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Estimate an arc length of a e uwgall Jgh pagi
i ; . - . (7-12)
given function olheo dlla inie




A Brief Preview of Calculus: Tangent =~ == " ©7 77 FEESTEEY NG
Lines and the Length of a Curve 0"~ J=27 o= o =] N |

In exercises 7-12, estimate the length of the curve y = f(x) on

the given interval using (a) # = 4 and (b) # = 8 line segments. .m w n — 4 (a) P'ML! 3)W' 8;&' & [’:f(x) M' J# )ﬁ

(c) If you can program a calculator or computer, use larger n’s
............ and conjecture the actual length of the curve.

7. f(x) =cosx, 0 <x<7/2




- - i I R ——, w/l’
A Brief Preview of Calculus: Tangent T — S + S\
Lines and the Length of a Curve 0"~ J=27 o= o =] N |

In exercises 7-12, estimate the length of the curve y = f(x) on

the given interval using (a) # = 4 and (b) # = 8 line segments. .m w n — 4 (a) P'ML! 3)W' 8;&' & [’:f(x) M' J# )ﬁ

(c) If you can program a calculator or computer, use larger n’s
............ and conjecture the actual length of the curve.

..................... 8. f(x)=sinx,0<x<m/2
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A Brief Preview of Calculus: Tangent T — S + S\
Lines and the Length of a Curve 0"~ J=27 o= o =] N |

In exercises 7-12, estimate the length of the curve y = f(x) on

the given interval using (a) # = 4 and (b) # = 8 line segments. .m w n — 4 (a) P'ML! 3)W' 8;&' & [’:f(x) M' J# )ﬁ

(c) If you can program a calculator or computer, use larger n’s
............ and conjecture the actual length of the curve.




- - i I R ——, w/l’
A Brief Preview of Calculus: Tangent T — S + S\
Lines and the Length of a Curve 0"~ J=27 o= o =] N |

In exercises 7-12, estimate the length of the curve y = f(x) on

the given interval using (a) # = 4 and (b) # = 8 line segments. .m w n — 4 (a) P'ML! 3)W' 8;&' & [’:f(x) M' J# )ﬁ

(c) If you can program a calculator or computer, use larger n’s
............ and conjecture the actual length of the curve.

10. f(x) =1/x,1<x<2




- - i I R ——, w/l’
A Brief Preview of Calculus: Tangent T — S + S\
Lines and the Length of a Curve 0"~ J=27 o= o =] N |

In exercises 7-12, estimate the length of the curve y = f(x) on

the given interval using (a) # = 4 and (b) # = 8 line segments. .m w n — 4 (a) P'ML! 3)W' 8;&' & [’:f(x) M' J# )ﬁ

(c) If you can program a calculator or computer, use larger n’s
............ and conjecture the actual length of the curve.

11, f(x)=x*+1,-2<x<2




A Brief Preview of Calculus: Tangent =~ == " ©7 77 FEESTEEY NG
Lines and the Length of a Curve 0"~ J=27 o= o =] N |

In exercises 7-12, estimate the length of the curve y = f(x) on

the given interval using (a) # = 4 and (b) # = 8 line segments. .m w n — 4 (a) P'ML! 3)W' 8;&' & [’:f(x) M' J# )ﬁ

(c) If you can program a calculator or computer, use larger n’s
............ and conjecture the actual length of the curve.

B. 13.018

9.0499
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Find a limit algebraically or Lya Lo alla aulgi aoud alay|
graphically, if it exists <iang gl dilug (21-24) (21-24)




T
Computation of Limits

In exercises 1-28, evaluate the indicated limit, if it exists. g 13) ) L) ) ded am gl (1-28 gLl 8
sin x i X
= 1. . SInx

Assume that lim Jim 22 =1 51y, Lo
2

=0 x
=0 x

2. lim ), o fl)=




PP
Computation of Limits

In exercises 1-28, evaluate the indicated limit, if it exists.
Assume that lim 22X =1,
xr—0 x

2. lim fl) e fl={t tE

Y- +1

g 15) ) HLid) byl ded as gl 1-28 G yledll 8
. sinx P
lim— =10 w2 e
=0 x

does not exist




PGP >
Computation of Limits Qlew' ul.u#

In exercises 1-28, evaluate the indicated limit, if it exists. "“""':"3 13 bl HLiee)) Blgal) Zesd ar gl (1-28 (s L) ‘-’j
sin x . Sinx at L.

=1. Iim— =10 o2 sl
=0 x

Assume that lim
xr—0 x

2 +1

2. lim (1), ce> f00) =

y=-1

does not exist




Computation of Limits Qlew' ul.u#

In exercises 1-28, evaluate the indicated limit, if it exists. -"-‘*—";'3 13) i) L) BLd) ded amrg) (1-28 (L) u-"

Assume that lim S‘;" =1. Jim 3% — 1 51 po,0 e

‘Z'H']. 5
4. lim f(x), ts fl¥)=143

1=1
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Use the squeeze theorem to opadl asphai aadiwl  Squeeze
find limits allgill alagd  Theorem




THEOREM 3.5
Suppose that

(Squeeze Theorem)

flx) <g(x) < hix)
for all x in some interval (¢, d), except possibly at the point a € (¢, d) and that

lin; flx) =limh(x) =L,

for some number L. Then, it follows that

........ :lcl_rgg(x) = [, also.

