P D

s 4 RREFS

'7Z



21 Claicavs’s Theoom

LQ.'I' ',: ) be o ‘f\mvho—s whaose

. WEOVE I e
Secomd perttul 52 IMmdy 2 2y 2 ¢

st in an Ofen  set C-v\fl\.?m\'v -6
IS e r)tffuum. betuan

VF _ D (3 Nt (¥
2 ) g, £
Dy defacioe f(°) lim $(°) Ng_)_

Ax-0
(2%) - ;(:) fl"‘)-c(:)\
20 Ax

-f (6) = |m (A.I-vo A
"}

- Sy
= lwm lom 'I(M) HA (A:)"'f(oo)
53"06\!'90 (A")(A,,)
whech 18 S‘}Md\u‘f\r_ ™ -xd} EXCEPT

XL\ )

Con we sufdch Hn ovede ?

ProsLeEmM

Comgete £,(5) $4,(5), #u

fx’(g) d ( ) foe +\u. Ftnckiva

£02) = {"‘4——”-5; L (#0)
SNORE)
As You howt Just semn , WO Lannof
Necssarily Swip M limds -[-;‘ *(3)=,
but +x3(6)=-’° Ard N Tunckh'o
IS Lomthwans  With  ontvacw .{’ £
hree diffeniable, SO Sasmy ©
et s 3053 on 7!

nle ”,



we  Surdch vh._g ovdo ¢
TLQMA'\% ASSM "fx, f;—-g* G CM d

Gorfinws ™ & neghborhed of (90). ProsLem| Compute ﬂ(;) 4-6(’3)’ Haae
T 1,8) = £.8). fug(5) 85, (3), H Ho Fiman,

Lal
£ - { S ()
o , ():0).
As You howt Just semn , WO Lannof
Necssarily Swip M limds -f:‘ *(3)=,
but +x3(6)=-l° Ard N Tunckh'o
'S tomthwws Wit tovtvwon £, §£,
hree  diffeniable, SO Sawms “nlec*.

(0\”‘“' S ao&j on 7!
Wedt, He £l
¢ 4, % 2y 6
_[ x) _ X 4—?&7—?;:3 4+ 1Sy
)fD ( t,) (*z‘*’ 1)3 v

is MO confewws af O (Cmﬁdu-
hotated 4+ variLal Uinlhs), 5o maybe

f Tsa ' “h?l'.g” @cc&(\ .



TLW= 'Assm "fx) f;—-%* G,
Corfinmevs th o nu‘jhboehwo\ «f (60).

T 4,,8) =£,.(8).

Proot + Wk MW= F(2)-Hs)-F(R1+£(3),
ok g == () - £(3). By T,

A 309 — y= (1] 4(2)

for come o€ [o,0]. Sd‘”’) G(J)g‘cx(;’/

AW _ GL)-6©) ___ 4. (o
W () R vt 64 =1 (1)

for some be[0,h), ond

N

|3M A-G‘l: lim \ = o
o W (thm’c":(") Fiyls)

5'3 mh\nw\n u‘- -F* :’ . Aln emd'b
S,mmul"lt. 6y orsat (\\n xdﬁ Jivsr

im AGY _ 0 o\ °
82 = £, 5 &0 g,,(é.



Tkumw Assome *fx, f;—-g . G ZZ 2 PDES' (P""‘«‘ Vidfermral E'[M"hs)

Corhnnevs ‘(h o nu',hboe‘m& df (QO), T’VJL o NUL ‘b medel rl\.':n‘g,l
™ ‘f,,,(.&’g{,w(o‘) sthatrmy a le  T'0 only gi @

bnd fute here. Al fumcions ore
Prook bk AlN):=#(2)-F5)F(14fc8), ot CF 0 o b=y
g A1), Gy, | (D afiobhy 0 (oh s
Q‘)%‘Qg (nl: (°>=5(“)=£(:)'£¢(:_)) C‘MM)t worhs. +o { . 3

V=0.¥+33 .
-FOI come. o€ [0O,0]. Stﬂij G(J)::fx(;), Urih\'-o 4(3\:3(:‘(:;;) ond o'y~ he
AW _ 66 o o (s Qo it Hhe tgvatnn becomes
=m0 =50 )

f some_ be [0,K] - = o.(?_&u,, -l'j,, V.) vy (3.‘&’4-3“\11)

lim A—(-k—\": lim \ = o
k20 K* (tl"(g)ﬁ’(b) 'f,,’(o)

;.
u @ v
5'3 Cﬂ'\b\'\W\wo of -&:’ . An eme.fb . /29
g

S',mmul"lc. 6y orsat (\M xdﬁ Jivsr

diw A _ 0 °\. °
L;g-@w.agw@%.



