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If a continuous & differentiable function
f : [ a , b)→ Rt is such that

flat = 0
, flb) = 0 .

a.
.
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Then

, There enist at least one

point csuchthntac.co#

②
(c) = 0 .

[ f- needs to be continuous at all points seciarb]

f- needs to be differentiable at all points see faib)]



• Mean value theorem
-

, aCb .

If function f : Ia, b)→ IR
✗
is continuous and differentiable

at all points in internal [ails]
.
Then there erist atleast

one point C C- (aib ) ( a < c < b) such that

dfcc , = flb!Ifa .

Tde
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consider a straight line in ix.g) plane that

connects ( a , flat ) and Cb, fcbll then

slope of that line = ftp.t-afa'
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From

meanvabetheoremfcbl-fcal-ddt-o.cc?.lb-a#
there is one such I C- (arb )

C depends on f , a , b.

Instead of applying meenuahu theorem

✗
! b

in internal [arb] I will

de (9×01×1)

f.FR/GN-immI.

"

÷÷÷÷÷÷÷::÷:÷÷÷:b-a*.p⇒✗.,,,yag%<×,gµthin Mvt is still applicable to internal [ ✗☐ ,
✗ if

f-
'

(d) = t¥?¥

Xo < d k ✗ ,

we can approximately unite

f(=~~ffT✗o)C✗i-✗oÉ=f⇒
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Tayhoistheoremltaybisseriesfifa.bg
→ ☒ is continuous at all ✗ c- [a,b]

and derivatives upto nth order of function f- enist

at alpECaib
¥ , dd¥, e . . -

, dg÷n enist for all ntlaib) .

Then there is some C C- (arb) such that

f-CÉ÷Éa) + 2÷d÷.cat Cb -a)2.;aii-'+ ¥ dg^¥n(c) ( b -ai

t
.

C enisf and depends on f. ¥,dd¥ . . -9,1m,
a
,
b

Observatory.

( o ) put n=1 → you get



f) Sieppose upto 14th derivative enist

for any is n EN , Taylor 's theorem holds

h - l

f- (b) = ¥, ÷, dd"¥a1( b- ask +
1- d"f_ ca ( b-a)

n

ne
.
dunt

,

point C Krist but

you don't know

why atk fi, dd°÷ = f-

( ii) Q ! ⇒ I

h -l

fib" ¥
.
÷ ?¥caYb -ai' + ¥d;÷ncb -air
in
Remainder

Anca , b)(
f- (b) = ¥ ÷

.

ddjf-lakb-alk-snca.is ) (b- a)n
K -0

if b and a are such that I b-at is small

y , ,, ,

then ' b- a '
"

is smaller and

smaller with

higher n

~,É"÷±ba→
sketchof-nyheistheowmpen.io#:

Consider a function F :(a , b) → R s -1.
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• f- (a) = 0
,

Ffb) --0

•
DF d

" '

F

a
(a) = d (a) = - - . = (a) = 0

duz

Then there is c Ela , b) sit

%:-a=o .

proof : Weld Flat -_ 0
,
Feb) --0

then from Rolle 's theorem there is

point c. C- (arb) sit

d can

Takeanewfmctineg -_¥n
note that

g(a) =o , gcai --0

Io g :(a, a] → IR st g.Cairo, go.lu

there is Cz C- (a. G) s 't
( s.t.
"

such that)d
'
'tgd¥ Ccz ) =o =) I
Ccz)=0

:
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d
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• g (a) -
-
o

• gfcn.at = 0

& there is G-i C- Ca, Cn- 2) s -t

dIccn.it - → d,÷ can - it -- o

-
h =

d"'t

F

o h (a) =u

• hfcn-11=0

gym ypy.gg, y pun, yawn guy

there is a point on C- Ca , Cn -e) s - t .

&÷ Cent -0

a:÷
t

proves our original theorem that there's a

point C C- (arb ) s.tdn-d-nna.no

lhowusingabouerendtfnfmtwf, we prove Taylor 's

theory : In Taylor 's theorem we have function f
o f is continuous at all me [ a. by

• f- is differentiable at all setlacb)



First look at polynomial as follows
n

poet. I ✗Kca - a)
K

K :O

C. 1 Plat = %
, ( • ) ddP-n.ca)= -

- - - - =§÷n?lai=0

Define Finn feel - PIN q,;Y¥"
"

• ✗k=¥d¥z(a) 1<=9 # " " ' n-1 d¥jcai=o
¥-7 :I÷÷c

• An = 1b¥ ( fcb ) - É Xkcb -ask)
Keo

fine F satisfies all the conditions
, from previous theorem

there is some C C- ( Ucb) sit .

dd÷-nu=o

-1 dnf
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(c) =o

a d±a , = &!nP_ cc 'dun

n - l

-1 dd:# a) = ,?÷n( fib ) - E xklb -
ai')

1<=0



→ ¥ cc) (b-a)
n
= f- (b) - j✗k ( b-a)

K

' f¥¥uib-a=É)K :O

using the fact that % = ÷, d÷Ica)

Taylor 's theorem is proved .



