
ry\u/1?tl

-

f rQli\^)xfitu

oufulvrc f *10,^ ql,
1,1

d\r*
tr
o\{x

,{,*
hao

fq+tnl-fexl

o\clxiv6

{rntu f qlqoil1),{fln (dif*era*iabt?l riln )q
;. .ti* @ sYdr,

ht:O t\

{tx)-- Ix I uro*rr.f Ulriq{ x--o

I

f(x) = lx-q I

f Gt--lx-r I

f(x)=

do >c,'o

I
[*-r t 

i qi. urol tl"t1;'X 1"2 1 u3o1aj

r_ ----------l*i' 
(n) r ,R ,n f ( r *ht--f('t ) i sroi.l rrJ ).

\ 
v"!- 

h-ao h- )

1

ln-lr

o

orJu nr* JtUI,l -ftn I 
= ,{ir* ( l+h -,1)h - U-#

h-ro

*- ,!,1^ lnl,
h+0 =-h

h.o hP
Xr

f( *l = [x--r) 
3

*oo

vro*^firrl ]ffil x- r

I

4 r&K*,A.lnsrtl
o t.tr^&r rl rnrr,, n{,- ({ ertlcr[ -tr*#"* 

)

{ {ln do
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1do 5lrsuolrl fr* = [x
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0, tF1

X=O
'x ='o

X(o
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(x,
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{'r
tu
o\D(
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o\D(

#F
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=Yo
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)
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2.3 Basic Differentiation Formulas

Derivative of a constant

Proof

Example 2.9

yr {'(xt tJo

"' 
{'r*) = fi,, f(x+tn) J(x I

h*rO 11,

C-C nv
t^

frra:- --o--

d ,-,: O
dr'"'

Crul-- odil

d- l_71
drt 

rl -
d,- --*l{z):

d^ 0
_lh-t 

-d,r'"'
drz- 0

dr,llt- J : ............

*uel = o
c)tx

. 0....

o

{r*1-- a

*u:' ?

Ac;;clemic Year 2018

*f."1 =o
6,\x
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Derivatives of po$/er functions

Example 2.L0

d ,^s. SX
rlr' ' t: --bd t*-rr - -)X
dr' ' 12d.r' 2 r

d ,*7,: L *-'1 L* I "'J"""""""u:L 5 .,

a l
- 

?- t/\

E

Derivative of a constant times a fucntion

Example 2.LL

,1rl

v
filn"u1: +(#-a:)) = 

(sx1 \:1?

tl,r. I
dr'rt lI

206111: Calculus I Ar:aclornic 1'ear 2i118
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Derivatives of surns and diffences

Example 2.12

!rc*" - er :
ar

6qx:::o

d, .1t-
,t*L; - *

tq
T *xt

r,Sr",$lr")vtulr/ u d

Q,(roo r{ n\Ma ,.DJ fu
trT,-t O .

Example 2.13 Ai what points, if any, does the graph of g : 13 * 3r + 4 have a horizontai tangent

*'W, :*rL*-Hl=fiP- ?rx]

l,
rynlo\ X "\;lld

=0

lrne (

Solution.

l'r*)= j*o-3
ftt {'rx) =Q

:, ixt- ] '- O

d %=*!-kr^ffi iU rrl.iu O

a =-r , {(-r) -_ b \ qh ( r,z), (_r,e }.

f/rxl = o

*-\ =o
X = J1

Acadernic Year 2018 206111: Calcuh-rs 1
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2.3.1 Higher derivative, OUt,nfOUo-l F;l

Iire derivative f'l of a ttrrction ./ is itself a f.uuction alcl hcncc rntr,v hrrve its rit,ri rit-.rir,'a,tir.r,:. If .1'r is

rliftt:r'r'rrl.irr,blt:. tlcrr its rlerir.ativr: is ricrrotcrl b,v .f" aud is cailed the secoricl rlcrivatir.e of .f . As 1onp1 :rs

\tre ha\,e diflt'reritiabiiity. we can contiuut- tirc process of differentiating to tilrttlin tire thirr-l. tire fourth.

the fifth. and cvcir higher derivatirres of l" Thr:sc sr,rcccssir,e clerivatlrres a.r-e rierrotr:d bv

1lr,' hr'.t rlelivatir',, !'. .l', ,'l. 
l! 

! .l r, ,

rl.t' {1.t"

;f .. rl
lite -er'otrtl rl'r'ivitliie !/'. I"tr'\. '),.'l 

,ti,;..1t,,,

llrt tiritrl ,lerir-;rtir,' !1"'. .f"',., j. j* ;# l't,,,

t lre lrrur ilr rllrii';rt ivc ,: ]t f{ l'{ rl '11 
lt cll

J' l.r). ,-,. *:..1 
(rt

,, 1:::

A geuelal rrth orrlcr delivative !J\'". tt") (.r)^ !! . { - 
i.f t.,,)td.t ' tl.r"' '"

Example 2.L4 yt f {*) : 6ra -5r3 + 12 - 7r* B,then

5 ^7-
t'@): LAX -lS x + zx- +

f"t*) - 
"a* 

- Vo x+ L

f"'{r): )ryqX - }o

S@){r}: )tl Ll

1@1r): 0

;(roo)(r): C

2t)6111: Calcr.rlLis 1 Aca,dernic Year 2018



38

Example 2.L5 Let A : +.Find g(11r).

