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gimf[w‘fj,

b (5) =0

Y=) =00
\‘ n M,m hove (Hsr n>0)
[lue . (tl\M ;'(-)n =0 = 0
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)L‘L—co (x’t )!.L—o [.]—t/x‘» (' ) (S)
r’d-

=2== =S
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= {jwe (_(ﬂ.l/ZS+%(: = lna (“{J/ZS-I—%(:)

y £ R L x ﬁ?—-l/x o =) -0 y < 9-1/x

{ince 2>-o, we Cau assuwme x<0.
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®9e
@ | nfwmit _ @@A/\W ted ]
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= ; > y 3,
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Cam We (‘eo(ef—he The valwe &{ —F So tuat "(2 1« ml{'?

Solutiow:.

(0) Br Wt volues of x  does f love te DSP? For ol

Ztn “The Aomatm‘ So -f tc ontinuews on (-0, 2)U (3, 00).
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"FM —9(3) o make f watinweus ot 2<37
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m $0x) = £3)
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%3 x93
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1’ —f'(x') 1} 'f’(x')
&((n e d‘econ,emw.lj *f'(3)) (“tf{'“ fe&v@tmﬁ(fﬂ)

Ex-2
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b
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(L) At each valwe of wheve 70 Uy J"JCon{"'tWL
Can we reo(e-?—ine the valwe &{ ‘F se That 4 1« Cﬁ‘l{'?.
Selution
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MWM' ol bhave the BSP 5 x=0 (trans thew Pom{).
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gin,c,e. 1!!,“5’{(") &Mc ms'[' exist (vj\\a 7) ) .hﬂ.pl'ﬂ— i no



valwe we cCom assigu fo make £ coutivueus.

tS Tuwre a cw\{' on jQ*‘,gJ,

%K‘S UJ( Com -
()U«‘t ¢ 'afv\{ {'v S )
male. —( Méwnu.ous NO \"f"/

y=40) gyt £0) wedefned
Ex.3| “_
L Mt -2

Let ’F(“) a+r2l, , = =-2

bx+3 , X7-2
Where o and b ave umpeci-(li-ecl M&Mﬂ‘.
Find the valus of & ad b whicl, make -f coubrmudus

at 7(,=-'1, o ou.umwu. no Quc'n Va.lue: e.Kl's‘f'.

Saluten:.

We weed Yl Left-tmit, rtght b, and fnction vl
at 2=-2 Lo le eﬂuai

t‘ '([M('F
| - -4) (x*a4
il_'h; I E t(w- % _‘_li J e _ (Q( yi ;_( )
- ¥ =2) (»47) (<+4) | _ «-2) (x2+4)) = -
-,(t.l:‘fl-(L — (% + ) ;’_L":;. (( 2) (x ‘-()) 32

R_lzhf li mit




fim 'F(v\‘ {ine (kg +3) -2b + 3

woy-2 -2t

L subshitube x=-2

‘Fum.thw Value

£(-2) = a+2b

Al turee  of tuese numbers must be e',wJ.

-32. = =2L4+ R = .+ 20
So we solve —Fﬂl a and b. (Ed-m:{ 4o ewﬁm)
-32=-2( +3 ( _. 2 = 35\_. a=-6T
L k‘_? b=3%

—322 = a+2l a+2b =-32
So ik 0 =67 and 6235, 4 is conkinusus of w=-2.

—

Ex. 4

24+ 4 , < 0
- =z =(
Let fx) i () hx
) % 7 ()
Whese (s § (o ove uM.s’)ea-(-'vecl um,rfa.ufs

Find “tle Ua,((u.s a ad b whicl, make -f coubrmudus
ot x= , OF o!,,{umwu. no  Sach values e.Kn'st
Selubious

We need T (qﬂ-—(lmt rl;,&{--{mif,ana/ -ﬁmc\‘m« value
at =0 o (e e’,«.nl

,L‘CK limid
flm. -F(g) = [(w_ (x+¢) € 0to = a
x40~ %950~

Rijﬂ Qi mit




[ £6) = liw SL"’_SM) = e Sm((»t\ E)

y TN Y0t w01
=IIM(M) 'flw- (S) = J.L < L
%ot by x =o'

(EM\C'HM Ualug_l

flo)=5

All twree numbers must be Cju.a], to a=b=65.




L&cé!ws 34/32: Tutroduchon €o Derival
wal (ves

R— secaut (MC
(>0

oooooooooooooooooooo

S(ofe e(_ seaud
ltue (k2 0) - M

M', GSwen
e —Fw«r'('lw —f(k\, Twe mumber
" = l.M -f'(o.+(1)"+(°)
(T )

ho o

is tue decivattv
e —F/(a).(e ot A ot xre W gy

with  slege 7).

By



‘Q)We is '\F/(*)-O“ (0) "‘s:,(" <0 " ?

. ) ’ (= /\(
S I (Q " {> ( ) o.
(C() i

£Ga=0
£(x)<0

) <0 o (0,2)U(Y,6)U(C,2)



N_a_Ee'. -f’ ’(v) cOMc{. (&w'im‘»im Cauaoie -exis{' at ‘oaoua{y
pom{ Since we camued fule bolh oue-¢ided buds )

Note: f i (o.ecrcasinj on (o, 2] 5 [‘l, YJ

e

£6<)=0
L1070

£7(x) 70 on (2,4) U(Q, e=)
N_gtc'. -f is increast'r:] ON : (l,q] , [9/ ec)

e

Find '(.’uuta,m‘{' e +o ’F(w)=x3+2x—1 of x=1.

Solutiou:.
[w tue earlier taM}ua?}. , a=4.

Pent: (a, @) = C1,2)

g(ﬁff' m= £7C0) = lm <‘F(H'“ "F(‘))
h- o h

- | ((uh)sn (l40) ~1 - z)__ (}4 2 +24° +h> 42 42 -/.L-ﬂ
= (lwe | — - {'w_ T
hso L ho v




h h o0

1';‘7, (gl. +3L‘ﬂﬁ) - e (&(5+3a4w))

= fim (9*3L+L‘) 204040 = S

h-0
$o W*(;wpe {t'w. s
Y= 2 +5(x-1)

(Ex3]
Let 4(x) = V= . Calcudate ~+(x) "e" x10.
golu{'im

We uwse eﬂ»{—.m{-w«

§60< T (*”"‘*” f“’)= » (\/7" VX i i
h

h20 h-0 h Vxh UK
= llm Kth =X
hoo \ h (\/mhﬁ) k-w Q,((w/x-rh +\/‘))
= 1|\M l ) = - ! e l = _‘-.-x"/L
koo \Vzth +Vx Vx +Vx 2Vx 2
" [Bx. 41

et £(x) = {x. Calculote:
() $7¢2) (6) 4£7(Co)
So(u‘('im\‘-

(“) ‘33 dn:(mihw,



£C3) = (ﬂ'3+‘ﬂ—+(-3y= » ( [-3+k] -3 )

h>0 h koo h
No(:e We ossome h 1s close v O (vwi er pos. )
So ('34'(«) s C(ose —-3 'Aw.ce We Coau GSSume
(-3+44) i meq. So [-3+4k] = = (-34h).

= |, ( ~(-3+h) -3 (z/u 27 —k -
l!\"?vl‘; h kﬁo l«-—)D )* 1

So £(-3) = -1.
(b) By definition,

‘Co)e (F(O-Hn) - ‘f(o))g _’Ll_
H)&f( A u‘i’?(h)
N_gé_c" See Sechou 2.3 -fsf dudeils .
¢ low (1) 2 b ),

k—»o'(") k(-'a:’:( lﬂ)— .

h
o (B e, (8) = o8

So -F(o) dme . (Eveu ’ﬂwuy(: —( is  couBiuuses af kﬁO')

&= :
Fund 'éawpwf liwe o (c)= ;': ot n=3.

Solutton:
Poiet: (3, $(0) = (3. 72)




(
Slye- £(3) = lwn (+ (ML- 4’(3)}= » (_ﬁ. _ 3‘)

h2o h-o h
= i (2 (B+k) Nt e
l,‘..yo l\' 3 (3*k\ 0 3"' ('3 “"")

= {ime _K*'-‘f = - .
koo 3 (34h)) o \ 3034) ) 3G 9

The <bow Wt‘: fine -
‘ —

!
y: 5 ~7(x3)

Kow can a «fumc{'f&u —fml 4o be Jinﬁaé/e 7]

So t‘F -f £S cmn{'inwsug) how cam -(' -fm‘l - 6(
di{leerw{'ia(ole?




Sechons 33 ,3.Y,3.5§,3.9: be,riva(x\fe Rules |

(x)

C
x"™
67‘

In (x)

Sm(x )
Cos(x)
{-un (Y)
Sec(x)
Csc ()
cotlx)

O‘&
x
N

n-|

?
X"(bxx

Cos(x)
— 2 (x)

sec(x)*

Sec (x) an (v)
—cgc (x) ot ()
—cse (NO*

AA)JMCJ Qu.lcs

F(» PG

fry ATy

c.F c,g’

fq  £93+4g7

£ t'9 —F39°
g?—

B4
Ueri fy fé: ($200)) = sec G0)* using the olur ndes.

Sddutian'

We uwse Ouobent Rule.

d [ sm( Cos(x) - cos(v) — Swm(x)(-sm(x))
dx (“S(ﬂ) - Cos(x)*

_ s s (0 _ ' cec (x) ™

s (0% Cos (¥)*

Ex.2 Tx>
Calculate f; < V5
Salutiou:

Rewrile *Fhw.c"'lm n Slwp(u "Fatun "F’trsf.



X
x_

Pow(r Ru(cf C%K— (x") s nxn-\
(Ex.3] =

/ n(x)
Caleulabe b6 if b0 = “or_gr
Solwhw'.

Fust Scw-plch. Taew use @uobient Ruk.
h (x) = _Xg/z‘(nu(r) ]'F

eX-e? ]
(e -f’ J - '_'f‘ / 9,

‘\’(\f) < (;x"".&,,‘(,) ﬂ(g"Sec(x)")” '(Cx-eg)j — X%-(tu(:() - € =

(et

39.
Scrdch Werk
20 = () (Prduct Rule)
F G
£ = %x"‘ e e (x) + x Yt - sec(x)”
F’ G . [ B c’ )

e g(0) = eX-¢°



160 = g (e"-€) = £ (-4 ()= 0=¢

{
63 s a cousfont .

f(em!
Find —tue ‘Q-m?,w{— line 4o fGc) of x2=4.

3

f(x) = x*- ST

Pg_ch_‘(:'. (¢, ) = (t,-2)

Slope )= x*- @ ]“oﬂx
$0)= 3x* -3 (-2x%)
£7(x)= 3x® # - < recipe Aer slopes
$00 =340 = ¢ < sloe of dumged @x=!

ey )

Ex.S

Find all horizountal ‘(;aug,e.u" lines of ¢:
(x) = 3x°e*

e 00T e

Our inibial qeal s & gcdue £7(x) = 0.