The proof of Theorem 3.5 is given in Appendix A, since it depends on the precise
definition of limit found in section 2.6. However, if you refer to Figure 2.18, you should
clearly see that if g(x) lies between f(x) and h(x), except possibly at g itself and both f(x)
........ and h(x) have the same limit as x — 4, then g(x) gets squeezed between f(x) and h(x) and

therefore should also have a limit of L. The challenge in using the Squeeze Theorem is
in finding appropriate functions f and & that bound a given function g from below and

above, respectively, and that have the same limit as x — a.

bl olas

(3, 200 4y 123) 3.5 & el
WNEL]
fx) < g(x) < h(x)

Sl a € (¢, d) abzd) lace L (¢ d) 3,22l R NLY
lim f(x) = lim h(x) = L

09 5] L saalg
limg(x) =L ol LeS

X—a

b ssraelly Sblpl) m3ul) Cayatll Gle waie L) Gos A sl (3 3.5 el pla s pdu
o 28 §(X) culS 13) &l paig awd 2,18 JSA can); 5] el e pi )l Gley 2.6 Lujyud)
Loy X = 0 Losie Lpaiss aolged) aed F(X) 5 f(X) 00 US) 0S5 Lt @ aie Jae Lo B(x) 5 f(x)

s plasanl B3 gasall Jin LLals 058 o it Jlibs A(X) 5 f(X) 0w o g(x) 5Ls
Ly sl le cJanw¥ly Gle¥) o g dume dlls 438 GV H g f 2Ol Jlgad) slo) 3 8 udasl)
X =0 e Lo alpd) ags




Computation of Limits QL}L&J‘ u_al.u#

algs 4 vo @il & pdadd) iy alasaw! 3.8 L
EXAMPLE 3.8 Using the Squeeze Theorem to Verify the Value of 4l o o Ghoall & phaddl 4 s plasvi J
a Limit ' 1
1im |x? cos (—) o

Determine the value of lilr[1]I [xz cos (1 )] . x=0 X
X— X




_ Computation of Limits QL?L‘.J. uL..u:

— ——

. Use numerical and graphical evidence to conjecture the Ll_l}axz Sin (1/x) ae® Guesa) aolos foae alo) pasall) .29
value of _l\_i_r;tgxzsin(lfx}. Use the Squeeze Theorem to el (Bre sslan S LS a,ada f)) A La P |
prove that you are correct: identify the functions f and h,

show graphically that f(x) < x? sin (1/x) < h(x) and justify 5 Jes f(x) <x®sin(1/x) < h(x) &1 ks obss F s f
lim f(x) = lln‘} h(x).

r—(

vlin{} fx) = lin{?]l h(x)




leacher : Swmay fimed, | e L
L o a 2 >

30. Why can't you use the Squeeze Theorem as in exercise 29 to SlaY 29 JLd) 5 LS apdaid) & das alasa) adazas ¥ 130 .30
prnvethat!_ci_rﬂxz sec (1/x) = 0?Explore thislimit graphically. L._,L._, L] oia CaiSenl € lin[} 2 sec(1/x) = 0 3
=




leacher : Swmay fimed, | e L
[ e A s = - .

31. Use the Squeeze Theorem to prove that lim [v/xcos?(1/x)] = 1im [\/_;C{)SE(]./I)] =04 oliY a,da i) 4, Lay PUE KW .31
a—0+ x_}ﬂ_'_ - r =

0. Identify the functions f and h, show graphically that 2 . ) '
F) < \/xcos2(1/x) < h() for all x>0, and justify fx) < \/xcos?(1/x) < h(x) of ke wdss 15 f outllad) Cazey

1 /09 =0 and Jim, k) =0. lim h() =05 im f(x) =0 5 ey x> 0 o5 g
r—=

=+

ot |




Use the Intermediate Value

: ]88 Theorem to determine the
zeros of a function
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- _'II&.!;E.ipl 250l Intermedi

ate Value
Theorem
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R ——
Continuity and Its Consequences
A e e

(tla wgl) dgal) & ,1as) 4.4 @ da))
THEOREM 4.4 (Intermediate Value Theorem

. l: ) . :' . f(b)sf(ﬂ)u_.;.‘bu d‘ﬂWn—Jlﬁgf[ﬁ,b]M‘aM‘ﬁmfn_uls |.11
Suppose that f is continuous on the closed interval [a, b] and W is any number flo=wW €€ (@ b] Joo sae a3gs 4lb
between f(a) and f(b). Then, there is a number ¢ € [a, b] for which f(c) =

b ) e ded JS Aslin f ole 4, D] wie alazs f colS 15) wl 4.4 &, da) Jaa

Theorem 4.4 says that if f is continuous on [a, b], then f must take on every value be- o L{{ 3.3 f( |) "F: o ldji-\}i . L_{_;' i [ ];_h: :,J1f K ‘1}' dj«m N s d_yu

tween f(a) and f(b) at least once. That is, a continuous function cannot skip over any a2 Beed o dlael gl s Ol e ¥ dlats dls Lol ) JBY) Gle 3asy 5w

numbers between its values at the two endpoints. To do so, the graph would need to 3 col say Y = w u-"—“w bl e SLd) fiend) G, O e U3 Janly. (b, lal)

leap across the horizontal line y = W, something that continuous functions cannot do. aed Joln o) Alall oS e_._InJL (2.29a Jsa sl) alazdl Jlgad) LI PRESL %
(See Figure 2.29a.) Of course, a function may take on a given value W more than once. fass aoled) i) aia o e I Lle (2.29b sl "JQ_J) )_,51 W

a ) > = o "'_ﬂ ﬂJ—Q m d-l_nJ_Q

(See Figure 2.29b.) Although these graphs make this result seem reasonable, the proof ) el o s oy 3 Lo 10ms3 381 gla,l ols adsaaae gus 2l aia

is more complicated than you might imagine and we must refer you to an advanced
calculus text. paaiedl JalS2llg J..al.a...” ol

FIGURE 2.29a FIGURE 2.29b rf(a) ¢ f(a)
An illustration of the Intermediate More than one value of ¢
Value Theorem

2.29a s 2.29b s .2l

4.2 i)

[f(a) - F(b) < 0 & t:.;i] iaSlate lla) Legd f(B) o fa) 5 [ab] aoe alaze f 51 Lo 0
J@© =0 o 455 c € (@) 1ixly 13ue JBY) le amg awls

() s s e o955 ¢ 31 Sa)




T —— Vs
Continuity and Its Consequences

In exercises 33-36, use the Intermediate Value Theorem to
verify that f(x) has a zero in the given interval. Then use
the method of bisections to find an interval of length 1/32 that
contains the zero.




T —— Vs
Continuity and Its Consequences

In exercises 33-36, use the Intermediate Value Theorem to a5 pasaw! (33-36 (pled) 0
verify that f(x) has a zero in the given interval. Then use : ) (2 o Ly fO) ) e @Rl
the method of bisections to find an interval of length 1/32 that e ¥ i) Ay b pasaw)
contains the zero.

