Workshop Solutions to Sections 2.1 and 2.2(1.1 & 1.2)

1) Find the domain of the function f(x) =9 — x?2.
Solution:
Since f(x) is a polynomial, then

Dy =R = (—00,)

Note: The domain of any polynomial is R .

2) Find the range of the function f(x) =9 —x?2.
Solution:
Rf = (—oo, 9]

3) Find the domain of the function f(x) =6 —2x.
Solution:
Since f(x) is a polynomial, then

Df = R = (=00, )

4) Find the range of the function f(x) =6 — 2x.
Since f(x) is a polynomial of degree one (i. e. is of an odd
degree), then

Rf =R = (—oo, oo)

5) Find the domain of the function f(x) = x? —2x — 3.
Solution:
Since f(x) is a polynomial, then

Df = R = (—00,0)

6) Find the domain of the function f(x) = 1+ 2x3 — x°.
Since f(x) is a polynomial, then
D =R = (—00,m)

7) Find the domain of the function f(x) =5.
Solution:
Since f(x) is a polynomial, then

Df = R = (=0, 0)

8) Find the range of the function f(x) =5.
Solution:

Rf = {5}

9) Find the domain of the function f(x) = |x —1].

Solution:

Since f(x) is an absolute value of a polynomial, then
Dy = R = (—00,)

Note: The domain of an absolute value of any polynomial
isR.

10) Find the domain of the function f(x) = |x + 5] .

Solution:

Since f(x) is an absolute value of a polynomial, then
Dy = R = (—00, )

11) Find the domain of the function f(x) = |x].

Solution:

Since f(x) is an absolute value of a polynomial, then
Df =R = (—0o0,)

12) Find the range of the function f(x) = |x| .
Solution:

Note: The range of an absolute value of any polynomial
is always [0, 00) .

13) Find the domain of the function f(x) = |3x — 6].

Solution:

Since f(x) is an absolute value of a polynomial, then
Dy = R = (—00,)

14) Find the domain of the function f(x) =9 — 3x]|.

Solution:

Since f(x) is an absolute value of a polynomial, then
Df = R = (—o0,m)

15) Find the domain of the function

2
Fo) =

Solution:
f(x)is defined when x —3#0 = x # 3. So,
Df =R\ {3} = (=0,3)U(3, )

16) Find the domain of the function

x—2
f(x)=x+3

Solution:
f(x) is defined when x +3# 0 = x # —3. So,
Dr =R\ {=3} = (=0, =3)U(=3,»)
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17) Find the domain of the function

2
)=

Solution:
f(x)isdefinedwhen x2—9# 0= x2#9 = x # 3.
So,

Dy =R\ {-3,3} = (=0, -3)U(-3,3)U(3, »)

18) Find the domain of the function

() = x+2
flx  x2—-5x+6
Solution:

f(x) is defined when x? —5x + 6 # 0
= x—-2)x—3)#0 = x#2 or x # 3. So,

Df = R\ {2,3} = (-0,2)U(2,3)U(3, )

19) Find the domain of the function
() = x+ 2
f) = x2—x—6
Solution:
f(x) is defined when x2 —x — 6 # 0

=S x+2)(x—3)#0 = x# —2 or x # 3. So,

Dy = R\ {=233} = (-, ~2)U(~23)U(3,%)

20) Find the domain of the function
x+2
f® =
Solution:
f(x) is defined when x2? + 9 # 0 but for any value x the
denominator x% + 9 cannot be 0. So,

Df =R = (—O0,00)

21) Find the domain of the function

flx)=3Vx -3

Df =R = (—O0,00)

Solution:

22) Find the domain of the function

fx)=+vx-3
f(x)is definedwhen x =3 >0 = x = 3 because f(x)
is an even root. So,

Note: The domain of an odd root of any polynomial Dy = [3, )
isR.
23) Find the domain of the function 24) Find the domain of the function

f(x)=v3—x
Solution:

f(x)isdefinedwhen 3—x>0 = —x>-3 = x<3
because f(x) is an even root. So,

f(x)=vx+3
f(x)is definedwhen x +3 >0 = x = —3 because
f(x) is an even root. So,

Dy = (—o,3] Dy =[-3,)

25) Find the domain of the function 26) Find the range of the function
flx) =v-x fx) =v—x

Solution: Solution:

f(x) is defined when —x >0 = x < 0 because f(x) is Rf = [0, )

an even root. So,
Dy = (=,0]

Note: The range of an even root is always > 0 .

27) Find the domain of the function

28) Find the domain of the function

Solution: _ Vx =3
f(x)is definedwhen 9 —x?2 >0 = —x2>-9 = Solution:
2<9 = Vi2<V9 = |x| <3 = —3<x<3. |f(x)isdefinedwhen x—-3>0 = x>3. So,
So, Dy = (3, )
Dy =[-3,3]
29) Find the domain of the function 30) Find the domain of the function
FO) =l F) = =9
V9 — x? Solution:

Solution:
f(x) is defined when 9 —x?2 >0 = —x2 > -9
= x2<9= Vx2<V9 = |x|<3 = -3<x<3.
So,
D; = (=3,3)

f(x) is defined when x2 —9>0 = x2>9
= Vx2>v9 = |x| >3 = x>3 or x<-3.
So,
Df = (—o0,—3] U [3,)




31) Find the range of the function

f(x)=+x?2-9

Solution:

32) Find the domain of the function

£00) x+2
X) = ———

Vx2 -9
Solution:

f(x) is defined when x2 -9 >0 = x2>9

= Vx2>v9 = |x|>3 = x>3 or x<-3.
So,

33) Find the domain of the function

f(x) =9+ x?
Solution:

f(x) is defined when 9 + x2 > 0 but it is always true for
any value x . So,

34) Find the domain of the function

flx) = Vx2—25
Solution:

f(x) is defined when x? — 25 >0 = x2 > 25
= Vx2>+25 = |x| =5 = x>5 or x<-5.
So,

35) Find the domain of the function

flx) = Y16 — x2
Solution:

f(x) is defined when 16 —x2 >0 = —x?>-16 =

x2<16 = Vx2<V16 = |x| <4 = —4<x<4.

36) Find the range of the function

f(x) =16 — x?
Solution:

We know that f(x) is defined when 16 —x2 > 0
= —x2>-16 = x2<16 = x2<V16

So, = |x|] <4 = —4<x<4. So,
Df = [—4,4] Dy = [—4,4]
Using Dy we find the outputs vary from 0 to 4. Hence,

Ry =[0,4]
37) Find the domain of the function 38) Find the domain of the function

X+ |x| 1 <0

fe)=— fo={"% *
Solution: X, x=0

f(x) is defined when x # 0. So,
Dy = R\ {0} = (—,0) U (0, 0)

Solution:
It is clear from the definition of the function f(x) that
Df =R = (—oo, OO)

39) Find the domain of the function

Fo =2V

X) = ——
Vx? +1
Solution:
f(x) is defined when
1-x20 = Dg=[0)
2- x> +1 > 0 but this is always true for all x
Hence,
Df=D\/§nD\/m= [0,00)ﬂ]R= [O,OO)

40) Find the domain of the function
fX)=vx—1++vVx+3

Solution:

f(x) is defined when
1-x—-120 =x=21 = Djz=z=[100)
2-x+320 =>x=2-3 = Dpm=[-3x)
Hence,

Df =D 55 N D 775 = [1,0) N [-3,00) = [1, )

41) The function f(x) = 3x* + x2 + 1 is a polynomial
function.

42) The function f(x) = 5x3 + x? + 7 is a cubic function.

43) The function f(x) = —3x2 + 7 is a quadratic
function.

44) The function f(x) = 2x + 3 is a linear function.

45) The function f(x) = x7 is a power function.

2x+3 . . .
1 is a rational function.

46) The function f(x) = o

. -3 . . .
47) The function f(x) = z? is a rational function and we
can say it is an algebraic function as well.

48) The function f(x) = sinx is a trigonometric function.




49) The function f(x) = e* is a natural exponential

50) The function f(x) = 3% is a general exponential

function. function.

51) The function f(x) = x? ++/x — 2 is an algebraic 52) The function f(x) = —3 is a constant function.
function.

53) The function f(x) = logsz x is a general logarithmic 54) The function f(x) = Inx is a natural logarithmic
function. function.

55) The function f(x) = 3x* +x2+ 1 is 56) The function f(x) =9 —x? is

Solution: Solution:

(=) =3=0)*+(—x)?+1=3x"+x*+1=f(x)
Hence,
f(x) is an even function.

fC=x)=9-(-x)?=9-x%=f(x)
Hence,
f(x) is an even function.

57) The function f(x) = x°> —x is

58) The function f(x) =2 — ¥x is

Solution: Solution:
f3) = (0° = () = =2 +x fex)=2-fn=2-Y=x=2+¥x
. = (" =0 =—f() - (-2-%)
' . Hence,
f(x) is an odd function. f(x) is neither even nor odd.
: _ 2. : 3
59) The function f(x) = 3x +\/m is 60) The function f(x) = N
Solution: Solution:
F(=) = 3(=) + —— 35+ —— F(=) = —— -
—X) = —X _— = —35X _— —X) = = = X
J(=x)2+9 Vx2+9 J(Ex)2+9 Vx?2+49
_ (3 2 ) Hence,
- x VX2 +9 f(x) is an even function.
Hence,

f(x) is neither even nor odd.

61) The function f(x) = V4 +x? is
Solution:

f0) =+ (02 =Va+a? = f()

62) The function f(x) =3 is

Solution:

Since the graph of the constant function 3 is symmetric
about the y — axis, then

Hence, . .
f(x) is an even function. f(x) s an even function.
. _9—x?% . . _ x%-4
63) The function f(x) = 5 s 64) The function f(x) = ol
Solution: Solution:
flony =220 _9x S P . e TS
YE -2 T2 Ym0z r1 w1 IV
o (9—x? Hence,
T\ x+2 f(x) is an even function.
Hence,
f(x) is neither even nor odd.
65) The function f(x) = 3|x| is 66) The function f(x) =x72 is
Solution: Solution:
f(=x) =3[(=x)| = 3|x| = f(x) _2_1
Hence, f)=x7"= 2
f(x) is an even function. _ 1

Hence, f(x) isan even function.




67) The function f(x) =x3—2x+5 is

Solution:

f=x)=(—x)3%-2(-x)+5 =—x3+2x+5
=—(x3-2x-5)

Hence,

f(x) is neither even nor odd.

68) The function f(x) = Vx5 —x3 +x is

Solution:
f(=x) = (=205 = (=0)® + (=x) = —Yx5 +x3 —x
—(\/E X +x)=—f(x)

69) The function f(x) =7 is

Solution:

Since the graph of the constant function 7 is symmetric
about the y — axis, then

f(x) is an even function.

Hence,
f(x) is an odd function.
70) The function f(x) = 3: is
Solution:
= (—x)°—4 —x*—-4_  x*+4
A (—0F+1 —x3+1  —x°+1
Hence,

f(x) is neither even nor odd.

-1 .

71) The function f(x) = is

3+3
Solution:
( )_(—x)z—l_ -1 x*-1
f x_(—x)3+3_—x3+3_ x3 -3
Hence,

f(x) is neither even nor odd.

72) The function f(x) = x®—4x? +1 is
f(=x) = (-x)°

Hence,

f(x) is an even function.

—4(—x)?+1=x°—4x’>+1=f(x)

73) The function f(x) = x? is increasing on (0, ©).

74) The function f(x) = x? is decreasing on (—, 0).

75) The function f(x) = x3 is increasing on (—, ).

76) The function f(x) = x3 is not decreasing at all.

77) The function f(x) = v/x is increasing on (0, o).

78) The function f(x) = v/x is not decreasing at all.

79) The function f(x) = % is not increasing at all.

80) The function f(x) = i is decreasing on (—oo, 00 y{0}
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Workshop Solutions to Sections 2.3 and 2.4 (1.3 & app D)

1) If f(x) =x?and g(x) =vV4 —x,then (f+9)(x) =
Solution:

F+o) =x>+V4—x

2) If f(x)=x?and g(x) = V4 —x,then Dp,, =
Solution:

g(x)isdefinedwhen 4 —x >0 & x <4.Thus,
Dg == (—-OO, 4']

Dfyy =D 0Dy =RN(—0,4] = (—o,4]

3) If f(x) =x%and g(x) =V4—x,then (f —g)(x) =
Solution:

(f — 96 = x> —VE—x

4) If f(x) =x%and g(x) = V4 —x,then Df_, =
Solution:

g(x)isdefinedwhen 4 —x >0 < x <4.Thus,
Dg = (—0014']

Dr_g =Dy N Dy =RN(—,4] = (—,4]

5) If f(x) =x?and g(x) =4 —x,then (fg)(x) =

Solution:
FPO) =x*V4—x

6) If f(x) =x*and g(x) = V4 —x,then D;y =
Solution:

g(x)isdefinedwhen 4 —x >0 & x < 4.Thus,
Dg - (—OO‘ 4']

Dy =D;ND,=RN (—0,4] = (—,4]

7) If f(x) =x%and g(x) =V4—x,then (fog)(x) =

Solution:
Feg)) = f(g(x)
=f(V4—-x) = (\/4—x)2 =4—x

8) If f(x) =x%and g(x) = V4 —x,then Dy, =
(feg)®) =f(g(x))
=f(V4—x)= (\/4-35)2 =4—x
Dy = (—, 4]

Drgay = R
Dfog = Dy N Dpyixy) = (=0,4] NR = (—0,4]

9) If f(x) =x%and g(x) =+v4—x,then (geof)(x) =
Solution:

(o) =g(f(x)) = gx?) =V4 —x2

10) If f(x) = x%and g(x) = V4 —x, then Dy.r =
G NE) =g(f(x)) = g(x*) = V4 —x2
Dy =R
Dy(reey = [-2,2]
Dguf = Df n Dg(f(x)) =Rn[-22]=[-22]

11) If f(x) =x?,then (fo f)(x) =

Solution:

(f s i) = Ff)) = fl&?) ={&?)P =x*

12) If f(X) = xz ’ then Df°f =
Solution:
FeHE) =) =D =x*)*=x*
Drrapy =R
Dror =Dr NDryy =RNR = R
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13) If f(x) = x?and g(x) = V4 — x, then (g) x) =

Solution:
(Go-

2

Vi —x

14) If f(x) =x?and g(x) = V4 —x,then Df =
g

Solution:
2

f x
(g) *) 4—x
Df =R
g(x)isdefinedwhen 4 —x >0 & x <4.Thus,
Dg = (_0014']

Dy = {x € D; n Dy|g(x) # 0}

g
=RN(—2,4) = (—»,4)

15) If f(x) = x?and g(x) = V4 —x, then (%) x)=

Solution:

o=

x2

16) If f(x) = x% and g(x) = V4 —x, then Dg =
7

Solution:

g(x)isdefined when 4 —x >0 & x <4.Thus,
Dy = (—o0,4]

Dg = {x € D; N Dy|f (x) # 0}

=R\ {0} N (—,4] = (—o0,0) U (0,4]

g
f

17) If f(x)=9—x? and g(x) =10, then

18) If f(x) =9 —x? and g(x) =10, then

F+9k) = F-9)x) =
Solution: Solution:
F+PE) =0-x)+10)=9—-x*+10 F-9x)=0O-x*)—-(10)=9—-x*-10
=19 —x? =—x%-1
19) if f(x) =9—2x2 and g(x) =10, then 20) f f(x)=9—x% and g(x) =10, then
(g-Nk) = Fpx) =
Solution: Solution:
(= =010)—(9—x2)=10—-9+x* ) = (9 —x*)(10) = 90 — 10x?
=1+x%
21) If f(x)=9—x? and g(x) =10, then 22) f f(x)=9—x2% and g(x) =10, then
(feg)x) = (g )=
Solution: Solution:

(f e 9)(x) = f(g(x)) = f(10)
=9-102=9—-100=-91

(ge N =g(Ffx)=90O0—-x*)=10

23) If f(x) =9—x2 and g(x) =10, then
Feof)=
Solution:
(fe @) =fUE) =FO—x%)
=9 — (9 —x?)?