L£(x) = 3'x_.sg_’i
F G



#0023 (St e s X L eX )

| -

F’ i G ¥ F 'G’
£(x) = 3x"e” (S+x)
Now tolue $7(x) =0.
3xf e (s+x) =0
Ix1 20 o f= o S4x=0
X =0 or '\OSo(u{'to« or = -5

The e,c([uoﬁms of -t heri zeu bl Wﬂ& are:

A0 (x=-S{ s
£0) =0  f¢-5= 3(-s) e =-8T5¢"
Yy=0 1;j=~‘l?75c"s

—_—————

(Ex-6 |
Find all  horizontz| 'écmg,ué {ines o

f(z) = Yx > [n(x)

Fest find £C0) .
£ = Y2 [n(x)
F ¢ ’
£1(¢) = [2%x* 'J,i"(’(), +  Yx3 .

_L_
L e
FF - e * F - G
F/(x) = [2x*(x) + Yx*




£/6) = 4x* (3(x) +1)
Nowo Solue -P’Cw) =0. (Uﬁt37 Kori'Zou.M (lnes
howe  slope 0.)

Ux? (3G ¢ 1) =0

Ux® = 0 er 3mM)+4 =0

76 of X = e,"/g

Aowmfw e{, ,g is - CO/”)

A heri zouted ‘éw«}wf ‘ine occurs ot X‘-’—Cpléou(&.

(< ¢guo Low ic:
7]

y = ‘f(e'l/;) =4 (C"/B)gln (6"/3) = "'?—a—
'F(**) = 4> [h(x)







\S_CChW 36" baim‘:ives as Ra{es oc(- C“MLi
o (ode e‘@ C‘mmy. e{L y yy rcspec’e L ¥
L‘B_.? ‘ % s G-fpmximaﬁan &e— %(—
d% ‘ l% X LMM?LS '03 AY, —tb.a.m 3 ccta.«t?es
05 Ay ‘-‘(%% Ax <= £7(a) &X

r_&g ']?Mg stound| Nsk_!e_u\_‘

x(¢) . position

i - At oxl) L e
rie): 95 Cinssboubanens) velocify
[vee = { &ﬁ‘ speed

a(+) = ‘3{% = % L accederation

=

&L
(:vu'b shews poszﬁmc{» adrel car relative to
stution (S=O). Car in'uhaf(j (eads m‘fh at ¢-000w.
Tiwe t MCO-Smo( in heurs cince T:00awm.

ol | (o) Ut s ~tue Qverage udloci‘(-j n

: j | mEE =70 “tw vflﬂ‘t ¢< M.iwul-,es?
N @ Uhet st auerge veloeity an
Lo0.25,0.75]7 [ tuis a ?ootl esbinfe
of “twe Vdoc?'(j ot 7:30am”’




(C) U/hp'f ts The udod{'g of lam’ fn which r!irec{fon s
"tlu. car \Movm37

(4) Describe tue mobton of e car from faus o neen.
Solidiou:

o8 s(0.1) —sl0)  30-0

(0) Uuy = = ° o1e-6 " exs - ok
(b) Naw = AS s (6.79) -s(o.zs)= 30-& .
Bt 0.7%%- 0.2 XERA
403'—;\ , ¢c— Vov 1s Q(eee. Q+ Secout [(V\Q

10

j 7 U'Jocc(-tj a{ *30am is
| S(op{ e{ '&awt}w,( ltve

] ;2_5 3 ‘{xs wolt s J estimatde
N Bt o s

lllllll

|
(=
[

Position (miles from station)

|
)
(=]

[

|
w
=}

|

Time (hours)

() twe velocily of llaw is tue ope of tue trugenf
liaw o t=2. We will use tue overmge v eI::(j

on (L 18,22 b esbmake v (2).
S(2-28)-s(t1s)

4":: | U(2) 2V =
. TN av 2.2$ - (TS
i/ = - .
é ~:1015?1:0|1t5'2. fzjsl3fo T O. 5 ““P

E N Swce 0040, a6 buachd buck
T ot chabion (sodth).




(o\)-nu. car 1«thq((3 Msves  auvay fem.w ckatioun Cm‘ﬁ,‘)
A"k q‘oo-u* [0 : 0Cam (A') 'tlw Caf rea.c(u.s !‘('.' MeX c!(&{nntf
dA from e slzbon (35 miles) omd Tuen
EEEv.aN Feverses o\h‘«'&&n (&ou'ﬁ') At obeut

B [(1:0Sam (B) twe car fasces The

|||||||||||
|||||||||||

= ddutonm. Ak a‘oou{ []-40 am (c) The
TNEEEENEEN . Gr reacus hs wex  distnce "fmw
"t\u. (ﬁ&l% (29 M\‘es)-% t‘(f feverses A(uc'eiw a%ain.

g—

A stone & Thwum vertically frow a ue-f4 cliff
witu nittal ueloci{-j of 32 Yfs. T (uff(n{' of
Twe showe 1s:
h(€) = - tet?+324« 4@
(ﬁ) What i€ e Wjoc'i'('a a@(—q ¢ Sewno(S?
(6) WMen does o reach max lmVH?
() What & twe max k-dglo{’?
(d) ch JOCS f{: ‘\l{’ The 3rouncl~?
(¢) What (s tThe  Twepouct Vdoci{'j".
(—?) Wen ts The S()ZCJ 'lncreaswj?

gohk‘iw'.
() ytk)= h7(¢)= -324 +31 < fif
(b)) UB)=0 = 4=141 «— gec.

() h(1)= -1 +324+48 = &Y «— {4,



(4) k() =0
~let* + 22t +4%€ =0
-6 (4*-2¢ -3) =0
b (£-3) (4+1) =0

D v ot

(‘) v(?) = -32.3+4 32 = -6y -@%{S

('9) 331 %Zv
:2’ il g

1 { 24
’321 -321
Y= U Y =[v )|
(y=-32¢ +32) (y=|32¢ +32)
’UJ«OL\{Q‘ Speu‘

The Spcc& 14 'mcrcasinj on (',3)-
(T\o\e, w(oc‘ib is \V\crcas’mj on no iv\‘tewal )

53

Same as Ex.2 but e stone reachss The
groumd it hikk o Spring efas‘hca"gj (mumcmj back
W with The Sam SpeeJ- Geph The hetgﬁf
h(t) and veloci{—g v(4).

Soh,cl;iw‘.




h{t)

1]
4

—

&

A coffee vendor has collected data on the price of coffee in her store over the last year. The
price of coffee t weeks since when the data collection began was

p(t) = 0.02t> — 0.1t + 6

dollars per pound.
For each part, you must give correct units as part of your answer.

(a) How much did the price of one pound of coffee increase in the first ten weeks after the
data collection began?

(b) What was the average rate at which the price of one pound of coffee changed over the
same ten-week period mentioned in part (a)?

The vendor also found that, in a given week, the local consumers bought approximately

2500

D(p) = ——

(p) P
pounds of coffee when the price was p dollars per pound. That is, D is the weekly demand of

the consumers.

(c) Calculate D'(7) and explain its precise meaning in the given context.

(d) At what rate was the weekly demand for coffee changing with respect to time exactly
ten weeks after data collection began?

Soludion
(a) &p = P(m‘)— P(Q) =T7-6=1% JJ:“M
(v) op . L dellocs

Ok (O weel

/ - - So00p
(9 D’ (p) T




D(1) = -%000.1 S
('{Q-H')‘L ((M
When ~tue price s 87 per paved , The dewand
is (led“S’W\j l)_\_‘ Y pocunds /&o((o.t. Tu ollr uchS,
f{l ‘(‘b\'\s m{z were ums{an{ ) each A increacse
fn twe price ursu(cl lead o @ f'-l'pawcl decreose
fn dewmand.

= —-|q

(meu‘k(m &"P““JSOV\
0 ®EHTO
Aemand price Liwve
We use chan nde:
dD d QD( (+7))
- - Jz- P :
I\ L=t ‘=0 |
- /7 / Re.az(('-
=D (? ) P (£ f{;cfo p(&) = 0.024 0.1t +6

p(to) =7
- D’(P(‘“) P’(‘°) p/(£)=0.04t - 0.

= D7) - p (1) p’(10)= 0-3
= (~14)(0-3) = ~4.2 possels

weelk




Scc{lw 2.7: Chain Rule
How do we &Kw@n)‘eu--

£«) = s (x) £(x)= cos(x)

() = 2 sm(x) TC) = Zeos(x)

$(%) = L« s (%) £ = 2 5w (¢) 4 Ly oy (x)
F(x) = gw (2%) £(¢) = 210

Tuw: (Chain Rule)
14 .@ ond g are oli.Q{whque Qe

i [100)] = # )y e

: wa(un.(-u/ dert VJ‘\"’?*’(
G:Ii-:vc vf- at Insde inside

(B 11
Ca((u‘w('c. ﬁ- (Sm (K'l)) a.moL d%(gm(!()’).
Saludrau:.

ht)= sim (x*) h(x) = Sw (x)z

Outside - —f(x) = Gin(¥) Oukside "E-(y) = X"
(vulolc -9 (%) = x* (nside® q (¢) = S (x)
G = cos(x*) 2% h'() = 2sm(0* cas(x)

e £t (1)



hte)= et h(x) = ln (x34x)
Outside : —f(\t) - ex Octksicle ! 'g'(k) = [n(x)
lnside * 900 = fuu(y)  lusider g () = x®4%
GO = et ) sec(n)? () = ' . (3x%+1)

%3 +x
Ex-gl
Calculote %{ ( S (e¥) cos (3x)) .
Selution:,

Use Pmduc(‘ rLJ-e)'aAcm Claa;u ﬂ.JQ an eacG answefl .

h(x)= Sm (e*) cos (3x)

¥ J
h'(x) = Cos (e")'cj’ms (Zx? t Sm (e ")" '(-Sm (3’¥))'§
ol g ¢ £ 9’
6('-! A w3
Calculate JK— (\/1 - )
Salidion .
Use clhaia rulc -Fnrsf 2
x
Qudsde: ' fuside: 7T
y ([ x3 o 3% (1) - x(-1)
h'06 = 3 (1»x ) (4-x)*

l |

derivative o4 inside
Nofe the wam cfencil You ute i very




Cemsitive 4o hew you wribe b (x).

3/

n = (,& )h Tt < (1)

1-x
Clhain Rule Quotveat Rule

Calcod ake j";[ . (b (J""))].

Soo.we'(ow.

We use chain rude Mu“:(’p(c Limes .

h(x) = (@ Ea(e™==))

/ | | 2/ k- Sx-§
h'(¥) '.&m (eg"") . sec (e* ;) e 3

[ext
et $(x) = 2 V1-3¢c. Fiud all horizeutel ‘(ﬂug,m{ {iues.

Soludi au.
FI(S{' -Fmt! -['/(\f).

f(x) = x- (t-2x) /
£(x) = (. (4-2)" 4 x. G 3x) : (-2)
Now sdwe $(x)=0.

(130" ((+-30" —%)(1:2"?%) =0 (13"

v
(L~ 3%) t

3

3 -
<* =0

\



1 -3%x =0 .

2 el & x=Fin
*= q dowain of £7 Ves.

Lo e ou(j hert zoutal ‘@nuw{ 1§

y= 43) " V3] - 57

XEx. 7i

Valws of F,4", 9, aud g7 ore in e deble .
(oy Let FGx)= 120

v flx) f'(x) g(x) ¢'(x) Joo
0 -1 -4 4 2 Calecwdate E“(o).

1 -1 -3 2 —4

o —4 3 1 -1 () let GUD= F(xq00).

ko, Calculake G7Cu).