ZZ 2 P D ES (Pm'e.l Vi fernal E‘..g.-...,)

/ M 3°\"W; .
/ w lhse o e Fo meded  physical
/ ”:\:\"' Sttty a lor. T'U Onl.) Jévg a
////V *w» brd fote here. AL funchons ore
/ acsvmh 2 g0 ther f, g= fym

CD ﬁ.‘:x + L';L =0 (GIL ""‘“"'S)

Vofbw-lkj
C‘MM,'. worhs. 4o {V=‘M'+bj .

. w(
ony £6)43C5) s
C\“'\\'\ N\g ) .H* ‘1“% becomas
0= a(gute +57 )+ b (9. “,+3,m

b b
= (&L—'...)gu + (q .]_Lt)jv

= 0= '-‘—)a,wmhwl-inv

= a(3)= 6.
= J(’;)-: G-(nny) = Glbr-sy).
Jor sove. funcion

v



s"“"

\«“‘
___ 4 ’\q‘-
ble-

Oy + L'«* 0O =u(})= T(lm-c.-t.)

Ta e et Qrowple, § s & fumcrnm
& x (psiter) md & (rtwe),

Q ‘:ﬂt = ¢! X (\JAvE EQUATION>

U‘nuw (' .S

IM""' Ko - U m&au.s
hane e\w.\-.n-rﬁun

($<4)

Wil s { 3)= Flo) Sl
AF {-0)“‘6’(") m

‘W hows evetees ?
':'_‘.Rh

Whyo | 2 X

R'-blff#& s —~ (
4
0= ('?- ),a)f —--c ifc”‘),ﬁ

C=D"> '*(4:) = ?(*1-“) for som 9.

Let v(ﬁ):: i‘;@(xfct)) wheo @ x 6
baideretive o 9, Thew

/ w
{ Vv, T {:@ (x4ce) = %:?(\gq-gt) >

/
Vt = -2!2 C@(x@ct) = ‘%_"PC‘“’C*) T =

= %*C{)V v = L *C%x{-V) =0

== {-v = QLX—C‘@) o Smg'e
®

=f(%)= i'g—-@(x-c- ct) + T (n-ct) @k)




For o, F Flr= calkn (ot Geo).
thon (%) = L cosleOoree)) +cos(ilnce)))

el

o fen \\ﬂgg

(x\ (foster for shorke wovg)

Ta e et Qrowple, § s & fumcrnm
& x (psiter) md & (rtwe),

Rv.wfu (N3 f\—ﬁ(
e
0= (?’ ),&)f --c ’J‘fc’,‘),ﬁ

C=D'—> w(X) - ?(xa-ci) four some P .

Let v(ﬁ):: i‘;@(xfct)) wheo @ x 6
baideretive o 9, Thew

/ w
{ v, S {:@ (x4ce) = 5‘_:?(*4-(.*—) iy

Vi = -L C@l(s«-u) = -%_—(P(su-c*) =<

G ‘ZF.H = C pos (\JAVE EQUATION> = (-’*%*)V =W = 2 +cé—x{-v) =0

Dh\uw
1&"‘"‘\” U wdwens u‘ovl&ﬂ\ ﬁ

hanen accllarntfua

($<4)

F { O] g : vb‘da’
A

GSSUme
2 X D

e— —
Wil Wi “Sprads e o left HOPF of Sk ©

== {-v = ?(" ct) o :mg'Q

©
=f(%)= E@(x-&c‘t\ v B (n-ct) (k)