36. f(x) =€ +x,[-1,0]




Use the continuity properties

to study the continuity of a
function or a composition of
functions at a given point

Jbaidll ygaibas aaaiuwl
gl allall JLail dwlyal  Example
ahaiaic Jlgall acgaao 4.2
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EXAMPLE 4.2 Removing a Hole in the Graph i) et (o Bgand W3] 4.2 L))
Extend the function from example 4.1 to make it continuous everywhere by

defining it at a single point. By adam ane Lgay o e S0 S g—" ilais Lylesd 4.1 JEJ) o allu]) gt o8

, Pe2=3, | .
Determine where f(x) = — -7 ©® continuous. alas f(-’t'} _ x> +2x—3 5855 o) 2i>
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Find horizontal, vertical, and araalll gjlaill hgha alal
slant asymptotes using aladiwl alilallg dwwifdlg  (23-26) 106
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Limits Involving Infinity; Asymptotes | %LU Geaas ) bolgd)

In exercises 23-28, determine all horizontal and vertical asymp- 220y L)l Lo . 1. 2398 ) .
i - ". ‘

totes. For each side of each vertical asymptote, determine "i I ‘?.I:;E'Jl 3.!:.1;» ‘ij"}_ o f'{!"""i ‘.-,‘;J

whether f(x) — oo or f(x) — —oco. INSL . f{xf" Tl fo) o ents

" — —00 @ —_ 3 oo

2 ol )l had 4 g-ﬂ-nblv\gjiﬂ\ b3

-

———

il

g"""‘JS‘ il Jad ‘ gau‘j\ i) ad

gﬁé\ﬂ < yladl) i




Limits Involving Infinity; Asymptotes

(g ) Geuass ) bl

In exercises 23-28, determine all horizontal and vertical asymp-

totes. For each side of each vertical asymptote, determine
whether f(x) — oo or f(x) = —oo.

220 o,lind) daglas S sis> 23—28 L lad) L
gl ) ) das Colg o il JS) o A 1 g
. flx) = —o0 pl flx) = 00 cals 13] sus

=42 il M el b

4 (ol ) G Bk

———

il

g.u.nbl\ Ul i

= —1 gﬁ‘}“ c,u&ﬂ\.hi

~ g.a-u“)]\ <ty ba
gﬁé\ﬂ el Jad




In exercises 23-28, determine all horizontal and vertical asymp- eyl o sl bgdas S sds 23—28 0 ,lad) o
totes. For each side of each vertical asymptote, determine *,,:.,.ui A sl das Coles (pe wols JSU ol L ,i}j’| 3

whether f(x) = oo or f(x) = —co. . fl) » —o0 1.1 flx) = 0o LS 13) su

24. (a) f(x) = —=

el A it s +4 il ) gt b
y =41 AIY o Ll b : = —1 A& o il bad

ol 1) o AT Bk ~ Gl A i) Jod

RENPYRS

gﬁé\ﬂ < yladl) i




Limits Involving Infinity; Asymptotes | *%=3U) Gl ) Sblgd)

mexer;ises 23;128f ;ete;mins; all hm:iz?ntal and verti::lal asymp- "“.._“ 8y ki)l boglas S sis> 23—28 CEJLF'J! t_-!J
totes. For each side of each vertical asymptote, determine *1.:1-*"'..!-” olandl das coles U-f —ols U 1‘3 s 1
. flx) = —o0 pl flx) = 00 cals 13] sus

whether f(x) — oo or f(x) = —oo.

el A it s +4 il ) gt b
(A9Y i Ll b : = —1 A& o il bad

———

il

g.u‘j\ c,ul:iﬂ‘ hi ‘ g*‘"bn ‘?‘Jm‘ §ZEN

gﬁé\ﬂ el Jad




Limits Involving Infinity; Asymptotes | *%=3U) Gl ) Sblgd)

mexer;ises 23;128f ;ete;mins; all hm:iz?ntal and verti::lal asymp- "“.._“ 8y ki)l boglas S sis> 23—28 CEJLF'J! t_-!J
totes. For each side of each vertical asymptote, determine *1.:1-*"'..!-” olandl das coles U-f —ols U 1‘3 s 1
. flx) = —o0 pl flx) = 00 cals 13] sus

whether f(x) — oo or f(x) = —oo.

x=-1,3 gr‘-"[)-” ) ki +4 g.ubT\gJM\ b3
y=3 A i il i ) = —1 A& o il bad

— ———

il

g.u‘j\ c,ul:iﬂ‘ hi ‘ g*‘"bn ‘?‘Jm‘ §ZEN

gﬁé\ﬂ el Jad




Limits Involving Infinity; Asymptotes | *%=3U) Gl ) Sblgd)

mexer;ises 23;128f ;ete;mins; all hm:iz?ntal and verti::lal asymp- "“.._“ 8y ki)l boglas S sis> 23—28 CEJLF'J! t_-!J
totes. For each side of each vertical asymptote, determine *1.:1-*"'..!-” olandl das coles U-f —ols U 1‘3 s 1
. flx) = —o0 pl flx) = 00 cals 13] sus

whether f(x) — oo or f(x) = —oo.

el A it s +4 il ) gt b
(A9Y i Ll b : = —1 A& o il bad

———

il

g.u‘j\ c,ul:iﬂ‘ hi ‘ g*‘"bn ‘?‘Jm‘ §ZEN
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Find the average and

. instantaneous velocity at a
given point

ahwgiall acpull alal

of ihai sie auanlilg (19-22)
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of an object at time t seconds. Find the average velocity between (a)t=0 s =2 o ddawgigd) dgoigd de ol o ,i :,:,_,h: t
(a)t=0and t=2,(b)t=1and t=2, (c)t=1.9 and t = 2, {d} t—IBH,t—Z t=19;t—2 {b}f‘lgt—z

(d) £t=1.99 and t =2, and (e) estimate the instantaneous

In exercises 19-22, the function represents the position in feet e Hl e 1"""“"3' Lo o aj!"" alad) Fe 19-22 oo bed) o

velocity at £ = 2. d=2 e dadas U dgsagd) de d) ;a8 {E} 4
19. s(t) = 161 + 10




of an object at time t seconds. Find the average velocity between (a)t=0 s =2 o ddawgigd) dgoigd de ol o ,i :,:,_,h: t
(a)t=0and t=2,(b)t=1and t=2, (c)t=1.9 and t = 2, {d} t—IBH,t—Z t=19;t—2 {b}f‘lgt—z

