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EXAMPLE 11

Find the derivative of the following functions:

Vs 43 . 3
D [tx) .%tc:h b > ._F iy (_é_) Cos X-

J

=) "(\,c_ - 3/ S'.f\ﬂ
by g{x) = simx—3x* l\y > C 5)

N(x) = Sinx -3x"

) A (x) = Cosx - i@

DERIVATIVE OF THE NATURAL | o= 3=/
EXPONENTIAL FUNCTION

Pacve tuar §x) 5o ® et
7 ]l
li d o'l sl(lpr: rek \;(:c.) =ex- B
4 0

=[e*] = ¢ ,.

Ix

e,

Proov . §'e) = lim  Flreaxy -5 tx)

Arag T

, p2) =
AR I 2 i
\ . ope Areo el‘-‘;x_.— e x
0 i Dx
= hl‘\\ .
g (e"";-—;)
—-_-—‘—-\‘—‘—'_‘—n
L0
B det-n.a:
b e 'ﬂ--".o(\J os Ak*@
(l + A\C)/m‘
ENAMPLE 12 .
on
Find the derivative of the following functions: edti (1+ax )“_\5"’"“;?*-19
: = ! 3 a5 DX (o]
I R o
b) g{x) =2x* - 6eosx 4 E'—,— Lin e"([ A )
H axwe T AXx.
6("3 =[2)(3):‘) + 6 Siax + %
& AX
=6X-‘+65;nx.+ex @ Ax.
b7 i
\a‘ ¥ e 5]



VoA
CHANGE SRS
\\ e —
"’i
!’1|.r.‘|}/-4' Y
o AX
/ N
,'"'.*.l-t'.:'::l () ,/ U l: 3
ROC
[ - : | My, - oaverage rate of change
[ Ay flay) - “\';] | v . - -
N | m= ) = instantaneous rate
Ax Xy~ A ! %
L i of change

s =s(t)is the position function (displacement) for an object moving
slong a straighe line, the velocity v of the ebject at time s piven by,
| A 1
1 it = 5y |
J
The position of a free-faling object (neglecting air resistance) under the
influence of gravity can be represented by the equatian
! 1 | DB st o 3 [ty
| si¢ i1 12 <1 & : |
| | U == nital velacity
) ‘ ' Vo initial position G\luei\:
Thoughe Us = 300 ¢+s

(:n:ua.u) Se = €6 ¢t
q = -3 F+/sect

[ 5
EXAMPLE 13 OSE) s Rat v e s,
A paintball } e crpy = ‘/('?92 F*/S‘)(f)t*(?:oo Fl‘f’)(‘)+(‘s)
paintball gun shoots a paine ball 300 fus straght P
up i the air off the top of 1 65 fi buillding, ; = =16 ey/r ¢ By AOOFYs (- « 65 &
ab What is the position function for the pamtbali? ;

by Roc,, = S(l)-S(__') €ef1,2]
0 2 -

= éol ~ 3uq
e i
[

L= 252 evfs |
<) TRoc - $'(a)

d = ' ¢

3 S8 = @ o) 5((.?)5:'-526" +300:0 S'(é) . 1324 + 300

“6 ¢ L300 ¢ “65=@ A A S'(2) = -32(2) +3gpe

= o 3 = | % e ‘ B
€= -300¢* 300" & U fk)(¢s) E(? ot Tkl ) = asg ”"/‘R
Y 2("‘)
é P e paiatbail ks dhe Afound @ % (q seconds |

5) What s the paincballs average velacity for ¢
flll,-.”’

<) What s the paintballs velocity at ¢ = 2
seconds?

) When does the paintball fut the ground?

¢l What is the maximum height of the paint ball st |

and when does this happen?




PRODUCT RULE M

— [ M) g(xN)] = () —[g(0)] + glxv)—] 0]
(x “ (x (fx

& (fo)' = ?‘3 N @

(Ftb\t.-. (3 -F(xarb*:.\s(::raz\ -—5‘(1)5(*-)

AX90

Ax
= fien ,F(w.eax)cj(m-ay,) J-'(xnﬁ‘a:)eb(x) }(xunc)ﬁ(,;) 5‘-,‘,‘)3(J=

AL T

Dw
EXAMPLE 14
(xxne) - a(
Find the derivative of the following functions: DYoo P(r_m)c\(% MABE] =D )f-)) cb( =Y (f[x.wt) - Jeu
\.;\ I{Y_) L gy_. Sine DY

a)  fl) = adsiny ‘“)C‘((osx)

= 5(:)3'&)4— %(ﬂf‘(ﬂ @

by T(x) = (6 W 7xh) Kt
) g{x)=(3x" + D' —x) “F(x) ={"?¥— Si“x*m
— T

& G = et < £ nom Ty = (6x)(28x*) + (18 ) (A )
TI(xB = 126 x"___+ 148 xt
l.. gquls E

3'(”) }(5174—'\(3* —15 & (a‘;,x‘ )()C )r_)

Gve o Ewouta ¥,

QUOTIENT RULE

hexy = X -e” - e cosx
[ o i o h'ee) = o™ (351/' - Cosx )
| _ ‘ 3
' ) ' (X)y— )] = fix)y—|qglx) ; oxfr 8 )
| o [ ] W9l m S ! hiey s ex[(nyx w]+
l oy

gty (g 0] | oo (k- conxe)
(‘:/)' _F's _}'%' \‘\'(vhex(ﬁ-cwx +’,5':_‘}.E+S'.n)c.>—
S i (R
(%)

DecoF ..
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\'M -S(;c.~b‘3=3 i

Ax o

(5)

e Jexaow) alx) - S(x)f)(y,tbr-)