Rookpuobbm.I-rrorinfwdpointitootninmethodf.int
re such that R= girl , g is some fun chin

É
↳ Xo

,
×, = glxo) , Xz = gcxi) , - - y Xi = glxi .it. . .

Euros at ith iteration ⇐ Ri - Mi- I = Ei

Fi = Ni - Ni- I = goli - . ) - Ri - i = gtxi - il -
-

gcsei -a)

fuomM there is 2. c- ( a , b)

gcni.it -- g Cni -2 ) 1- &( 2) (Ni-i - Ri-a)

÷

Ei=gYmlE)
e. = 1 Ei ' Ñei,mÑ1÷÷.i"
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if man lg.cat < I
✗C- (arb)
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Errorinthewton-R-phsonmethodfindns.itfine ) -- o f:[a ,bJ→ IR

Xo → ×, = Xo -f
f-
'
(Xo )

+

% = ×,
-

f-
'
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¥
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✗i. , - fl✗
f-

'
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Time error
"

Et;
⇒ set - Ri

→
is ith appuonimatet

.

enact solution solution
i - e
. flat --0

Consider
-

Et
, it,

= Mt - Ri -11

=

Nt - ( ni - fM⇒f. tail
= at - ni + flail
- flail
Eti



→ Et
, in

-
- Eti t

f.TL?-,becane-Et,i=Nt
- Ni ⇒ ai = Rt - Eti
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f- (b) = flat t f (a) (b-a) 1-tf "( a) ( b- a)
'
+ r ,

f-
'
(b) = f-

'
(a) 1- f-

"

(a) ( b-a) -1 92

Substitute b-
-
Ni
,

a = Nt

0

f-Chi )= f -1 flat ) C- Eti) +I f-" Intl (Eti)'t hi

f-
'
( nil = f-

'

Cat) tf
"

(at) C- Et, :) 1- 92
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Error reduces at quadratic speed .

close to¥É÷i¥
.

"
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( is direction

ii) length e-= FÉ

"

I →
Cxiiz) length -

-fÉ

¥m
.

length -_¥+2

in n -dimension (meaning that vector ✗ her
"

n elements
")

length -

-✗É+✗n'

Norm : generalizes the notion of length /magnitude to
vectors and matrices .



Thouaeumaunyuiaystndefimaumomiya vector

(1) Euclidean rooms of a vector

?⃝ Halle = 11×112 = ✗,tÉn2
coincides with our notion of length of vector .

Iii )
hey
, =

É Init
i --1

(iii) finna = man { 1×11 , 1×21 ,
. - , lxnl }

=
man { Init)
If isn

( ix) itself = ( ¥y Hit fray petal

I

p-th mom of vector n

llhoimofamatin :
Ase :b

11Am Ilp I 11AM
,
-11×11
,

11 Asellp↳ If Atp : = man
±

man Hazelip
✗ weeks

a vector

lisellp =/ 0 11

http://p:1
,

11m11
, ,

11All
,

p : 2 , 11×112 ,
" A- 112 ← Frobenius horns
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all knackers

11×11,0=1
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f) p= 1
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nay
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man
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• EwwrinAn=bpuobkm-

Original problem An =b
,

n is a solution

To

b-← :

o L⇐¥
.

""

Ase =b a =/ .

:

Tan .

new problem Ase =b~ ,
ñ is a solution

0mgo is to relate error in date "%b

?⃝ to euros in solution "EI

propagation of error

error in data → euros in solution

b

An -_b
,

Aña -
- ñ

,
A Cse - ñl= b- ñ

-1 a = A-
'

b Ñ : A-
'5

,

se - ñ = A-
'

( b -5)
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headstrong . 1lb / Ip = 11 An Ilp I 11 All
,
11N 'Ip

⇒
Ilse -211t%b4.nu#-E"A""Y,!,!-b "A"

,=É%¥÷¥
£ "^ 11A '

' / Ip 1lb -511ps
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= Pa ". """i(%•÷÷)
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depends only on A
L

condition number of Motrin A

bond (A) = 11 All
,

" A
" / Ip
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Roughly cordial ←
1-

detent

specially if A is singular i.e A
"
does motorist

then and IA) =D

cond(AA→
I. 01 0.99

^ " % .gg , , ,
] I A-

' =/
^5 . " -24.75

-27.75 25.25]
cord (A) = 11 Alta 11A -111N = 100

25 -25

✓ 4- +24.75

manly 50,509--50 = 50=man{ a. as

"%[,?? € too
"b-ñ

11 blloo

1^001 0.999
→ A

-1

} , cordialA- (0.999 1.001 }


