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Notation : (fan)
' for fkn

.
e.g,

"

God. We want formulas for computing derivatives
, b/c the limit defh is tedious .

Polynomials
=

• fan -- xn
,

n -0,42 , . .
- high -- O

fan .
- hi: kthY = align ¥nx"hxn#

'

= him
.
NII-- fignon x"=n

n turn

-
*th) ( x th) (xth) - . . ( x th )

-
- Xntnxn

- ' h't
-

xn
-2h 't

. .
. + nah

"
th "

* h ) -- x'thx txhth
' ( xthkxthkxthl-fxi-hxxxh.ly/xth)
i

'
,

= x't3xht3xh'th '
I 2 l
l 3 3 l
l y 6 4 /

I 5 lo lo 5 /

:

I n n l

Exodus : (x 'D! 10×9
,
44=3×2

, 44=2×1
,

(xD
' I 1×0--1

( H -

- ( xo)
'

-

- Ox
"
-

- O

• Derivatives Gives f
, g ,

what is ffeg )
"
?

e. g . ④ e xD
'

Ii '

+1×7
'

= 10×9+3×2 Yes !



f- + g)
'
= him #tDtgHxhDf#xkg#
= Limo ftxthlhfx) + hying g
= f-Yep t g

'( x) .

• www.niiscakrm#icatim- Given f
,

what is @ f)
'

e.g , (5×0)
'
= 5 (x ") ! 5 . 10×9=50×9 ?

⇐ f)
'
= thing cfcxthl-hcfH.ch/igofHthlh--fH=cfCHbta-tbE=ab

Now
, we can differentiate polynomials

e.g . (x#4×3+18 x
'

-10)
'
= 5×9+12×4 36×1

carefree ! ffcxlgcxl)
"

t f 4×7 .

g
'Cx)

Fri 9/18
Goal for today : learn how to compute Ctx gag)

"

, fgf¥,)
'

• Reciprocate: tf) = hhjmo f¥h - ft,
T

-

- a¥i¥rr¥InK



I , flip - faith)
f

'(x)=

Fenix

=o⇐fi¥,
= ftp.T#y=-fkxI*xp

Example

i
.

=

x#4×3+18×2 -10 45-14×348×40)'
2

.

Recall (xn)
'
= n x
" for

n -0,443, . - -

e.g ; 44/1=4×3
what is Kei!

'
=

-II=¥x=¥s= .
More generally , say fix) -- xn , f

'Cx) -- n x"

*'
'

=

'

=

-IIIT -

-T==÷.
Remark : HM'=nx" holds for all integers ( pos or rag .)



• Product wrong :

ff.gl/=ftg#ff.gY=lismofCxth)gCxthh7-fhDgCxl=limo
fcx-ihlgcxth-fhdgcxhlntfkglxthJ-fcxlg.ci#--lismofHth)gHtD-hfHga + hlismg fhDgCxthxgx
=fHt# . guth) +hHth .

Axl

= f'Cx) . gcy) t g
'(x) . fly

"

product rule : (fan gcxi)
'

= f
'

glx) t fly gYy)

'at⇐¥)
'

Note : Eg -- f - I
⇒ (Eg)

'
= Cf . = f

'
. Ig tf - GII

= tf - ff÷=f'5gI
This is more general than the recipe special case of f = I



Mon 9/21

Notationfordriratirez

Lagrange ( Italy , 1736-1813) : f 'CH

Euler (Switzerland
,
1707-83) : Df

Newton (England ,
1643-1727) : y

.

adopted in Brittan

Leibniz (Germany , 1646-1716) : ddtx adopted in Europe

Advantages of Leibniz 's notation resulted in Brittan falling behind 00-200 go

to mainland Europe , mathematically.

leibnizsttim: If y
-

- fly
,
then ddt -- f '(x,

not

:÷÷÷÷¥"
"" " ""¥t÷¥÷

Notational reasoning : Ancient Greek symbol D had evolved "
in the limit

"

to

the modern
"

d "

Another way to interpret this : d¥ = ¥ ( y)
second derivative : ¥ ( Iffy)) -- dd¥



Appleton to problem from Day l :

cost of fence is 4×3=7×-1 4×1=7×-1485'

¥
X

God : Find min of CG .

$¥c'Cx) = 7-48×-2=0

7- 4×87=0 ⇒ x' = 487 ⇒ x = I Ff = 2.619

⇒ min cost is c (Fist) = 36.661

Nextgen : compute derivatives of trig functions
.

Quickening :

÷ :
"

n ::÷÷÷
tan x

-

-

=

adj .

Also
, santi
,
= Csc x

,
÷× = Sec X

, ¥× = at x
.

Wed 9/23

' in .

We'll need the following result to compute Limo sift and Isin ,

which in turn ve'll need to differentiate sin x is cos X
.



Sqoeezetheoren: Suppose ffxysgcx) E hail near a point x -- a

"

÷: ' t¥÷÷:"
Examphappliatian : Compute dim X' 5M¥ hey , a

want #¥÷
.

figo Sin # DNE finish # =O by squeeze theorem .