(o) Furst —F'iml F/(x)- Use Quotient Rule.
£7(x) = £/ (%) g 0) — -P(Y)g (x)
§OH*

Now pw(: 2= 0.
7o) &) - (NGB _
F’ (o) ot
(b) Forst "fmcl G (x). (lse Clata Rule .
G(x) = F (xg(y))

Outside: () lnider g0

-1
8



cGo) = £7(xgx)) - (L-300+ x-9%))

derivahive 0( desivative o«(, mside
oukside uaked
aule ok (product nude)
qu Pw(' 2=4.
G (1) = -f'(sm)- (gen 97C0)

£7(2) - (2 + C-4))
(3)(—2) = _.C







[Scchdm .9 1mpl‘ﬂf Dl“wha“aﬂ——‘

N2
ot P

Smhms 4 awl 3 are rc(aéccl t’ﬂ an ei«a“f‘m

Lu“ we Cnv\no{ Solve -Fv( ane as a f-mc('iau# .auaﬂu
These equotions  difine  local | mplialt functions.

SN 7))
AN/ DN\

'7L=-l/1t§?
G\nu 'ﬂmug‘n we L\owe no l«ﬂp¢ 9{» 'Fmalt'nj an
estpl\' cit —fumu,(as '-F&r’tMe Functions, we can

sLill do calcalas-

ex- L

guﬂwse X+ 32" 1. &nd {au?,eué (tne & zl, 3_3')
Colution:,

’!:ej" We make no atfempt o golve for x or 9.{



Bq{ H:f{)() (OCa((g‘.
x*+ $0)" = 1 Ct)
The %lﬂpe tw 'Q-uu?m{ tive. i %ﬁ},o{ {C).
We com —(%Ml () frown (D by Simply
d(;{»uu{'la{md all tems and  golving o Tx).
2x + 2§(:)£09)=0 (2)

gcrwtdq WH‘LI / Chain Me{
° 3(1) s (:-Hx)]z

Occkside x* l:n_sﬁg -FC\C)

§7(x) = 2£0x) - $7(x)
We will ‘(’3‘)&0“3 wn'('e (2) as

1x + 2y 45 =0 )"

Now solue algp‘vm?caqy "f"‘ -é—

ﬂ - - X ey {ieit -;ﬁ...c“'oﬂd,
dy J 6““‘;] Jor dyfly +o
dbp@ml on ¥ ml Y.

VR |
fa_ _ _4 ’Eﬁi‘ﬁ“'yzf'r( "z )




&2
Sugpose x oud y ove c‘.u-'lrct(-(y reloked by :

)(2-1-3459'4—)(3 =

Ftvul % -Fo.f a ﬂ,m P‘gm'(- M‘t—'/\is cusve .

So!uﬂm
Use lMp‘ftt(’ A‘Hw(’m@on wet. x.
w* 4 3y +xy =(0
lx + (vg &ﬁi I T | % J"Z:JE' =0
,F’ q - '_c 3/
Now o.LKPJoau‘Ca((d Colue -(‘or "‘V/Jx
63%3-«1%55— = ~2x—Y

¥ dx
gy alged re
(GS.H() %’— - ad n-o?;t(m(u.s
dy = —2x-y
dv ~ by +X
T3]
Fi J a‘hm o(. e huc
x>+ 3 3xy
ot (1/3, “/3) . “—F-(l’uwv e:(— chcnrfﬂs"

S olu‘h on’



Use IMp(ict(— &t%w{u{—.@u.

)(3 +0_‘L§ - 3!3
Chatwn Proo(uc{'

w2 + ?3"% = 3y 4 Bxéﬂx—
Subshitude fomf aud cue —(er Jlj/clw.

y , (b _ d
3% 7 v'qzaﬂ;
Wilh % nee &
d _ 4
dy S

xo‘hu e(ouaelau G{L e 'Ga.uw/e ((M i,
9= 5+ (= %)

&l
tet £0) = x™ Fnd $7C0).

Xotu{lw'.

* Power R'A‘-? UOT Esfpamf not cous bark

¢ Elponmh@( Pw.l-¢7, Alo' Base ot Cousf'anf

No nude hes x fn betw base and ekpauull-

(Metuod L[ (Rewrite frumction) )
[ Z") In (%) Q._“f_s'.é‘ €
£ = x* = e n ) = 'e,x KJ _(lelg % lu(x)

Chain Rule !



$G) = M (Bt 4 v k) = X () + 1)

[Mﬁkoc‘ 2 (Logariﬂmic di (—@wkiahoa)

foj,ma( H - .x"
fog of ballcds  Inly) = [ (x¥)
log ~ rules thly) = % ln(x)
RN _ {
IMPlICI{: AIH» —j{— % = {. [w(x) + X
Wtwcw%- %,—=5Qn(ﬁ+i)
replece 4 £00)= X~ (ln (v)+41)
Ex.5

dy

Suppose s (x4y) = %+ cas(y). Fud Z=-.
Solw(:ion'-
Use iM’)(tcf'(’ Jffeumﬁu{tm.

Gos (x+y) - ( + %%) =1- Gn(y) %‘g

Now a(t‘,elam'cca((& Salue —-fnr dy/ds .
Cos (x+3) + Cos(%-uj) éﬂ!- = {~- Sm (g)‘%%

dx

(Oos(suq) + Sm(y) )ﬁ%’ = 1 - cas(ey)



A Ces (x4 9) +sm (y)

—_——

FOQ'J 1 - cos(x+y) l

—

[Ex.6 |
Suﬂ,m W (L4¢xy) =x*+y. Find %“-
Colution.

Use iMp‘lcf“‘ &inéia‘ﬁM'

.L«—mj (134- xgﬁ-) 2x + #‘-
New aiq,tbqu((:j colue "F*"" Cal_::\‘_
Y+ *3‘?{ = (2**%) ((+x9)

y+ Xg% = 2x (1+xy) + ((-I—K'j)%:—

x%* -(l+x3)%‘(— = 212X ((+xg)—3
(7‘“”“5) %ﬁ; = 2x + LxYy—Y
——




[Sectiow 301 Relaked Rakes
B ke of change of g wite cespect o time
M;c&t_'a Al varialbles are QSSqu 'FAMC"(’M Gf{“ﬁm

p—

(B4

A ladder of (wyﬂ« of (=toft Is lea.y\;'uf‘ &7,,&,{
o0 wall. Suppose tue bottom of te ladder gldes auay
-‘mw‘h\. wall ot lf—t/s«‘. How -Fzs’( is T Hf

Solutt an
Givenm (nf!-:lm)(-cm
dx | du _
for dl £: xZay® =100 (1)

o

To tnbroduce %’2— and 4%, we use [.u,,(!cf@ difd.
with respect o dime.

L)* ¢ yi)* =loo
2K % + 2y ‘%% =0 (2)

Fﬂua‘hauj (1) and (2) held -Far all e £. Now
we substitibe nformation .c‘oed-ﬁ'c to descrled me



Heu "fw a“ “' Keu -Gl' Spea'-ﬁc ‘f'uMe

(1| ¥*+y* =00 xt +64 = (oo |COF
(2) z;%u\\,%:o Yx + (@%:0 2)7

Frowm (D*, WA gc'f x=6. T —ﬁ'ow- (2)*, we 9:‘(
244+ (( %— 0 = Hég '-‘/-—jj (‘f""/&'«.)
The {vp 0{ twe (ddr S(c‘t!fv:y doern af (~S~f-€/oec.

Cenural S{tﬂ'—{'ﬂL’F"f Relabed Reofes

@ Daw Aia?am anJ (abel variables .
(bkhﬂ,\MSt‘ befwen cousbants aud rou- constante. )

@Gu'fhﬂl all Qrven iwf-uma{rion/ 'mc(uo(t’mg eﬂua{uw
tuet  relate e variables for all tive.

@) fo{lci"j Ai%uwha(-e "&4( l‘c(a(‘vms wré. 'é

@ Substitute a.“ given vq(w.s.
@ Solve for dusiced value (corvect units!)

rl&.zl
The ’(’9{1‘ S\u"fa& ar eq G+ a Cu‘;e {< C&M?‘wﬂaf

a ke of 2 wifsec. uhen tThe (wfﬁ‘ of oue of
ke sides is Oin. At what rate i te volume



0{,‘(1“ cube C(muginj at that time 7

Coludion:
Gruen {w{omﬁw\
ds
4 it =(2 %/ = 7 when x=(0
- VE x> , §=6x?
New we '(m'){iei{:{& d;«whﬁ%
= 3 vV . ax
(v V=x é? =3x* 5% (2)
(2) S ds X (4
S X df “-% %’F

Now cubs{ibute Giveu vdlues (X=—(0 and é{g.‘ :’7')3

(¥ - d
0Ot V= (ooo / 300_‘1_)2— ()"

# = ve
(2)" $=600 SO_C(w;F” (2 = [20 %_ (W

O —————

£
FI'OM (‘() ; We 9&'( ‘g% < l:'D-' g@m-(ivm (3)"'.
dv
g © 300 ('ILO) = 30 '"2/$cc-

B3
A SE el pecen shunds chll 9 feek froue point
S‘;:MCL !S' &(Rc“}_j Ge(ow a ‘au(-u;f- A‘;Fm"fhpmm{’
twe lewtern i IS feet abeve T ?—ﬂl—uno(
e lawlern o6 felling ot o e of '-(-H-[‘fecl'.




A‘( U}Aa'(: m{'e IS 'nle lw?'fl\ G{ ’a/x.z person'.(
¢ hadow c\\anﬂivxs ot tuel moweut’

Sm‘. Glven l&fgm":lo "
§oa
/’/// h dﬁ'/‘? Whenm h=I[5
s de
,//51 L
X ¥ P

To find an ubr.,a('iau for x and h, we we Cims [ar
'l'riav«’les-

L“:ﬁ (ﬂ_nﬁ'un - S mall ‘e:\ﬂ'lﬂ
Lar1¢ ‘\cf?(.(' Swal( lncf?(\f

x+ & _ x

h 5

p\e,umc}ouj —twe ermf’ioa ﬂi\fes'.

h= G + %g— Ce)
Now olt‘«wwl:ta.‘:e

éh’ c - _‘10 . JX (Z)

dt x* dt
Now cubckitube dhdt = -4 and L= 15

40 4o Jxw e
W' 15= 6+, —‘l=-;;-f—:%— (2)



Frew (1) we 9&' =Y. Thau "F""“" CZ)"wef.t.

_u- MO dy d« _ 2 re
= e at = dt ~ S ’F/ﬂc-







Section .\ Extreme Volues

([ex-

find the abs. extrema of £(x) = x> -6x>+9 on(1,6].
Salutiaw

(No{c.'f is oufinuous QML‘ (1.6 Is C(oSJ {LMO@J)
Furst —f-ml crittcal nuw bers of £

{00 = 3x%- 12x = 3x (x-k)
¢« $(x) dne. none

* () =0 220, x=u
ot tn 11,01

Now coustruet [list e{— candidobe vealues.
Y =2x3-6x?+§ = x*(x-6)+9

-

X

critical # . K(-2)+2 = ~24
i A(-5) 48 = 3

nd go {s {

e ¢ 36(0)+8 = &

e abs. min. i -24 aud e qbs. may . is &-
Ex-2

Find “twe ebs. extrema of (i) = (? —tc)” %20 ou [-5, s].
Solwhou

Arct "f'lml the critical numLers .