&5

EXAMPLE 19

Determine v' for the following . JJ'TJYfi:, AXe bxs(x+ﬁr¥5(x)
+ 6
. a g b Fexsax) 4 (x) - Flx)g(x) * Fexyqae) - Fexy 9
5 = XU+ X -3 DX Ax_5(x+ax)5(u)
S, ¢ 10 36> Slhesoe) -S> |
) § AXYDQ 5(3..&2-)3(:3 Dy
(Zes1Yx346) = (x*+x —a)(3x*)
T ; - Jex) Qo) - qlx)
i ()C. *‘> Ale +D%) §(x) ax
5 - Rx"+ IS v 1 de v - ?)xu- "_')xs
whagy® -
| . (eBag 2 By  wFley 08 30
DD 4 “Axd a4 1% v ¢ PG -[CxY
___-_—-____——_;
ST [0 ) 5(x)
EKAMPLE 16 . e Faging
Find the derivative of the following functions: z
{L(u'h!‘G A 15 e pesitive =n|-ts=(. [S CY—\] @
A fx) = owhere ne ! S(:) R /b
by gf{x)=tany Se) - 0)(1 ) - l(:Lx. ) 6(?-) = fon % - S ox
L —
& jiah ot b xT siny Jl(y_) ) (" ) . Cos x
W= T ettt A V) = cosx (cosxy - sinersm
Fle=y - _—
L 4 ey { Cos i} ™
3 = Coste, Bihtn
Cog
¥ - - sect= [
COS e
EXAMPLE 17 hexds eX v x7sax
! e™
Dctermine the equation to the tangent hine at point ( 1 ;) o
the curve:
\-“,\ ‘n'('&) n (e"'—-& 7w €5.0% 4 Ycosx )ex
Y= | + x2 - (e"+ xlgoxde™
oo ' .
Wor A (e Y - I (2x) (e*)"
SN
(“Y' )" ‘“(x) /e/i( + 7% siax X casy ...
"Rl ¥? g )

M E YR (). JT (an)
(rer )T

(¢

-

(4
s X (75'.1'\‘.\: + e cos 3 —xS‘-'\X-)

l
B 6‘69‘)_9‘ = "‘/L{_ by = -‘/ll x+b C—
b R TORY &
b = 3

Y 7y e v 3y



7 /16
DERIVATIVES OF TRIG FUNCTIONS —

| i {
| —f_- (s111 b = cos v _i_' (csC V) = —csc veot y
: . - ProafF :
| i 2 t S "
— (cos X} = —sin ¥ — {seC X)) = sec A tan v ]—- =
oy t/x fet Jex) Sec x., Fhen
| I 5 ' * N #l
: | ; | - () s
— (tan v} = sec-y — (cot X) = —cs5e°y Cosy. 3 S
| dx iy
J (x) =(® )Cosx - |[-S-.nr_)
Cas® ¥
2 Sin [
x5 LAk
Cosy

Co s‘éh Cos

EXAMPLE 18 -l ST Y

Which point(s) an the following function contain a horizontal
tangent line:

SeC Y
fly) =

1+ tany Secx Aeax + Sec X -Seex - Bec™

5 lxy « Sec x. dax( | + Loy ) - Seex(sec?x )
( 1+ demxe )" _

Ctagnr)?

= Secx (ﬂmac -1 S

._,fl”(!} = Z -
* gecxbay sece den®x _ 5
o “ Sec x (( ’f'é«._ I)?_
L ' + *QL:C. ) = = @
= : 1O _ 3
= Secxdenx + Secx (sectx -ty - secdx 2 teel =y ofdaw ot
(et )
<
HIGHER ORDER DERIVATIVES !
/
£ ©
First derivative: v, F0v. :j: ‘;i] [ ool cosx
Second derivative: fexl; :ﬁ “ ":‘:: [ 1iu]
Third derivative: v, (). j}A §5|uuy
Fowrth derivarive: 'V, A RV :—j-:-\;. ‘;L“,l f10)
nth derivative: jrel ikl ::“ ‘;!;., [ Frol
Points
Sc.c(?ﬁ - a A ¥z
59y - A e Lk om-R
 *n 41
["‘/u) & f(f%) ='.%:i " (%uu)?r. ) ﬁ)"?&mn



EXAMPLE 19

Determine is the second derivative of:

y=34" - 6x° + 4x -5

W' - (5)3x" - (2d6x + & - @
(Hx™ = A=

o
N . (4) 15x® - 12
6" = 40 xa -2

EXAMPLE 20

Determine the 97" derivative of f(x) = cus x @

Ste) = -slx) :§5' 5.5V
S ) = -cos(x) 585"
V23 s giale) Fr ay”
§"e) = cesfxy .§' . 58" T

ACCELERATION

str) Pasttion un

vin) = s7'(1)

alt) = v'(1) = s"(1)



EXAMPLE 21 a) ufey= X '(e)
A mass on a spring vibrates honizontally on a smooth

level surface (see the figure) Its equation of motion 15 ! = 8cost l
Alr) = 8 s where (15 1 seconds and v centuneters

(3) Fnd the velocity and acceleration at time ¢ alL) -\ (6 )
(b) Find the posttion, velocity. and acceleration of the mass

attume = 2w/ 3 In what direction 15 1t moving at that IW
time”

equilibriin
PU\HH"“
1]

Bl —hee

CONSIDER...

How would differentiate functions of the following form:
F(x) =fx?241 7

CHAIN RULE

IFy =t o difterentiable funcuon of wand @ = pla) s a dilferentiable
function of wothen vy fletohs aditterentiable function ol v and

o\ _ th . fhi

dv o di
or egquvalently,
[ 2] = [ela)g (x)

d
dv