(d) £t=1.99 and t =2, and (e) estimate the instantaneous

In exercises 19-22, the function represents the position in feet e Hl e 1"""“"3' Lo o aj!"" alad) Fe 19-22 oo bed) o

velocity at £ = 2. F=2 e adasl)) dgoigd] de puudl 408 {E} 4
20. s() =38 +¢




of an object at time t seconds. Find the average velocity between (a)t=0 s =2 o ddawgigd) dgoigd de ol o ,i :,:,_,h: t
(a)t=0and t=2,(b)t=1and t=2, (c)t=1.9 and t = 2, {d} t—IBH,t—Z t=19;t—2 {b}f‘lgt—z

(d) £t=1.99 and t =2, and (e) estimate the instantaneous

In exercises 19-22, the function represents the position in feet e Hl e 1"""“"3' Lo o aj!"" alad) Fe 19-22 oo bed) o

velocity at £ = 2. F=2 e adasl)) dgoigd] de puudl 408 {E} 4

21. s(f) = V12 + 8¢




In exercises 19-22, the function represents the position in feet (o) die paill Lo puu> 2950 4 ) Jes 19-22 L) o
of an object at time t seconds. Find the average velocity between a) =041t =2 o ddawgigd) dgsugd) de ol _.,_.,__,i Aol b
(a)t=0and t=2,(b)t=1and t=2, (c)t=1.9 and t = 2,

(d) t=1.99 and t =2, and (e) estimate the instantaneous {d} t=1.99 st = 2t=19 st = 2. {b) t=1 ot = 2

velocity at £ = 2. F=2 e adasl)) dgoigd] de puudl 408 {E} 4

22. s(t) = 3sin(t — 2)




Sketch the graph of a
function using that of its
derivative

‘ wic Alaicl alla iaie awy  Example
le;n;.;u"" ‘,.Iﬂ.ho' 1 2.5
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The Derivative é vy 4

EXAMPLE 2.5 Sketching the Graph of f’ Given the Graph of f P plad) died) o 70 pled) el o

N s . Wt 3.14 Jsah } Liodl ¢
Given the graph of f in Figure 3.14, sketch a plausible graph of f’. L ofT i ' f Il i) o




Teacher/Samah Ahmed ) © © GEEED ¢ ¢ G ¢ 0 G ¢ O G ¢ O GEEEEN» ¢ ¢ G .
The Derivative ®
[ ] o, & - - F-3 *
) Hlad ) use the graph of f to sketch a graphof f'. [ J mud gl ?..l:....ll A ‘m.\:-:’n.w,
Y adlal) Afidal Al Jaiail) daa
‘ ®
°
°
°
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°
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° SAMAH MATH
Ao 10— B. . Co 50__ D‘ 5j PY
o 7 ] - °
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The Derivative

29. Graph and identify all x-values at which f is not differen-
tiable. (a) f(x) = [x] + |x = 2],
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29. Graph and identify all x-values at which f is not differen- ably 2 [ S Lavee o X pd e dam Lok Jis .29
tiable, | (b) f(x) = |x* — 4x] F) = ¥ — 4xl(b),
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30. Graph and identify all x-values at which g is not differen- abls ;2 8 9% Lanie L3l X o® g sasg Lals e .30
tiable. (a) g(x) = /% 80) =€ (a) lazs U
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30. Graph and identify all x-values at which g is not differen- by 2 § 58S Lanse o) X pd g 2amy Lok Jie .30
tiable. (b) glx) = e 2/® ) gk) = e/,




Recall the Power Rule for A 6gall éacla e wjeill " Theorem | Theorem
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Applying the rules of
multiplication and division to
derivatives
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claidiall e dawsallg

Applying the rules of > . - @ -
Lo R wprall Lisacls (gulhi
multiplication and division to cAlsiniall” e & 3llg (21-24)

derivatives

(21-24)

(21-24)
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In exercises 21-24, assume that f and g are differentiable with QL W Glbbld g o f o) yo 0 e 21-24 o, led) gﬁ
£(0) = -1, f(1) = =2, '(0) = —1, /(1) = 3, g(0) = 3, g(1) = 1, s F()=35 f'(0)=—13 f(1) =2 5 f(0) = ~1 chucimy

g'(0) = —1 and g’ (1) = —2. Find an equation of the tangent line dslao vyl g'(1) = _23 Slfz: _E ; g = 1 L) g{ol)_:_]::
to the graph of y = h(x) at x = a. X =a y = hx) e oo
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In exercises 21-24, assume that f and g are differentiable with QL W Glbbld g o f o) yo 0 e 21-24 o, led) gﬁ
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to the graph of y = h(x) at x = a. X =a y = hx) e oo

22. hix) = JIﬂ; (a) a =

g(x)
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23. h(x) = x*f(x); (a) a =1;
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Apply the chain rule for
differentiation

177




..................................................
The Chain Rule // \j

R R e

......... In exercises 31 and 32, use the relevant information to compute O3 wlegladd) pusuul 32 9 31 o el 2
= the derivative for h(x) = f(g(x)). Jx) = W) ianig)) luwsd ilal)
"""" 31. 1'(1), where f(1) = 3, ¢(1) = 2,f'(1) =4,f'(2) = 3, :Eus> h'(1) .31

........ ¢(1)=-2and ¢'(3) =5 f(2)=3 f(1)=4, g(1)=2, f(1)=3,g(1)=-2,8(3)=5




..................................................
The Chain Rule // \j

R R e

.............. In exercises 31 and 32, use the relevant information to compute <!y loglagd) p A .32 § 31 (g yoid! L"’j
| the derivative for /i(x) = f(g(x)). )Ll oy g | _ ‘

32. I/(2), where f(2) = 1,¢(2) = 3, f'(2) = —1,f'(3) = =3, o R(2) .32

--------- ¢(1) = 2and g/(2) = 4 L f3)==3,F(2)=—1,8(2)=3,f(2)=1, §(1)=2, g(2)=4
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The Chain Rule .
.
: I

I 33. Afunction f is an even function if f (~x) = f(x) for all x and 09559 ¥ JI fl=2) =f() o5 13] A Aly ysS f a]lﬂ_ul .

is an odd function if f(-x) = —f(x) for all x. Prove that the e o) b X S fl-) = f() QB 1) as g dls
: derivative of an even function is odd and the derivative of o2 ds,all dly daidia gly &0 dls 2 Gl s
an odd function is even. gy dls I
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The Chain Rule .
.
. I

I 34. Ifthe graphota differentiable function f is symmetric about ~ Jg~ Vs Loie [ aleid ablz)) il led) L) o8 13
the line x = 1, what can you say about the symmetry of the  sbed) Jdedd) Bls e Joal) cliSe 13Led X =0 puaia,])
* graph of f'? ] I
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The Chain Rule
Rl

In exercises 35-38, find the derivative where f is an unspecified Joadlol daniiigd) o 3?
differentiable function.