/ _____ . Yx

£1) = 5 (x> Ho) ® 3
’ ‘P({\ due: xE2=lb =0 = x=-49 or x= Y
3 c0: %20




Now we makce o fuble of values

X Yy = (x2-16) 7 +20
=y 20
Crt(:l(a'# 2 Y 20
. 0 (—lé)% +20 ° 162/3 +20
endpolnts {-S 1*5 4 20
5 9% 20

The als. min. i< 20 am( The abs. maxe i (6%4 20.

(Ex-3|
Find u'os-cx{-rm o{ -f()() D x‘-{:‘ on (.0;3]-

Solubiou
Fud tTwe C.ri{l‘ca( H#is-

‘F,(“) = 1 - / °
* £7°(x) dne: noue o

. 4 - . q (o
t()=0"- 1- G =0 = (x+)" =4
= % <3 e x < |
nok in [0,33
Now wake a uble G{ values "
y
z Yy = x- x:1

critial § L l - i:‘_' = -1



0 o
w&poiu{s % (2
s Y

Tl“ a(oS- min. js -1 amd "hac a(o.{. wayx IS 0.

Ex. Y
Ftnd “tue absolufe extrema o{. £(x) = %- (W (x) on
(_E'g ye) . (Hind: 2 ce23.)
Salidion:.
Fmri{'(m( Nuing bers .

€)= 1 -
* (%) dne © noue

cf'(x)=0: =x=4%
Now wuake a uble 6{ va lue -

X Yy = %- (v ()
Cﬁ{’?Cal-‘H h 1-0 = Recall -
' L _ (g . 2<e<3
2 22 —(~35) = S +
CVLAPO(“"IS g/e ¢ <
e e - 1L '
The abs. mm. s 1 awd te abs may is g3+ 3-
(B2
Flm:( The q,(os CX'(TCMa e{. “F(“) =e""sm(ﬂ on [o,?:u]-
Soludtoun

FIV\J Cri‘: teal numbers:



)= e (1) smle) + e eoslx)
F = o™ (eas() ~sm(0))
"f,(\f\ dne: noune

‘F'(:N) =0 iﬁ ((es@) -sm()) =0
aways positive, So comcels eut

T Y s (v)-sm(x) = O
‘;"_A os () = Sm(x)

>
N - _ Swm
ww q o o q’

Now wake o Fuble of walws:

X y = e m(v)
Ty e, L
Cri{tca( © Va
Suifu e~ STH (-__. )
0 O
eMApo«u(S {
b 0
_ S e—"/u

The abs.min. 18 —5— and “he abs wex is

=

Ext

Fud abs. extrema a(l £(x) = xe % on (-1, to] -
&(u‘holx




Fnd twe crifical numbers:
£C0= e - 2x> (2 -%)
* £/(¢) dne:  none
- $'(x) =0 x=0, x=2
Make <uble of  valws.

x y = xe*”
) 0
tridical § _ 6 _ (2"
o 2 t(o-eq'—“eT-(e,) <4
- 2 31
em‘-fom'(5§ ¢

-0 _ (0000 (0000
[0 (0000 e = zzf Y -3—27—'

The abs. min. is O aud the abs. max is Q.z.
Ex.7

find abs- ex'l'fcwux e{, —F(x') =X -QSM(Y) ol CO, er].
gdu‘t‘iou‘.

Find “He cr?{'ka' nuwmboers .
£(x)= L - 2eos(x)
¢ ‘F’(K) due none o

l
* )= 0 tos(x) = 3

—

Now make a bl e{- valus :



A Y =x=2sm (x)

T T _
Cri{:tcaf % /3 2 1/;— <« ““(3 weaqfnu 3t
Sl ST 4 /T
3
0 O
&A&pmn-(:s { ’e o

The ahs min. (s T V5 aud e abs. marx is T+ 15




(gechﬁv\ K.\ gupplquw.{' ‘. annlbﬂ o{' Noun- Alkxuﬁaue qu(“;ou_q

In Section 3.1, we learned how & recogmize m-d.«wﬁ.ue
fumctions whlw“:._&g nobes belows duscrible how to
r(.cotin?'u. m(cj{'im((a —euw\.c‘("M ‘tua(' are Cou‘('lnu.ouq‘
Dut not difercutiable. There ove turee waia Ca,('e?mriu'.
@A‘osdu‘(ﬂ Value "e(r) = {x|

The {mth £ s ek di ferentialole ot 220 Grap s
0‘(;‘(.' hos a S‘Mw') el gt x=0. {6 ~hu "e'.ww“i&m
h() = [ 90| is  (pessibly) not &uﬁwﬁa“« wWhare §(x]) =Q.

\/\/\/U

= [%| lx’--—tf( = (x|
@W '(’)'M"k‘“ h(x) = 17< 4| i not do-ﬂ!w{'mue of
2=-2 and x=2. (W2-4=0 & x=1x2)

@ Power Fumctions : *f&) =x" (0 <n<f)
The —Eutchm -F 1s wek di Rwﬁa(o(e ot 220 . ymp(,.

hes @ Cusp or verfical {un 4 ot x=0. o “hu *(-Lucéuw
(fl(Y) ﬁ(ﬂ 1y (()assc‘o(y) n,o{ dlgwﬁalv(e u‘n,le j(k) =0




B The Bunction k() = (x*-4)% 55 not differeutrable of
t=-2 and x=2. (3-4=0 & x=22). fuilarly, b
Fi = (-1)2 and G00= -1 are not differcbable
at ==-2 aw\ol x=2.

NARVAR e Sl

y._. (XL'-*)IIB y.: ()‘;__ q)‘l3 (j - (Ka,_ q)il‘l—

@ Precewise - de.fine(l Fametions

U OH:W (‘ou:(f net af s) o pcecewtse “CQ'—'F(MJ -ﬁ.mc{‘iOﬂ
(s no{' dlﬂwﬁab‘c o.{ tue tramsition pagn“&

4\/7 m/

-x i} x<0 1 s (x) f x<O
* b x%0 w 4 x7 O
not dlﬁmbabh at x=0 d Hﬁwﬁquc at x=0




Sectten &l Supplement: Couceptual Back gmuwnd
Basic Do(,i niktams:

Absolute minimwm value Reletive minimums velue

O{»‘F ou (a.b] 0‘(@-{ at 2:=e¢

($ 4c) o tue abs. min. LF —f(c) 5 a reletive wmin.
“la\we{# { on [ab], Ten| valwe of 4, tuw f(c) s
£le) &5 twe [east The  (east posseble velue
poss'\ut valwe Of 4 {or O'f? £ Hfor x ‘near c.

a__ll y [ (Q,‘o}.

* cimilar oh.(’—.'ni{—tws for absolfe moximume and
cattve maximum (rqlace “(eas(:” with 3m‘:¢s{:')

' qlobal” = Cabsolute”  and  “local” = “relabtve °

. \ [}] ¢ ¢
ex{'ﬂmum ML am S Mimmumg Mmay¥ vium

Locatin local extreme values ﬁica((g
| s

A




/

— T
bextbode does net allow  also obsolude mivimum

relodive exbrema of bauudeny
Pb(ﬂes —— Y

/

4
f‘lﬂvook Jocs q((ow aajoue

exbrema  of Cmo(wﬁ Pam{s

Tuw. (Extreme \alue Theorem , EVT)
Suppose ‘f’ Is w“(muw.s on “the c(e&eo{, Lﬂu.«w&o(

in":wa‘ (“"’]- Them e cbsolute win . anc( maje.
of £ on Caild exast.

Whet Can go wrwg tf {15 wot couttnuows?
o / 0
A )

M} A number ¢ In e interior 8{— e (lewuu'n
04; ‘F s a orifical number c! ‘f'(c) ODNE of —f’(c,)::O.

0

—[ln_g'. (Fuma'(:)
LF 'F(C) is a local extremum ,Then ¢ is a erifical aumber.

* Why do we need o checle ulere £(x) dne?



‘f/:o (no“ lOCQ.‘ -ex(-revuuu.}

\é{rri'h«m —?u -thih\j a‘osd,u{-o extrewma 04 —f om [a,L]

Ol £ torbinneus on (aib]?

"I no, 8'\-0(). (BvVT concludes uo'ho\inﬂ.)
-0 ?S, Continue fo @

@ Find erittcal numbers a{, .(— in (a,b)-
cfind WMere  £7(x) dme
* Colve Tt WHM £x) =0
@ Make o <luble o:‘, candidate extreme valws bf 'fb‘)f
* valws of £ ot critical nuwmbers
c valws of 4 ot endponts (x=a and x=b

@ Least candidate value s absolute win.
Greabest Cundidete valwe @ absolubte may.







Lfccétms 4.3 /4y - Grvfwvlcfu«cl:tm([

(Eed]
Cugh £0)= x3- 12x* en [, ¢].

go( utian

£x) = P-12¢?= x2(x-(2)
£(x) = 3x2- 24x = 3 (x~-8)
€)= Ce-24= € (x-4)
@ (vx-form{\m {m«m —FCw') .

° \Ier{'f ca( ClSaov«f(-o(:esf none

* lhorizouta| ung&o&s’. none
@(n{u‘m&‘hw —Gmw‘ -f'(x)'.

*coushuet  Sign chort for $70x)-

cut foin'ts: x<z0, x=8
£ ) = 32 (x-F)

‘/: N ; /) S‘mpe of £ 40 D A =®
Do © ¢§® Signof £ £M1):=® S =0
ol ( 9 -@es(—fmufs Q=@ D =

4 15 decreasing ouns Los]

—G | £ mcre,as(aj Gu’ (—oo,oj, [9,00)

f has a local miw @ x=J
-F has @ locel mox @x:o

@ fn-fomu‘l'iw —me af”(g)'.
’ Lons{:mc‘t a ngu Chert —Gﬁ -f"(x)'.

cut POm“:S'. v Y




y @ f(?m&f-f" j”ﬁo) = 6
‘ “(s) = @

N/
_ | Sﬁq‘xa“! £0x) = € (2-%)

@Summr& awd L
£0x) = x*
(mf‘d‘we e % (x-—ll) on ["") ?]
Slnn‘)e &{- G"‘P("

x 9 lype
-1 ©
7

-3 -3 Can‘t
q (0] [ocal max e e
o M‘Hc P{ dec. [ne-
Conc - e ——
wn “p

8 -
: ‘lSQ [ ocal min
243 endpt.

=203 7T




K
G‘m‘ola ‘F(K)zxz_q .