) F() po}m" In;ﬁo-\ C’f\o‘ﬂ"h) j‘vg

F)=F(5) = w00+ F6)  su
{ D=fl(i)=L8C)-c¥t
O=cF od F=LtF =
-f(i) = .\i.{‘F(mct) + F(x -ct)}




‘FN M"tmu_‘ ‘.F F()ﬂ: wags) (a..{ G—tO)' ("‘) LC—M

them ‘f(t] = -'-{Cos (k (etce)) i-w(l'.(.a-ct))} FGC" = ¢ ( F + i F') G
w(h)(us(l«cti) é': _ F+LF’
o Sci Wetec K N o
" (x\ (foster for shorter wavg) \_g ¢"‘J
) oSttt Cons bt =) Gnmjytat
n r Wt =- K
\/JL Cen ()m.u.k‘t'. An W 29w Thn = 6-,' 6’ F,, . /
- = A +oF + F=0
b L ospes Oty (FoF(E): L s ¢
. S -
<2; )c-e-r. ‘Fxx > GK) G= Si;fto;\»w Fe Bussel Aomcrren
(. ——— e
\/c)u Wil (s tn B HW b in Wit ‘u"a-» vhia Yoo e o
?o\w Uaofdhwli-a, Stoma & A pemd\
L T W d* Y Or rtrer-
g woalk o ostilietwa — 4 Selubrow-
So ¥ ¥ Aeprnds m‘j o r= Jrg? 4"'—, Gonstunk & e T You nuk o dele
| @ 0 - F F Lapeca's
'f,,,. +[77 - frr- "’T'fr . > j qw"‘“

T $ fker w < podbat FO ), o3 e F(G) = FR). Aobros 4
/ @ ora. O\ \'\AC'MQ ‘fw\c.h\;.s




QS . LiVLUu- S\lS'P-MJ‘
Lt A bl on men meten,

Bé (&M G. VeUor, I"low Jo solve
I i,

Ast = b |

frr % eR™ Wl it our

(o, --- &, \ [x ) b )

L)

1

{\ahl === th} ‘).(“1 le\/

b,

“r a(\xl t ---4 q‘n.xn

L Qi Xt et Ry, = LM

hs & Sychen ol wm hnss tpuedson In
h Veachs,  and  puform “Osrsson
dinnatiin’,  othantsa. kaevn o3 row- rubmet's,




Elmaoz} Row Opeatims (ERO)

(@D REPLACE &n uyustion frow by
{‘&}mg + mubipy o} ofer "?"“",..")’{}

© SWAP oo exvavoms froue

© W 6n 2quskion [ro (i.v..,

M\ﬂr‘\, it ¥-) & Nendew Cnshunt)

PNM e o ~ awivplemt

Sl,shm ot Lwathons WWhose Soluttua Set
CerteMu Incledd oW\ e dd So\mbms,

T fa, stha D-® aw revustbic,

‘h\t- N Soluttm Sat & Tl Sowme ¢

ﬂm-ﬂv\"vdwf g:],n.,,..} O

cnvelong

W

Ew. v Jmd Bl Selwtfen S in R® of

R) x+x+x =9 LV 1|9
(R) 2x+%xe=3%= | [ chontned 2 4 311
(Rp 2x +Ex,~Sxy= O 303510
elimintt | R+ R -ZR,
vt fRufs| Ry R, -8, Jf
X, Fxgdxg = 9 1) q]
2%~ 5%, =13 0 Z-5(1%
3x,~ 3,772} 0 3-8 -2H
Lsmimede -3
:;%» Rs \LR’HKJ LRL . \L
v,«\-\et_i-%;-ﬁ ‘ l | ‘]‘1
ey Sy =1t 0O 2-5|H1%
“15°"% % O -t ok J

So % =3, ond Vek —svlsribrs W R)
vy Ly, -\ =213 = %,=~—| | Ll

Jv'a:l-ﬂ-ul-:n) " (Q‘) JW x -3 =9 'éx‘: F
Yoo tm cheel duy (FL,3) 30w H

Or\‘s(\na‘ 3y then

Why doos furs vk ? Apgtay



Elwoz} Row Opeatims (ERO)

(@ REPLACE an yqustion frow by
{H‘u\Q  rmuldpisy o} ot %1»”':3{}
@ SWAP fvo emetiony frowe

© SCALE én 2qustion /row (i.e.,

mn—t‘oh’ it &) & Nendew Cnshunt)

’)mm o hw “row—gau;ve(-wf "

Sl,s(-tm ot Lwathons WWhose Soluttua Set
CerteMu Incledd oW\ e dd So\mbms,
T fa, stha D-® aw revustbic,

‘hJ- N Soluttm Sat & Tl Sowme ¢

ﬂm - 9’_& wivalunt snw;. O

o\
ynvelung

Haets 6 omple Tt W ab
htrl.g Orwh'lm).