> e 35. (@) ) -

I 3. xf'(x?)

I C. f’(xz) °

| D. 2f'(x%)
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[ J
:
R
o In exercises 35-38, find the derivative where f is an unspecified Joadlol daniiigd) o 3? I
differentiable function.

I A. 2f(Of () 35. (b) [f(x)]2 ’

I 3. xf'(x?)

I C. f'(x) .

| D. 2f'(x)
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[ J
:
R
o In exercises 35-38, find the derivative where f is an unspecified Joadlol daniiigd) o 3? I
differentiable function.

I A e 35. (c) f (f(x)) .

I 3. xf' (O f (x%)

I C. fxOf (x%) .

| D.  2rmf @
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The Chain Rule
Rl

In exercises 35-38, find the derivative where f is an unspecified Joadlol daniiigd) o 3?
differentiable function.

A. 1
I fe055 36. @ f(v/~) .

I C. f'(Vx)
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[ J
:
R
o In exercises 35-38, find the derivative where f is an unspecified Joadlol daniiigd) o _gi I
differentiable function.

>

e 36. (b) /(%) :

f(\/_)

&»

f'(Wx)—=

O

I D. f(x)——
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The Chain Rule

In exercises 35-38, find the derivative where f is an unspecified S Aol dndegd) .u-ﬁ
differentiable function. '

A. f'afO)F() + xf' (%)) 36. (¢) f (xf())

B. xf' (x)

Co () + xf (1)

D. f'(xf(x))
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Find the derivative of an
. inverse function using the
Chain Rule

MCQ a-ada 3a S5

alla JugSoo ddide alayl

alulull 6acld aladiwl (722

SAMAH MATH

176

(17-22)




Teacherlsamah Ahmed | [ ] ® D [ ] [ ] D ([ ] [ ] D ® [ ] D [ ] [ ] D ([ ] [ ] D

The Chain Rule
Rl

) In exercises 17-22, f has an inverse g. Use Theorem 5.2 to find 8'(a) sl 5.2 iyl pasil 8 yueSae Ly f I
/
I 1 g (a).

—n

A. g(—1)=Z 17. f{I}ZIS-l—"-}I—Lﬂ:—I :

L |

I B. g(-D=—
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The Chain Rule
Rl

) In exercises 17-22, f has an inverse g. Use Theorem 5.2 to find 8'(a) sl 5.2 &dau pasil 8 yueSae Ly f I

g'(a).
I A ge=o :
4 18. f(x) =x +4x—=2,a==2

—n

I B. , -1 °
g'(-2) = >
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The Chain Rule
Rl

) In exercises 17-22, f has an inverse g. Use Theorem 5.2 to find 8'(a) sl 5.2 &dau pasil 8 yueSae Ly f I

A X g ().
. g'(5) = _ o
I 15 19. f)=x+3x"+xa=5

—n
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The Chain Rule
Rl

) In exercises 17-22, f has an inverse g. Use Theorem 5.2 to find 8'(a) sl 5.2 &dau pasil 8 yueSae Ly f I

g (a).
I A 9'(‘2)=§ 20. f(x)=x*+2x+1,a==2 .

—n
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The Chain Rule
Rl

) In exercises 17-22, f has an inverse g. Use Theorem 5.2 to find 'g;[“}:[—"':-e? 5.2 &dau pasil 8 yueSae Ly f I

g ().
I A g'(2) =2

21. f(x) = Vx* +2x+4,a=2 :

. I
-1

I B. g'(2) =5
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The Chain Rule
Rl

. In exercises 17-22, f has an inverse g. Use Theorem 5.2 to find 8@ 55 5.2 ) pasuin) 8 weSae L) f
g'@
3 .

I A. 93 =15 22, flx) = Vi +4¥3 +3x+1,a=3 .
[ J

[

. I

B. ~1
I g'(3) = B3 o

. I
3

I C. 9'3) =7

5
I D. g'(3) =12
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Find the derivatives of
: trigonometric functions
using differentiation rules
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In exercises 1-18, find the derivative of each function,

9. f(f) = sin 3t sec 3t

—— o

f/(t)=4tant — 2t

f'(t) =tan2t — 1

............................................................. e et NN




In exercises 1-18, find the derivative of each function,

() = V/cos 5t sec 5¢

—— o

f’(t)=0 . f’(t)=4tant—3

f'(t) =sec2t—1 . f(t) = tan2t — 1

- — T . . . .. s o, T T o - - - - - - e S




s Zolied) J1gad) olandie

—— o

{ A, £ (w) = —4 cos 4w : f/(w) =4tanw — 5w

~ sin? 4w

e
- . g

N a4

f'(w) = sec 5w — 3w ' f'(w) = tan2w — 7w

............................................................. e et NN




Derivatives of Trigonometric Function 4 “ |I o l J'S‘A'” I 4| “ o
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{ A. f'(x) = 4cos?(2x) — 4sin*(2x)

f(x) =tan2x — 1

............................................................. e et NN




In exercises 1-18, find the derivative of each function,

14. f(x) = 4sin” 3x + 4 cos? 3x

—— o

f’(X)=O . f’(x)=4tanx—3

f'(x) =sec2x—1 " f'(x) = tan2x — 1

- — T . . . .. s o, T T o - - - - - - e S




s Zolied) J1gad) olandie

f(x) =tan2x — 1

............................................................. e et NN
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Find the derivatives of
exponential functions
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... — e 0 . - 1 C o X me P
Derivatives of Exponential e X1 (JlgoJ) Sla= )
| and Logarithmic Functions | 4oz 5L& o) (J1ooJls

ooleed! 05y ) X B US a5l 30 5 29 G end) B
Lael ¥ =) o

In exercises 29 and 30, find all values of x for which the tangen
line to ¥ = f(x) is horizontal.
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In exercises 29 and 30, find all values of x for which the tangent o g
Lasl ¥ =) syl

line to ¥ = f(x) is horizontal.
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In exercises 29 and 30, find all values of x for which the tangen
line to ¥ = f(x) is horizontal.
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In exercises 29 and 30, find all values of x for which the tangent o g
Lasl ¥ =) syl

line to ¥ = f(x) is horizontal.