24) if f(x)=9—2x2 and g(x) =10, then
(ge X)) =

Solution:
(go9)x) = g(g(x)) = g(10) =10

25) If f(x)=9—x2% g(x) =sinx and h(x) =3x + 2,
then (fogoh)(x) =

f (9(n))
f(gBx+2))
f(sin(3x + 2))

9 — (sin(3x + 2))?
=9 —sin?(3x +2)

Solution:

(fegeh)(x)

26) If f(x) =V25+x2 and g(x) = x3,then
F+g9)x) =

Solution:

F+g9)x) =25+x2+x3




27) if f(x) =V25+x2 and g(x)=x3,then
F—9)x=

Solution:

(f—g9)(x) =25+ x%2—x3

28) If f(x) =V25+x2 and g(x) =x3, then
F9)x) =

Solution:

(Fg)(x) = x3425 + x2

29) Iif f(x) =V25+x2 and g(x)=x3,then

30) If f(x) =Vv25+x2 and g(x) = x3,then

(ﬁ) (x) = Feg)lx)=
chﬂution- Solution:
o JoETeE (f o )(®) = f(g(X)) = f(x3) = /25 + (x3)?
(5)(’5):2_5,(:'—'5_ = /25 + x6
31) If f(x) =V25+x% and g(x) =x3,then 32) If f(x) =+vx and g(x) =x—2,then (fog)(x) =
@GofHlx)= Solution:
solution: , (fo @) = Fla@) = fx—2 =Vx -2
9o N =g = g(V25+22) = (V25 +2?)
= /(25 +x?)°*

33) If f(x) =+x andg(x) =x—2,then (go H(X) =
Solution:

G°NE = gF @) = g(Va) = Vi -2

34) If f(x) =+x andg(x) =x—2,then (gog)(x) =

GegD)=g9g@gx)=9gx—2)=(x-2)—-2

=x—2—2=x-4

35) If f(x)=+x and g(x)=x—2,then (fg)(x) =
Solution:

FP@) = (Vx)(x—2) = (x —2DVx

36) If f(x) =sin5x and g(x) =x?+3,then
Fegdx)=

Solution:

F o) =f(gx) = f(x*+3) =sin5(x*+3)

37) If f(x) =sin5x and g(x) =x%+3,then
(o) =

Solution:

(9 ° ) =g(f(x)) = g(sin5x) = (sin5x)* + 3
= sin?5x + 3

38) If f(x) =sin5x and g(x) =x%+ 3, then
Fpe) =

Solution:
(fg)(x) = (sin5x)(x? + 3) = (x? + 3) sin 5x

39) If f(x) =+/x and g(x) = cosx, then (go f)(x) =

Solution:

(g ° NE) = g(f () = g(Vx) = cosVx

40) If f(x) = x+§ and g(x) =1-—x2%,then
feg)x) =

Solution:

e =f@)=fA-x*)=0-x*)+

1—x2

41) if f(x) =x+-31; and g(x) =1-—x?%,then
(ge°NH)=

Solution:

(g N =g(f(x) =g(x+;1;) = 1"(’”%)

2

2)if fix)= x+% and g(x) =1—2x?2,then
Fox) =

(90 = (x+3) A=)

43) If the graph of the function f(x) = x? is shifted a
distance 2 units upwards , then the new graph
represented the graph of the function is
Solution:

x%+2

44) if the graph of the function f(x) = x? is shifted a
distance 2 units downwards , then the new graph
represented the graph of the function is

x* -2

45) If the graph of the function f(x) = x? is shifted a
distance 2 units to the right , then the new graph
represented the graph of the function is
Solution:

(x—2P=x*—4x+4

46) If the graph of the function f(x) = x? is shifted a
distance 2 units to the left, then the new graph
represented the graph of the function is
Solution:

(x+2)2=x2+4x+4




47) If the graph of the function f(x) = cosx is
stretched vertically by a factor of 2, then the new graph
represented the graph of the function is
Solution:

2cosx

48) If the graph of the function f(x) = cosx is
compressed vertically by a factor of %, then the new graph

represented the graph of the function is

1

=CosX
2

49) If the graph of the function f(x) = cosx is
compressed horizontally by a factor of 2, then the new
graph represented the graph of the function is
Solution:

cos2x

50) If the graph of the function f(x) = cosx is stretched
horizontally by a factor of—;—, then the new graph
represented the graph of the function is

Solution:

X
cos—
2

51) The graph of the function f(x) = vx is reflected
about the x — axis if
Solution:

fx) =—Vx

52) The graph of the function f(x) = +/x is reflected
about the y — axis if
Solution:

fG)=+—=x

53) If the graph of the function f(x) = e* is shifted a
distance 2 units upwards , then the new graph
represented the graph of the function is
Solution:

e*+2

54) If the graph of the function f(x) = e* is shifted a
distance 2 units downwards , then the new graph
represented the graph of the function is

e*—2

55) If the graph of the function f(x) = e* is shifted a
distance 2 units to the right , then the new graph
represented the graph of the function is

56) If the graph of the function f(x) = e* is shifted a
distance 2 units to the left , then the new graph
represented the graph of the function is

Solution: Solution:
ex—z ex+2

57) 2Z rad = Z x 2% = 120° 58) 2 rad = Z x 2% = 150°

3 3 s . 6 6 bid .
59)%”rad=16-75x-1—?—£—=210° 60)-3-2’1rad=%’5x%=270°
61) 120° = 120 X % = -2-31‘- rad 62) 270° = 270 X % = 32’1 rad
63) % rad = % X -1%1 =75 64) S?n rad = S?n X % = 150" (Repeated)
65) 150" = 150 X —— = 5?” rad 66) 210" =210 X —— = 16’3 rad
67) — = COSX 68) -, = sinx
69) = tanx 70) SINX  tanx

cotx COS X
71) 22F = cotx

Sinx

72) If cosx =§ and 0 <x < g,then cotx =
Solution:
adj

e
hyp 3

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so
|opposite]= V52 —32 =25 -9 =16 =4
1 adj 3
tanx opp 4

3
C = —=
0S X 5

Socotx =

73) if cosx=-§ and 0 <x <§,then tanx =

Solution:
3 adj

cosx = 5= o
Now, we should find the length of the opposite side using
the Pythagorean Theorem, so
|opposite]= V52 — 32 =25 -9 =16 =4

1 _opp _ 4
cotx adj 3

s~ tanx =




74) If cosng— and 0<x<-§,then sinx =

Solution:

3 adj
CoSX = o
Now, we should find the length of the opposite side using

the Pythagorean Theorem, so
|opposite]= V52 —32 =25—-9 =16 =4

75) If cosx=§ and 0 <x<§,then cscx =

Solution:

3 ad]
cosx =—=
0sXx = T hyp
Now, we should find the length of the opposite side using

the Pythagorean Theorem, so
|opposite|= V52 — 32 =25 -9 =16 = 4

> sinx—0pp * "~ cscx=———1—— hyp :
hyp 5 sinx opp T4
76) sin (Eg) = 77) cos (i—:) =
Solution: Solution'
——Hrad=5—gx%9:=150° d_S—”xi‘i"——wo

So, we deduce now that sin (56 ) is in the second quarter.
sin (5 ) =sin(150") =sin(180° — 30") = sin(30") =
sinz6=12

So, we deduce now that cos ( S ) is in the second quarter.
57 5 g 0
cos (—6—) =cos(150") = cos(180" — 30")

= —co0s(30°) = —cos (%) = -?

78) tan (%Tf =

Solution'

— rad—zx-l-—g—q-- 150°

So we deduce now that tan ( = ) is in the second
quarter.

5m
tan (=) = tan(150") = tan(180" - 30°)

79) cot (5?”) =

Solution:

5 180° o
22 rad = ”x————— 150
6 6 T

So, we deduce now that cot( ) is in the second quarter.
5 5 o
cot (—g) = cot(150°) = cot(180° — 30°)
. T
= —cot(30") = —cot(—é—) =-3

5 T 1
= —tan(30") = —tan (—6-) = -7
80) If sinx =§ and 0 <x < g,then secx = 81) if sinx =§ and 0 < x <§,then cscx =
Solution: 2 Solution:
. 2 opp 1 . 2 opp
smx=—3—=m smx=§=m

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|=v32—22 =49 —4 =+/5 |adjacent|= V32 =22 =9 —4 =+/5
1 hyp 3 1 hyp 3
. Secx = = = I
cosx adj 5 X = Sinx opp 2
82) If sinx =i— and 0 <x < —E,then cosXx = 83) if sinx =i— and 0 < x <%,then cotx =
Solution: I Solution:
y 3 _opp 3 ) 3 _opp
inx=-= sinx =—
4 hyp x= 4 hyp

?.
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent]|= V42 =32 =16 -9 =7 |adjacent|= V42 =32 =16 —9 =7
adj 7 1 adj 7
s COSX = = = e ~ cotx = = — = —
hyp 4 tanx opp 3




84) If cscx = —g and 3?7[< x < 2m, then cosx =
Solution:

> - i ﬁB,
CSCX == = —— = ——

3 sinx opp 7

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|=V52 =32 =v/25-9 =16 =4

85) If cscx = —% and 37'-211-<x < 2w, then secx =

Solution:

5 1 hyp
CSCX =7 = ——— = —
3 sinx opp

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

ladjacent|=V52 =32 =v25-9 =16 =4

adj 4 1 hyp 5
Y COSX = ——— = — . Secx = =——=-
© hyp 5 cosx adj 4
86) If cscx = —-z; and —32£< x < 27, then cotx = 87) If cscx = ——g and %ﬂ < x < 2m,then tanx =
Solution: Solution:
5 1 hyp 5 1 hyp
SCX =0 = —— = —— csCx === =—

3 sinx opp
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so
|adjacent]= V52 — 32 =25 -9 =16 = 4
1 adj 4

. ocotx = = =
tanx opp 3

3 sinx opp
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so
|adjacent|= V52 — 32 = 25— 9 =16 = 4
1 opp 3

cotx adj 4

~ tanx =

88) If f(x) =sinx,then Dr =

89) If f(x) =cosx,then D, =R

88) If f(x) =sinx,then R, = [-1,1]

88) If f(x) =sinx, then Ry = [-1,1]




Workshop Solutions to Section 2.5 (15)

How to find the domain and range of the exponential function f(x) = a*?

1- If f(x) = c.a*™ + k where c and k are positive constants, then
Df=R and Rf = (tk, )
2- If f(x) = —c.a*™ £+ k where c and k are positive constants, then
D=R and R;=(—o,%tk)
3- If f(x) =c.et* +k where c and k are positive constants, then
Df=R and Ry = (+k, )
4- If f(x) = —c.e*™ + k where c and k are positive constants, then
Df =R and Rf = (—00, ik)

1) Find the domain of the function f(x) = 4*.
Solution:
From Step (1) above, we deduce that

2) Find the range of the function f(x) = 4*.
Solution:
From Step (1) above, we deduce that

Rf = (0, OO)

3) Find the domain of the function f(x) =4* —3.
Solution:
From Step (1) above, we deduce that

4) Find the range of the function f(x) =4* —3.
From Step (1) above, we deduce that
Rf = (=3,0)

5) Find the domain of the function f(x) =5 —3*.
Solution:
From Step (2) above, we deduce that

6) Find the range of the function f(x) =5—3*.
Solution:
From Step (2) above, we deduce that

Rf = (_OO' 5)

7) Find the domain of the function f(x) =37*+1.

Solution:
From Step (1) above, we deduce that

8) Find the range of the function f(x) =37*+1.

Solution:

From Step (1) above, we deduce that
Rf = (1,00)

9) Find the domain of the function f(x) =e”*.
Solution:
From Step (3) above, we deduce that

10) Find the range of the function f(x) = e*.
Solution:
From Step (3) above, we deduce that

Rf = (0,00)

11) Find the domain of the function f(x) =e*—3.

Solution:
From Step (3) above, we deduce that

12) Find the range of the function f(x) =e* —3.
Solution:
From Step (3) above, we deduce that

13) Find the domain of the function f(x) =e*+1.

Solution:
From Step (3) above, we deduce that

1
1-ex’

14) Find the domain of the function f(x) =
Solution:
f(x) is defined when 1—e* #0

& e*+1 © lIne*#In1l
o x#=0
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1
1+ex °

15) Find the domain of the function f(x) =

Solution:
f(x) is definedwhen 1+e* #0.
But there is no value of x makes 1 + e* = 0. Therefore,

16) Find the domain of the function f(x) = V1 + 3*.
f(x) is defined when 1+3*>0.
But 1 4+ 3* > 0 always. Therefore,

D; =R Dp=R
17) If 4+ =8 then x = 18) If 4®-1D =8 then x =
Solution: Solution:
4_(x+1) =8 4(x—1) =8
(22)(x+1) =23 (22)(x—1) =23
22(x+1) =23 22(x—1) =23
2x+1)=3 2(x—-1)=3
2x+2=3 2x —2 =73
2x=3-2=1 2x=34+2=5
1 5
. X = E X = E
19) If 9&+1) = 27 then x = 20) If 9%~ =27 then x =
Solution: Solution:
9&x+1) = 27 9&-1) = 27
(32)(x+1) =33 (32)(x—1) =33
32(x+1) =33 32(x—1) =33
2(x+1)=3 2x—-1)=3
2x+2=3 2x —2=3
2x=3-2=1 2x=3+2=5
1 5
Vo= 5 W ox = >
21) If 521 = 125 then x = 22) If 52+ = 125 then x =
Solution: Solution:
521 =125 52+ = 125
52(x—1) =53 52(x+1) =53
2(x—-1)=3 2x+1) =3
2x—2 =3 2x+2=3
2x=34+2=5 2x=3-2=1
5
X = E . X = E




Workshop Solutions to Section 2.6(1.6)

1) The inverse of the function
f = {(013)1 (_ 2-1)! (3:4‘); (5: —2), (1;7)} is
f_l = {(3,0), (lr —2), (413)1 ('—215)1 (711)]

2) Find the inverse of the function f(x) =2x+3.
Solution:
let y=2x+3

2x=y-3
-
T2
Now, change x with y (x © y)
x—3
Y= 5
x —
f""l(x) = >
3) Find the inverse of the function f(x) =3 —2x. 4) Find the inverse of the function f(x) =3 — 125 .
Solution: Solution:
let y=3-—2x Let yﬂSwf
2x=3-y 2
_3v SpEEay
x== x=6—2y
Now, change x with y (x & y) Now, change x with y (x & y)
L 3-x A f)=6-2x
A f (x) = —2—

5) Find the inverse of the function f(x) =v2x —3.
Solution:

Let y =+2x—3 by squaring both sides

6) Find the inverse of the function f(x) = V3 — 2x.
Solution:
Let y = 3/3— 2x by cubing both sides

y2=2x-3 yr=3—2x
2x=vy%2+3 2x=3-y3
_ y22+3 2 s 3~—2y3
Now, change x with y (x & y) Now, change x withy (x © y)
_ x*+3 .. 3—xP
T2 5 T2 .
x“+3 33—
s f = s fTH0) ==

7) Find the inverse of the function
f(x) =(2x+3)%x €[0,).
Solution:
let y=(2x+3)?
Take the square root for both sides

ﬁ=2x+3
2x=\/§—~3
Vy-3

2
Now, change x with y (x & y)

8) Find the inverse of the function f(x) = —(x — 3)3.

Solution:

et y=—(x-—3)%

-y = (x—3)°
Take the cubic root for both sides

i/—_y:x—3
x=§/-———y+3

Now, change x with y (x & y)

y=VY—=x+3

_ ¥x-3
y = f ) =V-x+3
Vx—3
T
9) Find the inverse of the function f(x) = ;f—; 10) Find the inverse of the function f(x) = ?
Solution: Solution:
et = ﬁ let y= 3;—3
yx—=3)=x xy=x—3
xy—3y=x xy—x=-3
xy—x =3y ay—1)=-3
x(y—1) =3y e s B e B e
=S y-1 y-1 -(-1) 1-y
y-1 Now, change x with y (x & y)
Now, change x with y (x © y) = B
3x Y=1=
T 3 L ) =
© Fli) = N T 1l—x
= f (x) x— 1
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11) Find the inverse of the function f(x) = E—;— ;
Solution:
x+2
Let y= ;‘_—5
y(x—3)=x+2
xy—3y=x+12

xy—x=3y+2
x(y—=1)=3y+2

12) Find the inverse of the function f(x) =vx+5.
Solution:

let y=+vx+5
Vx =y —5 by squaring both sides
x=(y—5)

Now, change x with y (x & y)
y=(x=5?

_ 3y+2
=7
| Now, change x with y (x < ) ~ fx)=(x—-5)?
_ 3x+2
T ox-1
g Sx+2
~ )= o

13) Find the inverse of the function f(x) = Vx5.
Solution:

Let y=Vx5
5

y:x;

2 =2
ys = (xa)s

x =iy

14) Find the inverse of the function f(x) = 2x3 —5.
Solution:
let y=2x*-5

2x3=y+5
3 y+5

take the cubic root for both sides

MI

w
[%2}

+
x = .4

N|

Now, change x withy (x & y)

2[x:5
2
Now, change x with y (x & y)
y =33 O T
.of-1 — 3.3 2
s e =1z
15) Find the inverse of the function f(x) = ’ %—2- 16) Evaluate
Solution: 2log,(5x+3)
3 [x+2 g : Solution:
Let y= = by cubing both sides 21002(55+3) = £ 1 3
y3 =x2
5y3 =x i 2 17) Evaluate
x = 5y3 2 log,25++9) .

Now, change x with y (x & y)
y=5x3-2

2 FYx)=5°—2

Solution:

log,26*+3) =5x +3

64X2

18) log,64 — log,32 + log,2 = lagz—gz—
= log,4 = log, 2>

= 2log,2
=2x1=2
OR
log,64 — log,32 + log,2 = log,2° — log,2° + log,2
=6—-5+1=2

27x3%
19) log;27 — log,81 + 5 logs3 = log, =

= log;81 = log;3*

= 4log;3
=4x1=4
OR
logs27 — logs81 + 5 logs = log;3® — logs3* +5x 1
=3-4+5=4

20) logs54 —log,2 = log352f
= logy27 = log;3® =3

21) if log,(6 +2x) =1, thenx=

Solution:

log,(6+2x)=1
2!092(6+2x) — 21

6+2x=2
2x=2—6=—4
x=-—2
22) If In(x+3)=5, thenx= 23) If In(x) =5, thenx=
Solution: Solution:
Inx+3)=5 In(x) =5
eln(x+3) — eS eln(x) —_ 85
x+3=e¢° x=e°

x=e"—3




24) If ¢@*3) =5 thenx =

Solution:
e(2¥-3) = §
Ine @3 = In5
2x—3 =1In5
2x=In5+3
In5+3

2

In2
25) logz2 = T

26)log 25 +1log 4 =log(25x4)
= log 100 = log 102
=2

27) log;18 — logs6 = logs -1-5-

= log;3
=1

6x20
15

28) log,6 — log,15 + log, 20 = log,
= log,8 = log,23
=3

29) eBI‘RZ e etnf i 23 =8

30) If 32 * =6, thenx=

Solution:
32-—x =6
logs3*™* = logs 6
2—x =log,6

x=2-—log;6 =2~—1log;(3x2)

31) Find the inverse of the function f(x) =5+ Inx.
Solution:
let y=5+Inx

Inx=y-5
elnx — p¥—5
x =gy "

Now, change x with y (x & ¥)
= ex—S

=2 —(logs3 +1og;2) = 2— (1 + log;2) a A=
=2-—1-—log;2
= 1 S 10932

32} Find the domain of the function
f(x) =sin"3(3x +5).

