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Find a constant a such that the following matrix has determinant zero :

1
- n = (536)

al4 - v = (124)

77 < W u + 2 = (77(4)

If 2= 14 then A has linearly dependent rows so detA = 0 in this case (A is not invertible)
·

If 214 then A has linearly independent rows them w+ (7714)

and 10017 is a linear combination of 40,w i
.
e

.
Row A contains u

,
v

,
1001).

defini = =x1 = 70

If A: [ ] ,

then A= l=]
If D = 182], then D" = 1 I

t
Tv

As I- det A = - 2
#li!

-U 125 361 = - 25x26 + 36x18 = Basis e, =(6)
,

e= (i] Mandard basis
-

O -UE (2) = xe
,

+ ye
There is a basis En

,
v3 for is such that Au =-u

,
Av=zu

10

Au= AAA - -. An Av= AAv=ARv) = 2Ar=4v

An = AAu=Atu) = -An = u A3v = Su
u

,
v are eigenvectors of A

An = AAAu =- u Av =124v
with corresponding eigenvalues-1,

2.

i 210

An = u









The eigenspace for a is Nul(A-d1) = Gall eigenvectors having eigenvalues 3
= Sallv satisfying Av=dr3.

10) las a single eigenspace with eigenvalue

Actually ,
we don't necessarily have a basis of eigenvectors.

16) ·Consider A I a

Find the characteristic polynomial detA=7)(
-b) + 44 = 5-26 +

W W

which has roots I
,

1
.

TrA = 2 det A=

Look for eigenvectors : (A-1)v=0 i
.e. [ ]] = 18] Take v=(2)

Try to complete this to a basis
v = (i)

, =/l] : B= (v/v) = 12 i)
AB = A(v/v) = (Ay)Av]=(2] = B(0 *3 AB = BM Es A = BMB

M A
,

M are similar matrices

Av=(a)(i) = f [2 ; 7164, ] = [29] having the same trace,

poly .

deter- minant
,
characteristic

121]/6 ? ] = [35] B = (? i)
M AB B =+ = G It
M = BAB : ji) = 16 ]









Examples of rector spaces :
nXI

B (actually ,
R is colum rectors of length m ; R is now rectors of length n).

Subspaces of R"
The set of all polynomials of degree < n in x is an -dimensional vector space

V = Gao + a
,

x + anx+ ... + an- ,
4
""

: Go
,
9
,,92

,
" an are scalars3

&, x
,

x2, ..., x*3 is a basis for X
,

X is an indeterminate (i .e .
not a number

, just a

symbol).

& +
,

x
,
x(x-1)

,
x(x-)(x-z)

,
..., x(x-1)(x-z) ... (x- u+1)] is also a basis.

The set of all polynomials in x is a vector space which is infinite-dimensional.

Abasis is [1
,

X
,
2

,
x3

,
xp, ... 3

Examples of polynomials : 5-3x+ 2x2 1 -x+3x
*
+ 11x*,...

- 3

Not polynomials : sinx
,

VIX
,

X- *+-

The set of all functions IR->R.

As a subspace of this ,
the continuous functions R->R.

d
nth derivative

An even smaller subspace : differentiable functions R- R.

Even smalles : the space of "smooth functions" V = Ef : R-R : f "exists for all up oh

A linear transformation T : / -V is defined by T = D+ I ID : ) i.e. Tf = F+f
.

The rank of T is infinite dimensional. T is not one-to-one.

A basis for WulT=Sf : Tf = 03 is 9 sinx
,

cosx]. TF = 0 if f(x) : a sinx + b cos x forsone a,beR
.

D : V- V has NulD= Econstant functions] having basis 913 : NulD is one-dimensional.

D has eigenvectors ! eg. De"=3e .
For every

btR
,

the set of eigenvectors -x
having eigenvalue a is one-dimensional

with basis Se 3 .















Find eigenvalues and eigenvectors of A:
the characteristic polynomial is

det (A-31) = 1 ) = (47-b) (48-) + 2250 = j+ - 6 = ( -2)( + 3)

The eigenvalues are d. = 2
, 62= -3.

For >,=2
,

v
,

is a will rector of A-21 = [ ] 12-1 so v = (3)
check : Av= ](5) = [] = 215)

= zu,

For Jn=-3 ,

v is a wall restor of Atl = (50y = ]
Check : Ar=y=[i] = ->(5)-

Another check :
trA = -1

,

detA =-6
.

A is similar to (3) = (8) = D ,
trD = 1

,
deD =- 6.
















