(e,)+Vv,T(e,)+L +v, T(e,)

Therefore, T (v) = Av foreach vin R"
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= EX : (Finding the standard matrix of a linear transformation)

Find the standard matrix for the L.T. T : R® —> R? define by
T(X,y,2)=(X-2Y,2X+Y)

Sol:
Vector Notation Matrix Notation
o 1
T(e)=T(0,00=(12) T(e)=T(O )=M
0

T(e,)=T(0,1,0) =(-2,1) T(e,)=T(

T(&)=T(0,0,1)=(0,0) T(e3)=T(

_ O O O - O
)
I
|
a N
L 1
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A=[T(e) | T(e,) | T(e,)]

1 -2 0
12 1 0

Aol [t -2 o] _[x-2y
Y1T12 1 oY |7 2x+y
e, T(X V,2)=(X=2Y,2X+Y)

= Note:

A 1 -2 0] « 1Ix-2y+0z
12 1 0| « 2x+1y+0z
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« Composition of T,: R"—>R™with T,: R"—RP:
T(V)=T,(T,(v)), veR"

T=T,0T,, domainof T =domain of T,

Composition of Transformations

« Thm 4.10: (Composition of linear transformations)

LetT,:R" >R™andT,:R™ - R" be L.T.
with standard matrices A and A, , then

(1)The composition T : R" — R", defined by T(v) =T,(T,(v)),isa L.T.

(2) The standard matrix A for T Is given by the matrix product A= A A
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Pf:
(1)(TisalL.T.)

Let uand v be vectorsin R" and let ¢ be any scalar then
T (u + V) = Tz (Tl (U + V)) = Tz (Tl (u) +T1 (V))
=T, (Ty(u)) + T, (T (V) =T (u) + T(v)

T (CV) — Tz (Tl (CV)) — Tz (CTl (V)) — CTz (Tl (V)) =cT (V)
(2)(A, A Is thestandard matrix for T)
T (V) :Tz (Tl(V)) :Tz (Aiv) — A2A1V — (AzAi)V

« But note:
T,0T,#T,0T,
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= EX : (The standard matrix of a composition)

Let T, and T, be L.T. from R® into R® such that
T,(X%Y,2) =(2x+VY,0,x+2)
T(XY,2)=(X-Y,2,Y)

Find the standard matrices for the compositions

T=T,eT,andT'=T,0T,,

Sol: 0 1 0
A =0 0 0] (standard matrix forT,)

1 0 1

1 -1 0]
A, =10 0 1| (standard matrix forT,)

0 1 0
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The standard matrixfor T =T, 0T,

1 -1 02 1 0
A=AA=|0 0 1|0 0 0
0 1 01 0 1

The standard matrixfor T'=T,0T,

1 -1 0
0 0 1
0 1 0

A=AA, =

R O DN
o O BB
k O O
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« Inverse linear transformation
If T,:R" > R"andT, : R" - R" are L.T.such that for every v in R"
T2 (Tl (V)) =V and T1 (Tz (V)) =V

ThenT, is called theinverse of T, and T, Is said to be invertible

= Note:

If the transformation T is invertible, then the inverse Is
unigue and denoted by T,
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« EXistence of an inverse transformation

LetT:R" — R" bea L.T.withstandard matrix A,
Then thefollowing condition are equivalent.

(1) T is invertible.
(2) T iIs an isomorphism.

(3) Ais invertible.
= Note:

If T 1s invertible with standard matrix A, then the standard
matrix for T 1is AL,



= EX : (Finding the inverse of a linear transformation)

The L T. T:R®— R’isdefined by

T(X,, Xy, X3) = (2%, +3X, + X5, 33X, +3X,+ X;, 2X, +4X, +X,)

Show that T iIs invertible, and find its inverse.

Sol:

[A| |3:|=

2

3

P P P DN W

1
1
1

1 0 O]

The standard matrix for T

G.J.E
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o O -

«— 2X, +3X, + X,
« 3X, +3X, + X,
— 2X, +4X, + X,

o — O

— O O

-1 1 0]
-1 0 1
6 -2 -3

(1A



Therefore T is invertible and the standard matrix for T *is A™

-1 1 0
A'=-1 0 1
6 —2 -3
-1 1 o[x ]| [ —=x+x,
TH(V)=A7v=|-1 0 1 ||x,|=| =x+X,
6 =2 3| X5 | |[6X, —2X,—3X;

In other words,
TH(X,, Xy, X5) = (=X, + Xy, =X, + X, 6X, —2X, —3X;)



= the matrix of T relative to the bases B and B"

T:VoW (aL.T.)
B={v,v,,L ,v.} (abasisforV)
B'={w,,w,,L ,w_} (abasisfor W)

Thus, the matrix of T relative to the bases B and B' Is

A= [[T(Vl)]s' ’[T(VZ)]B' L ’[T(V”)]B'] €M,



« T ransformation matrix for nonstandard bases

LetV and W be finite - dimensional vector spaces with basis

B and B', respectively, where B ={v,,v,,L ,v_}

If T:V >W isaL.T.such that

|:T (Vl ):lB' =

a'll

a21

a

M

ml

: [T (V2 ):lB' =

- 44

a'12

a'22

m?2

’L ! [T(Vn)]s' =

a1n

2n

mn




A=[TW) [ T(W,) L |T(v,)]=

such that[T(v)] . = Alv], forevery vinV.