33} Find the domain of the function
f(x) = cos™1(3x—5).

Solution: Solution:
We know that the domain of sin™*(x) is [-1,1]. So, We know that the domain of cos™1(x) is[—1,1]. So,
-1<3x+5=<1 -1 <3x=5x<1
—-6<3x <-4 4<3x<6
2<x< 2 4 <x<
—h =X —5 "?")' <x<2
4 4
b =[-23] b =32

34) Find the domain of the function
f(x) =2sin"}x)+ 1.
Solution:
We know that the domain of sin™*(x) is [-11]. So,
D; = [-1,1]




Before proceeding to the questions 35-55, we should be aware of the following well-known right triangles:

30° — 607 Right Triangle

We know that 30° =§ and 60° = 13[-, so

W@l -2
w@-E )}
tan(5) = = tan(3) =3
ot (5) = V3 cot (3) = 7
see(§)= 5 see(5) = 2

2

30° — 60° Right Triangle

We know that 45° = E , SO

sin (

Cos

| 3
~—
I

—~
Le
]

IR IS TN

tan

L3
T
1]

8
-~

f“'\’—"ﬁ/‘r;:l/"'\
N
Il

sec

o
Il

S

~
I

‘ST

CsC

35) sin?t (?) =

36) sin~t (?) =

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

lopposite|= _[(VI3) —32=vI3—9=vE=2

opp 2

s ta =
naE=2d "3

Solution: Solution:
(3 1 (VF
Let @ = sin (—5—) Let 8 = sin (2)
sing =2 sing =22
Use the 30° — 60° right triangle to find #. Thus, Use the 30° — 607 right triangle to find 6. Thus,
T T
g =— 8 =—
3 3
-1 _}_ _ =1 _1_ —
37) tan ( v’i) = 38) sin ( Jz') =
Solution: Solution:
i ] 2
Let B—tanl (ﬁ) Let t?-sm1 (ﬁ)
tan @ =5 sin@ e
Use the 302 — 60° right triangle to find 6. Thus, Use the 452 — 457 right triangle to find 8. Thus,
T b
= — 0 =—
6 4
39) If @ =cos™t (-\/-%-), then tana = 40) f o =cos? (%) , then csca =
Solution: (:.5 Solution:
= cos—1 (2 ) = cos—1(2
a = cos (\/ﬁ) 2] a = cos (Jﬁ)
3 adj 3 adj
cosa=-—p—=g— oS = — = ——
V13  hyp 3 Vi3 hyp

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

| opposite|= (\/13)2—32 =y13-9=V4=2

1 _hyp__wfl_S

o CSCa =— =
sina opp 2




41) If a =cos™t (g), then csca =

Solution:
a=cos"1(% 5
32
—i‘-—gi*)f AAD
cosa =g = T x

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so
|opposite]= V52 — 42 =25 -16 =9 =3
1 hyp 5
sina opr "3

. CSCO =

42) i a = cos™! (i;) , then cota =

Solution:
- -1 (4
o = cos (5)
4 adj
cosa—5 =~ Tp

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite]= V52 — 42 =25 - 16 =19 =3

1 adj 4

tana opp 3

~ ocota =

43) If a =cos™! G) , then tana =

Solution:
— -1(%
o = cos (5)
_ 4 adj
cosa = 5= on

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite]|= V52 — 42 =+/25 — 16 = /9 = 3

44) If a =cos™ ! (-;5) , then sina =

Solution:
a = cos (%)
4 adj
cosa = g = @

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite] = V5% — 42 = /25 — 16 =9 = 3

t ! opp _3 sina wp .3
o o= =—=— - L —
an cota adj 4 hyp 5
: —1 4\ -1 A\ =
45) sin (cos (5)) = 46) tan (cos (5))
Solution: Solution:
Let @ = cos™t G) let @ = cos™! (g)
=i =2l
cosa == P cosa = ¢ o

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite|= V52 — 42 =25 — 16 = /9 =3

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

lopposite]= V52 — 42 = /25 — 16 =/9 =3

4 opp 3 ( N (4)) opp 3
i “1{_)] =¢i = —_— == H_)l= =— =
sin (cos (5)) sin(a) hep = 5 tan | cos 5 tan(a) adj _ 4

: =1 T2 = 48) cos(tan™'x) =

47) S,l n (25111 (5)) Solution:
Solution: G 2. “_“—Let 7= tan~tx %
s 2
Lot a=sm 1(3) r 'y tana=x=%

Sy o0
SnE == hyp @
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|= V52 — 22 =25 — 4 = /21

2
sin (Zsin“1 (5)) =sin (2a)
Now, use the identity sin(2x) = 2sin x.cosx . Thus,
2
sin (25in‘1 (—)) =sin(2a) = 2 sin(a )cos (a)

5

2 21 421

WYV Ve )
5 5 25

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so

|hypotenuse|=VxZ2 + 12 =vx2 + 1

adj 1
cos(tan"1 x) = cos(@) = —— = ———
hyp  Vx?+1

49) sin(tan™'x) =

Solution:
let ¢ =tan"'x
(4]
tanag =x = L’?
adj

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so
|hypotenuse|= Vx2 + 12 = Vx2 + 1

sin(tan~'x) =sin(a) = e { L
B S hyp V21

50) csc(tan™tx) =

Solution:
let @ =tan"'x
tana=x=ﬂ
adj

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so
|hypotenuse|=Vx2 + 12 =/x2 + 1

1  hyp vx*+1

sina opp x

csc(tan™! x) =csc(a) =




51) sec(tan™tx) =

Solution:
Let @ =tan"lx
tang = x = 22
adj

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so
Ihypotenuse|=Vx2 + 12 =+x2 + 1

1 _hyp_\/x2+1_ e

cosa adj 1

sec(tan' x) =sec(a) =

52) sec (sin‘lg) =

Solution:
1 2 ’

let a =sin~ %
'3
sing=2=:%
Now, we should find the length of the adjacent side using

the Pythagorean Theorem, so

|adjacent|= V32 — x2 = V9 — x2
1 hyp _ 3
cosa  adj /9_2

sec (sin"1 %) =sec(a) =

53) cot (sin‘1 g—) =

Solution:
PO 4
Let a =sin 1;
& x
sing =2=22
3 hyp

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|= V32 — x2 = V9 — x2

1  adj V9—x?
tana E‘Eﬁ - x

cot (sin‘1 g) = cot(a) =

s ‘1-:\5 ag
54) tan (sm 3)
Solution:
Let a = sin‘lg

sing===2¢%
3  hyp
Now, we should find the length of the adjacent side using

the Pythagorean Theorem, so
|adjacent|= V3?2 — x2 = /9 — x2
1 opp _ i

x
= _1
tan (sm —3) =tan(a) = = = _fj = —H--g 5

55) cos (sin*1 g) =

Solution:

Let 13

a =sin =
3

sing = x = onp
3 hyp
Now, we should find the length of the adjacent side using

the Pythagorean Theorem, so
|adjacent|= V32 — x2 = V9 — x2

dj = V9eepd
cos (sin'1 %) = cos(a) = :_y;_' =—




Workshop Solutions to Sections 3.4 and 3.5(2-2 & 2-5)

. . 2
D) ,}l,r?+x_3— 2) xllgl—x—3_
Solution: Solution:
If x> 3%, then x>3 = x—-3>0 If x >3 ,then x<3 = x-3<0
. 2 . 2
' xllgl’fx—B_oo xllgl-x—B__oo
3 lim —— = 4) lim — =
) xlgl+x—3_ ) xlgl—x—3_
Solution: Solution:
If x> 3%, then x>3 = x—-3>0 If x >3, then x<3 = x-3<0
.2 . 2
) 9cllgl+x—3__oo ) xllgl-x—B_oo
5 1 = 6) li 2 _
) x—}£n3+x+3_ ) x—}g—x+3_
Solution: Solution:
If x> —3% thenx>-3 = x+3>0 If x> —37,then x<-3 = x+3<0
2 2
x—}I—n3+x+3 @ x—}£n3‘x+3
N 3x—1 8 1 3x—1
) xlgl+x—2_ ) xlgl—x_z_
Solution: Solution:
If x> 2%, then x>2 = x—2>0and3x—1>0 If x> 27, then x<2 = x—2<0and3x—-1>0
oo 3x—1 o 3x-—1
~ lim =00 ~ lim =— 0
x-2t x — 2 x-2" x — 2
9)  lim — 10)  lim ——% =
) x—}£n2+ (x +2)2 - ) x—}£n2_ (x + 2)? B
Solution: Solution:

If x > —2%, then x > =2
= 1-x>0and (x+2)>>0
I 1—x
’e —_— =0
x—}£n2+(x+2)2

If x> =27, then x < =2
= 1-x>0and (x+2)>>0
I 1—x
’e —_— =0
x—}£n2+(x+2)2

1) lim 2
) a2
Solution:

If x > —2%, then x > =2
= x—-1<0and (x+2)>>0
. l' x_l j—
e 22

1) lim S
) M eyt
Solution:

If x> =27, then x < =2
= x—-1<0and (x+2)>>0
I x—1
"ot 2)?

_6x—1
13) xllgqﬂ“ x2—4
Solution:

If x = 2%, then x? > 4
= x2—4>0and 6x—1>0
6x—1
im
x—2+ x2 — 4

=00

14 y 6x—1 B
) xlgl‘ x2—4
Solution:

If x > 27, then x%2 < 4

= x?—4<0and 6x—1>0
6x—1_

= — o

im —
x-2t x4 —4
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15 I 6x—1 _
) x—}r—g+ x2—4
Solution:

If x > —2%, then x? < 4
= x2—4<0and 6x—1<0
6x—1

. 6x—1
16) xEEnz— x2—4
Solution:
If x > —27, then x% >4
= x2—4>0and 6x—1<0
6x—1

xigl’fxz—élzoo xighxz—‘l-__oo
17) lim 21 = 18) lim 2=
) X2 —x—6 )x—}I—n2+x2—x—6_
Solution: Solution:
6x—1 6x—1 6x—1 6x—1

f(x)_xz—x—6_(x—3)(x+2)
If x - —27, then x < -2
= x—3<0, x+2<0 and6x—1<0
6x —1

f(x)_xz—x—6_(x—3)(x+2)
If x > —2%, then x > -2
= x—3<0, x+2>0 and 6x—1<0
6x —1

9cl}£nz—xz—x—6:_oo xl}Eanrxz—x—6:Oo
19) i 1 20) i 1
) er?r,l+x2—x—6_ ) xlgl—xz—x—6_
Solution: Solution:
-1 -1 -1 -1

f(x):xz—x—6:(x—3)(x+2)
If x - 3%, then x >3
= x—3>0, x+2>0 and —1<0
] -1
xllgl+x2—x—6=_oo

f(x):xz—x—6:(x—3)(x+2)
If x> 37, then x <3
= x—3<0, x+2>0 and —-1<0

] -1
lim

_ =00
x-3"x2—x—6

21) lim  tanx =
x=("/,)
Solution:
lim ,tanx = —oo
x=("/3)
. 1-x .
23) The vertical asymptote of f(x) = i 1S
Solution:
We see that the function f(x) is not defined when
2x+1=0 = x=—%. Since
y 1—x
= 00
Mt 2x+ 1
x=(3)
and
I 1—x
im =—
1\"2 1
() 2

1. .
then, x = — is a vertical asymptote.

22) lim _tanx =
x=("/,)
lim _tanx =o0
x=("/3)
24) The vertical asymptote of f(x) = ;2__2 is

Solution:

We see that the function f(x) is not defined when

x?—4=0 = x=+2. Since
3—x

lim =00 lim = —o0
x->2+t x2 — 4 ’ x=2-x2 — 4
and
I 3—x y 3—x
1m = — 00 1m = 0
x--2+x%2 — 4 ’ x->-2"x2—4

then, x = +2 are vertical asymptotes.




3—x

25) The vertical asymptote of f(x) = o — is
Solution:

_ 3-x 3—x . —(x—3)
f(x)_x2 T (x—-3)(x+2)

—x—6 (x—3)(x+2)
1

x+2
We see that the function f(x) is not defined when

°—x—6=0 = (x—-3)(x+2)=0

= x=3 or x=-—2. Since
I 3—x _ i 3—x
xl—rgxz—x—6_xl—rg(x—3)(x+2)

—(x—3) -1 1

=lim——r————=lim——=—=

x—>3(x—3)(x+2) x=3x + 2 5
then, x = 3 is a removable discontinuity.

26) The vertical asymptote of f(x) = xz:jw is
Solution:
(W= e
I = e v G-3-2)

We see that the function f(x) is not defined when
x—3=0or x—2=0= x=3 or x=2.
Since

lim —
x—>3+x2 —5x+6

7—x I 7—x _
s x-3)(x-2)

7—x ) 7—x
e Ty ARG
and
7—x ) 7—x
xll>2+x2—5x+6 xllglJf (x—3)(x—-2) -

7—x ) 7—x

lim Rl oy

x-2-x2 —-5x+6

then, x =3 and x = 2 are vertical asymptotes.

lim 3—x I 3—x .
im ——= lim —mm— =
x>-2tx2 —x—6 x->-2+(x—3)(x+2)
and

lim 3—x y 3—x

im —=lim —————=—

x>-2"x%2—x—6 x->-2-(x—3)(x +2) +
then, x = —2 is a vertical asymptote only.
27) The vertical asymptote of f(x) = xzi;% is
Solution:
x—7 x—7

f(x):x2+5x+6:(x+3)(x+2)
We see that the function f(x) is not defined when

x+3=0or x4+2=0= x=-3 or x=-2.

Since

lim ——
xo— 3+x2 +5x+6

x—7 y x—=7 _
T G+ 2

I x—17 - x—17 _
- X2 1 5x + 6 xol3- x+3)(x+2)
and
lim x—=7 I x—7 _
sl P +5x+6 = o (x+3)(x+2)

I x—=7 ~ x—7 _
- X2 +5x+6 oo (x+3)(x+2)

x=7

28) The vertical asymptote of f(x) = p v is
(x) = x—=7  x=7
flx T x243x x(x+3)
We see that the function f(x) is not defined when
x=0or x+3=0= x=0 or x=-3. Since
I x—17 I x—=7
m ————= m —— =
x>-3*x%2 +3x x>-3*x(x +3)
y x—7 y x—=7
m ————= m —— = —
x>-3"x2 +3x x->-3"x(x+3)
and
x—=7 y x—=7
o0t X2 +3x s x(x+3)
x—7 I x—=7
m = m —,———m=
o0~ %2 + 3% xio-x(x +3)
then, x = —3 and x = 0 are vertical asymptotes.

then, x = —3 and x = —2 are vertical asymptotes.
29) The vertical asymptote of f(x) = x’::;x

Solution:

() = x—=7 _ x—=7

flx T x2-3x x(x—23)
We see that the function f(x) is not defined when
x=0or x—3=0= x=0 or x=3. Since
x—=7 I x—=7
T x(x—3)

I x—=7 I x—=7
o3t X2 — x_xlgl‘x(x—?))_
and
x—7 ) x—7
= —_ =00

+o0% x2 — 3x xl»%l+x(x—3)

x—7 . x—=7
lim ———= lim ———=—

x-0"x2 —3x x>0 x(x —3)

then, x =3 and x = 0 are vertical asymptotes.

. 2x2+1
30) The vertical asymptotes of f(x) = ——

are
Solution:
2x*+1  2x*+1
f(x) =
2-9 (x+3)(x—3)
We see that the functlon f(x) is not defined when
x>—9=0 = x=43. Since

2x2+1_1_ 2x*+1
¥o3t x2—9  xh3r (x+3)(x—3)
i 2x2+1_1_ 2x*+1
P x2—9  x(x+3)(x—3)
and
2x?+1 i 2x*+1
o3+t %29 e x+3)(x=3)
o 2x%+1 2x2+1
lim

= lim ———=
x>-3" x2 -9  x5-3"(x+3)(x — 3)
then, x = +3 are vertical asymptotes.
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31) The function f(x) =

+1 . .
9 is continuous at a = 2

xZ_
because
2)+1 3 3

1— 2:—:—:——

f2 (22-9 -5 5
) y x+1_1_ (2)+1_3_ 3
T A9 T (2)2-9 -5 5
3 I x+1_ 5
- xl—rgxz—9_f()
OR

We know that Dy = R\ {3}, so {2} € Dy .

Note: Any function is continuous on its domain.

32) The function f(x) = ;;_19 is discontinuous at

a = +3 because we know that Dy = R\ {£3},
so {£3} & Dy .

x+1

33) The function f(x) = .