E_% v Jmd Bl Selwtfen S in K"G‘}

»-xq=-l] 1 -1 -
2.7"?"%24'2%""‘,‘.1:1 -—)‘Q: Z 2 {-1
2"-*""&"3“3"’3’9’3} 2 4 3 313
3!(‘"*,‘*‘)‘,*3&':@/.,3 ¢ ¢ 3| C_

ot
PEREEIRESEIEERIER
o I o T Il I €) 0O O -]
249333 a,—ogaa.z‘cs; 3
|3 C 63 c.y&ccs ¢J
At
(1 212]1 1y PPN ;
00 11| 02*“"""; 2 1 2] ]
oo l-l]I _(Ly 00 |-1|-
0033 |3 SRGC 00|
"R o ool 6

STOP. The 37 L corvupmds o
tagwrtion O =2, o~d 5o

SnStam s (nnnshat (mo Seluhens),



%Lt TL& rashachion o-‘i«-l-h\w\
U;lwa e EP\Os, T now LN odtn

-,

rwh‘u\ﬁdb 14" 0N

Redwet Rov Edulon Fomm (RREF)

Aok A 6 n RREF if
d fie {oltw&? hald ¢

() e 15 nomaern ety of aneh
oW S 1’ calich & r(gw’-

() WMen g Colmn  contudny o lesilag
Al o i tn fret dluma & O
(5 15 wiud & “pivek_cokma")j Gndk

G vhan & v wniiwm « |a.u\::> i'

eoch oW obe W Lty a

|vu\;m51 frrrhr fo T\,

how 4o put 04\\3 L a¥s path BERN

’n\g Weulkes hot?on of * ) —ecriom Form’
PANPRN \ hs darpi) G) o~ wu.un'v (¥)
(o«(.) tha bty butew & (eoking mortas oty

must B O).

Elw:w:,a Row Opeatims (ERO,)

(@ REPLACE an yywtton frow b
{um&  rmulipis o} o quﬂ;g{}

@ SWAP fvo LnsBony frowe

@ SC&LE &n 11%5“0-\ [row G.&.)

walttply T by g Vendes Conshu)

Ereple t T8 "% sty for “irbibrany mombecs’

Ha, [1% O x% loir*O)H(M
(oon-u-r ond (01 X% O RREF.,

o000 o0o0 00GO

while, (L %o 55 Y erptéron, NOWRERS mmbar”),
o X X & & e 9t Xk x & ,

(OO -«kt) M(O'**"‘ ot (in)
00 000 000 6 o/ REF.

(or REE)
Probims : Wk 6 ta RREE 2 VUse

(O .
EROs h Pt omas Witk orn't m RRER,

(
\oz) an) ?-'3) (Zog)
o,|,2.3,o|-t,oa¢,

t Lo = I 0 =2
(;‘2) (Ozca) o |
© 4 c oo (/7\0oo0o o



g_ow- rdmitivn  mmny ,'Sm'. Pmo..&nn. de

a”cdo-h\l’ e RREF Mo 4V JNM
wabte A vea EROs ¢

A —= vk (A).

