MATH 142A: Introduction to Analysis

Today: Mean Value Theorem
> Q&A: February 28
Next: Ross § 30

Week 9:

® Homework 8 (due Sunday, March 6)



Fe.r moc\ 'S _H'\e_orem

The 29.1 () £: (B2 R 1.€(a,b)
((i\{ assumes i(fS mox or min at Xe =>
(i) (%) exists
Proot Suppose that £ assumes ifs max of xe (ofherwisc take -§Y)

1§ ~then

so ¥ xe (%o, %r3)

T‘r\e(‘e\c\ore, . Sim'\\o.r o_(ju.w\en‘\ shows ﬁ\q’(



Critico! points




Rolle's  Theorem
Notation: |f ScR then
» {e C(S) means Thal £ s continuous on S
. Le D(S) means fhat § is diffecentiable onS

Thm 29.2 () e C(0abY)
() e D((ab) [=
(i) £ (o) =£ (b)
Broot | By the moximum-value fheorem (Thwm i8.1)

If {3040y =10 by fhen
1f Yoe(ab), then by Thm 23.\
£ wel(ab) y then b\j Thw 29\



Rolle's Theorem
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MQ,QH’VO\.\UQ _W\CO(‘QM (ch\ro.nﬂe's _l_he_orem)

Thm 29.%

(1) feC([ab]) .
(@) FeD(@b) |

Proot - Denofe  F:fa,b]»R, F@&)=

Then

S'\T\C.Q F'(C3= L We SQJC



MQQH—VOL\\AQ _Hr\e,orem (Lou:\romqe‘s _\_heorem)

S




Cocollaries
Cor.29.4 (i) fe D((ch)
() 420 on (cib) l
Proof (Bj confradiction), If 3 x.ge(ab) st flx)+ £ly),
thew \:»j Laaranje‘s Thwm

Cor 29.5 (1) fiqe D( (a b))
(i) f;al on (ab)
PraoQ AFP\j Cor.29.4 to (\—3 :




APP\\'C.OL‘HOV\ of —H\W\S 29.1-29.3

N Y x.\jeIR
Fir xiye R x<y. SihEC([l\\j-&)‘Siv\eD((%j»‘sD by Lagranges thm
and  thus

2) ¥ x.yefite)
Fix xiyelliew) xey Let £:loit2) 7 foi1ee) ( £(4) ={w . Then
fe Ctxy]), Fe D((3:9)) (so by Loagrange's Tha
Cand Fhas



AF?\\'C.OCHOV\ of _H’\W\S 29.1-29.3

3) ¥ xelR

et o u)z=e"

et x>0, fw)=e*  fe((fox1) feD((an)), fu)=e"
bj Lo«grcmge's -Hr\M | T

I =
Lo | O.PP\j Lagr&nae's thm to e C([LQ]) fe D((1\°»

T hew
Therefore |



Mor\o’\'o\m‘c ‘FU.V\C_'HOV\S Omr:l Ht\e. mz&n—\ro.\ue Heorem

Deg_ze.é Let TcR be an inferval | £: TR, We say thet

o £is steictly increasing on T if ¥ 2,yeI (xey 3 Fryedry))
.« fis steictly &ecreo_sivxa on T if V xye T (143 > f(1)>{(j)>
« {is increasing on T if YV x,yed (x<j > -((ﬂsﬁy))

+ fis decreasing on T f V x,yeI (xey =‘71‘“(1)2‘F(‘j)>
Cor29.3. He D((Qub)) Then

@) f is strictly increasing on (aib) if for all xe(aib)
for all xe(ab)

@) £is steictly éecreo\s(wj on (ab) if
(i) £ i Wncreasing on (ab) if forall xe(aib)
) fis  decreasing on (ab) if for all xe(ab)
_ngo_’{_ (i) Take L\je(mb)‘ij. E)j Locjrm\je's Thm



lntermediate - volue theorem {or decvatives (Darboux's Thm\)

Thm 29.8  Le D((ob)) X Lt (b)) | 2exa,
(i) {TI\)4‘FEIZ) = Ve (‘Fl(xl) .‘F/(Iz)) d xe (xi x) st. —f’(z) =C
(ii) -F’[Lb-ﬁlz) = Ve (qcl(lz).nf'(x\)) 3 xe () st. T/k) =c

PPOO'F : (l) FIX Cce (‘F,[x(\ ‘—F,['x;\) |
Consider Cj(l\ = Then
O by Thm 18,1 (mox-value)
®

\im (‘3[1)—3(1‘\
XX, X - X

SiMi\(‘M‘\\j ‘ _
Feemat's Thw

® =

{0