29

+3 because {+3} ¢ Dy .

is discontinuous at

. x4l . . . sin3x
34) The fun"\ct|or'1 f.(x) = —— is continuous on its 35) The function f(x) = {—x , x#0 is continuous at
domain whichis Df = R\ {£3}. 3 ,x=0
a =0 because
1- f(0)=3
2- 1im 2 = 3 1im 2% = 3(1) = 3
x-0 X x—0 3x
3- lim f(x) = f(0)
x—0
sin3x 2x%-3x+1
36) The function f(x) ={ x o X*0 is discontinuous | 37) The function f(x) ={ 1 *FL g
5 , X = 0 7 , X = 1
at a = 0 because discontinuousat a =1 because
1- f(0) =5 1- f(1) =7
T sin3x _ . sin 3x _ _ . 2x2-3x+1 . (2x-1)(x-1) .
3- lim f(x) # £(0) 3- lim f(x) # f(1)
2x2-3x+1 . _xP-x—2 . . .
38) The function f(x) = {T x#+1 is 39) The function f(x) = 5 s discontinuous at
1 ,x=1 a =2 because {2} € Dy .
continuous at a = 1 because
1- f(H)=1
2_ —_ —
2o lim 23 iy EDED _ nox—1) =1
x-1 x—1 x—-1 x—1 x-1
3 lim £(x) = f(1)
X
. 2x+3, x>2 ; _ _X+3 . : ;
= ’ 41) The function f(x) = is continuous on its
40) The function f(x) {3x+ 1 x<2 ) f(x) Nz

continuous at a = 2 because
1- f2)=32)+1=7
2- lir§1+(2x +3)=2(2)+3=7
xX—

lim (Bx+1) =3 +1=7
. }Cl_r;r% fx)=7
3- lim f(x)=f(2)

domain where f(x) is defined, we mean that
x2-4>0 = x2>4 = Jx2>4
= |x|>2 & x>2 or x<-2
Hence,
D = (—,—-2) U (2,00).

42) The function f(x) = Vx? — 4 is continuous on its
domain where f(x) is defined, we mean that
x2—-4>0 = x2>4 = Jx2>+/4
= |x|=22 © x=22 or x<-2
Hence,
Dy = (=0, =2] U [2,0).

43) The function f(x) = V4 — x? is continuous on its
domain where f(x) is defined, we mean that
4—x2>20 = —x2>-4 = x?<4
=Vx2<Vi = [x|<2 & —2<x<2

44) The function f(x) = X3 _ s continuous on its

Va—xZ
domain where f(x) is defined, we mean that
4—x2>0 = —x?>-4 = x*<4
= Vx2<Vi = |x|<2 © -2<x<2
Hence,
Dy =(=22).

Hence,
45) The function f(x) = ;;_14 is continuous on its

domain where f(x) is defined, we mean that
X2 —4+0 = x2#4 = x++2
Hence,
Dy = R\ {2}




46) The function f(x) =log,(x + 2) is continuous on
its domain where f(x) is defined, we mean that
x+2>0 = x> -2
Hence,

47) The function f(x) = Vx — 1+ +v/x + 4 is continuous
on its domain where f(x) is defined, we mean that
x—120and x+42>20 = x=>21 N x=>-4
Hence,

48) The function f(x) = 5% is continuous
on its domain .

Hence,
Df = R = (—,).

49) The function f(x) = e* is continuous
on its domain .

Hence,
Df =R = (—,0).

50) The function f(x) = sin~1(3x — 5) is continuous
on its domain where f(x) is defined, we mean that

—1<3x-5<1 © 4<3x<6 o §stz.

Hence,
Dy =3.2].

51) The function f(x) = cos™(3x + 5) is continuous
on its domain where f(x) is defined, we mean that

~1<3x+5<1©-6<3r<-4 ©-2<r<-:.
Hence,

Dy =[-2-3|.

c+x, x>2

52) The number ¢ that makes f(x) = {Zx e x<?2

is continuous at x = 2 is
Solution:
lirr% f(x) exists if
X—
A S0 = I 69

Ji (e 40 = Jip 2x =)

53) The number ¢ that makes
_fex?—2x+1, x< -1
f(x)_{ 3x+2 , x>-1

xlirgl f(x) existsif
lim fG) = lim_f(x)

lim 3x+2)= lim (cx?—-2x+1)
x—-—1% x—>—1"

is continuous at —1 is

ct2=4-c 3D+ 2=c(-1)?*-2(-1)+1
c+tc=4-2 —1=c+3
2c=2 c=-1-3
Cc = 1 Cc = —4
2 <
54) The nslijnn:)tc)er ¢ that makes 55) The value ¢ that makes f(x) = {CJ; +2x, x <2
_[==+2x-1,x<0 . . 0 X*—cx, x>2
fx)=1 « 3 + 4 £ >0 Is continuous at 0 Is is continuous at 2 is

Solution:
}Cir% f(x) exists if

SO = S0
sincx

lim (3x + 4) = lim ( + 2x — 1)
x—0% x—0~
3(0) + 4 = c(1) +2(0) — 1

4=c—-1
c=4+1
c=5

Solution:
}Ci_r)r% f(x) exists if
Jim f(x) = lim f£(x)
lim (x3 —cx ) = lim (cx? + 2x)
x—-2% x—2~
(22 —=c(2) =c(2)?+2(2)
8—2c=4c+4
—2c—4c=4-8

—6c = —4
-4
c=—
-6

2

c==

3

c?x?*—1,x<3

56) The number ¢ that makes f(x) = { x+5 ,x>3

is continuous at 3 is
Solution:
lirr% f(x) exists if
xX—
lim f(x) = lim f(x)
x-3% x—-3~
lim (x +5) = lim (c?x? — 1)
x—3% x—3~
(3)+5=c?(3)*—-1

8=9c2-1
9¢?=8+1
c?=1
c=+1

x—2,x>5

57) The number ¢ that makes f(x) = {cx _3 x<5§

is continuous at 5 is
Solution:
lirré f(x) existsif
X—
'xlgg flx) = ,}ggl_ f(x)
xllggr(x —-2)= xllgl_(cx -3)
(5)—2=c(5)-3

3=5c-3
5c=3+3
5¢ =

6
C:




58) The number ¢ that makes f(x) = {Zxx-l_—gc' z Z :1
is continuous at —1 is
Solution:
lim1 f(x) exists if
x——
lim f(x)= lim f(x)
x—->-1* x——1"
lim (x+3)= lim (2x—c¢)
x—>—1% x——1"
(-D+3=2(-1)-c
2=-2-c
c=-2-2
c=-4




Workshop Solutions to Section 3.

3 (2.6 & page 192,193)

2x+3; x=-2 th
2x+5; x <=2 en
lim  f(x) =

x-(-2)"

1) If £G) ={

Solution:

x_)l%r_r;)_ fx) = x_)lgr%)_(Zx +5)=2(-2)+5=—-4+5

2x+3; x=>-2

2) If ) = {Zx +5 x< -2 then
edim, SO =
x_)l%t_nzﬁf(x) = x_}%EnZ)Jr(Zx +3)=2(-2)+3=—-4+3

=1 =_1
(2x+3; x=-2 _(x2—2x+3; x>3
3) If f(x)—{2x+5; <2 then 4) If f(x)_{x3—3x—12; <3 then
Jm, fG0) = lim £(x) =
Solution: Solution:
xli@z f(x) does not exist because ,}L‘g}_f(x) =,}L‘§-(x3 —3x—12) = (3)3—3(3) — 12
m _fG)= Hm fQ0 =27-9-12=6
lim f(x) = lim (x2 —2x+3)=(3)2-23)+3
x-3% x-3%
—9-6+3=6
lim f(x) = 6
xX—3
x% —7x; x<1 X% —7x ; x<1
5 If f(x) =4 5 ; 1<x<3 then 6) If f(x) =9 5; 1<x<3 then
3x+1 ; x> 3 3x+1 ; x> 3
i 69 = RS0 =
Solution: Solution:
i = ]i 2 _ = 2 _ = — = — i = |j =
lim f (x) —J}Lrgl_(x 7x) =(1)*-71)=1-7=-6 xlgggf (x) xlggg(5) 5
x% —7x; x<1 x% —7x; x<1
7)If f(x) =3 5 ; 1<x<3 then 8) If f(x) =3 5 ; 1<x<3 then
3x+1 ; x>3 3x+1 ; x> 3
69 = RS0 =
Solution: Solution:
xll)r?r’l_f(x) =xllg1_(5)=5 ,}l,r?+f(x) =xllg1+(3x+1)=3(3)+1=9+1=10
2 _ 2 —
( ) xx-;x46; x2_4_>0 ( ) xx-|2-x46; x2_4>0
9 If f(x) =145, " then 10) If f(x) =4 3, " then
x+x26; x2_4<0 x+x26’ x2_4<0
4—x 4-x
lim f(x) = lim f(x) =
X—>2+ X2~
Solution: Solution:
|(x2+x—6 |rxz‘|'x_6
4 x2_4 ;x2_4>0 4 x2_4 ;x2_4>0
f(x)=|x2+x—6. s aes f(x)zlm. e
U 4—x2 PETES 24— P X
x2+x—6. 2o4 x2+x—6. 254
_ x2—4'x> _ ] x2—4 %
- x2+x—6. 2 <4 - x2+x—6. 2 < 4
—(X2—4-)’ x _(x2_4_)' x
(x+3)(x—2) ((x+3)(x—2)
_ ) (x—2)(x+2) Il >4 ) =2 +2) Il >4
- (x+3)(x—2) N (x+3)(x—2)
—(x—-2)(x+2)’ lxl <4 —(x—2)(x+2)’ x| <4
x+3 x+3
x+2; x>2o0rx<-2 m; x>2o0rx<-—2
43 then = 43 then
-——; —2<x<2 -——; —2<x<2
e 3\ (2)+3 5 Xz +3 2)+3 5
X+ + X
. o _ _5 i i (_ )=_ _ 5
Jim 100 = i () = = Jm e =lim (~5) =~ 505 =3



SONY
Typewritten Text
(2.6 & page 192,193)


11) 12)
. |x—al . |x—al
lim = lim =
x=a~ X —a x-at X —a
Solution: Solution:

X —a ) >0 X —aQa ) 0
f(x)_lx—al_ x—a ¢ _{ 1, x>a f(x)—lx_al— x—a ~ *T%2 _{ 1, x>a
T x—a )—(x-a -1 S x—a |—(x—a =

X—a i_a);x_a<0 1, x<a X —a i_a);x_a<0 1; x<a
xX—a —(x—a xX—a xX—a
lim| |=lim¥=lim(—1)=—1 | |= ( )=lim(1)=1
x-a~ X —da x-»a~ X —a x-a~ x-at X —a x-»at x —a x—at
13) 14)
. |x—al . la—x|
lim = lim =
x-a X —a x-at X —a
Solution: Solution:
lim does not exist because la—x| \x—a ' *°F%
x—»a X —Qa f(x): _ = _(a_x)
lim x—al i X~ al x—a —; a—x<0
m_—= m, = x—a
x—-a~ X a x-a’T X a _(x _a) .
. . . _) x—a '’ a>x_{_1;x<a
Itis clearly obvious from questions (11) and (12) above. =) @-a 11 x>a
— s a<x
“lat x|
a—x
lim =1lim@) =1
x-at X —a x—at
15) 16)
. la—x] . la—x|
lim = lim =
x»a- X —a x-a X —a
Solution: Solution:
AX L _x>0 . la—x] .
la—x| |x—a '+ *¢°F% lim —a does not exist because
= = x—-a f—
f& =74 _(a_x)-a—x<0 Coa=x| . la-—x|
x—a ' lim # lim
—(x —a) x—=a” X —a x~at x —a
x—a =% > X -1, x<a . . .
= _ = . is clearly obvious from questions an above.
b A =S Itis clearly obvious f tions (14) and (15) ab
; <
|x_a | a X
a—x
lim = lim (-1) = -1
x->a- X —Qa x—-a~
17) 18)
|x + al |x + a|
im = im =
x(-a)” x+a x->(-a)t x +a
Solution: Solution:
X +a _ ta>0 x+a _ 0
f(x)—|x+a|— xta < 7¢ _{ 1, x>-a f(x)—|x+a|— x+a pxra> _{ L, x>-a
- T )—(x+a -1 x < —a - T )—(x+a -1 < -
xt+a %;x+a<0 xta %;x+a<0 x a
x+a xta
im | | = lim (-1)=-1 im | | = lim (1)=1
x>(-a)” x+a x-(-a)” -t x+a  x-(-a)t
19)
o |x+al
lim =
x--a X +a
Solution:
. |x+a .
lim does not exist because
x-—-a X +a
|x + al |x + a

im im
x=(-a)- x+a x-(-a)t x+a

It is clearly obvious from questions (17) and (18) above.




20) 21)
2x — |x| 2x — x|
lim ——— lim ——
x-0% x2 + |x| x-0~ x% + |x|
Solution: Solution:
(2x—(x) =0 (2x—(x) >0
Rl IS EZRIONY ¥ PNl I EE O *
X2+ |x] | 20— (=x) X2+ x| | 20— (=%) <0
\x2+( -x)’ kx2+( -x)’
(2x —x ( (2x—x (_*
) - . ;x>0
{x2+x ,x>0=4 z{x2+x ’x>0={x2+x ¥
2x+x 2x+x 3x
k ; x<0 > ; x<0 2 ; x<0
Xc—Xx Xc—X
; x>0 (L ; x>0
{x(x+1) ’ _{x(x+1) ’
B 3x ; <0
xx—1 -1
_Jx+1 7 x _Jx+1 7 X
—q1 X T—1 *
2x — |x| B lim 2x — | x| I 3 3 3
er(r)l+x2+|x|_xl>r(r)1+x+1_ fars x% + |x| Tabrx—1 0-1
22) 23)
2x — |x| cosx —sinx
—_— = im—————=
x>0 x2 + | x| x_,%cosz x —sin?x
Solution: Solution:
Zx_ . e
lim Z1lxl 2 Ixl does not exist because i S X T SIMX cosX — sinx
x>0 x% + | x| orcos2x —sin2x Xt (cos x — sinx)(cos x + sin x)
lim 2x — |x| 4 1 1
1 — —
x=0" x2 + |x| = x-0* x2 + |x| = lim — =
_Tcosx +sinx n (T
x-7 cos(4)+sm(4)
Itis clearly obvious from questions (20) and (21) above. 1 1 V2
Ti1. 172 2
V2 N2 N2
24) 25)
- cos?x+2cosx—3 lim(sin?x + 3tanx — 4) =
1im = x—0
. x-0 2c0s?x —cosx — 1 Solution:
Solution: lim(sin? x + 3tanx — 4) = sin?(0) + 3tan(0) — 4
coszx+2cosx—3_ ~ (cosx+3)(cosx—1) x=0 —043(0)—4= 4
#30 20082 x — cosx — 1 x50 (2cosx + 1)(cosx — 1) B B
cosx + 3 cos(0) + 3
~xS02cosx+1 2cos(0) +1
_1+3 4
2 +1 3
26) If m #= 0, then 27) If m # 0, then
sin (nx) tan (nx)
x>0 mx X0 mx
Solution: Solution:
sin(nx) n _ sin(nx) tan(nx) n _ tan(nx) n
m————=—lim————= m———=—Ilim———==—(1) =
x>0  mx mx-0 nx x>0  MX mx-0 nx m m

28) If m # 0, then
nx

lim ——— =
x-0 sin(mx)

Solution:
nx n_ mx

lim ———=—lim——
x-0sin(mx) mx-0sin(mx)

=2
m

29) If m # 0, then
nx

lim ———— =
x—0 tan(mx)

Solution:

nx n mx

=2yl
m

lim ———— =—Ilim ———
x>0tan(mx) mx-otan(mx) m




30) If m # 0, then

31) If m # 0, then

sin(nx) sin(nx)
—_—= im——=
x-0 sin(mx) x~0 tan(mx)
Solution: Solution:
. sin(nx) n /. sm(nx) . sin(nx) n /. sm(nx)
I ) = ) (i) i antny = ) U anGr)
x-0sin(mx) m 30 20 sm(mx) x-0tan(mx) m 50 30 tan(mx)
n n
=—1QA) =— =—1A) =—
= (1)( - - = (1)( ) -
32) If m # 0, then 33) If m# 0, then
tan(nx) tan(nx)
im——— = im——= =
x-0 tan(mx) x-0 sin(mx)
Solution: Solution:
tan(nx) n /.. tan(nx) ~ tan(nx) n /. tan(nx)
Biantn w0 e ) ) I i) = U ) (i)
x-0tan(mx) m x50 b tan(mx) x-0sin(mx) m b 50 sm(mx)
n n
=— 1) =— =—MA)=—
= (1)( )- - = (1)( > -
34) 35)
~ sin(1 — cos x) sin(sin(2x))
lim————= —_— =
x>0 1—cosx x=0 sin(2x)
Solution: Solution:
- sin(1 — cos x) _ sin(sin(2x)) B
x-0 1—-cosx x>0  sin(2x)
36) 37)
1 — cos(2x
lim - <520 _ NENE
x—0 x? lim [——-—-+4=
Solution: xXoo Xt X
 1-—cos(2x) . 2sin’x ~ /sinx\? Solution:
lim ————— =1lim = 2lim (—)
x—0 xZ x-0 xZ x-0 X 1 3 1 3
_ sinxy? ) lim —2——+4 lim(—z——+4)= 0-0+4
=2 (llm —) =2(1)“ =2 x—0 [X x>0 \x2  x
x-0 X
=2
38) 39)
y 1 I 3x + 15
im\ = *2)= . o0 9x? + dx — 13
Solution: Solution: Is
1 24 4 2D
lim <—+2>=0+2=2 N B IS
o= \x /s Ao tax— 13 4e0x? _d4x I3
5x2 x?  x?
1
— X + x2 _ 0+0
Tahwg 4 13 94040
p)
X x
40) 41)
i 3x? —8x+15 _ i 3x* —8x+15
o0 9xZ + 4x — 13 o 9x% + 4x — 13
Solution: Solution:
3x2 8x 15 3x2 8x _ 15
i 3x%2 —8x + 15 i 2 2t i 3x% —8x + 15 i —Z ezt 2
105 0x? +4x — 13 <00 9x?  4x 13 0 T dx — 13 % 0x?  4x 13
2 T 52T 57 7+ 2 2
fS o 8 15—x -
i 3_x+x2 3-0+0 . B3ty % -3+40-0 1
Txheg 4 13794040 3 Taete g 4 1837-9-0+0 3
p) p)
X x X x