-t
Solution. g--{.-i r' t*fl

=F 1) {'
= [-r) (-?) { 3 

-u
-- ( -l)( -z) (- j) x I

= (-rl(-Z)(-s),.."

eolQ

= [- r )'-' 
' 

g-o \ql.

(-t)t( r .2\ N-3'- (-r1izl*3

(- rt '(t,L' \\ d- ! (; )''rlx--e

(-r)o (r z.i Ln q-s 
-s

lj
il

1
lll

1
(4

)

E

--+-5
4

6r' j
9

(zott)

u
I
I

47

Ctn)j
-h-4

(-rr 1)m- 
ttz 

-- (-, )n"4 u) x- "'

- 2ozo

ry

* t-r )h r"' I tX

'0rn /,n = v\

Actide:rnir: Y-ear 201 I 2{j6111; Calcirlus 1
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2.4 The Product and Quotient Rules

2.4.1 Derivative of a Product

Example 2.16 1. Let y : (4r2 - 1){713 + r). Find d,y lds. t -7x1- xsotution. Q$]IIS 9 = (ttf-rl (qft x) = i--l{

]f air+ L,?q/,\r

&{ ? \\oxa -qx..* 1.

d\l^

{q , (ux1r d (+x1*x) + (z/411g[ (+xlr )d[{ dx d.x

,(t+xlr l(zr *?,) + ("J+ x ) cB)^ )

a l\oxq -qil -l
-{t

2. Let f (r): HJ2r2 + 5). Find /'(0).

{'[o)

sotution. dt = f 'r*) = cux*\ )d (zxz*s) + {zvhs)4 (?x+ t 1o\r( o\r( &
z (Zx+r)(tlx) + Qxz*v)Cl)

d"t) + (z(or'+rXr )

=15

206111: Ca1culus 1 Acadcrnic l'etrr 2018
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) lr Derivative of a Quotient

Example 2.17 Find d,yldr for y.

l olx

\
!6l1v

(xq+t) (zr) - (x:r )(qx1)

- 2\ (xq- zxl r )

+b

(xq+ t)

,r:w
Solution.

{^lt)

(

*\
drl

g , z'[* -#)

X

2X+l , dTfr
-l

2,1x1

-,x
;J-

,,lI

Solution.

Acaclcrric }?ar 201E 2ti61,ii: Calcidi.rs 1
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Example 2.3 Find the slopes of the tangent iines to the curve A : \/i a.t xs:7, trs: 4, and ro:9.

Soluti,on.

-r'0s1tlrt2toiu#
The position coordinate of a particle in rectilinear motion at time t is s : J(t). The &aero,ge uelocitg

of theparticleover a tirneinterval ff6,tn+/rl ior fi >0is q. _ ,*oI-*:
*t*-ldtli

Example2.4Supposethat":/(r):1+5t-2*isthepositionfunctionofaparticle,wheresisin

meters and t is in seconds. Find the average velocities of the particle over the time intervals (a) 10,2]

and (b) [2, 3].

(r,
sotuti,on. aarutllt0ntl $1A

R.ectilinear Nlotions I

+(+) r5irtrutJrvorruraiourvl ru llar t

q, Vo* [ orxl

[o,z 1

rl-- O

(t +(o-z(zf)- (r+s'ot$

z (l+ro*r)-l =! vlS"
Ll+)

2
{[e+r) -fle)

_t [t * s.r _ zbf: _ [r *: ,2 _ z,*7
3 -?_

2{}{i111: Calcuht-. 1
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z -5 qls.
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Taking the lirnit of uou. as h -+0, we get instantaneous velocity uins; ofthe particle at time f6.

= {'({o)

Example 2.5 Consider particle in Example 2.4, wbere

5 =- .f I,t;: 1 * i_tt - )/.

Tlic positiorr of tlrr: palticle a.t timc I : 2 s is ,q : 3 m. Finri the irista,ntarrLrous velocitr" of thr: palticlt:

at time t:2 s.

Soluti,on. Fn"radr tub t *-Z

S=f(+)-- l*s* -?+z

Fraqurla tu6 lol-1 : f'(z)

f(l) = l+r+ -a+z
.f '(+) = 5-Lr*

Aaerfr'r\ J{ianor r;\rr'\ ; 1 f,rJ z dfr

. ph,r$l r^Jdtit'rttlP' t"*"'
qn^ to,E

. 0lnelt t)It, urrU e I ,

Al r9 arlo l:;ruu)
(n,, t,'" *o)

ft,6 lra'r t ..rWh(W)
b-a

h-t o

: f'rt)
14"
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