
LECTURE 2 (Tuunday, Sept. 8 ,
2026)

THEOREM Hp : fi [a ,b]->Rvicontinnors in '[9 ,b] andf(e) #8(4)
( IVD Te : For rock yo between fla) and f1b) there exists at least

oucE(a
, b) such that f(us)=yo; if flistrictly

monotone
,
then so in unique

From the IVT the following corotlory niebtained
COROLLARY Hp : fita , b) +Ricontinuous m [a , b] and
TO The IVT f(al <o

,g(b)o
Ts : There existe atleatoue OR Jscanfisirf(a) zo, f(b)

207(a
,
b)such that f(na=o

(that vi, no in asolution tothe

equation f(x) =d); if istrictly monotone ,
these is
unique



Example 24/7+ = 18 ↳ an equation for which there exists
no formula for asolution. An equivalent equation i
오+vxt1 - 18 =

0 ard setf ( 2) 22+ 7 - 18 itb ら

acouh- was function over its natural domain ,
the

unterval [-1 ,
t0).

In order toopply the Corollory to the 1VT to prove
that asolution exists

,
it in necessary todetermin9 ,b]

much that f(a) · 816)*Afterrome trel and error we

fund f(2) so
, 81310 , hener the easolloy implies that

avolution to the equation &(2) 20 exists in 12
, 3) .

Moreove,

f districtly increasing aseK in strictly merearing ,
wet

cistrictly increasing, - 18 i constant .

Henceaunique
rolution existe



DIFFERENTIAL CALCULUS
Couviden fi (a ,

b) -> IR
, 16 E(a ,

b) andthe live through P = (4o, f(40)
and Q = (oth , f(zth)

This live has slope
f(koth)⇌ f(x0th) - f(() which zon 挂_

h beviewed as Ax
-f(2%) o p _

meremental

quatient , afunction of h

다 scoth If him Sth-f(x) existe and rificate ,
than its value

h-o h

Li called dennotive of fatze , devotedf'() ,
and f

L void to be differentiable at so

Exomple f : /R+ IR , f(ui= ic2-6x+5
,
120=4

,
I want to enetermine

86). The morementel quotient of i=4 i(4) =



14 h)+5 _( -3)~ 168h~24- 6h 58 = LCCh = 422
h h h

and g/4)= lim (h +2) =2
,
thre g4) =2

ho0

When fin differentiable at so
,
the linewith equation

Y = f (nd 2f ls) (x- xs) vi void tougent line fothe groph off
at (Masf(nd) .

For the example above
,
the toulent line of

(ro, J(vsit 214 ,
-3) have equation y = -3 52be - 4) + 2x- 11

'

ㅣ
Fff ; (a ,

b) -R vidlggerentible⑱

ㅣ √ at eoch NoE(a
,b) , ther f i

(y = 2x-11 void to be defferentiable mi
i에

(a ,b)。

-3 = 2(4)+)이



Notation : Sometimes thederivative in denotedwith ,
onD

发 , a dy
dx

DERIVATIVES OF ELEMENTARY FUNCTIONS

We first need to introduce a limit : him (1 +2
·

With a bit

of work it canbeproved that this limit exinand is about equd to
2

.71 ; it is denoted with the symbol e.

Since e30 , et1, e can be used ara base for or exponential
function and for a log function ,

that is there existe the exp.

function with base e : flu) =et
,
and the log function with

base
, g(u) = log= hix called "natural log fructions

" "

The function f(u) in~

gin
More unpotent than a gasun eneenen e



A toble of derivative
a constant function

∠
f (n) ㅣ

R x x
은 au ex loga? Ina

f
'

Yul o 이 a ama e 그 1

x-ma n

exceptif a lo . il
and x =0ー

Thereorthe decoratives of the elementory functions,
abtrived

by relying on the definit on given three pages ogo
THEOREM If found re differentiable , then
fi) h(m) = af(a) in defferentiable and himm) =afe
( () h (x) =f(a) ±g(n)

" 니 h '(a ) = 8(x) 1g
'(n)

(( ^c ) h(n ) =8( ) og ()
u 니

h
'
(n) = 8(ulg(x)a 8 (u)g

'
(a)

((r ) h(n ) =f(u)/glu
) nh (m) = finig(a) - f(zig'(2e)

(g (x))
은



Example
he (x) z 3x2r5 has den nohne hi(m) = 3 .2x +0 =Gx

ha (x) =6 -2hun
u hi (x) 2 - 2 。表二一家

h3 (x) =Zek U h3 (x) = Fex

hu (u) 2 ー2x5+ &- 3 V+表 +Dogzra3
e honderivetive

hiaCela-Lox”一一表 +考 33
hi(x) = 54(2"-3) has distve hist (2) = 5? 15 (213) - 5? 423

ho (u) = Mushos deunohve ho (x) 2 ee (3+4x5) - (e=2) 2024

(314x5]2



If fandg re differentable, then h(x) = f(g(x)) vi
differentable and h' (x) = g'(u)j'(g(x)

Examples hi() = e3m = f(g(x)) with g(u) z3D + 1
, f(n)-ex

Then hi(x) = 3 . em
mn

giGe uf'(g (x))

h 8 (n) = h µ(zxtllu) -1 g( x))withg ( a) =Fx+ lin
?

, f(a) =nu

Then hig(x) = (7 +222) :-
~ 7xHxz
gl (a) 〜

8 とg (u))


