32 ﬂc /\/M//s/gacc 07(' A5 Sd/V:'V\j AX:O

/ Reduce these matrices to their ordinary echelon forms {
1

1 2 2 4 6
fa) A=1|1 2 3 6 9 by B=|I .
o 0 1 2 3 (

Which are the free variables and which are the pivot variables?

(Q)/Zlé‘f /2246 2244
(2369 [ ]oO |
o 0 (23 00/13 oaooc)

?FCC lfar;'m{/cs 5

= 3 b
o b
o B kD

><‘2) Xy | Xg
/OI'VUVL Vozr‘fa(/fj‘- : 2<5
( 2 2 4 2
o 4( 4 — | J 4 4
o & oo g
/— rec: ?<3 zl/d‘f X, Xy

For the matrices in Problem 1, find a special solution tor each free variable. (Set
the free variable to 1. Set the other free variables to zero.)

@) ¥y=1( [-2] X,=0
d
SO ) B B A
KS= 5 S I K=
)

)

Kgf’o

A A
|

V]




() xg =1 //
(

By combining the special solutions in Problem 2, describe every solution to Ax =
0 and Bx = 0. The nullspace contains only ¥ = 00 when there are no

Ax=o: -2 o 0 2x
| y A X)
><, o [ * 2| P[5 ] 200
0 [ X5
o

~
(OR)

B =o: [f [

7<— V/u///ace (Wvéa/'//zs mév X=0 WZM ﬂC/c

are  nNo rec vorialles.

By further row operations on each U/ in Problem I, find the reduced echelon
form K. True or false: The nullspace of K equals the nullspace of U.

22‘1‘6 [ 20 © O
1 ool 23 :K
&OUOC) OGC)OO



o QN

[
b 4
©) Trae

By row operations reduce each matrix to its echelon form U. Write down a 2
by 2 lower triangular L such that 8 = LU,

l 3 5 -1 3 5
(a) ,4_]:: 6 ]{}} (b) ff=|:_: 6 ?i|.




Find the special solutions to Ax = 0 and Bx = 0. For an m by n matrix. the
number of pivot variables plus the number of free variables is

~ $
-~/ ?L( . fr(< : XL’X‘S . 3 "
¢ <9 O / /

0
[‘( TS ﬁrtc; X, g

o ¢ -3

S | —

/fW /th) /OfVOVL ¥7{rf( :_—V’—

In Problem 5, describe the nullspaces of A and B in two ways. Give the equa
tions for the plane or the line, and give all vectors x that satisfy those equations
as combinations of the special solutions.

v ¢ 0 XZ ¢
= /ua { d;//arl<

3 ¢ )77(2 1 §><3 a//wcvém‘
X, dl f XE 0 - of s 7%»%
[

5_- —( S X, - —Xl ‘(‘3)(2 +S- =0
o & =3 2

¥ ’ZXS"O
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/mc fua‘fzm: =X, +3r2

[ ] 273?(23 a// Vrcv/ws ﬂ; VZ;S
&

Suppose the first and last columns of a 3 by 5 matrix are the same (not zero).

Then is a free variable. Find the special solution for this variable.

X, X, /tVVH"\JH[/vV\ )‘, Y/
V4

% L

Z |

ys,_ (.:f/> /'5 & 7[i"ff yawa!/f-

S S‘CVL 7(5’;-/') éﬂ(y yfr—r'z V[O Z-(ro‘ 81({' X/=~

(000 1)

474 XZ,”/ WQ7 do 57 Thes s o (00k al

The cHuingns!

Tl
5 ince ['3[‘§ Moen %= —%g



/<.

Suppose an m by n matrix has r pivots. The number of special solutions 1s
The nullspace contains only x = 0 when r = . The column space is all of

R™ when r =

-g/éa'a/ SaAVZ/'VVLS: n - v
/K/A-C’\ Vo= h W\-CVI M=, WlﬁYZV’X 1S /y)l/f;/y(“g/c)

S X=0 5 dYI/ SO/WYLCW

W ew = A e
N ’-h/])(VVISL <y S X:<

Il X%

Zv‘(éﬂ/mj %

Set™ ¥ =§
4

/’m’ [‘3;4/)) 7(1‘:-‘0. _._ ><: 5”1 /'galso/ud['m

(74

L 4

y ?/74(0 ( MG S eh 4/¢W4r447— M/L /?h\
7k

C&/MVM"] 5/) a(z =

(Recommended) The plane x —3y —z = 12 is parallel to the plane x —3y—z =0
in Problem 17. One particular point on this plane is (12,0, 0). All points on the
plane have the form (fill in the first components)

X
y|=10|4+y|1|+z]|0
Z 0 0 |
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[/"3 ’/] 20+\//+2 a>=ﬂ2’§
o 0 !

