Sec 5.4 H%?et‘ F(omeg

Recall
DC_JL_ A’ (l_nﬁ in Rﬂ s a -Flﬂ'L' "F J?ma«nS-’oﬂ 1 -FFOM
Sec 8.1

A lnjEerE(ane in R Ts a —‘:(a-{: >.{f dirmension n-1.

{E-é A I'\j-re,r‘rlane In ”i" s a line .
An ]MFlicit epuation of 4 (fre Tn RE hag e -f:rm ax+lby= d
—

a lfnear ex])fecc'»‘on

Eé A @Tcr?fane n ﬂi is @ F(ane,
3
An wplicit  equation of a plane n R hat Hhe form ax4buytcz=d.
noiplieit e fep form axsbyree

a linear expression

So a F(gme s ‘fhe Set OF all FoTV\'ES ot whick a [inear eﬂFrecsfan has a#xeg value d.

_M' A l’mear -Func%iom[ on IR" is a linear ™Map ~(:'- fﬁnﬁ R .

*If d s a scalar in R, then the symbo |
[f:a]

denobes the set of all X1 R ot which te value of £ is d.

Toat T,

Feal={rer: fo-271

* The zero -Fuﬂc‘,—(—('nv\a[ s the ™a p '_F&)co «Fof all X in Rn_

Al okher linear —Fur\c,-(:'fonalg on R are called wonzers.

E_)f The line X—I:3=4— in RL S a lq\\j?erPlnne in ’Rz,
[t 7s e_%uml <o Eféf-] Where -)C IS £he (Trnear -FumGé?om( )([,(‘:p:)(—j)
ie. '{'/[’IC Sed 0'{: 'roTn-ég n RZ 9‘{ —hich 7[‘()(1(/) l’laS —+he wzlue 4
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Here., Fhe Standard  matcix  of the linear ~ap ]C: [K?_—>R is

A= [1 '11 , a 1x 2. ratex



Digcussion

ln ge_ne.ral) {ake a wnonzero linear —Fw‘c-efonal f; IP\ —> R R

Then  he Standard  patrix  of 75 is a | xn nen-2ero matrT <

A=[a a0 - a.]

(ﬂ' So E:f- D_] 1S the Same al i—;(é ﬁ’\n A’;(S 0} = NM[ A

* Note vank A =1 because Hhece is exactly one pivot ]>os7+,7<>r;)

o dim Nul A= n —1 loa, the Rank [NMI“T"”) Tt (Sec 4.5)

—

# of cols
. go l:)(‘-O] ic o gubgra(,e a-F fK w/ dimension n—1.

o ln ?ﬁr-ﬁcu(ar) [_f—.o] i a —Ha’c ™m ﬂi W/ dimension N—1

» Conclusion: [—f”’] is o [";yﬁrrkane in R

(l)'Now, let d be ang number R,

Az = d ]

Recalt £mc,& g VIOYT"IAOMOQQF\COLAS

The set of Ssolutions of -the System Ax = b can be
+the l/]ovv\o@e(neoug

p—

obtoined \o\a ‘trmng\a-(-.?ma_ <€he colution get o—(: AxX=0

* Then E{id_-] 1S the Same as {';(é RC

Qﬂg{ (X

by any pacticular colution B of AZ =1L, ie.
{Qo(u-&fcf\& oF A7=Ez = {soluﬁrons of A?:o’} + F
wheve ’]; s any seluktion of Az =0
v S [fal= [f0l+ 3 fie amg o [l
t Then [](-. 4] ic a flat in R o dimension n-1 pacallel o [f:0]
. Conclusion: ffcdj is o hggercplane i R” paralle | o [f:0]

(b'}sc,usg‘mon Cont — 3



C% Diccussion Co~n't>

FIGURE 1 Parallel hyperplanes,
with f(p) = d.

(%)' S_“’\C,C, A = [aq Qs dn] i a 1xn wmatrix 5 “he Qabua-éfon

il

A% = d
[al( qz a”][ﬁl :A

X,

Ay be writben W/ an Tnner ?faolucf using Y- gl (ﬂic {rm\s?ose_ "F/‘(>
Az o= d o
M| [*
Az |« )Q =4
0 |

o Thug [Jf. oll
and [5 0]

{?él&h / A7=c9} is ~the Same as {?e Hin’ ﬁJZ:J}

xe K l A;’(:OF} is the same as {3_25 ]R" ’ W-;:o}.

e Obcecrve [f:ol =£—)Z€ ]R" / W.;;O} it the Or+(ﬂo\0\ov\al CDMFIQ\MQ’\t O'F g?ﬂﬂj{—;]
;/—\f =~

lASTV\% kg Ca[w(u&/seome:\'w%_ ‘{‘ﬁrm?no(a%tj) gm%”f/;; S o ﬂof'mal veots +o Ef:o] -

¢ We ot Soy "ot noymal 1o each ‘(>arn\!e( L\Urerr(ane [70:4:(

Oll"'(/\ouﬂ\f\ neX s not Zero when dFO



M. [’%] = 11} where W :[;J ‘

5) Find an Traplicit equort Ton £ H (i.&. a linear equation ax-/-!oj: c>

Book EX 3: et H-= {[’;]

ol [Z]_[g]__m_’ So an Teplicit equokion of H s 3X+ 4y =12

’9 Find a [l'naar “(\unbéfonal JC and a Scalar d such -+t H:Ef: cll
Sol: )[[X.'j) = Ix+ 43 and A= 12

C) et v:[_'éj. Consider the parallel  hyper plane (fne) Hy=H+%,

Find an '-M1>(7e?+, Aesar?Ft?ow °‘F Hy .
Sol"