42) 43)
. 3x° —8x+15 . 3x> —8x +15
$ob Ox? + dx — 13 ko OxZ + 4x — 13
Solution: Solution:
3x° 15 3x> 8x _ 15
3x> —8x+15 7—x2+xz 3x5—8x+15 | 2T ezt T2
lim ———— = lim lim ————— = lim
x509x2 +4x —13 x> 9x2  4x 13 x5-09x2 + 4x — 13 x--o0 9x2 4x 13
X2 T x2 T x? —x2 T —x2 —x2
8 15 8
L3 =3+ T 3(0)—0+40 L T3+ -27 —3(—0)+0-0
= lim A = = lim X~ — = —
x—00 9+£_§ 9+0+0 x>-0 g £+§ —-9-0+0
x  x2 X  x2
44) 45)
lim (\/x2—3x+7—x)= lim (\/x2+x—x)=
X—00 X—00
Solution: Solution:
lim (\/x2—3x+7—x) lim (\/x2+x—x)
X— 00 X—00
(Vx2=3x +7 +x) VxZ+x+x
= lim [(vx2—-3x+7 —x ] =lim[\/x2+x—x x—]
x—00 [( ) (\/x2 —3x+7 +x) x—00 ( ) VxZ+x+x
. <(x2_3x+7)—x > i ( —3x+7 )  lim ((x2+x)—x2>
= lim = A S
x>0\ Vx2 =3x+7+x X200 \Wx2 —3x +7 +x e sz‘;x*‘x
—3x 7 .
or 4 L = lim ( )
= lim X X =0 \\x2 + x + x
xooyx2 —3x+7  x X 1
x tx = lim X = lim
_3+Z X—00 ,/xZ +x+£ X—00 x2 x 1
o z IR x_2+x_2-:
xoo x2 3y 7
24 L L = lim
2 ezt tl X200 \/F+1 1+1
3+7 1+ +1
= lim = 376
X—00
_24 2
1 <t p; +1
_ -3+0 -3 3
Ji-0+0+1 1+1 2
46) 47)
lim (x? —5x + 4) = lim (x* —2x3 +9) =
X—00 X——00
Solution: Solution:
x> 5x 4 x* 2x3 9
lim (x? — 5x + 4) = lim x? -t lim (x*—2x3+9) = llmx ———t=

lim (x? = 5x + 4) = lim (x?) = oo

X—00

OR

= lim x

X—>—00

4(1_5-'_:_4):(_00)4(1_04'0):00

lim (X _Zx +9)_ llm (x4)—oo

X—>—0




48) 49)
3x2—8+2_ I 3x2—8+2_
x—>—00 x+5 a xl—IBo x+5
Solution: Solution:
3x2 -8 2 3x2—-8 2
3x2—-8+2 ) — = 3x2 —8+2 Y +=
= lim lim = lim
X——00 x+5 X——00 X4 i xX—00 x+5 xX—00 E + E
—-x  —X X X
3x2-8 2 3x2 8 2 3x2 -8 2 3x2 8 2
X2 x K2 XX X2 x xF X2t x
= lim z = lim z = lim = = lim =
X—>—00 X—>—00 X—00 X—00
-1-= -1- X 1+ X 1+ X
8 2 8 2
N3 T Tx V3-0-0 N3 TaETx V3=040
= lim —V/3 = lim = V3
X—>—00 _1_5 —-1-0 x>0 1+§ 1+0
X X
50) The horizontal asymptotes of 51) The horizontal asymptote of
3x2 —8+2 _1-x
f)=—"-— f& =53
Solution: Solution:
First, we have to find First, we have to find
3x2 —8+2 lim 21_x1
x—too x+5 xorelx t+
1 x 1
Itis clear from the previous questions (48) and (49) that o 1—x X Tx v 1 0-1 1
lim = lim X X =]1m—x - = _
. V3x?2—-8+2 Ne xo02x+1 w02 |1 xow, 1240 2
L x X x
e 3x2 —8+2 1 L_X L1 0+1
i R “X _ m SECX oy =X
Jm s = BNy R L i"xllr—noo_z_l —2-0
—-X  —Xx X
Thus, the horizontal asymptotes are - _ -
2
y= 3 Thus, the horizontal asymptote |s1
y= 5
52) The horizontal asymptote of
7x% +5
f® =377
Solution:
First, we have to find
. 7x?+5
X0 3x2 + 2
7x% 5 5
7x*+5 Szt Ttz 740
im = lim 2 = lim - = —
x>0 3x2 +2  x>03x 2 x—>003+l 340
7 7 x
21 s 7x? 5
. x°+ —x2 T 42
2 a3 2
—x2 " =2
71— -7-0 7
= i X~ - =
X2
Thus, the horizontal asymptote is

7
Y =3




53) The horizontal asymptote of

54) The horizontal asymptote of

(o A3 o= Y2x 3
= X)) = —
I 2x +7 2x2 +7x — 1
Solution: Solution:
First, we have to find First, we have to find
o Vx?+4+2x-3 I V2x — 3
oo 2x+7 xotoo 22 + Tx — 1
VxZ 4+ 2x—3 vV2x —3
I VxZ +2x—3 _ i - x I V2x -3 I 2
e 2x+7  xow 2% 7 w2 +7x—1 xow2x2 _7x_ 1
X X x2 " x2  x2
x2+2x -3 x_2+2_x 3 2x — 3 2x 3
2 2 2 32 7 ==z
= lim X7 = lim d 7 x = lim % = lim X7 Xl
X— 00 2 7’ X—00 2 ks X—00 L+ X—00 L~
+ X + 2+ X 32 2+ X %2
2 3 2 3
N1 txTe vivo-o0 1 B Tx 00
xo0 5 7 240 2 x_’°°2+z—i 240-0 2
X X x2
Vx2 4+ 2x—3 V2x —3
lm\/x2+2x—3= - = . ox —3 ~ —
xomeo  2x +7 om0 2X | 7 o 22 £ 7x — 1 xome 262 7x 1
-X —X —x2 + —x2  —xZ
x24+2x—3 x2 2x 3
2 2t 2x 23 -3
= lim lim . x4 x*  x*
X——00 7 X——00 7 = hm = llm
-2 —= —2 —= X——00 7 1 X——00 7 1
X b —2-—-+= —2-—-+=
5 3 X x X x
14+=--— — 2 3
. X x2 1+0-0 1 L _ 2
= Jim 7  —2-0 2 = Jim XXX _ 0-0 _i_o
xmme = e xo-0 o, 7, 1 —2-0+40 =2
) x 2 x +x2
Thus, the horizontal asymptotes are Thus, the horizontal asymptote is
=+ 1 = 0
y=x 5 y =
55) 56)
) 4x2 -8+ 3 ) 4x2 -8+ 3
lim = lim =
X—>—00 x+1 x—00 x+1
Solution: Solution:
4x2 -8 3 4x2 -8 3
4x2 -8+ 3 ) “x +—_x ) 4x2 —8+3 ) X +=
1 = lim lim ——— = lim
xX——00 x+1 xX——00 Xy L X—00 x+1 X—00 £ n l
—-x  —Xx X X
=8 _3 a7 _8 3 =8 3 478 3
. 2 x x2  x%2 X . x2 x .. x2  x% X
= Jm T =, 1 = Jm T~ lm 1
-1- X -1-— X 1+ x 1+ X
4 8 3 4 8 3
N i R *Taty VE=0+40
= lim = =-=2 = lim = =
x—>=00 _1_1 -1-0 x—00 1+l 1+0
X X




Workshop Solutions to Chapter 4 (chapter 3)

1) If f(x) is a differentiable function, then f'(x) =
Solution:

) If f(x) =4x?,then f'(x) =
Solution:

)  flx+h) - _ h) — 4 h)? —
f(x):}lli%fx ) f(x) f’(x)=}111£%f(x+ })l f(x):hlf% (x + })l
3) If f(x) =x2—3,then f'(x) = 4) If f(x) =+x, x =0, then f'(x) =
Solution: Solution:
, . flx+h)—f(x) _
f(x)=,lgrg,fx ) flx f’(x)=;Lirr5f(x+h})l f(x):h 0\/x+ —x
[+ h)?=3] - [x? -3 - -
_h—>0 h

5) If f is a differentiable function at a, then f is
a continuous function at a.

6) If f isa continuous function at a, then f is
a differentiable function at a.

Solution:
False
7) If y =x*+5x2+3, then y' = 8) If y=x*—5x2+3, then y' =
Solution: Solution:
y' =4x3 4+ 10x y' =4x3 — 10x
9) If y =x~/2, then y' = 10) If y = $+ 2Vx = %x'3 +2x'/2, then y' =
Solution: Solution:
5 s, 5 , 1
i A L v =5 ) @i

1 1 1
=—xttx=—— 4y =

—_— + —_—
x* 1, x* ' \x

11) If y = (x —3)(x — 2), then y' =

12) If y = (x3+3)(x2 - 1), then y' =

(4=27°" "4

Solution: Solution:
y=((x-3)(x—2)=x>-5x+6 y=x3+3)(x?-1)=x>—x3+3x2-3
y'=2x-5 y' = 5x* —3x? + 6x
13) If y =+vx(2x + 1), then y’' = 14) If y = % , then y' =
Solution: , ) Solution:
y=vx(2x+ 1) = 2xVx +x = 2x2 + x2 Use the rule (i), S
1y 1, 11 1 g 9?
y' = (—) (2)x2 (E) x2 - =3x2+ Ex 2
,_(1)(x—2)—(x+3)(1)_x—2—x—3_ -5
"3‘/_+ﬁ Y 5(x—2)2 o x=2)2 (x-2)?
OR -
I 1 ’ (x - 2)2
Usetherule (f.g)' =f'g+fg
2x+1
=(2 \/_+( )2x+1 =2Vx +
y' = (2)(Vx) ( ) N
x+3 -1 p
15) If y —xj,theny|x=4= 16) Ify=;c?,theny=
Solution: Solution:
_ MDx—-2)—(x+3)(1) =x—2—x—3 Use the rule ({) =fg—2fg
(x —2)2 (x —2)2 9 9
-5 5
_(x—2)2__(x—2)2 =(1)(x+2)—(x—1)(1)=x+2—x+1= 3
, 5 5 (x + 2)2 (x +2)? (x + 2)2
V'lx=a = —
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17) If y =+v3x? + 6x , then y' =

Solution:
Use the rule (\/ﬂ)’ = zuﬁ
Y 6x +6 6(x+1)  3(x+1)

B 2v/3x2 + 6x B 2v/3x2 + 6x B V3x2 + 6x

18) If y =V3x2+6x , then y'|,=q =
Solution:
6x + 6 6(x+1)  3(x+1)

y = = =
2V3x2 + 6x  2V3xZ+ 6x V3x2 + 6x

3(+1) 6 6

Ve = B +6(1) V9 3

19) The tangent line equation to the curve y = x2 + 2
at the point (1,3) is
Solution:
First, we have to find the slope of the curve which is
y'=2x
Thus, the slopeat x =1 is
Y'lear = 2(1) =2
Hence, the tangent line equation passing through the
point (1,3) withslope m =2 is
y—3=2(x—-1)

y—3=2x—2
y=2x—2+3
y=2x+1

20) The tangent line equation to the curve y = %

at the point (0,0) is
First, we have to find the slope of the curve which is

, @+ 1)-2x)(1) 2x+2—-2x 2

B (x +1)2 T (x+ 12 (x+1)2
Thus, the slopeat x =0 is
! == 2
y |x—0 (0 + 1)2

Hence, the tangent line equation passing through the point
(0,0) withslope m =2 is
y—0=(2)(x—-0)
y =2x

21) The tangent line equation to the curve y = 3x% — 13

at the point (2,—1) is
Solution:
First, we have to find the slope of the curve which is

y' =6x
Thus, the slopeat x = 2 is
Y'lxzz = 6(2) = 12
Hence, the tangent line equation passing through the
point (2,—1) withslope m =12 is
y—(-1)=12(x—2)

22) The tangent line equation to the curve
y = 3x%2 4+ 2x + 5 at the point (0,5) is
Solution:
First, we have to find the slope of the curve which is
y' =6x+2
Thus, the slopeat x = 2 is
¥ lxo = 6(0) +2 =2
Hence, the tangent line equation passing through the point
(0,5) withslope m =2 is
y—5=2(x—-0)

y+1=12x — 24 y—5=2x
y=12x—24 -1 y=2x+5
y=12x — 25
23) If y =xe* , then y' = 24) If y =x—e* , then y" =

Solution:

Usetherules (f.g)' =f'g+fg' and (e*) =e*.u'

Usetherules (f—g)' =f"—g' and (e*) =e*.u'

vy =@)E*)+ x)(e*) =e¥+xe*=e*(1+x) y'=1—e*
yll — _ex
25) If x2—y2 =4, then y' = 26) If x2+y2 =4, then y' =
Solution: Solution:
2x —2yy'=0 2x+2yy'=0
—2yy' = —-2x 2yy' = —2x
,  —2x ,  —2x
yI _ f y’ = _f
1 Y 1 Y
x+ . _ 1 ,
27) Ify—m,theny— 28) Ify—z\/;+secx,theny—
Solution: , Solution:
Use the rule (Z) = @ Use the rules
g g

,_(1)(x+2)—(x+1)(1)_x+2—x—1
B (x + 2)2 T (x+2)2

T @+2)2

(f+9) =f"+g and (secu) =secutanu.u’

1 -5
y=5—+secx =x 2+secx
x5
5

(25 _ S,
y 2x2 + secxtanx = 2x 2+ secxtanx




29) If y =tan"1(x3) , then y' =

Solution:
Use therule (tan~'u) = 13;2
, 1 o 3x?
Y = 1rer ) T 1e

30) If y=tanx —x , then y' =

Solution:
Use the rules
(f-9) =f"—g and (tanu)’ =sec’u .u’
y' =sec?x—1

31) If y=sec?x—1, then y' =

32) If y =x5"* | then y' =

Solution: Solution:
Usetherules (f—g) =f"—g, @"=n@™Lu' |Usetherule (sinu)’ =cosu .u’
and (secu)’ =secutanu.u’
y = xsinx
y' = 2secx. secxtanx = 2sec? xtanx Iny = Inxsinx
Iny =sinx.lnx
y' _ 1 sin x
—=cosx.Inx +smx.; =cosx.Inx +
, sinx . sinx
y' = y(cosx. Inx +T) = xSn¥ (cosx. Inx + . )
33) If y =x5% | then y' = 34) If y = (2x% 4+ cscx)? , then y' =
Solution: Solution:
Usetherule (cosu) = —sinu .u' Use the rules
W™ =n@)™ Ly and (cscu) = —cscucotu.u’
y - xcosx
Iny = Inxc0s* y' =9(2x?% + cscx)®. (4x — cscx cot x)

Iny =cosx.lnx

y' . 1 _ cosx
; = —sinx. lnx+cosx.;= —sinx. Inx +
cosx
y’=y(—sinx.lnx+ )
Cosx
= xC0s¥ (——sinx. 1nx)
35) If y = S , then y' = 36) If y =e?* , then y©® =
Solution: cotx Solution:
Use the .rules Usetherule (e*) =e*.u
Y [ l
<§) = f—gngg , (@) =a“lna.u’ y' =2e%*
"o fe2x
and (cscu)’ = —cscucotu.u’ ;}m — gp2x
1) = 16e2*
y e
, _ (5%In5)(cotx) — (5%)(— csc® x) NORIIPYIE
Y= (cotx)? y©) = 64e%*
_ 5%(In5cotx + csc? x)
-~ cot? x
37) If y =x"2e5"% | then y' = 38) If y =5%"%  then y' =
Solution: Solution:
Usetherules (f.g)' =f'g+fg , (e“)=e u Use the rules

and (sinu)’ =cosu .u’

y' = (—2x73)(e5"*) + (x~2)(e5"*. cos x)
= —2x3eS"¥ 4 x2cosxe
= x3eSI%(—2 + x cos x)
= x3eSMX(x cosx — 2)

sinx

(a¥) = a*Ina.u’ and (tanu) =sec’?u.u’

y' =5%"% In5 sec?x

39) If x2+y?2=3xy+7, then y' =
Solution:
2x +2yy' =3y +3xy’
2yy' —3xy' =3y — 2x
y'(Qy —3x) =3y — 2x
, 3y—2x

Y C 2y —3x

40) If y = sin3(4x) , then y® =
Solution: y=
Use the rules

@W" =n@™tu and (sinu) =cosu.u’

y' = 3sin?(4x).cos(4x). (4)
= 12 sin?(4x). cos(4x)
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41) If y =3%cotx , then y' =

Solution:

Usetherules (f.g)' =f'g+fg’, (@*)' =a“Ina.u’
and (cotu)’ = —csc?u .u’

y' = (3*.In3)(cotx) + (3*)(—csc? x)
=3%In3 cotx — 3¥ csc? x
= 3*(n3 cotx — csc?x)