all

a'21

M
a

ml

a12

a22

M
a

m?2

L
L
O
L

a1n

a2n

a

M

mn

the m » n matrix whose i columns correspond to[ T(v;) | . is




= Ex : (Finding a transformation matrix relative to nonstandard bases)
Let T: R® — R*bea L.T.defined by

T(X11 Xz) — (Xl + X5, 2X1 _ Xz)
Find the matrix of T relative to the basis
B={(,2),(-11}and B'={(1,0), (0,1}

Sol:
T12)=(30) =3(1,0)+0(0,1)

T(-11)=(0,-3)=0(1,0)-3(0,1)

O B A S R

the transformation matrix T relativeto B and B*

A=|:[T(1, 2)]8. [T(_l’ 1)]5':I=|:§ —O3j|
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Now use the matrix Ato find T (v),wherev=(2, 1)

v=(2,1) =11 2)-1(-1,1) B ={(1 2), (-1,1)}
>0k ]
Sl Akl 5[ 43

=T(v)=3(10)+3(0,1)=(3,3) B'={(1,0),(0,1)}

« Check:  T(2,1)=(2+1,2(2)-1)=(3,3)



= Notes:

(1) In the special case whereV =W and B=B",
the matrix Ais called the matrix of T relative to the basis B

(2)T :V >V : theidentity transformation
rr r :
B={v,,v,,L ,v }: abasisforV

= the matrix of T relative to the basis B

A

[Tl [T, L [T ]=

I—‘zOO
>




4.4 Transition Matrices and Similarity

T:V 5V (aL.T)

B={v,v,,L,v.} (abasisofV)

B'={w,,w,,L ,w } (abasisofV)
A= [[T(v )], [T(v )L [TO)] | (matrixof T relative to B)
A'=[[Tw) ], [Tw,)]. .L [Tw,)],. | (matrixof T relative to B")
P= __W1:| w, |, [w, | :| ( transition matrix from B' to B)

P =[v, |, [v. ] L [v. ], :| (tran3|t|on matrix from B to B")

2V, =P[v].. [v],.=P?[v], e
[T(V)], =A[v],
[T(V)].. = A'[v]..




« Two ways to get from |v| . to [T (V)]s

(1) direct Indirect
A'[V]B' = (V)]B- (Basis B)
(2) indirect

PZAP[VIs. =[T(V)].

= A'B' = P—lB'BABPBB'

direct
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« EX  Find the transformation matrix A’ for T : R* - R?
with T (X, X,)=(2X, —2X,, — X, +3X,)

reletive to the basis B'={(1, 0), (1, 1)}

Sol:
mA'=[[T@ 0], [T@ D], ]

T 0)=(2 -D=310-11,1) = [T@ O)]B'z[—ﬂ

T D)=(0, 2)=-2(1,0)+2(1, 1) = [T, 1)]B'=[_2]

2
= A'=[[T@1 0)], [T 1)]B-]=[_31 _22}

6-51



(1) Standard matrix for T (i.e., the transformation
matrix of T relative to B={(1, 0), (0, 1)})

2 _2} with  T(X;, X,) =(2X —2X,, — X +3X,)

A=[T(10) T(o,1)]={_1 ;

The transition matrixfromB'toB: P = I:[(l’ 0)]8 [(1’ 1)]5] B [(1) ﬂ

1 -1
The transition matrixfromB toB': P = [O . }

The transformation matrix of T relative B'{(1,0),(1,1)}

S P 1 R



« Similar matrix:

For square matrices A and A “ of order n, A is said to be similar to A
if there exist an invertible matrix P such that A'= P AP

« Thm 4.12: (Properties of similar matrices)
Let A, B, and C be square matrices of order n.
Then the following properties are true.
(1) A is similar to A.
(2) If A'is similar to B, then B is similar to A.
(3) If Ais similar to B and B is similar to C, then A is similar to C.

PT:  @mA=1 Al
(2)A=P'BP = PAP'=P(P'BP)P
PAP'=B = Q'AQ=B (Q=P%)
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= EX : (A comparison of two matrices for a linear transformation)

1 3 0
Suppose A=[3 1 0 [isthematrixforT :R® > R° relative
0 0 -2
to the standard basis B. Find the matrix for T relative to the basis
B'={(1,10),(1,-10),(0,0,1)}
Sol:
The transition matrix P from B' to the standard basis B is
1 1 O]
P=[[ 1, 0], [@ -1 0], [0 0 D], ]=[1 -1 0
EREE 0 0 1]
=P =|1 -1 0
0 0 1




The matrix of T relativeto B":

L1 0] [1 3 o]
A'=P7AP=|1 -1 0 31 0
0 0 1_8%8,_0 0 -2 |
4 0 0
=0 -2 0 [=diagonal matrix
0 0 -2