= xleg—*




Identify the appropriate

. ey differentiation rule for a
given function form
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h'(x) = 3x%.e* — cos x

T S —
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h'(x) = 3x%.e* — cos x

T S —




—

Derivatives of Exponential g L JNead) Sl
and Logarithmic Functions

_ef(1-

flx) =
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Use implicit differentiation el Glatwil aladiwl
to find derivatives of inverse T Jlgall aldibie alagdl
trigonometric functions duwsSell duliall

Example

8.2

SAMAH MATH

Example
8.2




Implicit Differentiation and Inverse Jlgudly Jead) Glaci i)
Irigonometric Functions _ w dwgSagl) ailigl)

EXAMPLE 8.2 Finding a Tangent Line by Implicit Differentiation

Find y'(x) for x>y*> — 2x = 4 — 4y. Then, find an equation of the tangent line at the
point (2, —2).




Use implicit differentiation

trigonometric functions

MCQ a-ada 3a S5

Liouall Glaiill aladiwl

to find derivatives of inverse T Jlgadl cildiioe aluy  (29-32)

dvwsell ailiall
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Implicit Differentiation and Inverse jrouJly Lol @lisi¥ °
Pl Trigonometric Functions Al g Sa el JLAL )
. differentiate each function.
2.2 29. (a)f(x) =sin~'(x® + 1) 1y US diidie aal I
I Af ’ (x) — °
\/1 — (x3 + 1)2 °
B. /() al I
[ ] x —
I J1—(x3 +1)2 o
f(x) i I
X) =
I C. J1— (23 +1)2 .
’ —3x?
fx) =
I D. J1— (3 +1)2
° SAMAH MATH
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Implicit Differentiation and Inverse jiguly Lieadl Glazi¥
Pl Trigonometric Functions Al g Sa el JLAL )

differentiate each function.

Als S ddidie dsgl
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Implicit Differentiation and Inverse jiguly Lieadl Glazi¥ °
Pl Trigonometric Functions Al g Sa el JLAL )

. 1/.0 differentiate each function.
Caerny | 30 @) =cos(@ +x) s

J1— (2% + x)? o
: 2x I
B. f(x) =
I Fe V1= (x% +1)2 .
I |
Ic'f(x)_ﬁ—(xz“)z .

L SAMAH MATH
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Implicit Differentiation and Inverse jrouJly Lol @lisi¥

Pl Trigonometric Functions

>

FIPCON I RAC |

&®

O

differentiate each function. I

Als S ddidie dsgl
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Implicit Differentiation and Inverse jiguly Lieadl Glazi¥ °
Pl Trigonometric Functions i 52 g)) ailigd)

differentiate each function. I

31. (a)f(x) = tm‘l(ﬁ) ls US diidie asl

2
. ) =
I D xvVxt —4
® SAMAH MATH
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Implicit Differentiation and Inverse jiguly Lieadl Glazi¥ °
Pl Trigonometric Functions Al g Sa el JLAL )

differentiate each function. I

: 1 31. (b)f(x) =tan™"(1/x) s US daiie as ]

(x2+1) °
S |
IB’ F® =Gz :

D
o
=
~
=
—
|l
[
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Implicit Differentiation and Inverse jiguly Lieadl Glazi¥
Pl Trigonometric Functions Al g Sa el JLAL )

A. 1
I Jl) = 2(1+ x2)\/2 + tan~1x
I B. fix)= J2 + tan—1x
[ J xz
I c. = V2 + tan—1x
’ 1

flix) =
I D. x2\/2 + tan—1x

I 32. (a)f(x) = V2 + tan~1 x

differentiate each function.

Als S ddidie dsgl
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Implicit Differentiation and Inverse jrouJly Lol @lisi¥ °
Pl Trigonometric Functions Al g Sa el JLAL )
. differentiate each function. I
_1 w >
— ptan “x - - &
A etan'x 32. (b)f(JC) = € Ay S daiiie ool
©ff) = .
1+ x2 )
[ J
. I
-1
zxetan X
B. "(x) =
I fix) 1+ x? .
o [ J
[ J
xZ etan_lx
C. "(x) =
I [ 1+ x? °
[ J
[ J
[ J
—1
D. fl(x) =
I fx) (x2+1)
° SAMAH MATH




Recall the hypotheses of

Rolle's Theorem
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e ——————— | = - - X
The Mean Value Theorem ww ‘ 4-‘-6-4-‘ ' MJb—’
’ L) s = '

Jay el esss 101 L

salall g, &by gass ) C e izl
Find a value of ¢ satisfying the conclusion of Rolle’s Theorem for flo) = P32 4+2x+2

EXAMPLE 10.1 An lllustration of Rolle’s Theorem

fx) =2 —3x% +2x 42

on the interval [0, 1].

(Joy adas) 101 i el
sae azg wls fla) = f(B) oS5 (4, D) s 2l 3 alazsdl alisy [a, B] 5 ,oal) 3 alazs fouls 1)

fe) =02 c€(ab)




a) Determine the continuity
of a function at a given
point.

b) Use the continuity
properties to study the
continuity of a function or a
composition of functions at
a given point.