Solution:
PPl L), wpn_ [2X (x*+(2)
'f (’() - ()l"-"f)z ‘f GO = (Xz-—'-f)3

CD fh—i-mv«.u‘ltim —fﬂw« .F(x):

¢ UU‘HCQ( G.Stjwf{-oetS' Xe-2, =2
. horizondal asampfv(—es'. y=0

H { ( N
.’(ilm; Y—) ,!1;:(21)'::'0

JLM: (* ‘t)”i‘.!‘:(;'; - =<0
® tntormation fomn £7e) :

* Comstruet @ 91844 chact for ()

Out P"'”"k" =-2, x=2 , —(x2+4%)
F60+ (e2-4)%

< WAL Y  Shapeef £ e P e
@ -i @ 1 @ Si n 4—{ (o) = —
-3 O 3 'ftasf' Pom{' -f (o) % C—)
(3~ =0
-(—’ is Jccmtstv:j omt (=e9,-2) (-2,2), (2,02)

£ 1« Increasing ou! %
‘F has a local win (@ nowlhere

-C hos @ Q'chl way @ how here

Bowss: I fx) = oo (Why?)

x->-2+




@ ln-forwwhw »me ‘f “(e):
" tomstruct @ stgn Chart for £Cx):

Cu’c Pom-{s' ,(—;—2. ®xe O/ x = 2-
)= (2 (x*+12)
;u f\ \ ¢l oLf (>~ ‘f)s
L "C o
b_i@éez® S 4{0 (’3) g S 'F (() @

<3 -1 1 3 -ébsé fom{‘s £C4) = @@ @ -f"(B) @E =@

-f 1s  comcave dewn om: ("”, ’2'), LOIZ)
-F— 1€ (encave we o’ (—Z, DJ }) Cll”)

b has an Im-f(- Pf@ x =0
@ guwm.ua aund Oﬂvf(n.‘.

[mportent Feafures:

(0,0) : mf(-ec(-m« pom‘(’ © 2
y= 0: KA Me. Jﬁc
Xx=-2: VA
%< 2: VA Conc. down up

im§l.
J pm‘l

%

='-0




CE————

(Ex-3]
Grgh Y = x*e *.

Colution:.
£(x)= x(2-%)e” €Ce) = (w*-dn+2)e™™
© (nbormation frou {Co3:

¢ Vuﬂc«( asy mP{-ol:es " noue

o horizouddl G.Sﬂwf{o(:cs'. y=0

(@ lw (g2 = 0

A2-c0 oo .00

y R
(6) liwe (e =1 i)i{ 2x) 8 ).
#) o0 (: T x—v“: ex ,‘_L“: €~ Jl)m: ex ©
Z 2
co

\

o
o o~

@ [n-form'(’ion —anw —F((z) !
* Construct @ Sta.u chast —{-‘sf -f’(r)f
Cuwk Pom{st %x=0, v=2
£(x)= x(2-%)e”"
< \ : / : 3 ,Jueett Lc0- OB -G
O o@D 2O syuef! £ H EHG® =6
~1 I 3 tstpuls £7): 0 ©O® =0
‘G s &ccfea.sim& ou’. (—-o0,0]) [2, .
-e (s lmcuastnj on' [0,2—]
£ he o loal min@ x:=0

‘F Mas Qa tecal vmn%@ XK= 2




@ l\n-f-orma'{."\% —frow $7(x)

* Consbruet a Slgin choet for £x):

wt powts: x= 2-vF, x=2+4V2

£Ce) = (w>-4es2)e™”

\/: /-\:\J“s(mpeo{'f flor= © G =D
GG et 11 & @ - ©
0 2 g 'G&S{ Pom‘(s _F«(q) - @ @ =®
‘F s  concave down on' [2-v7, 2-!\5:]
£ s wuowe up ot (—e, 2-V2], (242, )
£ e m{'{a{—nw (wm{s @: x=2-vV2 | x=2+V/2

@ gmuaﬂj o,u' a»mf (a .

'Mpat":wf Fca.(-u-res " Swmwwma .

X=0 : ‘(o cal win O vy 2 247
x=2-z - \v\{»(. P{ .

x= 1




x3
Greph o= 1

Solution:
. x* (2x-3) 2% (x2-3x+3)

Fs (x-1)* ) = (x-1)3

@ 'thuma{'wn ‘Prem -f (x) -
* vertical 0SYwyp ‘o{-‘i %x =
"‘mzwr(q‘ Mgm‘r‘:o(ns

)('91’00 )L—“I‘l‘ao

eo

@ [nformation 'FOM £/(x):
¢ omstruel 4 siam chart

ek points. x=0, x=1S, x=|

$/'x) =
\ \' \' / Y (x-1)*
‘Wc , €0 - 890 -f’(l.zf)-.-%—@:e
SHEHEREEY >

-1 05 ag 2 testpods  £(0)- %@=e _F'(z)-:%;@

—F ic &ecreasivg on: (~e,4), (1, %]
£ i increasing on' (%2, «)

£ has (ocal min@: =#=%

'P hes local wmax @’. nowneé

@ (M“*M'C'im 'E“"" 470
* construct a sign chod for $7(x):

x* (2x-3)




cot powmts: x=0, . = (

3 -4(3)C
¥'-3, +3 =20 = x = 3:1/1' e c”“‘”’““‘)

2% (x2-3x +3)

v % Ugc\m.” £x) = (x-1)°

@O ®1® 8‘34«0{,-}” £C-1) 9D ) @O

- w S 'Gn(z)=+ )
05 2 <test pouts £7009) - @Tg) - (&)

-(: IS eomcove downe o [0; 1)
-F t¢ omcave wp ow! (_—co,o], Ct, =)
F hos inHechon poruts @ x=0

@ Swmu:‘ and G‘l‘nf(a,'.

IM‘)M{' Features S‘mmwg
(o,0) - l“()(tcem(l'. o 1 1.
x=dt VA ne. Lc dec | tnc.
A=1.5" local min :
lltw £y) = o0 Comc. | Uy deum :
K 2eo
E t =
: L
Yee1

Caph £ = % (x-2)° on (-1, 3.



Solution

£6c)= 2 (21-1) (¢-2)? £7C) = (2(e-t)(=-2)
@ (nffﬁfma‘hm ffrw —f(\d'.

¢ vertteal asvm.?(-okcs: WBAL

* lworizeutal osqmptotes: none
® taformation fromn £700)

' toms truct Slem chart +or {7e)

cut parnts: o = -,'—_ y)

£/(v) = 2(2«-!)(1—1)2'
oo L et )
< ' \ 4 'f(") ®®®
Ch @ 2@ sueft! t1)-0B® = @
0 L 3 tostpeds £73)-@@® =
+ ¢ Ae,creasinﬂ an: (—0, ‘2]
£ i Increasing ont ['/z, 00 )
£ hot a local min @ x-= '/z
£ hos o locwl mex @ nowhere

® dormetion fouw §40):
* usbneet ¢ siﬁu chart for £ Y-
Cu‘(' ()am{'S'. r=41, =2

£70) = (2(x~t)(x-2)
—y A :\/ y Shage of- £ £C): @O =
©1® 2O Mt sy @O =O
O LS 3 feck pouets ) @®® =
4+ i< concawe devon et [\,13
£is  concomve wp on: (~eo, ol,6 (2,%)
£ has Wnflection ponds @ x=8, x=2




@gmmaﬁ oand geph
f)= % (x-2)° o (-1, 3]

l M?o({-uu{ fow\.‘ts . X\WM 2
L4 Aype -l tha L
-l 27 eyt he : fnc.
o, =271, local min A“
1 -1 m_}{- P‘t Conc - down
20 Iaflgt.
3 3 endpt.

4 27










Frst Derivabive $(¢)
Whet 47 Says about the 9@& o +£:

*£°G) 70 (Ynngeuks have Posz{:iw 8(0.02)

y o -F Is lncrusimj (es ® tncreases 3éutr¢u¢4‘)

1‘ .'E’G‘)< o ("D'l < W nujal'we 8(0?9)
Q . _(i is chrusinj (as X lncreases 3lecnud)

Whot obout local extreme veluss? Suppese x=c¢ s

Cri-hcgj Poiu{ o:f -f (S f’Cc') =0 or +4/(c) &ﬂe

‘f’70 <0 ‘, <o

—_— ——

£ does not change sign  © £ changes 'F' Chauges
ot w=¢ ’f"’w\@-(:oe “"Dm@fo@
e £ has no tocal exlremum ot x=c¢ at- x=C

ot ®=c * (ocal max o loce| min

Sumuv\oly o'fr m—‘-umaffm '{"rom .G’(x):

Sign of £0) ou (a,b) | Shage ef $0) on (a,b)
&) decreasing
@ /ncrea.rinj




Cign change of £/ al x=c Classi ftation of f(c)
O t B (ocal minimum
Q@ o C‘:) [ocal Maximum
no Chowge not a (ocal extremum

Second Dertvabve (%)
Uhet £ says about T grpl of

._E’(K‘) is Jccrusinj (S(epe 9«‘: (cs: Pos?{,we)
/ . {’((K) <0 (CM-CW{ d.oww)
. : qrgh of £ 1s below W {ines

AR Y CIRT Increasing (S(ope 3.}: more Pos?{tve)
‘ « £7(x)> 0 (concave up )
+ qrph o f s above W{im
ot obeat local extreme volues’ Suppese x=¢ 1s
a crittcal poiat of £ omd F7 1s watinusus af x=c.
* §£Ce) =0
. _f//(o) >0

| e f(c) s a [aca/ minimune
C

* $7Ce) =0

/-\ * £7()< 0

: e £(c) ¢ a local maximune
C

Su.w.uuy e-f' 'ln"fwma'élm "ﬁw :F"’Cx):



S " 0{ —g”({) on (ﬁyb) Slddpe 0’4(' + ) ea (‘-ob)
E-) Coucave clown
@ Concave wp

£10) =0, sign of $) | Classiftartion of f(c)
O-_- local maximum
() local minimum
2 exo un known

/ /
c c

ﬁl Gruyhi SR =f(x)

@(n—[-o trom () :
.Potvd:S own SWL
- verttcal asymptotes
o b\orizm('ul 0.83.\;1;&(13
@ th-g-o —eru -f'(\('):
*find e ) =0 o vhure $76<) dne
' Coustuct Slgu ehart for £70x)
. h\%u \nbervals of tncrca:e/dzcrea.re

e dedermine fOCal evlrema




@ tafo from £(x):
*find uMere £) 20 o vare 4”(x) dne

 construct Siqu ehact o $760

* Infer \nkecvals of C.owcwui'(‘j
. rh{—umine |V\~Hcc(:iw ()om":s

® Grpgh y=F(x):
- |ist lw.()ar(:wf(‘ pom{s (ol exbrema , wflechiou pfs,efc.)
* Summarize all info fow £, 47, aud £
* use chart below 4o ckelcl graph:

ncreese
W dccruslnj lacreesing

toncave down

Concove uf










I@cétm 4.5 : Optiwi zattow]
(Tx. 4
The O(\'v"’ferwce G@ two numbers is 10. Bnd Yeer
Minimumn  possible Pma(ucf-

{olution

Geal. Rephose 85 “fiud absolufe extremum of £ e T !
Lt x o.uJ Y be tne Hwo wumbers . Theuw The

—G.AM{—IM we W{ to minimize s

P (% ‘,1) =Xy O(o'lcc“:ive -ewc“rion
('Tlae —ewu{-mw —F hes two \rariaues'.} However , X amd
y ose net Mo(l.')emlw{ of eack otier. (nstead ,

K-y = (O congbramt eﬁuq{‘ion
We  use ‘h“'f W{ﬂ""(’ % umh e e*b:'cc'(-wc (TN

£erms 04(» ove variable.

A= Y +10 & substibd e -(o-r »®

in °5’,-cc'(7w¢

o sur b‘:‘,cc['ivc § new
p(yro, y) = (y+to)y = y* +(0y
Gl‘-(" Find the absolute minimuwe value of :
“Hﬂa) = tj" > (03
on twe inberval (~o0, =0).

