
Intermediate wake them fcb> & - - -
- - - -

-&
,

show that f_=x-1+si)
d

c

to) = 0-1 + sin¥0) = - I÷:÷÷:*
.

✓
Sti fcc)= Y.

fed = ✗→ + sin 'f¥) = I

a-1 is continues on Io, 1)

& sinCII) is continuo on To,7]¥aE
Thus
,
there existsa point c c-To,F] a- •

s.li f-Cc) -0



Average and intontoneous rates of change.

the interval Ea, ac-h] , a c-R ?fca+n)-

YAverage rateof change = fCa+n)n-f÷÷÷÷÷÷÷÷;÷÷¥÷
Ca, f-CAD , Cath , f-Cath)) my

Letting h approach Zero gives us the instantaneous rate

of change of f at x=a .

The slope of the tangent line of f
at x=a .

lim fta-n)n,_
h→o



Derivatives

1¥? The derivative ofa function fcx) at a-a

fca+h)nis f-
'

(a) = lim
h→o

provided the limit exists .

Eg Compete the derivative of gcses
=x at a = a

g'(a) =limgca-hn-gah-so-limla-hjn-a-1-lim.hn = 1-

h→o
h-so

= him ¥-9→ slope of thelinen
-30V÷zdje:



Derivative

fkaj-l.sn
"⇒-,¥f -fca)se→a tea -

a

-

I
provided the limit exist

. ←
ath

simple derivatives .

• Let fcx2=c , ficx = 0-
• Let g c)=x , g'Gc) = 1

Derivative of f- at x=a .



Derivative as a function
we can also think of derivatives as a function .

E¥ For fcx)=x , we showed f
'

Cx) at x=a is 1

That is f'(a) = 1

Thus
, f-

'

↳ = 1

D¥? The derivative of foes is the function fix with

fix> = lim fcx+? (= lim
'f↳¥)

h→o y→x

If f'c⇒ exists for au se in Ca,b) than we say

f- is differentiable in Ca
,b) .



Example
Let fcx> = ¥ .

Use the definition of derivation to

compute f'cx)= fcx) -

fix = him fGc+h} c- from definition .

h→o

=D.m
1- - ¥ (In - 1)

• In

n-sot-h-n-M-b.ms#x-hh-soh.sccx-h)--lim--h-=eim-1- =
-Iz

"→° t.xcx-njn-soxcx.tn
)

so
, f-

'
Ge)= -¥2 promoted a -1-0 .



Notation

The following notations
are used for

• the derivative

of fcx) at x
"

fkxsd.dz/-cx3dd#DfGdDxfcxJ&Gd
These are used for

"the derivative of food at
x=a
"
.

Dfla) D×fca) f.(a)fica data d¥|
✗=a



Example
•

End the equation of target
line to foes -Toe at

x=1

slope of tangent line is fid X÷÷f-
'

a) = him Ñhn° h -50

= em ñF÷¥, ¥+1
h→o

= lim Ith) - l
"→⇒+or)

= ¥-3 = Er
fix -2¥

Also
,
CI, f-Ci)) = Cl,D is a point on the line .

⇒ ⑨ - yo) = more-%) ⇒ y
- I = Ice- 1)

⇒ y = Ix -1£__



Example
Give an example ofa function

which is continuous atx=O

but not differentiable atx
-0 .

slope =-1 IIconsider fcx) = txt
→

f↳={
→ ifxao
DNE if 2=0
1- if x>0 fcxt.ve

consider f-Cx) = ¥ .
we showedftxa-jlzifxt-oe.mx#--*=:-:'

h→o
=L'm II.
h→o h



Continuity and Differentiability

Tm=h If a function fcx) is differentiable
at x-D,

then f-Ge) is continuous at se
=a .

II. • him fcx) =fca) ⇒
him fca -1h) =f-G)

h→o
✗→a

• f-Cath - fca)
= fca-ihz-fa.tn .

• dim (fca-in-fcaD-l.im#a-n)n-fG-.h)h-s0h-so
lim h

= lion fcagY •

h→o

÷
⇐ f-

'(a) . 0 = 0

Differentiability ⇒ continuity



Rules of differentiation
Our goal is to be able to compete

derivative of complicated

function by breaking them into simpler derivatives
.

Basicohrivatins-d.EE ¥x = 1
-

- =o

hohatisdd_C2-3oD-dgge2-dz@3.x -_z . + 3dd¥
- w

If - -=2.0
+3.1

←2.1
= 3 .

• Differentiation splits over addition
and substation

• we can take constants out



Linearity of differentiation
let food , good be differentiable functions

.
Leta,PER

linear combination .

be constants .

For any function
Sc⇒=afc⇒-Bgc⇒Ñ

the derivative of sexy at sea
is

s
'
Cx) =a f-

'

Cx) tf g
'
c)

E⇒ fcx) --Fc we
"showed

" fkx> = Iga for
* -1-0

so
, gcx-55¥ ther glcx) = 5.¥02 = Egg for >e -1-0 .

but h = V53 g- this theorem
does not apply direly .

= v50.x← applies here and h ' = 1¥ (É¥w w



Product rule

Let fcx) and gcxj be differentiable function
.
Then

¥, (text gcx) = ¥fGD
. god + fcx) adf.com)

¥ (
hÉ -E)

= ftp.gcxi-fcx.glx)
.

-

Eg Compete set . using product
reek .

Let

fcxj-x.gcxs-xdd-seoi-fkxjgcx-fexjg.cz= 1-x + a.
I =2x

EE compete of

is= ¥
,

Ge?>e) = ddzpi.sc + se?¥ .se = 2x . xxx
? I

- = 3 >fw



Eg_:_ ddzpie = ¥68 -x)

= d.de?x+-id*ixw
✓

= 3¥ . 2C -1 of . 1 =
4×3

Can you see the pattern?

och = n sent for any n>0 ,
n - integer .

It is more generally true !



Power rule

at = roar
-1 for any real number r.

¥-5M

ZE compute d- Fc
=
at

= { É
'
= £E¥z¥

doe

usingpnoduet.sn#
• use t.rs = x to ¥0k = x-

• fcx>= (2×2+32+2) (sdoo+2) .
what is f-

'
C-1)



VEE+ 1
= :*" I.¥÷+ .

÷¥:¥¥→_
÷÷:É÷2C#8J (2--2--5)

= HE

act⇒ ÷µ=