'

⇒÷¥.
"

I. ..

÷÷÷÷÷.im .
**t



÷: ::÷÷÷÷÷÷÷÷:
"

cost
,
3 If > cos x

ii.no ! lyin.
By squeeze theorem , lying 9M¥ =/ .

Exercise : show that fig
. 05¥ = o

Denvativesoftrigfmch.cn#
B.(Sh x)

'
= thing

smcxthf-smx-hlifkosxsihh-sinxcoshf-sihxh-fi.no
cosxhsinh-tli.nosinxfcgsh-D-di.nocos x dig sihh thing six fig

=
cos x

- I t sin x . o =



• (cos

xj-hlimocoslxthh-cosx-hligkosxcosh-singxsinhJ-cosx-hk.gg
cosxlchosh-il.li; sinxhsinh

-

- figcosxkgsh-D-ehlimosinxsinh-ligcosxfismocoshh-L-hlim.snx fins. Sinh
= cosy . O - sin x . I =-

Fri 9/25

• Hand
'
=

=

⑤hxYcosx-smxf
( cos x)
'

=Hsx5¥§D
'

-

-¥, =s
• Csec x)

'
-

-¥)
'
-

- ocosf.tl#gsie-.-anxsecxT
Summary toggle

"

co .
"

,

mutt . by -I

Hh x)
'
-

- cos x T dos x)
'

= -six

flan x)
'
-

- Csec xp Got x) ' = - Esc x )
'

(see x)
'
= see x tan x (Csc x)

'
= - cscxcotx



Chair
Motivation with old example : COLI :

Mw = If 44=7411

duh HEH '¥w
= 84g +4W

Kw) -- E
How are ¥ , fuk , dfw related ?

dc DL dc
DT

-

- f - 4852
, Fw =

- 12W"
, dy

= 4 - 84W
'

= f - 481441W'
DC DL

Note: dz.fr
= dfw

Analog :
• Clemson scores 3x as fast as Bana

* Bama scores 12 x as fast as Usc

⇒ Clemson scones 36 x as fast as USC
.



That is
, dodging =df¥÷ . ddBf

36 = 3 . 12

i÷÷÷÷÷÷÷÷÷÷÷÷÷÷
Man 9/28
Example :

• Gin 2x)
'
= ⇒ in 2x)

write as fty -

- sin x f '
(x) = cos x

guy
-

- 2x
g
' (x) =L

(ffgcxi) )
'

= f '

( GH)) - g
' (x) = cos 2x - 2=2 cos 2x

• ( (as xD '] = ddxfcosx')
Write as fly, = cos X f 4×1=3×2

gly -- x' g' (x) = -sin x

( ffglxs)) ' -- f ' ( glx)) - gyp -- San x' . 3×2=3×2 . sin x
'

compare to ⑥s x))
"

=3 (cos x)
'

- f-sin x)



• ( ( 6×3+7×78)
'

= ¥ 16×3+7×18
let's company contrast both rotations .

Lagrange Leibnitz:

fix) = X ' f'(x) -- 8×7 let y
'
- Us

,
where u=Gx3t7x

guy =6x't7x g' (x) -- 18×47 day
,
= day . off

ffg.CH/=f4gCxD-g4H
= gut -(18×47)=816×3+7×17- (18×47) = 816×47×7.118×47)

Usefnlidntitieslsinkx) ' -- k cos hx

(cos kx)
'
= - k sin kx

1mpliatdiffuutiak
What's the difference b/w defining a function "explicitly

"

us
.

"

implicitly
" ?

• Functions defined epliiity fix,
• 020

E± fix = sin 2x yah =/! I?! yoµy
-
- X
'
- cos 3×+2 sx

is

÷:÷::::::÷÷ '

n.

In this case
,
we can actually

sold for y :

y= IF ,
so it's actually 2 functions

.

But frequently , we cant solve for y .

For example , consider x y t sing =¥y - I
.



Wed 9130

* keyport : Even for implicitly defined functions
,

we can still find the derivative d¥
Method : Differentiate both sides il solve for d¥
Ext : Xy t x sing =3x

(Xy )
'
t k sing)

'
-
- Xx)

'

Note: X is a variable
4.y t x duh) + ( l -

sing t x cos y - ft) =3
y is a function

(X t X cosy) dff t ytsiny =3
⇒ ¥=÷x::n
Ext : Find the equation of the line target to Xixy - y

'
= 7

at the point (Xo , yo) -- ( 3,2) ng '

Note. This is not a function (fails vertical
line test)

,
so we prefer to write

dat
,
to yyxl . #m

da, Cxixy -y ' ) = ¥171 !

Fix't + ddxlxy) - af, ly ')
2x ty t x 0¥ - 35ft -- O
2x +y = (35 - x) ¥,

¥=¥ ⇒ ¥1
. .",.fi#--3IIs--ETazertliu-:y-Yo=nggfx-xof
,

⇒ y-2=I