42) If y = (2x% +secx)” , then y' =
Use the rules
@™ =n™ v and (secu) =secutanu.u’

y' = 7(2x% + secx)®. (4x + secx tan x)

43) If f(x) =cosx , then f*3)(x) =

Solution:
f'(x) = —sinx
f"(x) = —cosx
f'""(x) = sinx

F®(x) = cosx
Note: f(™(x) = cosx whenever n is a multiple of 4.
Hence,
F@®(x) = cosx
F#)(x) = —sinx

44) If D*(sinx) =

D(sinx) = cosx
D?(sinx) = —sinx
D3(sinx) = —cosx

D*(sinx) = sinx
Note: D"(sinx) = sinx whenever n is a multiple of 4.
Hence,

D**(sinx) = sinx

D*>(sinx) = cosx

y' = —sin(2x3).(6x?) = —6x?sin(2x3)

D*®(sinx) = —sinx
D*”(sinx) = —cosx
45) If y = x* , then y' = 46) If f(x) = 2%, then f'(1) =
Solution: . x
W Solution:
Usetherule (Inu)’ = u Use the rules (Z) = f—g_zfg and (Inw)' = =
) g u
y=x* 1
Iny = Inx* o (BHEH-n@0  x—2xmx
Iny=xlnx f'ix) = (x?)? = s
! 1
y—:(l)(lnx)+(x)(—) =x(1—21nx)=1—21nx
;’, x x4 x3
—=Inx+1
y L 1-2In(1) 1-2(0)
y' =yl +Inx) =x*(1+Inx) fi= 13 1 =1
47) If y = cot™1(e¥) , then y' = 48) If y =tan"1(e¥) , then y' =
Solution: Solution:
-1 ,__u’ U\ — LU o, —-1.,\/ — ' U\ — LU o,
Use therules (cot™ u)' = vy and (e%) =e" . u Use therules (tan™"u)’ = o and (e%) =e%u
L 1 v e* L 1 . €
Y T 14 @2 Y T T 1ger Y T15 (@2 % T1te
49) If y =sin"!(e¥) , then y' = 50) If y = cos™(e*) , then y' =
Solution: Solution:
R N Uy — pU o7 -1,V — _ u' Uy — LU o/
Use therules (sin~*u)' = = and (e%) =e" . u Use the rules (cos™ u) — and (e%) =e%u
, 1 X e* , 1 x e*
y' = e* = M= e ———
V1 —(e¥)? V1 —e?* V1 —(e¥)? V1 —e?*
51) If y = cos(2x3) , then y' = 52) If y =cscxcotx , then y' =
Solution: Solution:
Usetherule (cosu) = —sinu .u' Usetherules (f.g)' =f'g+fg',
(cscu) = —cscucotu.u’ and (cotu) = —csc?u .u’'

y' = (= cscx cotx)(cotx) + (cscx)(—csc? x)
= —cscx cot? x — csc x = — cscx(cot? x + csc? x)




53) If y =+vx2%—2secx , then y' =

Solution:
Use the rules
1 u'
Vu) =——= and (secu) =secutanu.u’
Vu) ==

, 2x—2secxtanx 2(x —secxtanx)

y = =
2Vx?% — 2secx 2Vx2 — 2secx

X —secxtanx

Vx2 — 2secx

54) If y=(3x%+1)®, then y' =
Solution:
Usetherule  (W)*=n@)" 1.u’

y' = 6(3x%+ 1)°.(6x) = 36x(3x% + 1)°

55) If xy + tanx = 2x3 +siny , then y’' =
Solution:

[(DB) + ()] +sec?x = 6x% +cosy.y’
y+xy' +sec’x = 6x%+y' cosy

xy' —y'cosy = 6x% —y—sec’x

y'(x — cosy) = 6x%2 —y —sec®x
. 6x?—y—sec’x
y =

X —cosy

56) If y=x"lsecx , then y' =

Solution:

Use the rules

(f.9)'=f'g+fg and (secu) =secutanu.u’

y' = (—x"?)(secx) + (x 1) (secx tanx)
=x"lsecxtanx — x %secx
=x"?secx (xtanx — 1)

57) If y =sin"1(x3) , then y' =

58) If y =cos™1(x3) , then y' =

Solution: Solution:
=1 r__ u’ -1 r_ u’
Use therule (sin™'u)' = — Use therule (cos™u)' = —
, 1 342 3x?
y = — 35X = 2
1= VT—x° S S S Y
1= (x3)2 V1 — x6
59) If y =sec™*(x3) , then y' = 60) If y =csc™1(x3) , then y' =
Solution: Solution:
-1 r u’ -1 [ u
Usetherule (sec”'u)' = N Usetherule (csc™u)' = TN
, 1 5 3x? 3 ) 1 5 3x? 3
y:—_3x: = y:——.3x = — = —
x3(x3)2 -1 x3Vx6 -1 xvx6 -1 x3(x3)? -1 x3vVx6 —1 xVx® —1
61) If y =In(x® —2secx) , then y' = 62) If y =In(cosx) , then y' =
Solution: Solution:
Use the rules Use the rules
u' u'
(Inw)' = m and (secu) =secutanu.u’ (Inuw)' = m and (cosu)' = —sinu.u’
, 1 35?2 — 2 . , 1 (= sinx) sin x )
= . — = .(—sinx) = — = —tanx
Y T3 —2secx (3x secx tanx) Y = Cosx ! cosx

3x% — 2secxtanx

x3 —2secx

63) If y =In(sinx) , then y' =

Solution:
Use the rules
ul
(Inu) ' =— and (sinu)’ =cosu.u’
u
, 0S X
y' = (cosx) = = cotx

sinx

64) If y =InvV3x?% +5x , then y' =

Use the rules (Inu)’ = u; and (\/ﬂ)’ = zuﬁ

_ 6x+5
~ 2(3x2 + 5x%)

L 1 ( 6x +5 )
Y V3xZ + 5x \2v/3x2 + 5x




65) If y =logs(x3 —2cscx) , then y' =
Solution:
Use the rules

(logaw)' = and (cscu)’ = —cscucotu.u'

ulna

1

(x3 —2cscx)(In5)
3 3x2% 4+ 2 cscx cotx

" (x3 = 2cscx)(In5)

!

y:

[3x% — 2 (—cscx cotx)]

67) If y=2x3—sinx , then y' =
Solution:
Use therule (sinu)’ = cosu.u’

y' = 6x? —cosx

68) If y =x3cosx , then y' =

Solution:
Use the rules
(f.9) =f'g+fg" and (cosu) = —sinu.u’

y' = (3x?)(cosx) + (x3)(—sinx)
= 3x%cosx — x3sinx

x—1 ;
66) Ify—lnm , then y
Solution:

Use the rules

o= () L 9

L (O6EFD) - -1 (=)

y' 2Vx + 2
x—1 \/—2
x4+ 2
Vx + 2 ( )
-1
Vit2-—=
_Vx+2 2vVx + 2
x—1 " x+2
2x+2)—(x—1)
_Vx+2 2x + 2
x—1" x+2
x+5
_Vx+2 [ 2x+2
x—1 "\ x+2
_VX+2< x+5 >
x=1\2(x+2)Vx+2
x+5

" 22— D(x +2)

69) If y =x¥* , then y' =

Solution:
Use the rule (\/ﬂ)’ = zuﬁ
y=x"
Iny = InxV¥
Iny =+xInx

!

y (1 1
7= GE) 0+ (3 (5)
y' Inx +x xlnx+2x x(Inx+2)

70) If y = (sinx)* , then y' =
Usetherule (sinu)’ = cosu.u’
y = (sinx)*
Iny = In(sin x)*
Iny = xIn (sinx)
y' ) cosx
— = (D (n(sinx)) + (x) ( )

y sinx
I

y :
— =In(sinx) +
y

- = In(sinx) + x cotx
sin x

—=—t— y" = y(In(sinx) + x cotx)
y 2Vx x Inx +22x\/§ 2xVx = (sinx)*(In(sinx) + x cotx)
1 g 1
nx+2 nx+2
v = (S ) = (55
2\/x 2Vx
71) If y =log,(x3—2) , then y' = 72) If y = cos(x®) , then y' =
Solution: Solution:
p Use therule (cosu)’ = —sinu.u’
Use the rule (log,w)' = 0
1 3x2 , o5 4 4 i (a5
y' =———— . (3x%) = y' = —sin(x?).(5x*) = —5x* sin(x>)

(x3—-2)(n7) (x3—-2)(n7)




73) If y =secxtanx , then y' =

Solution:

(f.9))=f'g+fg', (secu) =secutanu.u’ and
(tanu)’ = sec?u.u’

y' = (secxtan x)(tanx) + (secx)(sec? x)
= secx tan? x + sec3 x = secx(tan® x + sec? x)

74) If D?(cosx) =
Solution:
D(cosx) = —sinx
D?(cosx) = —cosx
D3(cosx) = sinx
D*(cosx) = cosx
Note: D"(cosx) = cosx whenever n is a multiple of 4.
Hence,
D®%(cosx) = cos x
D%”(cosx) = —sinx
D%8(cosx) = —cosx
D®°(cos x) = sinx

75) If y = (x + secx)® , then y' =
Solution:

Use the rules

@™ =n™ v and (secu) =secutanu.u’

y' = 3(x + secx)?. (1 + secx tan x)

76) If x2 =5y% +siny , then y' =
2x = 10yy' + cosy.y’
y'(10y + cosy) = 2x
, 2x
"~ 10y +cosy

77) If x> —5y%2 +siny =0, then y' =
Solution:
2x —10yy' +cosy.y' =0
y'(=10y + cosy) = —2x

, —2x 2x

78) If y =sinxsecx , then y' =
Solution:

(f.9) =f'g+fg, (sinu) =cosu.u’ and
(secu) =secutanu.u’

Y= —10y + cosy - 10y —cosy y' = (cosx)(secx) + (sinx)(secx tan x)
_ 1 sinx sin? x 5
=1+sinx. . = >—=1+tan"x
COSX COSX cos? x
= sec?x
79) If f(x) =sin?(x3+ 1), then f'(x) = 80) If y = (x +cotx)? , then y' =
Solution: Solution:
Use the rules Use the rules
W"*=n@)™tu and (sinu) =cosu.u’ @W" =n)™ Ly and (cotu) =-—csc’u.u’

f'(x) = 2sin(x3® + 1) . (cos(x® + 1)) . (3x?)
= 6x2sin(x3 + 1) cos(x3 + 1)

y' = 3(x + cotx)?. (1 — csc? x)

81) If y =tan™! (g) , then y' =

82) If y =cot™?! G) , then y' =

Solution: Solution:
-1 r_ u' -1 r_ u'
Usetherule (tan™*u)' = vy Usetherule (cot™u)' = T
, 11 1 1 2 , 11 1 1
y = 25 N N 2 y == 25 N 2
X 2 X 44+ x 44+ x X 2 X 4+ x
1+(3) 2(”?) 2( . ) 1+(3) 2<1+T) 2( . )
_ 2
_ 44x2
83) If y =sin™?! (g) , then y' = 84) If y = cos™! (g) , then y' =
Solution: Solution:
N . 1,y
Use therule (sintu)' = ey Use therule (cos™ u)' = —
, 1 1 1 1 , 1 1 1 1
y = ‘2= = y == =T ==
2 3 x2 \/9—x2 o2 3 x2 9 — x2
ONMENEE EAE THONMENENEE SN
_ 1 _ 1
J9— 2 Vo —x2




85) If D99(sinx) =

Solution:
D(sinx) = cosx
D?(sinx) = —sinx
D3(sinx) = —cos x

D*(sinx) = sinx
Note: D"(sinx) = sinx whenever n is a multiple of 4.
Hence,

D% (sinx) = sinx

D% (sinx) = cosx

D®8(sinx) = —sinx

D®°(sinx) = —cosx
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Workshop Solutions to Sections 5.1 and 5.2

1) The absolute maximum value of f(x) = x3 — 2x2 in
[-1,2] isat x =
Solution:
Since f(x) is a continuous on [—1,2], we can use the Closed
Interval Method,
flx) = x3 —2x?
f'(x) =3x%—4x
Now, we find the critical numbers of f(x) when
ffx)=0 = 3x?2—4x=0 = x(Bx—-4)=0

= x=0 or x=-—
Thus,
f(-D)=(-1)3-2(-1)%?=-1-2=-3
f(2)=(2)3*-2(2)?*=8-8=0
f(0)=(0)*-2(0>=0-0=0
4 4\3 4% 64 32 32
r5)=6) 2G) =75-"%

Hence, we see that the absolute maximum value is 0 at

2) The absolute minimum value of f(x) = x® —3x2 + 1 in

[— %, 4] is
Solution:

. . . 1
Since f(x) is a continuous on [—5, 4], we can use the

Closed Interval Method,
fx)=x3-3x2+1
f'(x) =3x% —6x
Now, we find the critical numbers of f(x) when
fl(x)=0 = 3x?-6x=0 = 3x(x—2)=0
= x=0or x=2
Thus,
2

1 1,3 1 1 3 1
F(-3)=(-2) -3(-3) +1=-5-3+1=3
f(4)=(4)3-34)?*+1=64—48+1=17
f(0)=(02-3(024+1=0-0+1=1
f2)=2)3-32)?%+1=8-12+1=-3

Hence, we see that the absolute minimum value is —3 at

x=0 and x =2 x =2
3) The absolute maximum point of f(x) = 3x2 — 12x + 1 | 4) The absolute minimum point of f(x) = 3x% — 12x + 1
in[0,3] is in [0,3] is
Solution: Solution:

Since f(x) is a continuous on [0,3], we can use the Closed
Interval Method,
f(x)=3x2—-12x+1
f'(x) =6x—12
Now, we find the critical numbers of f(x) when
f'x)=0 = 6x—-12=0 = 6x=12
= x=2
Thus,
f(0)=300)>-12(0)+1=0-0+1=1
f3)=33)2-12(3)+1=27-36+1=-8
f2)=32)?*-122)+1=12-24+1=-11
Hence, we see that the absolute maximum pointis (0,1).

Since f(x) is a continuous on [0,3], we can use the Closed
Interval Method,
f(x) =3x2—-12x+1
f'(x) =6x—12
Now, we find the critical numbers of f(x) when
f'x)=0 = 6x—-12=0 = 6x=12
= x=2
Thus,
f(0)=3(0)>-12(0)+1=0-0+1=1
f3)=33)2-12(3)+1=27-36+1=-8
f2)=32)?*-122)+1=12-24+1=-11
Hence, we see that the absolute minimum point is (2, —11).

5) The absolute minimum point of f(x) = 3x% — 12x + 2
in[0,3] is
Solution:
Since f(x) is a continuous on [0,3], we can use the Closed
Interval Method,
f(x) =3x2—12x+2
f'(x) =6x—12
Now, we find the critical numbers of f(x) when
flx)=0 = 6x—12=0 = 6x=12
= x=2
Thus,
f(0)=300)>-12(0)+2=0-0+2=2
F(3)=3(3)2—-123)+2=27-36+2=—7
F(2)=3(2)2-12(2)+2=12—-2442=-10

Hence, we see that the absolute minimum point is (2, —10).

6) The values in (—3,3) which make f(x) = x3 — 9x

satisfy Rolle's Theorem on [—3,3] are

f(x) is a polynomial, then

1- f(x)is acontinuouson [—-3,3].

2- f(x) is differentiable on (—3,3),

f'(x) =3x2-9

3- f(-3)=(-3)%3-9(-3)=-27+27=0=f(3)
Then there is a number ¢ € (—3,3) such that
fl(c)=0 = 3c¢?-9=0 = 3c?2=9

= ¢2=3 = cc=+/3

Hence, the values are ++/3 € (—3,3).
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7) The values in (0,2) which make
f(x) =x3—3x% + 2x + 5 satisfy Rolle's Theorem on
[0’2] are |deleted
Solution:
f (x) is a polynomial, then
1- f(x)isacontinuouson [0,2].
2- f(x) is differentiable on (0,2),
fl(x) =3x%2—6x+2
3- f(0)=(0)3-3(0)2+2(0)+5=5=f(2)
Then there is a number ¢ € (0,2) such that
f'c)=0 = 3c>—6c+2=0
—(-6)+/(-6)2—4(3)(2) 6+V36—24
€= 2(3) - 6
6+V12 6+V3x4 6+2V3

6 6 6
_2(3+V3) _3%V3_3 V3
6 3 37 3
_1: ¥
-3
Hence, the valuesare 1+ \/?5 €(0,2).

8) The value ¢ in (0,5) which makes f(x) = x> —x—6
satisfy the Mean Value Theorem on [0,5] is [deletec
Solution:
f(x) is a polynomial, then
1- f(x)isacontinuouson [0,5].
2- f(x) is differentiable on (0,5),

f'(x)=2x-1
Then there is a number ¢ € (0,5) such that
n_fGB)=f(0)
f(C)—T

2 _ —a]l — 2 _ —
- 2c—1=[(5) (5) — 6] —[(0)* — (0) — 6]
= 2c—1=—(14);(_6)
14+ 6

= 2c—-1= z

= 2c—1=4

= 2c=4+1

5
- C—E

Hence, the value c is g € (0,5).

9) The value ¢ in (0,2) makes f(x) = x3 — x satisfied the

Mean Value Theorem on [0,2] are -deletec
Solution:

f(x) is a polynomial, then

1- f(x)is acontinuous on [0,2].