FRQ <l gheally 8

aic alla Jbail | a Saoadl (al
SL Y

Jhaiill gaidlvyans axasiwl (b
w11S 37 gl alla Jbhail aaslysl
direo ahaisic Jiga

Definition
4.1

(29-32)
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Continuity and Its Consequences 4:.3 t‘._”s d L«AS 'g'

EXAMPLE 4.1 Finding Where a Rational Function Is Continuous ) A1) Jlas) LS slaw) 4.7 L)
x> +2x—3 5855 u_‘i, WX

S

»+2=3
Determine where f(x) = t 1 is continuous.
x -




Teacher/Samah Ahmed

Continuity and Its Consequences

29. Suppose that a state’s income tax code states that the tax
liability on x dirhams of taxable income is given by

0 ifx <0
T(x) = 4 0.14x if 0 < x < 10,000
c+0.21x if 10,000 < .

uous for all x. Give a rationale why such a function should

Determine the constant ¢ that makes this function contin-
I be continuous.

PEREINE

5 ole san Lo @gs 3 Lurall pelal) ) s 500 .29 I

s tbse dual) palsl s ull .
0 , x<0
T(x) =< 0.14x , 0 < x < 10,000
c+021x , 10,000 < x.

PJ&IMMMA“JJ‘DMJM&J”CML”JJ} °
.41.@.:.4 L_Jgj.bu'i_n_"a-udjl_l_”au \_ﬂ LJQS_ILLR_IQ.A.QLH_“J
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|-Teacher

/Samah Ahmed

Continuity and Its Consequences

12% on the first AED 20,000 of taxable earnings and 16% on the

30. Suppose a state’s income tax code states that tax liability is
I remainder. Find constants a and b for the tax function

° 0 ifx <0
T(x) =< a+0.12x if 0 < x <20,000
b+ 0.16(x — 20,000) if x > 20,000

I such that T(x) is continuous for all x.

PEREINE

al3¥) dcs G Lle gan Lo dlgo P rrall gglall 5 us 28l .30 I

asaslsdl CIQJ%I U AED 20,000 dgi UJJ- ].2% ﬁJ-‘-' g_.__;‘_._.aJ'l ™)
@ramwbgaggwqj.gawuh15%3@,& .
0 . x<0
T(x) =< a+0.12x , 0 < x < 20,000
b+ 0.16(x — 20,000) x > 20,000
X o e dliaze T(x) 09S5 o .
[ J
[ J
[ J
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Continuity and Its Consequences

PEREINE

[ ]
¢ alod ) i madl Jelas Jlas! 4.8 e
¢ . . A o>yl @b 45,280l X =27,950 aic dlaze T aslsa¥) de,anll Jass dls ol oo a5k
31. In example 4.8, find b and ¢ to complete the table. .
. 38 rerall CLliill 558 Gud Sl | @sd dusuall palsdl il
Y 5685 30% AED 141.250 AED 67.700
b 35% AED 307.050 AED 141.250
c 38.6% — AED 307.050
[ ]
®
([ ]
[ ]
([ ]
[ ]
®
([ ]
®
®
o SAMAH MATH
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[ J [ ] CED [ J [ J CGED [ J ([ J CED [ J [ J D [ J ([ J °
l-Teacher/Samah Ahmed .
° Continuity and Its Consequences
¢ gadl  gb upall el (aed gud o8y | asd iy pall calad) gl I

32. In example 4.8, show that T(x) is continuous for x = 6000. AED 0 10% AED 6000 AED 0
AED 300 15% AED 27.950 AED 6000

TR 27% AED 67.700 AED 27.950 o

I x=6000 sie ilaze T(Y) of piy 4.8 JLo) o .32 AED I
= [ J
° 0.10x , 0 <x <6000
° T(x) =% 0.15x—300 , 6000 < x £ 27,950
0.27x — 3654 , 27,950 < x £ 67,700

° SAMAH MATH
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Find horizontal, vertical, and
slant asymptotes using
limits

aaaill uylaill hgha aagi
aladiwl alilallg avwiflg -~ (29-32) 106
gl
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Limits Involving Infinity; Asymptotes | %LU Geaas ) bolgd)
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Limits Involving Infinity; Asymptotes | %LU Geaas ) bolgd)
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Limits Involving Infinity; Asymptotes | %LU Geaas ) bolgd)
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Solve real-life problems alxaiwl adba Jiluwe Ja |
using the product rules upall aclga
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e ———— - - =
- The Product and Quotient Rules Lo.ua.ﬂJ's \?IJ‘AJ‘ aclgt

Il aie) Guleed] @alas agl 17-20 o led) 8

x=a e y=fy)

In exercises 17-20, find an equation of the tangent line to the
graph of y = f(x) at x = a.
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- The Product and Quotient Rules Lo.ua.ﬂJ's \?IJ‘AJ‘ aclgt

Il aie) Guleed] @alas agl 17-20 o led) 8

x=a e y=fy)

In exercises 17-20, find an equation of the tangent line to the
graph of y = f(x) at x = a.
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x=a e y=fy)

In exercises 17-20, find an equation of the tangent line to the
graph of y = f(x) at x = a.
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Il aie) Guleed] @alas agl 17-20 o led) 8

x=a e y=fy)

In exercises 17-20, find an equation of the tangent line to the
graph of y = f(x) at x = a.




Find the derivatives of
trigonometric functions
using differentiation rules
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aslid) Jlgod) oliidie

Derivatives of Trigonometric Functions

In exercises 1-18, find the derivative of each function,

........... 4. f(t} — tz + 2{3051 4t




aslid) Jlgod) oliidie

Derivatives of Trigonometric Functions

In exercises 1-18, find the derivative of each function,

- 5' f(x) = YOS sz ..........................................................................................................................................................................................................................................................................................................................................................
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Solve real-life problems . )
using derivatives of pladiwl ayilbs Jibwe Ja

dewill Jlgall eilaivie

exponential and logarithmic i AR
i . dtaiyjlegllig

functions
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Derivatives of Exponential e X1 (JlgoJ) Sla= )
| and Logarithmic Functions | 4oz 5L& o) (J1ooJls

35. A bacterial population starts at 200 and triples every day. ‘p JS @i @M Caeliatyg 200 sasll LSl 5SS Jay 39

Find a formula for the population after t days and find the Jasdll Bgiddl acwd) ..L‘g-g"g Lage t oy S8l Ggld .J._‘?-gi'

percentage rate of change in population.




... — e 0 . - 1 C o X me P
Derivatives of Exponential e X1 (JlgoJ) Sla= )
| and Logarithmic Functions | 4oz 5L& o) (J1ooJls

bl xS Caeliatyy 500 saall bS]l AS ay .36
Jazell dgie)) dwd) amgly Ligs # am SLSal) (rgals asy)

36. A bacterial population starts at 500 and doubles every four
days. Find a formula for the population after t days and find
the percentage rate of change in population.