Eund 't'lu Cﬂ"h(‘q,‘ PQW\'CS'.
£’(y)= 24y+10 =0 =7 4=-5



Since tw interval (~0,00) s unbaumded , £ ¥ net
WmnheA Lo have befu a min aud o wayx value.
We eoustruct e Stgn chort for 47(y).

€ ~ ' / ,““f"ff f1y) = 2 (y+5)

© .i @ Sigu of 7 ‘f’,(r!o)“@
-0 o 'ét!" ')OIQ{‘S 'F (0) :@

$o ‘J“’S cjives a loc«x( mMinimum - Since 't'hm «
M\a one critical PO‘”+ I —S quwes an cubos olucle
minfmum. So tue  miniwmum Pmchwe s

£(-5) = (ﬂ‘+lou)fs=.5 = =16

B&_“S'- UAM:-{ s ‘HAQ Mt WL AL POSSc“e PmJAAAé?
There s no (oca( Mmay , (A.uwe wo alo.:o(w(-< Wi .
A—Mi'hwauyl S'L":“—F(y) S o, Co e Pmc(u-t"é Can

Ex.2

A (*(luo(ricc‘ '('uul( IM.S Vo(um 20001 M’g' End the
chimensions o{»"hu fank with twe smallect poss&(e

Sur—fau Crea .

5 et
L A= ZTH'z"’ 2wk
__________ = rvrrh




Solubias:
We wat o minimize -Gum{ton'.

A (frh) = lnrt + 2vrrh OQ'ICCGW —Fwa(('ion
Su‘o‘)ec{' Lo e  coustmaint:

ZOOOW = Tcrzk WS"'WW\% eﬁ—ua{“oﬂ
So(vin3 h i« 4ecme e{L - givesz
- 2000
he 200

So now  Sus e&jec{(ue is -

A(f) 3_:._;0 = 2a¢ + 2me 2:30) = 2w (rz:f w—f_ﬁj)

G_ogl'- Flml Va(uu. o{L r Ttuat glves abs. win- o—(

£(@c) = 2w (r"-r ZO?.O)

on the interval (0, ).

rclese t O [u(‘.q. h r vey large, Swmall ke(%{'

ﬂ —
- 3

~ /
t&r?g sur ares ( )f Gc“l(oclﬁ

Bnd the Cr?":l(‘a( pom{s "
£07 20 (20 - 22 ) 20 = =10




Observe tuat —f ”(r) = 211'(2+ tfg;o_ao_) ) which is Posi{m
for dl ¢70. So L) i« concave up eu (8,2)
so r=I(0 3.‘ves a flocel minimum. Since tuere is
99\\3 ane critteal powrl;/ r=(0 wmust give an
abcolude minimum. So the dinwntions o} The
tunk owve =10 and k=20.

Ex.3
A' recl-a.v?ub.r ‘Dex L\aS ‘(‘Q{Q‘ Sw—che area ‘“’O inz,
Cw\ol “the l%?HA s turee times s width. Eind The
dimensious e{— such a bex witu “tue carf;cs’(’ Po&riék
VOluw\e.

Coludion:

let £, w,and b be the lwyﬁt, width, and htrﬁf'
a{, "hu UOK, re_(?cc('wel;g. We wqu" 'é‘o Mayximize:

V(ﬂ;w,k) = fwh oL)zcélw function
S'uB‘Ju‘é L the two  coustmnds:
() £=3w
L“lwfﬂn is “three 'lTlMS width ") Cm&'['ram{'
(2) 450 = 2 (fw+ Lh+wh) @ fuatrons

(“%o{ul S‘uf—(:acl osea is Hso")

el w
y2




Use tue coustrambs 4o wrife £ oand U Wn terms
of w:
(2) tso = 2 (fw+Lh+wh)

226 = (Bw)w+ 3wh +wh

212$ = 3w? + Uwlh

- 225- 3w?
B Yw

go ouy oL“,a{'ive n ":efm 0{ w €

V(B\d, W, ZZ{:\"B:L\:): Y- w .2_2_%—2 = _—(22501’?\4)3)

Uhat s tue tnterval &(L inferest ¢

Lz20 = 3wz20 = wWZO
wz»0 = w2 O

225 - 3w?® §w #0
h2 0 = O = .
g Y ' w £ /2% = f1c

fo owr tntenvd 15 (o, \/"TS_J
G_‘f_!'o Fiad the valw &{ w thal 33V¢$ als. wayx ol

—F(w) = %(ZZSw'gw")
on tue ntervel (0, V75 ].

Find The Cr?'h(‘q‘ poiv\'&'.
£(w)- %(225"%’) =0 —= w=§ or V{



Observe Tt £%w)= 7.3,’("(?0’), uhich s m?afwc
—Go( a(l w?0. So .(3 5 Concave doww 'fa-r wrO0,
Hmu. Wz S wust rjiue a local wiay. There is
cm\u one (,r'c(f'lCa‘ ()ome, So w=¢S QIVCS Q(o.{- max .

The dinens ions 4 e Lo are w-—S, ,€=15, h=17S5.




[Section 46 Linesr Approximakion |

§=f0) (4 4 i differenbable
at 1-’—&,'11@«. The

W {(ne"u-Fa:f

x=a approximabes f
> near The 'owt(: 6‘ é‘m,w(a

Ex.4
Use linear a.ﬂ;mw'qmahw 'l'o es('lwm«‘( ‘an (‘T{,:' +°-°').

golw‘,hw'.
Put 401 = fan (). We ute The tongent (ine at

%= T/y.

Poiat. (E,1)  Sloer sec(g)‘{“"/“ = 2
Cpuatin:  y= L 42 (x-")
So we lowe:

don (F+001) 212 (Fro0-T)= 102

(Z3M|
l/q.

USf. linear Qppmxima{'iam. “'v esfimafe_ (8
So’b.»(:iw'.




Put ‘f(\t)‘; K‘/Q, Find the ﬁngmf flv\e o.{' x=1{6-

Point= (16, 2) Clope: "X-g/ [t = %‘

E@ﬁw'- y = 2 + 3)_ (x’te)
N_gﬁt'tnis means that i.( % is near 6, Then

So w ‘mw,'.
19 o 24 %;(w'le) =9 + ;:j = 2.0625
Ex. 3]
Cou(w{'m{'fw m{ th L(ooo(S(nnu 't‘ lors “‘u"
'M]ccfldm (s moud
(oot
Cle) = e

Use ffncar appmwiwhm Lo egé?ma.(-e tue c[«au;e fn
Qe concentrubion ia e pe.nocl -ﬁnu 2 o 2.1
howrs Q.céu lv\]cc&m. Did the concentration increase

or derease !

Solutiew:
Twe ex(_o._t_:_{" C[fumy.. in CouCuéﬂ‘LfM (L

= C(2.1) - C(2)
Find. 'lrcm?we live o (£) of £=2



Powt: (2, C(z))

(42+1)- 100 - tool-2¢  foo(-t*+t)
e [l - -
‘SJB&oC(-k) = (eray= (cor)®

o now we have:
AC=C(4)~-C(2) 2 -12(21-2) = -[.2
Since AC <0 , e couceutration decreosed.

ﬁamim!ow fn  RBusiuness ﬁ‘ Ea«omicsl
x: # c{ unifs S‘o“/‘)molut«(
P(X)'- Price Per uni{' t{— 24 w\i{x So[O(

RGD: bobal reavenue o Se((lqg -Fzrs{'  units

Clx): dolal east o fist x wnils



Mdrimwl @\L&IAH bies J

M@ () : 0.4111{'1%4' amewnt 0(— “Q" acﬁlwei ff

1 were uni€ s [JmJucchS&U ) aSSum'uj
K umies ase Currwe(g pmo(ucui / sdJ .

Tare &5 o standord  approximotion -('a: HQ ()
The W {(u o Q) ot ==a I

Y= Qla) + Q7(a) (2-a)

Clnce a+l 1s near a,

Qla+) 2 Qa)+ Q') (atl -a)
Rawranfmﬂ quues

Qlar) - QL) = R’(a)

X%MMM% :

« Margual Cost 51 C(x+1) - C(¥) exact

C7(x) Qpproxim ebe

R (x41) =R (x) exact

. Mafﬂmd( Revenue ‘? R‘(x) appmrimalrc-

I



Ex.‘fi

Tue total revenwe ~Fm«« se((inj v wfa(?c'(‘s (s

R(x) = Yo- 222
X+ 9

(a) Write an e\tprcssim Pﬁw e exact vwenue
»fmw The Gtu uv\t‘(‘.

(b) Using Marqmal ama!gris, estimale the revenue
'me\ e Gtu wnit.
Solution:

(2) R(C)- R(s)
09) We use twe a”mfmo('ww

R(6Y-R(s) = R7(5)

We lmv&'.
d (4, 220 200 -
Rl(s) = d-; ‘f(?' %+6 ._S= ()(‘__S):.){K:S - L

—

(Ex. S

The ’Pos&!m 9{— [ Parflc(e on ‘fl«. w—-axis IS

x(¢) = too + P4 ¥ _ gt
Use linear approxiwma tiow b estiwmale The
parh c(e(s Ckau?z in posiéio« Ge{wezu {'-‘—Pf aml &=853.

So(u'haw-

The exact C(naugc in  position is-



= x(93) - x (&)
We use Tt Wﬁm‘: llne ok &=9L.
Pom{, (8( x(?())

Clope-. (o) = (67" 5)/+ = 2-5=-3

fo now we hover

x(83) - x (81) # [sc(zc)-z(gz—st)] -x (&) =-6

wse '&wa t flnt
bo m{?«umd




Sectian 4-T: qué‘ipc"«('s Pu.(g‘]

m\o‘t"rumiv\d-t TONAL'
Mudc.(flna( u:prtss.'oots M/tﬁctl o(o o\o'l' gfvc in-forMaﬁﬂn
ontuur gwn to calcuafe e limit.

Quwel ut'B

0 %))

-

0’
Pmo(u.c{s
0- o0

Di H._uuufs

%*“’0) — a0+ cO

Exponests

oo 0 o
l)olco

Tuw (U H spel's Rule)

Suwosc JLP\: “'(“) ii;v:- t](t) =0 (ef botw lwfn'm‘{‘c), Tuen
_ ‘ "'f,()l)

wsa 0% "ﬁd‘m §70<)

as tong as The ((mi{ on tue (‘i‘k‘t{' &w‘u eaci.r{s 6r

s tndini te.




Caleculoke each [fmit:

(@) (o Xz 3% () ln €°-¢
%93 X>- 3oyl x=>1 I(n(x)
Calution:

D.S. of e rcseec(-»u valw of x gives % ’F"‘ bo 0.
par‘:s- o we may use LR.

(0) (tw- % - 3% '\_-_—*,‘, lim =2 )= 2
%3 %3'3x’-x+3} xa3 | 3x*-6yx -1 8

) foe [ €72 2 e C")=_€'_=

71—7‘1 (ln(x)) J-:»L Yx 1 <
[Bx.2
Ca(Cu(aét eacl “Mi‘?-

2
(‘*) ™ ( Cos(x) ) () L S (%) - 3% + _ll_::_

A Tot L-3n ) %9 O 1 4

Selution:.
D.S. of e rcseec@.u value a(— X gives % 'Fol bo 0.