2- f(x) is differentiable on (0,2),

fl(x) =3x?>-1
Then there is a number ¢ € (0,3) such that
@ =f(0)
f(e) = ~2-0
23— (2)]-1[(0)3 - (0

3C2_1=[() ()] -[(0)° - (0]

_(®)-©

3¢ -1

O
.
I

I
I
I

= c=+—
V3 2 2
Hence, the value c is e € (0,2) but -5 & (0,2).

10) The value in (0,1) which makes f(x) =3x2+2x+5
satisfy the Mean Value Theorem on [0,1] is
Solution:
f(x) is a polynomial, then
1- f(x)is acontinuouson [0,1].
2- f(x) is differentiable on (0,1),

f'(x)=6x+2
Then there is a number ¢ € (0,1) such that
, f() —£(0)
f(C)ZTO
3(1)% 4+ 2(1) + 5] —[3(0)> +2(0) + 5
=>6C+2=[() (1) ]1[() (0) + 5]
= 6c+2=03B+2+5—-(0+0+5)
= 6c+2=10-5
= 6c+2=5
= 6c=5-2
= 6c=3
- 3
‘76
- 1
‘T2

Hence, the values are % € (0,1).

11) The critical numbers of the function
f)=x3+3x2—9x+1 are
Solution:
f'(x) =3x>+6x—9
3x24+6x—9=0
3(x2+2x—-3)=0
x> +2x—-3=0
x+3)x—-1)=0
x=-3 or x=1

flx) =0

peidy
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12) The function f(x) = x3 + 3x%2 —9x + 1 is decreasing
on

13) The function f(x) = x3 4+ 3x2 —9x + 1 isincreasing

on
Solution: Solution:
f'(x) =3x>+6x—9 f'(x) =3x>+6x—9
ffx)=0 = 3x24+6x—9=0 ffx)=0 = 3x24+6x—9=0
= 3(x%*+2x-3)=0 = 3(x%*+2x—-3)=0
= x?42x—-3=0 = x?42x—-3=0
= (x+3)(x—-1)=0 = (x+3)x—-1)=0
= x=-3 or x=1 = x=-3 or x=1
-3 1 -3 1
+ - + Sign of + - + Sign of
f1(x) f(x)
Kind of Kind of
/ \ / monotonicit / \ / monotonicit
Y Y

Hence, the function f(x) is decreasing on (—3,1)

Hence, the function f(x) is increasing on
(=,—3) U (1,)

14) The function f(x) = x3 +3x2 —9x + 1 has a relative
maximum value at the point

15) The function f(x) = x3 4+ 3x? —9x + 1 has a relative
minimum value at the point

Solution: Solution:
f'(x) =3x%>+6x—9 f'(x) =3x*+6x—9
fl(x)=0 = 3x2+6x—9=0 ffx)=0 = 3x2+6x—9=0
= 3(x%*+2x—-3)=0 = 3(x%*+2x—-3)=0
= x*+2x-3=0 = x?+2x-3=0
= (x+3)x—-1)=0 = (x+3)x—-1)=0
= x=-3 or x=1 = x=-3 or x=1
-3 1 -3 1
+ - + Sign of + - + Sign of
f'(x) f'(x)
Kind of Kind of
/ \ / monotonicit / \ / monotonicit
Y Y

Hence, the function f(x) has a relative maximum value at

the point (—3,28).

F(=3)=(-3)3+3(=3)2-9(-3) + 1
=-—-27+27+27+1=28

Hence, the function f(x) has a relative minimum value at
the point (1, —4).
fAO=@*+3(1)*-9(1) +1

=14+43-9+1=—4

16) The function f(x) = x3 4+ 3x? — 9x + 1 concave

upward on
Solution:
f'(x) =3x%2+6x—9
fl'"(x)=6x+6
f'"x)=0 = 6x+6=0
= 6x=-6
6
: e
6
= x=-1
-1
— + Sign of f"'(x)
Kind of
n U concavity

Hence, the function f(x) is concave upward on (—1, o)

17) The function f(x) = x3 4+ 3x2 — 9x + 1 concave
downward on

Solution:
f'(x) =3x%2+6x—9
fl'(x)=6x+6
f'"x)=0 = 6x+6=0
= 6x=-6
6
= x= c
= x=-1
-1
— + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) is concave downward on
(_OO' _1)




18) The function f(x) = x3+3x2—9x+ 1 hasan
inflection point at

Solution:
f'(x) =3x>+6x—9
fl'"(x)=6x+6
f'"x)=0 = 6x+6=0
= 6x=-6
6
=3 e
6
= x=-1
—1
- + Sign of f"(x)
Kind of
ﬂ U concavity

Hence, the function f(x) has an inflection point at
(-1,12).
f(=1) =(-1)3+43(-1)2-9(-1) +1
=—14+34+9+1=12

19) The critical numbers of the function
f(x)=x3—-3x2-9x+1 are

Solution:
f'(x)=3x2—6x—9
ffx)=0 = 3x2—-6x—9=0
= 3x?-2x-3)=0
= x?—-2x—-3=0
= ((+Dx-3)=0
= x=-1 or x=3

20) The function f(x) = x3 —3x%2 —9x + 1 is decreasing

21) The function f(x) = x3 —3x% —9x + 1 isincreasing

on on
Solution: Solution:
f'(x) =3x>—-6x—9 f'(x)=3x>-6x—-9
fl(x)=0 = 3x2-6x—9=0 flx)=0 = 3x2-6x—9=0
= 3x*-2x-3)=0 = 3x%?-2x-3)=0
= x2-2x-3=0 = x2-2x-3=0
= x+1Dx-3)=0 = xk+1Dx-3)=0
= x=-1 or x=3 = x=-1 or x=3
-1 3 -1 3
+ — + Sign of f'(x) + — + Sign of f'(x)
Kind of Kind of

monotonicity

I

monotonicity

N

Hence, the function f(x) is decreasing on (—1,3)

Hence, the function f(x) is increasing on
(=,—-1) U (3,)

22) The function f(x) = x3 —3x2 —9x + 1 has a relative
maximum value at the point

23) The function f(x) = x3 —3x%2 —9x + 1 has a relative
minimum value at the point

Solution: Solution:
f'(x)=3x*-6x—9 f'(x) =3x*—6x—9
ffx)=0 = 3x2—-6x—9=0 ffx)=0 = 3x2—-6x—9=0
= 3(x?-2x-3)=0 = 3(x?2-2x-3)=0
= x2-2x-3=0 = x2-2x-3=0
= (xk+1Dx-3)=0 = x+1Dx-3)=0
= x=-1 or x=3 = x=-1 or x=3
-1 3 -1 3
+ — + Sign of f'(x) + — + Sign of f'(x)

Kind of
monotonicity

I

Kind of
monotonicity

I

Hence, the function f(x) has a relative maximum value at

the point (—1,6).

fED) =1 =31 -9C-D +1
=—-1-34+94+1=6.

Hence, the function f(x) has a relative minimum value at

the point (3,—26).

f3)=03)®-33*-913)+1
=27—-27-27+1=-26.




24) The function f(x) = x3 —3x2 —9x + 1 concave

upward on
Solution:
f'(x)=3x%2—6x—9
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=
6
= x= G
= x=1
1
- + Sign of f"(x)
Kind of
ﬂ U concavity

Hence, the function f(x) is concave upward on (1, )

25) The function f(x) = x3 — 3x% —9x + 1 concave
downward on

Solution:
f'(x)=3x2—6x—9
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x= G
= x=1
1
- + Sign of f"(x)
Kind of
n U concavity

Hence, the function f(x) is concave downward on (—oo, 1)

26) The function f(x) = x3 —3x2—9x + 1 hasan
inflection point at

Solution:
f'(x) =3x%2—-6x—9
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x= c
= x=1
1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at
(1,-10).

fW=1°-3D*-91)+1
=1-3-9+1=-10

27) The critical numbers of the function
f(x) =x3+3x2—9x+5 are
f'(x) =3x*+6x—9

3x2+6x—9=0
3(x2+2x—-3)=0
x2+2x—-3=0
x+3)x—1)=0
x=-3 or x=1

flx)=0

peiiy

28) The function f(x) = x3+3x%2 —9x + 5 is decreasing

29) The function f(x) = x3+3x%2 —9x + 5 s increasing

on on
Solution: Solution:
f'(x)=3x*+6x—9 f'(x) =3x*+6x—9
ffx)=0 = 3x24+6x—9=0 ffx)=0 = 3x2+6x—9=0
= 3x%?+2x-3)=0 = 3x%*+2x-3)=0
= x24+2x-3=0 = x24+2x-3=0
= x+3)x—-1)=0 = k+3)x-1)=0
= x=-3 or x=1 = x=-3 or x=1
-3 1 -3 1
+ - + Sign of + — + Sign of
') ()
Kind of Kind of
/ \ / monotonicit / \ / monotonicit
Y Y

Hence, the function f(x) is decreasing on (—3,1).

Hence, the function f(x) is increasing on
(=0,—-3) U (1, ).




30) The function f(x) = x3 +3x2 —9x + 5 has a relative
minimum value at the point

31) The function f(x) = x3 4+ 3x2 —9x + 5 has a relative
maximum value at the point

Solution: Solution:
f'(x) =3x>+6x—9 f'(x) =3x>+6x—9
ffx)=0 = 3x24+6x—9=0 ffx)=0 = 3x24+6x—9=0
= 3(x%*+2x-3)=0 = 3(x%*+2x—-3)=0
= x?42x—-3=0 = x?42x—-3=0
= (x+3)(x—-1)=0 = (x+3)x—-1)=0
= x=-3 or x=1 = x=-3 or x=1
-3 1 -3 1
+ - + Sign of + - + Sign of
f1(x) f(x)
Kind of Kind of
/ \ / monotonicit / \ / monotonicit
Y Y

Hence, the function f(x) has a relative minimum value at
the point (1,0).
f)=@13+3(1)2-9(1)+5

=143-94+5=0

Hence, the function f(x) has a relative maximum value at

the point (—3,32).

f(=3)=(-3)3+3(-3)2-9(-3) +5
=—-27+274+27+5=32

32) The function f(x) = x3+3x?2 —=9x + 5 hasan
inflection point at

Solution:
f'(x) =3x>+6x—9
fl'"(x)=6x+6
f'"x)=0 = 6x+6=0
= 6x=-6
6
- —_ =
6
= x=-1
-1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at
(—=1,16).
f(=1) =(-1)3+4+3(-1)2-9(-1) +5
=—-14+434+94+5=16

33) The function f(x) = x3+ 3x2 —9x + 5 concave
downward on

Solution:
f'(x)=3x*+6x—-9
fl'(x)=6x+6
f'"x)=0 = 6x+6=0
= 6x=-6
6
- —- -
6
= x=-1
-1
- + Sign of f"(x)
Kind of
ﬂ U concavity

Hence, the function f(x) is concave downward on
(=00, —1).

34) The function f(x) = x3 +3x%2 —9x + 5 concave

upward on
Solution:
f'(x)=3x%2+6x—9
fl'"(x)=6x+6
f"x)=0 = 6x+6=0
= 6x=-6
6
= e
6
= x=-1
-1
- + Sign of f"'(x)
Kind of
n U concavity

Hence, the function f(x) is concave upward on (—1, ).

35) The critical numbers of the function
flx)=x3—-3x2—-9x+5 are
f'(x) =3x%2—6x—9
3x2—6x—9=0
3(x2-2x—-3)=0

x2—2x—3=0
x+1D)x-3)=0
x=-=1 or x=3

fl) =0

[




36) The function f(x) = x3 —3x2 —9x + 5 isincreasing
on

37) The function f(x) = x3 —3x2—9x + 5 is decreasing

on
Solution: Solution:
f'(x)=3x%2—6x—9 f'(x)=3x2—6x—9
ffx)=0 = 3x2—-6x—9=0 ffx)=0 = 3x2—-6x—9=0
= 3x?-2x-3)=0 = 3x?-2x-3)=0
= x2-2x-3=0 = x?-2x-3=0
= (xX+1Dx-3)=0 = ((+Dx-3)=0
= x=-1 or x=3 = x=-1 or x=3
-1 3 -1 3
+ - + Sign of f'(x) + - + Sign of f'(x)

Kind of
monotonicity

N

Kind of
monotonicity

I

Hence, the function f(x) is increasing on
(=,-1D U (3 »).

Hence, the function f(x) is decreasing on (—1,3).

38) The function f(x) = x3 —3x? —9x + 5 has a relative
maximum value at the point

39) The function f(x) = x3 —3x2 —9x + 5 has a relative
minimum value at the point

Solution: Solution:
f'(x) =3x%2—-6x—9 f'(x) =3x*—6x—9
ffx)=0 = 3x2-6x—9=0 ffx)=0 = 3x2-6x—9=0
= 3x*-2x-3)=0 = 3x%?-2x-3)=0
= x?-2x-3=0 = x?-2x-3=0
= x+1Dx-3)=0 = xk+1Dx-3)=0
= x=-1 or x=3 = x=-1 or x=3
-1 3 -1 3
+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

N

monotonicity

monotonicity

I

Hence, the function f(x) has a relative maximum value at

the point (—1,10).

fED) =17 -3-1)>-9(-1) +5
=-1-3+9+4+5=10.

Hence, the function f(x) has a relative minimum value at

the point (3, —22).

f3)=(3)*-303)*-913)+5
=27—-27-274+5=-22.

40) The function f(x) = x> —3x2 —9x + 5 concave

upward on
Solution:
f'(x)=3x2—-6x—9
f''"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x= G
= x=1
1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) is concave upward on (1, ).

41) The function f(x) = x3 —3x2 —9x + 5 concave
downward on

f'(x) =3x%2—6x—9
fl'(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x—6
= x=1
1
- + Sign of f""(x)
Kind of
ﬂ U concavity

Hence, the function f(x) is concave downward on (—oo, 1).




42) The function f(x) = x3—3x?2—-9x+5 hasan
inflection point at

Solution:
f'(x)=3x%2—6x—9
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=
6
= x= G
= x=1
1
- + Sign of f"(x)
Kind of
ﬂ U concavity

Hence, the function f(x) has an inflection point at (1, —6).

f=@*-31>-9() +5
=1-3-9+5=-6

43) The critical numbers of the function

flx) = §x3 —%xz —2x+1 are

Solution:
1 1
f’(x)=3(§>x2—2(i)x—2=x2—x—2
ffx)=0 = x?2—x-2=0

= k+Dx-2)=0
= x=-1 or x=2

44) The function f(x) = §x3 - %xz —2x+1 is
increasing on

Solution:

e =3(3)x —2(5)x 2= —x 2
fl)=0 = x*2-x-2=0
= (x+1DKx-2)=0
= x=-1 or x=2

45) The function f(x) = §x3 - %xz —2x+1is
decreasing on

Solution:

Feo=3(3)x —2(3)r—2=x —x 2
flx)=0 = x*2—-x-2=0
= (x+Dx-2)=0
= x=-1 or x=2
-1 2

+ — + Sign of f'(x)

+ — + Sign of f'(x)

Kind of
monotonicity

N

Kind of
monotonicity

I

Hence, the function f(x) is increasing on
(_OO' _1) U (2, OO)

Hence, the function f(x) is decreasing on (—1,2).

46) The function f(x) = §x3 - %xz —2x+1

has a relative maximum point

Solution:
1 1
f’(x)=3(§)x2—2(§)x—2=x2—x—2
ffx)=0 = x?—-x-2=0
= (xX+Dx-2)=0
= x=-1 or x=2
-1 2

47) The function f(x) = §x3 - %xz —2x+1

has a relative minimum point

Solution:
1 1
f’(x)=3(§>x2—2(§)x—2=x2—x—2
ffx)=0 = x>2—-x—-2=0
= ((x+Dx-2)=0
= x=-1 or x=2
-1 2

+ - + Sign of f'(x)

+ - + Sign of f'(x)

Kind of
monotonicity

o~

Kind of
monotonicity

I

Hence, the function f(x) has a relative maximum point at
13

(_1’ _) '
6

1 1
fED =31 = Z (D —2(-1) + 1

Hence, the function f(x) has a relative minimum point at
7
(2-3)
1o 1.0
f@)=32)7-5@)"-22) +1

= 44+41= 7
3 2 3




48) The function f(x) = §x3 - %xz —2x+1 concave

upward on
Solution:
1 1
f(x) = 3(§)x2—2(§)x—2 =x2—x-2
fl'(x)=2x—-1
f'"x)=0 = 2x—-1=0
= 2x=1
- 1
*=3
1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) is concave upward on G 00).

49) The function f(x) = §x3 - %xz —2x+1 concave

downward on

Solution:
1 1
f'(x) = 3(§>x2—2(i)x—2 =x2—-x-2
f'(x)=2x-1
f'"x)=0 = 2x—-1=0
= 2x=1
_ _ 1
*=2
1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) is concave downward on (—00,%).

50) The function f(x) = §x3 - %xz —2x+1 hasan

inflection point at

Solution:
1 1
f'(x) = 3(§>x2—2(z>x—2 =x—x-2
f'x)=2x-1
f"x)=0 = 2x—1=0
= 2x=1
1
= =—
=3
1
- + Sign of f"(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at
101
(G -%)
5)-36) -36) -26)+
"z)=3\3 2\2 2
1 1

51) The critical numbers of the function
f(x)=%x3+%x2—2x+1 are
1 1
f’(x)=3(§>x2+2(§)x—2=x2+x—2
flx)=0 = x?>+x—-2=0
= (x+2)x—-1)=0
= x=-2 or x=1

52) The function f(x) = §x3 + %xz —2x+1 is
increasing on
Solution:

1 1
f’(x)=3(§)x2+2(§)x—2=x2+x—2
flx)=0 = x*24x-2=0
- @+Dx-1)=0
= x=-2 or x=1
—2 1

53) The function f(x) = %x?’ +%x2 —2x+1is
decreasing on
1 1
f’(x)=3(§>x2+2(§)x—2=x2+x—2
ffx)=0 = x*24+x-2=0
- (@+2)x-1)=0
= x=-2 or x=1
—2 1

+ — + Sign of f'(x)

+ — + Sign of f'(x)

Kind of
monotonicity

N

Kind of
monotonicity

I

Hence, the function f(x) is increasing on
(=,-2) U (1, ).