Shee the poodhe Shuphy  afplies ERDs
A, the mw mrix B our- tyvinelt © A

TACT: Thee eu.d-\:) one. RREF morix

Ww-tﬂuw..\ui- t o 3079-\ ket ﬂ.
CI'(\ Q.%('(M\n VL‘) red weale .)
ngsg@uqu: e (A) s
woepadent o} e vou.&«« w |

-

P is on Suoh procushem = 74
Sk))l-é" V\S\v e wion jqp IR’y
l'mvndrq-\lj Sex. G Shack ot



5 S | = =\
e: A= [24 2 49 2
xeepie Afugh

Le) 36 6 3 6
f[Zl9 2 4 2 )2 v 2 )

C)Do ) A -l _‘30 o | -t -
L4 3 % 3 2 4 3 3 3
3 (¢ 3 ( 30 ¢ 3 ¢

e)

I {lzosz\
oi__qqﬂ]:l ) L, fe o [ -t
O(b)o | 1\ 0 o 0!__0_-42
O o 3’33} % ° o‘b)o ‘/

d)

W‘;c;z ] L 030
00!%—(&00140
OOOOE] >oooof|ﬂ
\ooooL) 6 o o To¥

Rw—-nﬁncﬂm 6;‘3-_-‘“1»«\
(o) ¥ tnner” shets ok vppar (LM -heed
L-M-:) + A

(b) move curter to dhe regh Tf B
Corter twiry & ol tafrie butes i
6t O ) rpent wbl Has 5
leu- P o

(‘] 'l[ (wrSor ni = 0 ) SYap Cwrsor rows

5-"/“uiﬂ\ e e o bedow 6 v
e nty o He ccsor aWee

(&Mm Cwior rowe by Cwrlow ity

<€
() dtmrekt all Ofta~ LAIALS in

— L werlor  Loltmn \\3 ,..\A‘\,.&
CwiMoble. valbiply o Mo Unesen

vav t o cows

() i oesor is ot benowm A3\,
SToP . QOherwsa ) wew  deww
ot ﬂ%kl- 4 qo beell
). ok




© | = =\
aw\g;Az Z‘&lg‘;’- 1-575?1 Convect ‘n-q_.sask-m{-o on
SN L “ 3 .
W S \s¢ 63 Ovgmantd  mebny
e 242 \yz oz »
C)Dol-\'l-@°°""' M-"[A'“’]-
'WERY 3¢ C 3 ¢ STEL 2] Apply i v oredear,
e)
T (2 c\ {l 2 0 3 L\ Wyotha o p-h
o:.‘-_o.’m" - —(':29 o o m’\ -1 redk (M)
oyo 1 V| o o o;.;_q_,@ [STEP 3] (owit buth +o o lmase
003’3}} %00)0‘/ Sustm ond for ’:‘
‘73 e ‘)'v)o\a.s (, )
So\v:»j W Phowe precistly , "

>OOOOIB thtkg«k(w'.

d
W‘;O ;z\ |z.ogo\
0 4-| (g [fOoO L 40 WS B onpivet — o "t —

Now how do we we, s 4o
Sole. Wbr-ngM?



o\ -t |-1 7
T
@ f'-‘(M):Oc TRE
/’ 5 16l06 |O
pirer ~ o/ 0 \go |0
elvmay A *} ,“'
\ 7
fu o
@ Xy =2xp = xq =l
Y, * Ky = 3
sobes,
v:v> {X| = =\* O, +¥y
W‘MW < _
w b Z Ry
'1{”‘-‘“ . 5&{""-\7 ob.\m')
(Wc.\\
(FcM\j’ wire ovie W folbton
vithe ¢ .].'-u»vsr'cbb ‘
¥ -|+2-K‘4'7 -1 2 “
"‘z- y,_’~o*\l!‘lo
S I VRN el B A I T
™ Ty 0 (o) U
N
Ay alud
JW&M
—_—
e . <

&

| Ster L

Comvact e Sysiem fo on
MMM Mnnt

= [A[E].
ﬁ?f‘a fhe ow —redueten
Msm'\'i\m 4 Computa
redk (M)
[STEP 3) Cowick busk 4o 6 limase

sgshm ond FA fhe Frples (’f‘)
So\v.\j . T

[STEP 2

Phoe precistly, ,
WS~ O hw\f‘,pﬂ. - oc “'F"h-" _
Voriobld  to  portemubrive A Solvhany.
Em: 3x,=bx, +2my —>y = |
..Zx‘ ‘r‘ix,_ + X3 _\3*‘17_ Y
Xy & %y =2
Xo—2x, &7y = |

[‘L 4 | 3
o O \ |

4
(2
1 =2 | ol

d