He vt be ’F +le -Form Ef Ja] -(:;r Sowe J1 "~ R

To —F'trlo\ 0‘1) {7{:-{_— ind  a 'l>o—lr1'(: F Th H1

([o\a, -Ln[c’.na a ‘?o'lrr{ i H and acls{Tng_ v £ ?€>_

Let - [§]+ F - [_13]_

Com’?v'tc— 'VTF = |3,
b

H=1/120 2 ¢q=12

Hy=1[f:0] eX+4ys O

H[ = [f —9]
+ ev 3x 4y -9




o\> (Tive an explicit description of ~Lthe lne 2x+4y=i2

T 'Faraw\/\e:{'r?c vectov "FOVM‘ e of -fofrv; (j] = v, + 4 \_;'z) +in R

Sl Solve dhe equation [3 4] [>§]=DZJ
A % =T
The oorfrix [2 4:] is alreaoﬂt] in (0w echelon ‘Fofm.
let y be —the e wvavriable .

X +4y=i2 = xX= (22— ty
S 3

The solution 7 X = 4/i‘j = GLJ_ 4/{( Tn
) e [J%J )= [ s ®

An e_X'?l'Tc_F{: Je.@cr'.r“l-,?om a—F 3’<+4’j:)2 o Tqr‘amaL/'TC, -{%fm T

(5 - BJr +] - * < R

Converting an explicit description of a line into implicit form is more involved. The
basic idea is to construct [ f/: 0] and then find d for [ f: d].

&é&k l 6
EXAMPLE 5 Letv, = [2] and v = [0] and let L; be the line through v; and

v,. Find a linear functional f and a constant d such that L; = [f:d].

SOLUTION The line L, is parallel to the translated line L, through v, — v; and the
origin. The defining equation for L has the form

[a b][;]=0 or n-x =0, where n=[Z:| (5)

Since n is orthogonal to the subspace Lo, which contains v, — vy, compute

o {14

[a b][_i]:o

By inspection, a solution is [¢ b]=[2 5]. Let f(x,y) =2x + 5y. From (5),
Lo=1[f:0], and L; = [f:d] for some d. Since v; is on line L, d = f(vi) =
2(1) + 5(2) = 12. Thus, the equation for L; is 2x 4+ 5y = 12. As a check, note that
f(vy) = f(6,0) = 2(6) 4+ 5(0) = 12, s0 v, is on L, too. [ |

and solve



_BQQK_ELQ L.&‘l? H1 be 'Lhe ’Flane ’{’Jna'b conta™ns —the_ 'Fo_(n-(;s :\7,, 5[:}3 %:[-%J) -\E:[%}.
1 4
Find an TMFIIC,'({; JP_SCFT'F-(:TOV] Ef 4] of H1.

(No{r," Since we are e L‘Fec_’lql case of F\S) we can use -the C(ogs—{ﬂ’odu()—{;
‘Formmla ('Ffom Calc 3) to CoMFM‘t& a Vlo(‘rvwv' vec o Hor “the ‘f>(nvne.

<. | But we’ll use a 'Froceolura belowo —Fhat ﬂewemhzes to [/:"-5%&( df mension ”2‘?)

(S{:e? I) Reco\“ (‘F'(ow\ Sec 2.1 "A‘ﬂ?fnc tombinations” T hm 1>
—~ —_ A
o et o besf mow, B85 el [ [E]

1
-2
3
denote T> encte 9 F -2*
Note H, s a SV@S‘FGCe, so Ho is the F(nne Con{pﬁn'ma F,‘i) and the or AN,

a

[Sfer7-> Find a vector W=[E} which s normal 4o Ho

r]Z&Co\ll [‘F(om Sec é..l)»'
A vector 3 n R is said to be or*%ogcmﬂl to a subcpae W o K

T i of—(haagma\ to everyg vector in (,\)) but % SM{{?C?U‘{:

| lo Check that 2 it ec—%oQo«ml +o ewelgq  vector in Q STNMMQ set of (),

Let’s —F?nal 4 nonzero N whick s or—‘-hcjoml to  both ’}; and Z'

.7 = : - =D
Ce p-m =0 la —2.b+3cC § U e ‘E"’ abe
Set ib.'ﬁm; : 2a +C=0
{2 3o ﬂoﬁ/f;&uce 9 0 1o 20 + c=0 } 2a=~-C - ‘F“e
20 110 o 4 -5|o 4b-5c=0 4b=5¢
Choose any rnenzers Cy letre Say = 4. So a:’%:—l , b= 5@;5‘
q.

let 7= H . Then Mo = f[’;:] | [f]@JO} vie b= [fo]
where f(x,y,2)= ~9x +5q+ 42|
(Sbep 3) Find d where Hy= [ 4]

S—'mrlﬁ clhoote @ ‘To’\r\t n le and Tn?m‘f:' Tt into 7[-'

-

We brow 3 %, 35 are Tn Hy . Seg d= F(#) 20 +SM+4M0 = 7,

(Cheok" {(\E): ‘F(\T's)='¥ />

Thea  H, s [§:71 where Fly, )= ~9x+5yr 4z, o “Ix+SY+42=7



|V1 SU‘MMQ’IQ ..

F_(‘M(Thm 11> guﬂw}e H1e o subset of R"  Then TFAE:

(@) H is a l’\jferf[ane
9 b= Cf 21 o some sorars oanr fuctonnl v e 4 0 B

© H= {i n [ l ﬁ.?:d} —For Come  vionzero veclor & and come d tn R

— +he e rd —