P“'k' (o we wmay use LR.
( c.u( (a5 ) fin (-—w).—. wn tun ()

w5t \L-5ub I T\ s () x> T+
‘: E Frow tue Grgh, we see Tt
: / l'MA '6&91 (X) = — co
| : x> T+
x= - %;“'/2— yf&wt(!)




(L)l!w., Sm () - 3% + l;:f A f 3es(3x) =3 + 272,52]
% O x5 Sx™ /

ﬁ{ —Qom (%) +2Tx\| H , -27¢os (3¢) +27

= [l = |Im —

0 20y %90 Cox*

2 fime (xtsm (9 2 (- (2%«3@) . 28
(20 (2D

%0 |20% 490

(Ex.3]

Caleulate ue

ye) oo
Soludion:
We tladl_ 'hﬂ.-l._ ianélfMim[(c —fsrw; “M ! So w uge (R.

b ( xz'f')) e (20202 2*) oty
¥Y-)eo y S (“ "")

H i CY"H) ifa
-i‘-a?o ( 5 (241 k2 »<{‘->oo (

So LR gives ws an end lesc loop. fo uhet do we do?
(ASe, %CA\M ffmw\ !e.c‘l‘lo't 2.5.

o ((M) ) ,_,,("“ (1) ) = fow (2)%)

o Slnce wdeo, lx| =x
= z = p)
('("'0) L Heuce [xl/x = 4

(£3)

—

Ex. 4
C,q(wia('t eecls {Imi(: .




(a) lim (xze,"‘) (0) liwm (2l ()

y 2 X ot
Jo&&lm:
Bo'hq hmi"fs ‘ji“! “0‘00'.. So Wwe rcwn'(:o eac(a l(m?(’
6s @ lﬂu.o(nu{' (ce-fac uslng LR

(a) lwe (Xle”‘ ™ ( ’(—:—) E i (ﬂ) y{,w\ (.ﬁ.

¥=) o %2 \ € X | ¥ /) x4 | €™
(0. oo) ( 00/“) (o)
_ A -
- i In (%) f_'__' " Vx
(b)l::: (X '"(x)) .J_'):A; ( x ! ) xl-;o* (")4'7')
ot) (E=
= | <) =
) _)l:; ( x) =0 .
\Ex-S
- %1’
Calcad oke [ (Cos(x)) :
%50
Saubian:

DS of x=0 gives The inclberminabe forue “1%" Lo
we wwust werite e l(wtik‘ as q %w,-étw'é
3,2
L=l (tos(x))/x

%20

We wi“ calcul ake v (L) ins(:eao(-



%90 X250

2
Iw(x) is ww{'inuws,so

imit caun e moved

" lw {é{ lu (us(x))Jz ™ [ 3 (“S("’)J
%20 ?‘ -, ®I0 . x & B

(o0 0) ( o/o)
F 1
4 [luw Oos(x) (Fsm0) | lian [‘ 3 fun (X)J

¥0 2 % %20 2% .

L ~ (O/o)
ﬁ[w{'g‘“c’oj = 2
‘7@0 2 2

So we howe In CL) ”}i’ , Uhence L= e'%'.

(L) = In (:[lwx (m(n)gl"j liwa {.," Cos(:)@:{

Ca(cu,(al'e (“w ( - L) .

xso- \ S1¥ (x) ¥
Sl o

We have e 1ndeberminale -‘{'uw« “ —M'C—w)',- We 'f;r.r{
rewite the limit o5 a  guotieut.
|

'ltw(_———-.L)- Z-sn(x) |H 1 - cos (x)
2490-\ fm(vn X %1)“: % g (%) -,ﬁ;?- (!'Wl(w) + X CoS (’0/\

(-=) - (-ce) (O/O) (O/o)




';,_' ™ ( S () )) . _© - 0

%30- \ &s(x) +cos () = xsim (¥ 1+4-0




Sectian 4.9' Aantidsrivedives

Def: We Say F ois au antichrivalive 0(. —f sn (a,b)
c.(. F’-‘:-F on (a,b).

B

Su.w:osc »F(w) = Sn (ﬂ on (—M, M)M w{aa’“ (s
o amtidsrivative of $?

F (x) = = ces (x)
Fb(x): — cos(x) + C

Rz = 0 x™ "

nso (2n)!

F () =t S (x) ) 7 wo

(— eas ()

7_—5"1" S“ff& F aud G ore botrn antickeivatives
of -F on (a,0). Than hure ic a coustant C
such that G =F)+C for all x in (at).

Sﬁ’—dd Netafion
f—f(w)«ix meaus The wost 9c«.um( antidheivafive
of £0x) wrt. x. (The intzrval (aib) ic undirsted.)

Z3
Calculabe eacl aw‘,-i oleri vative .



Solution:.
(a) (xaqx = J;*”*‘C

(b) ()ﬂz&& = ’é‘xg + C

(c) (Xﬂd\t : 'Elg—xw"' C
(4) ‘(')(-1/34,( _ %xz/s_,_ C
(&)f’)‘rﬁi(lﬁ = (n (X) + C.

Tum, (Power Rule)

b n#-1, then fx“dx = ::\ «C. £ n=-{
f—'—-olx-“—{'“cxnc' Hor x>0
a lw(-x)+ C, or x <O

We wsually write fﬁ-lx = (w(t) + C .

(Ex.Z.r

Calculake each amdti corivative :
folu{—lw'.
(a) J ;Ls—({x = —'5_-%'2’4- C



(b) f( 3x - Sk _ ) dy =

-Sé-xs— SXSA - (Ux)) + C

(c) Jl‘a + /2 +x dx = ((1* l/{x-%*x'z}alx

X3
=x ¢+ V2 ~2 + + C
/2 -1

) [ (e -4)* d = [(x*- 0 +0 )dx

S 2
= X" _ X7 ek +
S 3+lx C

(e ( Sec (0) (Sec (@) +tw (o) )do
= S(Sec (6)* +sec (o)éw(e))clﬂ = fun (@) +sec(8) + C

(£) ! (e + 2 cos(w) - 3sm (w))a/w
= o™t 2sm(w) +3eos(w) ¢+ C

(nitiel Value Problewes (IUP'AH

Goa,l'- —GMJ cu uM(mowu 'Gmc{'lm\ '-FCK) gl'ueu« ‘(‘uro
pieces a{, tn-fmmw’cmu:
¢ £'(»)
+ £ =L



Suumm‘lrg af Par(ic(e Mo“ion7

Position - s(4)
C---)dt
Ve(oci(\j: v({;)j? !‘g‘( »
Acce(c rafiou: a (-(7) -
| Ex.3

A Pw":ic(e Moy &S a(oua e X-ayls will, anci‘(-h
v(+) = 9t* -4¢. (-f The parficlc s at x=4
than 422, Find The pos.'{:iw of The Parflcé
whea € =3.

Coludion
This it ow IVP —fu"th posiﬁm. We ave Grren .
@ WM X ey

© @

Anti JiKmﬁanﬁ @ gives
x(t) = fj?*aesj(qez— at)db= 33— 24>+ C
Now muse @ 'éb —G“J C

(32-2424C)f = x(2) = &

6+ C =&
=12



Jo we lhowe:
X () = 363 —24% -2

Hewce x(3) = St.

g—

Ex.

gwppose e Mour?ma.l revenue IS
R'(x) = =3x?+ Yy +84

Assume R(0) =0-

(a) Find the demand *fwacéiau P(l{).

(b) What § te warket price c]f revenue it at

a maximum 7

So’u:':lon'.
(a) Recall: R(x) = x: plx)

Fst fwd R() by tolving au TVP.

*R(x)=-3x*+Ux384 * R(0)=0

@
A’héidi(zew&ake. O b 9¢6*

R(x) = ((—3:"4 Us +€%)dx = x>+ 2x 2+ St + K

Now use @ o —Fmol‘hu valwe a{ C.
(—x3+2x2+8"{x+k){x = R(o) =0

=s)

0+k =0 =7 k=0




$o our rewenune and demand fumcbons are
Ri)= x>+ 2k 494 = p(x)= 5 R ~x?+ 20 +A>q
(b) The maximum a«( R(x) eoccuss uA«ar& R=0.

R(x) = ~3x*+ 4x +24% =0

x <=M e x=6

(o tue price s p(6) = ¢O.




@:c‘flm €1 /s.2: TThe I&W(

We wqw@ 4o &ppmx'ima‘fe Tue area unalef Tue 9mpl\
01 y=40) and ebeve e infeval (ail] en x-exis.

T @ Uw (ec{wat}fcs Uhose

7 /// boses lie en tue w-axis
li,

b eshimate tue area.
7@ Divide (a,b] mbo N
XU K% ¥a - b=x, equal-leagth Subinterds.
Twese  subinbervas ave twe Lases of Twe N rectangles.
(®) Choose ﬁef%f of fectum gle fo top intersecls 71»,/4-
We will chosse The ‘\e(‘%«f ?(0{ eacl, fecl‘un%e to

be the "eumc{'iw valwe ot e rtiff/.{— e,,{ﬁ,,’.,‘fs
°{— eack subintervel.
@ Te‘(ql area 0{— rccﬁ!ﬂylfs chma(cs Greéq uno(l-f ?"l‘

%t we uee N rectangles wih  rghd - end point heyhfs,
tw tolal area of reclngler 15 Ry and. call it
Twe rt?lﬂ( - end Pomf Riemaun sum .

Lf we  Thorease N, we Seewm

i rrr to gt a belter eshuate of
[ The area under twue Wh.

et Acmt = f'““ RM
Noeo




@o’(ﬂhm OMJ Tuwinoonn

We defwe e esed owea tunder tw Grep b of
(j:_f(y) and a‘wu e \n‘etrva{ (dc"] an e
®-ox(s o be Yl l1ud 0'( the  ascocafed Riemany
Sums as M= e0. This exac{ area (s druobed:

‘(L:F(x)dz

A@it'- The limil ig: R, exicts for al( fwr(‘lMJ et

are  coutinuows on [M’v], fﬂq( I’OKS'LL‘I at ]e‘."'{:f(.‘l
Mamy Jump Jiswnﬁnuieiq.

Pmpuhes e{- qucar;E]

* f:'ﬂw)&x =0 /{/j\/%"'f!(")

{ine Sezwuk hove O orea T ;
'Iu‘(rcr'n{v(\'w G{ ln(-e7n.l 4 -FCK) has ueya{tue Ueloes.

b areq Lelow
L‘-HK')A\( = - ( %L - axis )
1 27T
A\ e g sa(¥)dx =0
& \@/ b R




¢ Liv\eoti{’n
L 6
- S:('f(x) +9(0)dx = L ) dy + L () dx

o [ qmn = o[ g ds

Q
’ A-atlihv;{'! : :
|40 dx + [, 00de = L o0 dx

2, ! f; ,,

C

Ex. o[

-(:) X:'f'(xwx () S‘}f(x)ix (¢) [;3"3(")4 X
@ [k (@) f ® 1460
T 3

Soludion:,



®
@ @5

:1— (b)f f(x)dx = f-— =2

(@) fzfcu) Ay

4 Y
() (4 you are Gluew The grml o{ = f(r) , how
o o 9 gl oy (07

4= (foof
®

@[ o = (d)f forde=T-T = OF

3 ¢
J,: [$Cotdx = Y + '77.1:

Ex.2
Caleu ke eacl Tni-erﬁ-al.