) 27 3 —fS c Y. 23
!
o C Y must gﬁ (121’37+Z_>

S Y PRTS

Prove that [/ and A = LU have the same nullspace when L is invertible:

[N

If Ux =0 then LUx =0. If LUx =0, how do you know Ux =07

@ T+ Ux =0, VZW'\ sz//7 LUx= /[0 = 6
@) $'F Ldr;oj n{vz Z—IL (//r';l_/('j )d\/
=0

))(0:7 Urn=0 z> / Ux =0.

Construct a matrix whose nullspace consists of all combinations of (2,2, 1,0)
and (3, 1,0, 1.

ﬂJe_ s/ccla/golﬁl('ms Wlﬁ 7(3) )@4 as 7(Vtt_.



2,

- From Xz =o, e = | Ly R -3
(§,1,0,1) 5 1 X~

V:rm/m Kz =(, Ky=0 | 0 =2 ﬁ]
(2,2,(, 0) o | 4 X
- (mgm:hj . (¢ A
0 ( =2 ~

Construct a matrix whose nullspace consists of all multiples of (4, 3, 2, 1).

%St_ e j:r-ec, Val/‘za.zf/<<, )(,7¢ ¢ - /OO "‘/
(0’0)0)/) o /0 -3
co | -2

Construct a matrix whose column space contains (1, 1,5) and (0, 3, 1) and whose

nullspace contains (1, 1, 2).

Comseder /[s'z’} ,.[T?g,L 2[5332[&0]
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| ~2
s 1 -3
———

Construct a matrix whose column space contains (1, 1, 0) and (0, 1, 1) and whose
nullspace contains (1,0, 1) and (0,0, 1).

T4 (O,O\{S L HM//§ e P

o [or] vofes] +'[°”f /i
- Coly > [3]
e (10,1) [&/K *”[( ZK /j

e i
. - [z ;i gg (s rVMHzoﬁ M//Q

(G/u My S/&Ct (m%a[m‘yxg

HEGH
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3/

Why does no 3 by 3 matrix have a nullspace that equals its column space?

/k/w //S cce = 4 75’1( I/am'aé/z . r <3
/0/(/ VZS t 7£r—r<_ = 3

1 OVH_ 15 A /aVI(_ (Z /VW/ H’W(MYL' Vfcv/m«l')
e T L ety

4n0¢24r Wa7 VAO Vice VZMJ (0lumn VQC( =

= nvz//s ace =

/IV() )
S Z/ 3’} na Y mlast §< /}’I?[zjrn/

If AB = 0 then the column space of B is contained in the of A. Give
an example of A and B.

Consider /53 y A[KZ +-..A[KJ= @,

fﬂhcé (Cf/MMVl ' /5 /V] }’)lA///ﬁc-( c/7E

C(J/MVVW J/ﬁﬂcc_z_ /L K A N nu quac d

If the nullspace of A consists of all multiples of x = (2, 1,0, 1), how many pivots
appear in U7 What is R?

A_L-S a, MY%L W’IQYA’Y'Y| ot I[V'(() .. 3 QllVGV(_f

é: I 6 6 -2
o o —
g 0 | 9
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M\

7N\

If the special solutions to Rx = 0 are in the columns of these N, go backward
to find the nonzero rows of the reduced matrices R:

2 2 0
N=1]1 0 and N=|0 and N = (empty 3 by 1).
0 1 I

’4)%/\/:[/2 j /mus{’g—c thg W/%
0 Z -F}"(C Va}’ta{a ‘ /a;VaV’

“Q\/\x

_ o ;mNS: s [/’2 —33

(£) Forr N= [ i %MWL 8 Mz W,@

/l/a

A= f/ ox] r“ ‘[‘/0 oj

) A= [} (f’>\ £ must b T