Derivatives of Exponential

. and Logarithmic Functions

37. The concentration of a certain chemical after { seconds of

. .. 6
an autocatalytic reaction is given by ¢(t) = ————. Show
: given by ) = 2w
that ¢'(t) > 0 and use this information to determine that the

concentration of the chemical never exceeds 6.

TAOR Jlend) Sla i)
e L A L P AN

Y (,;,'rg:;} ol foass dcaas adleS aale S5 S gl 37

6
2 Ef 1 ‘n ..‘i_*h.n_..ul_i __..n.ﬂ:-..n.” UJIJ J_r.Ln_J'r

1516 Jlaszy ¥ LSl _drm

E,i e .r:(f}




... — e 0 . - 1 C o X me P
Derivatives of Exponential e X1 (JlgoJ) Sla= )
| and Logarithmic Functions | 4oz 5L& o) (J1ooJls

38. The concentration of a certain chemical after t seconds of

Y (,;,'rgi} aolh f oy dnceo a8leS aske 355 wass @u W38

an autocatalytic reaction is given by c(t) =

L 10 e

S E,‘r e _x._.ji:._l.l Slaglad) ada P_u;-.:.d.uli. c(t)>0
5 b ¥ SleS) 5,0

Qe-10t 4
that ¢’(f) > 0 and use this information to determine that the
concentration of the chemical never exceeds 5.




Understand the Mean Value daudll aphi e wapeill

ay[:3 Theorem and useitin A lgoladiwlg dhuwgiall (1-6)
applications i alauhill
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o The Mean Value Theorem

[ ]
In exercises 1-6, check the hypotheses of Rolle’s Theorem and
the Mean Value Theorem and find a value of ¢ that makes the
appropriate conclusion true. Illustrate the conclusion with a

e graph.

. 1. f(x) =x*+1,[-22]

([ ]

[ ]

®

([ ]

[ ]

adl) y Jasg Jg) i S led 8 (o @i -6 g lel) B
&J.h.a.”.t ual:-..” EM’M?'M&M'CL@ :'u:-_g cada i gigl)

L_r'lf-"’ s o o ¥ 70 s
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/Samah Ahmed

|-Teacher

° The Mean Value Theorem ]

. j
In exercises 1-6, check the hypotheses of Rolle’s Theorem and
the Mean Value Theorem and find a value of ¢ that makes the
appropriate conclusion true. Illustrate the conclusion with a

e graph.

° 2. f(X) = x? +1, [0, 2]

[ ]

[ ]

°

[ ]

[ ]

&J.h.a.”.t ual:-..” ‘ct'u:n.w'ﬂ o 6.:\.” C R.Hj :'u:-_g cada i gigl)

i) iy gy S iled B (o o 106 (osLel) S

(Ple JAS pp glisw¥) g3 s
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l-Teacher/Samah Ahmed .
° The Mean Value Theorem
. 1.5

In exercises 1-6, check the hypotheses of Rolle’s Theorem and o adl) y Jasg Jg) i S led 8 (o @i -6 g lel) B .
the Mean Value Theorem and find a value of ¢ that makes the . e
R LI 7 oG UR LIS FLL LA s Al o lsd) plicw¥! Jasa i)l € 4 cidawgigd)
appropriate conclusion true. Illustrate the conclusion with a ; Oia il ol ™ g€ L drg sl g
Py graph. . ke i pw o sl 70 R S
—_ D 2 o ' -
° 3. f(x)_x +x’[011]
[ ]
[ ]
[ ]
[ ]
[
[ ]
[ J
[ ]
[ J
[
° SAMAH MATH
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l-Teacher/Samah Ahmed

° The Mean Value Theorem

([ ]
In exercises 1-6, check the hypotheses of Rolle’s Theorem and o
the Mean Value Theorem and find a value of ¢ that makes the
appropriate conclusion true. Illustrate the conclusion with a
e graph.
— 4D 2
. 4. f(x) =x +x°,[-1,1]
([ ]
([ ]
°
[ ]
([ ]

adl) y Jasg Jg) i S led 8 (o @i -6 g lel) B
&J.h.a.”.t ual:-..” EM’M?'M&M'CL@ :'u:-_g cada i gigl)

L_r'lf-"’ s o o ¥ 70 s
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l-Teacher/Samah Ahmed

o The Mean Value Theorem
[ ]
In exercises 1-6, check the hypotheses of Rolle’s Theorem and
the Mean Value Theorem and find a value of ¢ that makes the
appropriate conclusion true. Illustrate the conclusion with a
e graph. i
5. f(x) = sinx, [0, 7 /2]
o
([ ]
[ ]
®
([ ]
[ ]

0.75—
0.5

0.25—

adl) y Jasg Jg) i S led 8 (o @i -6 g lel) B
&J.h.a.”.t ual:-..” EM’M?'M&M'CL@ :'u:-_g cada i gigl)

L_r'lf-"’ s o o ¥ 70 s
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o1
:70.2
:*0.3
-
:70.5
:—I:l. 6
-—70. 7
:70.3

--0.8

[ ] ® G ® [ ] D [ ] ® D [ ] [ ] D ([ ] [ ]
l-Teacher/Samah Ahmed e
o The Mean Value Theorem
[ ]

In exercises 1-6, check the hypotheses of Rolle’s Theorem and
the Mean Value Theorem and find a value of ¢ that makes the
appropriate conclusion true. Illustrate the conclusion with a
e graph. .
6. f(x) =sinx, [-x, O]
o
([ ]
[ ]
®
([ ]
[ ]
D ([ ] ([ ] L [ ] ([ ] D ([ ] [ ] L [ ] [ ] D [ ] ([ ]

adl) y Jasg Jg) i S led 8 (o @i -6 g lel) B
&J.h.a.”.t ual:-..” EM’M?'M&M'CL@ :'u:-_g cada i gigl)

(Ple JAS pp glisw¥) g3 s
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https://youtu.be/6gEPEalLvHzs
https://youtu.be/wbs12zz9aF8
https://youtu.be/Fl_FtPrZdyo