(o) j: (£- 2. dx (d) [Sg(fxl -2)dx




(b) I—q (2x+4)dx (e)fl;(X)JK wlusre
l

: ' Ix , 04x =2
N

-9 > x73

Slution’.
()

f"(g,z,,),;x < 1 (=1t

1
9

= -2-'—(2)(10 +3 (W) = 2

(0 t-f y= \/‘l-(x—z)‘, Twen
Ry 2 an((us'. 3
(e-2) 4y = ¢ {karf (2,0)

5
J1- (> dx =3 7 (907 &




f_:(txl-z)d, -

=303)6) - 3 () +3() () = L

(0
f 9(:{)&1 = %(3*‘)1 - %‘(84’()'5 = -33
l



Cection S.3: Fundowasked Theorews of Caleales [

LIMIT
PERIVATIVE | é = [INTECRAL
,}' (x) = z‘:\: 'F(m(i‘] ~f(y) Jq.f(x)dx - N(—L‘: R,

'T}\eovwa.'. Fumclmwu Theorew. (Port 1)

S“fP‘M'F is continusus ev Cal] and F & an
antidedvative of f en (o, b] Naw-

g‘:'f&) dx = F) —F(a)
R}ca“ Mobufion'

S::?(x) dx f F0c)dx
o jnte of {f o (ack] * The most W
0 au:‘ﬂ!umdxr M‘v anti dsrivehve ﬁ(— #
°a v\uw&c( *a faw’(& o{ -eunc{'('oms

L FTCY -(-J(s us Ehat f we howe an aufidvivfre
of £, thew we can use i€ 4o find integrads of £



Theorem . Fundamentul Theorens (Part 2)
gu,ﬂnse -F Is wu{inw an [q,'o]. (et KGC‘MLJ

OMJ JJ—flou <
A(x) = L"Hf)o“'

Thew A =46). That 1s,
fi—( f:,f(ff)au) = {(x)

Nokciaw 9GO [° = 96 = g(a)

f ‘Ex- i_i
Calculabe the v(ft“wing iu(-u},ﬁ._(s.
Jaiu{lw'-

(a) g:xzix

‘L | /' Y4 4
1




(b) gn‘/u sec(0)*d0

Ty uL Tfy
,W, Sec(G)zelG"énn(ﬂ){ -
: | ~Mfy e
\ |

! = () -t () = 2
Coety Loy

%y ﬂ’q gy

17
°

f.uSm (6)de = - o:s(G)f
b

. (resw)-(~us(®) = 2

(4) | “su(0) 6

tongruent Veqrous, So orea comeels
(Msu(6)dd = ~eas(®],”

= —cos (211) - (-ws(0)) = O

{[zw

(¢) :"gw. ()46




B [* 2 = W[ )=o) = o)

(9) j 2,,:,, dx = ,Vl(l‘”)(:: n(3) = ln (1) = (n(3)

. %f“(zu-()‘: =£~ n ()

2 I
W) gy d

0
= ‘ .
Check oé‘- ( In (Zx-rl)) i 2 X |

l e
i(%-' tn (214’!))3,2," " 2% ‘2 % 2ys) 7
{ 8" S"

dx
@) | (3005)" Ges) U 0]
°(3if9) L = T )

i /3 l/ i 2 _s/,
() K - lo 34(; :J (‘N: 21047 )dt
3/27 "71 %21
‘13 ‘2/3 i _2 i
=(y. 2 - t , =< By (st />

(44 10 £7) . (" ..

=(n+is)-(25+58)- - £
()5, (5™ ¢
e w <O Calcald fi c,a
Let‘e(%)g %l’le % 720 ’ alculax € -;k)() X



1J= ./9 e S ’f(x)lx =
/// f fr) dx -'f £(v) dx

C.Ow.'ui'i edc(n M‘e?«u‘ §¢fa.m£2/{q_
o o 0 o -l . X
'f'f(x)elefe"dx=e”‘ = e e “l-e

.( (r)lx I‘(l—x’)dx ‘(X"")( (1'3) (O’O)
So we hawe
‘(’:-f(x)e!x= (-3¢ -§--—e

-

(Ex. 3
X
Let G&) = 5+ f, Jesag dt.

(a) Cow.@w‘e 6(1). (L) Csw.fw"c G'(2).
Coluion”

() 6t = 5+ §, JBTdE = 5

(b)) Use FTCL b 7;,19 6(x). Recall:

+op fimit s x

d“( {(«s)«ié) )

bottom (im{ 1S tous fant




So we 'Mwe'-
G (x) = ﬁ( (5+ fl 1/%3+|J-e) Vx® 1

Hwmee G’C2) = Vo4t = 3.




Gp’c(aml'- [u&rmltc&c Ualee Tuorena §‘, é-gpllcd:lw

%‘. (I‘VT) gufpose —F s Coutlnusus on (“rc’]-%
ivem any nuwbes d bebween fG) cnd +C8), There
exists 6 nuwmber ¢ in (a,b) Such That -F(c) =c{.

Uket does this muaw grophically

HOT Owr tnfuitive noktew 6+
d Frommmmmmm g auttawity tmplies tuat

Coutinueus "GM'!'»MS Cauuo(
? kip amg y-values.

S
C(m“wgc . Given (a,£0)) ond (‘b'f((»)), cam we drow

Twe gragh £ 50 That come 9—va/us between
—f(a) am,m‘ {Zt) ace Si‘ppgd?

HO)T /’ E‘asu'. As [wj as we ore

d ""?ﬁ:z:a """""" allowed o ‘malke £ net

) T coutinuwous on (a,0]"
: ?

o b
The IVT swts Twis C‘/m((wﬂe is \mposs?u-e l{— fL

] os v be contivuous.

Pm&m equetien las o golidion

Suppose we knew ~tw Following:
e 1s omtinusus o (a,b]



.'f(“') M\d ’?(b) \AMQ proﬁ'(‘e 3‘84\5 (m Y Poﬂéwe
MCI T 6ler (s VleﬂaUve,)

WMot Cam we S‘dﬁ a(ow.'(' tue eto»ua(-nm “-Hx) =0"?

T The TVT tells us tuot
d=0 +— -em ture wwst Ge ot least one
$a) t -& b Solution o “f(x) =0" In

twe tnberval (e, 6)!

2
Preve ‘ﬂua{ Twe eﬁua{?fw. Oos(x) =x3—'>< L\a.S a Sb[u{oém
ln [Tth) W/j-]‘

Coludiow:,

F%«Wa(%‘ug, we g(mw Cos(ﬂ “X?’ +x =0 (&as a &'Ju'&m.
Let —f(x) = Cas(x) =x3 +%. Theu obsecve:

* £ 15 onbinueus on (T, Vil

L_x T

"f(n/z) =0 - .%i-r—z— ¥ -2.26

So %S The IVT) e éﬂ'u&‘hw —f(x) =0 hos a
3 cdutian ia C'r/t(, ThH).

—

@ving noulinear \new134(¢s

gu@pose we wat o sdue Q—F(sc)70” whaeve 1’» Is
1] rw(:tami -F.u»c{:(w (m(‘ie &(- +uwo P‘lﬁl““"‘dcl wilin




o tovwmon fucters). Recall Tune enernl mcted.

Sebubion:

&—1 *0 } move all terms to ome tude
X+

2=3 S } 9'“‘1"?{'3 {c«,f& sto(n; wiile as ?“‘G““{

A2
_ &v(.’&fﬂilﬂc “Cuf owts ! o S'c{'éfﬂ éuch o
(7" '3/ )‘5'1) { nuwws alor aMJPclaMOM1y\ahl *& O f—

& , ‘ ,} druw a nuwmbar line and wmark cuf-Pom{s
-2
@ @ ’ ® } d'\NS—Q ot 'QCS{ pomf —G‘n.w eac(a \n‘uva.(

=-3: %3 . (50
3 e 7 in each interval , ect -t trifu of e
%2=0" X3 ’%(B? inc%w:.(i(—j usiv\j one test ’)om{' su(g .

A2

- 4 x___’Bg-L

final omswer i palau tutervals
v(é(--o,—l)U(S,w)‘(g Los whicl inetﬂva(i{-\J 5hue

W& &QCS’tMS wolk? Speci-(:kouy p UMJ Cam we 'efs(' su(:‘
one pow\{ ()u h\l-uval?

Q: At what values e{— X Com a "Fumtfw« "F c&au;e sl;m.?

A The TVT el us A(x) can chamge Slgu at x=¢
culy f eituer fc)=0 or f s nel coutinusus of c.
Otuerwise, T(x) has a 8?0\3}& Slgon In each juferve(



determined bn Tese valwas e{ C.

hn we Lind cut points for rotianal functious , we
are —Gln:hnj Tuese valuws 0{» ¢ uliere -F Can Cha«y {19n .

* §() =0
— st nuwupder 4o 0, solve for x
e £ 15 not conbinuous of ¢
— sel denominator to 0, Solve ~for x
fo we M(S test eoue Pe'm{: pet interval beamuse

TVUT Lells us £6) has Just owe (l?u"fﬂ-f Te entire

inbecval !

==



®FHM‘- Meau VJalue Thesrene

Tw. (MYT) Cuppose £ 1s contintons on [a,b] amd
dc‘Huw{'iaue on (a,b).- Tuen tre exists c in (a,b)

such that
&) -+(a P
—fb_j ) = %)

Gsm.()\nic:u\ \n{:uereku‘c'tm o—\- MyT:

MVT s'oudx"thuf G o
*hw?wk \ine para(lel
Lo “tue Secam line

Ex. 5_‘

(et —f(ﬂ 1’%2/3. For each in{’wa() debermine wheller
the Q\g oTleses e{, Twe MVT are sc;(—'(s.ﬁ‘ecl. (f yes,
'F\'Lcl ad) values e{’ c &ecrl‘ocJ (o:j the MVT
() (1,11 (b [0, 9]
Salution:
o Uhere ts F conkinuons’
Pewer —ch-\—tws are continusus eu Tueir domai ",
fo ‘?CX)':)(’/‘* © ubinusws en (—o,00). §o Tthe

Comtinuity (I\ufo'hu.sis of MVT & Solished e
all inter vals.




*Uhere s § differeatiable”
Clace 0¢%32\, we lenew 4(x) ='><=/3 is Al“w{-mé(e
CNU\JW& excef'l’ x=0. & any apen tnberval wills
x>0 dres net Sa{’isfj e MVT ka‘)oﬂuslS-
() Stnce 220 & W (-, ,twe MVT t\apo"huus are
net Sa‘hS—Fud.
(V) Siace %=0 ¢ ag‘& in (0,2), o MVT k,'j?" s are
fa‘(ﬂg‘ﬁul- Hewce There 6 Some ¢ i (0,0) welk:
ery . F(8) = f(o)
$ - T

2 ’13 _ ?;/3" ) = "'/3
3¢ 7 7 Tg-0 g

Xo‘vin.s {'u c  qlves
-3

S

IMQNJEM‘Q Seecia\ case 6{— MVT -

Thw'. (Rofle's Theorem) guppose. £ 15 coutinueus ou (a,b] ,
Ai«au{’lo‘o‘e v (ab), and ) =FC). New hare
exists ¢ n (a/h) wilh +F7Ce) =0.
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