Hence, the function f(x) is decreasing on (—2,1).




54) The function f(x) = §x3 + %xz —2x+1
has a relative maximum point
Solution:

f'(x)=3(%)x2+2(%)x—2=x2+x—2

55) The function f(x) = §x3 + %xz —2x+1
has a relative minimum point
Solution:

f'(x)=3(%>x2+2(%)x—2=x2+x—2

flx)=0 = x?+x—-2=0 flx)=0 = x?+x—-2=0
= x+2)(x—-1)=0 = x+2)x—-1)=0
= x=-2 or x=1 = x=-2 or x=1
—2 1 —2 1
+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

monotonicity

o~

monotonicity

o~

Hence, the function f(x) has a relative maximum point at

(25)

1 1
F-2) =32 +5(-2) ~2(-2) +1

Hence, the function f(x) has a relative minimum point at

(1-3):

1 1
fA =31 +5M)* -2 +1

= 8+4+4+1—13 —1+1 24+1= !
32 ~ 3 32 6
56) The function f(x) = §x3 + %xz —2x+ 1 concave 57) The function f(x) = %x?’ + %xz —2x+1 concave
upward on downward on
Solution: Solution:
I 1 2 1 2 1 1 2 1 2
f (x)=3(§)x +2(§)x—2 =x“+x—2 f (x)=3(§)x +2(§)x—2=x +x—2
fl'"(x)y=2x+1 fl'(x)y=2x+1
f'"(x)=0 = 2x+1=0 f'"x)=0 = 2x+1=0
= 2x=-1 = 2x=-1
1 1
—1 = — — = —- ——
X3 ¥=73
_1 _1
2 2
- + Sign of f''(x) - + Sign of f"(x)
Kind of Kind of
n U concavity n U concavity

Hence, the function f(x) is concave upward on (— % 00).

Hence, the function f(x) is concave downward on

(o)

58) The function f(x) = §x3 + %xz —2x+1 hasan
inflection point at

Solution:
1 1
f’(x)=3(§)x2+2(§)x—2 =x2+x-2
fl'"x)=2x+1
f'"(x)=0 = 2x+1=0
1
= 2x=-1 = x= -3
_1
2
- + Sign of f"'(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at
(-4
2’12/)°
1, 1/ 1,7 1/ 1)? 1
f( 2)‘3( 2) +2< 2) 2( 2)“
1 25

59) The critical numbers of the function
flx)=x3—12x+3 are

f'(x) =3x%-12
Fl)=0 = 3x2—12=0
= 3x?2-4)=0
= x2—-4=0
= x’=4
= x=412




60) The function f(x) = x3 — 12x + 3 is increasing

61) The function f(x) = x3 — 12x + 3 is decreasing

on on
Solution: Solution:
f'(x) =3x%-12 f'(x) =3x2-12
fl(x)=0 = 3x2-12=0 fl(x)=0 = 3x?-12=0
= 3(x2-4)=0 = 3(x%2-4)=0
= x2-4=0 = x2-4=0
= x2=4 = x2=4
= x=12 = x=42
—2 2 —2 2
+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

monotonicity

N

monotonicity

I

Hence, the function f(x) is increasing on
(=%,-2) U (2, ).

Hence, the function f(x) is decreasing on (—2,2).

62) The function f(x) = x3 — 12x + 3 has a relative
maximum point at

63) The function f(x) = x3 — 12x + 3 has a relative
minimum point at

Solution: Solution:
f'(x) =3x?-12 f'(x) =3x2-12
ffx)=0 = 3x2-12=0 f'x)=0 = 3x2-12=0
= 3x2-4)=0 = 3x?-4)=0
= x2-4=0 = x2-4=0
= x?’=4 = x?’=4
= x=42 = x=42
—2 2 —2 2
+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

monotonicity

N

monotonicity

I

Hence, the function f(x) has a relative maximum point at
(—2,19).
f(=2)=(-2)>-12(-2) +3

Hence, the function f(x) has a relative minimum point at
(2,-13).
f2)=(2)3°*-12(2)+3

=—-8+24+3=19. =8—-24+3=-13
64) The function f(x) = x3 — 12x + 3 concave 65) The function f(x) = x3 —12x+3 concave
upward on downward on

Solution:
f'(x) =3x%-12

f"(x)=6x
f'"(x)=0 = 6x=0

_ 0
=6
= x=0
0
- + Sign of f"'(x)
Kind of
n U concavity

Hence, the function f(x) is concave upward on (0, ).

f'(x) =3x%-12
f'(x) = 6x
f'"x)=0 = 6x=0
0
= x= G
= x=0
0
- + Sign of f"(x)
Kind of
n U concavity

Hence, the function f(x) is concave downward on (—oo, 0).




66) The function f(x) = x3 —12x + 3 hasan

inflection point at

Solution:

f'(x) =3x%-12
f"(x)=6x

f'"x)=0 = 6x=0

0
= =—
*~%
= x=0
0
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at (0,3).
£(0) = (0)* —12(0)* +3

67) The critical numbers of the function
f(x)=x3—-3x2+1 are

Solution:
f'(x) =3x%—6x
fl(x)=0 = 3x?-6x=0
= 3x?2-2x)=0
= x?-2x=0
= x(x—-2)=0
= x=0 or x=2

monotonicity

N

=0—-0+3=3
68) The function f(x) = x3 —3x% + 1 isincreasing 69) The function f(x) = x3 —3x? + 1 is decreasing
on on
Solution: Solution:
f'(x) =3x?—6x f'(x) =3x% —6x
flx)=0 = 3x2-6x=0 f'x)=0 = 3x2-6x=0
= 3x?2-2x)=0 = 3x?2-2x)=0
= x*2-2x=0 = x*2-2x=0
= x(x—2)=0 = x(x—2)=0
= x=0 or x=2 = x=0 or x=2
0 2 0 2
+ — + Sign of f'(x) + — + Sign of f'(x)
Kind of Kind of

monotonicity

I

Hence, the function f(x) is increasing on
(—00,0) U (2, ).

Hence, the function f(x) is decreasing on (0,2).

70) The function f(x) = x3 —3x2+ 1 has a relative
maximum point at

71) The function f(x) = x3 —3x2+ 1 has a relative
minimum point at

monotonicity

N

Solution: Solution:
f'(x) =3x%—6x f'(x) =3x% —6x
fl(x)=0 = 3x?-6x=0 fl(x)=0 = 3x2-6x=0
= 3x?-2x)=0 = 3x?2-2x)=0
= x2-2x=0 = x2-2x=0
= x(x—2)=0 = x(x—2)=0
= x=0 or x=2 = x=0 or x=2
0 2 0 2
+ — + Sign of f'(x) + — + Sign of f'(x)
Kind of Kind of

monotonicity

N

Hence, the function f(x) has a relative maximum point at
(0,1).
f(0) = (0)*-3(0)*+1

=0-0+1=1.

Hence, the function f(x) has a relative minimum point at

f2)=(2)*-3(2)*+1
=8-12+1=-3.




72) The function f(x) = x3 — 3x2 + 1 concave

upward on
Solution:
f'(x) =3x%—6x
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=
6
= x= G
= x=1
1
- + Sign of f"(x)
Kind of
ﬂ U concavity

Hence, the function f(x) is concave upward on (1, o).

73) The function f(x) = x3 — 3x? + 1 concave
downward on

Solution:
f'(x) =3x%—6x
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x= G
= x=1
1
- + Sign of f"(x)
Kind of
n U concavity

Hence, the function f(x) is concave downward on (—oo, 1).

74) The function f(x) = x3 —3x?+ 1 hasan
inflection point at

Solution:
f'(x) =3x?—6x
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x= c
= x=1
1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at (1,—1).

f=@°-31%*+1
=1-3+1=-1

75) The critical numbers of the function
fx)=x3-3x%2+2 are

Solution:
f'(x) =3x% —6x
f'x)=0 = 3x2-6x=0
= 3x?-2x)=0
= x?-2x=0
= x(x—2)=0
= x=0 or x=2

76) The function f(x) = x3 —3x? + 2 isincreasing on

Solution:
f'(x) =3x%—6x

77) The function f(x) = x3 —3x2 + 2 is decreasing on

Solution:
f'(x) =3x%—6x

fl(x)=0 = 3x?-6x=0 fl(x)=0 = 3x2-6x=0
= 3(x2-2x)=0 = 3(x?2-2x)=0
= x2-2x=0 = x2-2x=0
= x(x—-2)=0 = x(x—-2)=0
= x=0 or x=2 = x=0 or x=2
0 2 0 2

+ — + Sign of f'(x) + — + Sign of f'(x)
Kind of

Kind of
monotonicity

N

monotonicity

I

Hence, the function f(x) is increasing on
(—OO, 0) U (2, OO)

Hence, the function f(x) is decreasing on (0,2).




78) The function f(x) = x3 — 3x2 + 2 has a relative
minimum point at

79) The function f(x) = x3 —3x2 + 2 has a relative
maximum point at

monotonicity

N

Solution: Solution:
f'(x) =3x%—6x f'(x) =3x%—6x
fl(x)=0 = 3x?-6x=0 fl(x)=0 = 3x?-6x=0
= 3x?2-2x)=0 = 3x?2-2x)=0
= x2-2x=0 = x?-2x=0
= x(x—2)=0 = x(x—-2)=0
= x=0 or x=2 = x=0 or x=2
0 2 0 2
+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

monotonicity

N

Hence, the function f(x) has a relative minimum point at

Hence, the function f(x) has a relative maximum point at

Hence, the function f(x) is concave downward on (—oo, 1).

(2,-2). 0,2).
f2)=(2)°-3(2)*+2 £(0) = (0)* = 3(0)* +2
=8—-124+2 =-2. =0-0+4+2=2.
80) The function f(x) = x3 — 3x% + 2 concave 81) The function f(x) = x3 — 3x% + 2 concave
downward on upward on
Solution: Solution:
f'(x) =3x?—6x f'(x) =3x% —6x
fl'"(x)=6x—6 f'"(x) =6x—6
f'"x)=0 = 6x—-6=0 f'"x)=0 = 6x—-6=0
= 6x=6 = 6x=6
6 6
= x= 2 = x= z
= x=1 = x=1
1 1
— + Sign of £ (x) — + Sign of "' (x)
Kind of Kind of
n U concavity n U concavity

Hence, the function f(x) is concave upward on (1, ).

82) The function f(x) = x3 —3x2 + 2 hasan
inflection point at

Solution:
f'(x) =3x?—6x
fl'"(x)=6x—6
f'"x)=0 = 6x—-6=0
= 6x=6
6
= x= ¢
= x=1
1
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at (1,0).

f)=(1)°-3(1)*+2
=1-342=0

83) The critical numbers of the function
f(x) =x3—6x%2—36x are

f'(x) =3x%—-12x—36
3x2—-12x—36=0
3(x2—4x—-12)=0
x> —4x—-12=0
x+2)(x—6)=0
x=-=2 or x=6

fl) =0

[




84) The function f(x) = x3 — 6x2 — 36x is decreasing on

85) The function f(x) = x3 — 6x? — 36x is increasing on

Solution: Solution:
f'(x) =3x%—12x — 36 f'(x) =3x%2—-12x—36

ffx)=0 = 3x2—-12x—-36=0 ffx)=0 = 3x2—-12x—36=0

= 3(x?—-4x-12)=0 = 3(x%?—-4x-12)=0

= x2—4x-12=0 = x2—-4x-12=0

= x+2)(x—6)=0 = x+2)(x—6)=0

= x=-2 or x=6 = x=-2 or x=6

—2 6 —2 6

+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

monotonicity

N

monotonicity

N

Hence, the function f(x) is decreasing on (—2,6).

Hence, the function f(x) is increasing on
(=,—2) U (6, ).

86) The function f(x) = x3 — 6x? —36x  has a relative

minimum value at the point

87) The function f(x) = x3 — 6x? — 36x has a relative

maximum value at the point

Solution: Solution:
f'(x) =3x%—12x— 36 f'(x) =3x%—-12x—36
ffx)=0 = 3x2-12x—-36=0 ff{x)=0 = 3x2-12x—-36=0
= 3(x?—-4x-12)=0 = 3(x%?—-4x-12)=0
= x2—-4x-12=0 = x2—-4x-12=0
= x+2)(x—6)=0 = x+2)(x—6)=0
= x=-2 or x=6 = x=-2 or x=6
-2 6 -2 6
+ - + Sign of f'(x) + - + Sign of f'(x)
Kind of Kind of

monotonicity

N

monotonicity

N

Hence, the function f(x) has a relative minimum value at
the point (6,—216).

f(6) = (6)° — 6(6)* — 36(6)
=216 — 216 — 216 = —216

Hence, the function f(x) has a relative maximum value at

the point (—2,40).

f(=2) = (=2)° — 6(=2)* — 36(-2)
=—-8-244+72=40

88) The function f(x) = x3 —6x%2 —36x hasan

inflection point at

Solution:
f'(x) =3x%—12x — 36
f"(x) =6x—12
f'"x)=0 = 6x—-12=0
= 6x=12
12
= x= c
= x=2
2
- + Sign of f""(x)
Kind of
n U concavity

Hence, the function f(x) has an inflection point at
(2,—88).

f(2) = (2)° - 6(2)* - 36(2)
=8-24-72=-88

89) The function f(x) = x3 — 6x? —36x concave
downward on

f'(x) =3x%—-12x—36
f""(x) =6x—12
f'"x)=0 = 6x—-12=0
= 6x=12
12
= x= .
= x=2
2
- + Sign of f"(x)
Kind of
n U concavity

Hence, the function f(x) is concave downward on (—oo, 2).




90) The function f(x) = x3 — 6x? — 36x concave
upward on
Solution:
f'(x) =3x%—12x — 36
f"(x)=6x—-12

f'"x)=0 = 6x—-12=0
= 6x=12
12
= =—
¥~
= x=2
2
- + Sign of f"(x)
Kind of
ﬂ U concavity

Hence, the function f(x) is concave upward on (2, ).

91) The critical numbers of the function
f(x)=-x3—6x2—9x+1 are

Solution:

f'(x)=-3x2—-12x—9
—3x2-12x—-9=0
—3(x2+4x+3)=0
x>’ +4x+3=0
x+3)x+1)=0
x=-3 or x=-1

ffx)=0

peiiy

92) The function f(x) = —x3 —6x%2—9x + 1 is
decreasing on

93) The function f(x) = —x3 —6x%2 —9x +1 s
increasing on

LT

monotonicity

Solution: Solution:
f'(x) =-3x2—-12x—9 f'(x) =-3x?-12x -9
ffx)=0 = —-3x2-12x—-9=0 fl(x)=0 = —-3x2-12x—9=0
= —-3(x?+4x+3)=0 = -3(x%>+4x+3)=0
= x*’+4x+3=0 = x?’+4x+3=0
= x+3)x+1)=0 = x+3)x+1)=0
= x=-3 or x=-1 = x=-3 or x=-1
-3 -1 -3 -1
- + - Sign of f'(x) - + - Sign of f'(x)
Kind of Kind of

monotonicity

LT

Hence, the function f(x) is decreasing on
(—,—3) U (—1, ).

Hence, the function f(x) is increasing on (—3,—1).

94) The function f(x) = —x3 —6x2—9x + 1 has
a relative minimum value at the point

95) The function f(x) = —x3 —6x%2—9x + 1 has
a relative maximum value at the point

monotonicity

LT

Solution: Solution:
f'(x) =-3x2—-12x—9 f'(x) ==3x?>-12x -9
fl(x)=0 = —-3x2-12x—-9=0 fl(x)=0 = —-3x?-12x—9=0
= —-3(x?+4x+3)=0 = —-3(x%>+4x+3)=0
= x’+4x+3=0 = x’+4x+3=0
= x+3)x+1)=0 = x+3)x+1)=0
= x=-3 or x=-1 = x=-3 or x=-1
-3 -1 -3 -1
- + - Sign of f'(x) - + - Sign of f'(x)
Kind of Kind of

LT

monotonicity

Hence, the function f(x) has a relative minimum value at
the point (—3,1).

f(=3)=—(-3)°-6(-3)*-9(-3) + 1
=27-54+27+1=1.

Hence, the function f(x) has a relative maximum value at
the point (—1,5).

fED ==(-1)°-6(-1)*-9(-D +1
=1-6+9+1=5.




96) The function f(x) = —x3 —6x?>—9x +1 hasan
inflection point at

Solution:
f'(x) =-3x2—-12x—9
f'"(x) =—6x—12
f'"x)=0 = —-6x—-12=0
= —6x=12
12
: —_— e —
6
= x=-2
—2
+ - Sign of f"(x)
Kind of
U n concavity

Hence, the function f(x) has an inflection point at (—2,3).

f(=2)=-(=2)°-6(-2)*-9(-2) +1
=8-24+18+1=3

97) The function f(x) = —x3 —6x%2 —9x + 1 concave
downward on

Solution:
f'(x)=-3x2—-12x—9
f'"(x) =—6x—12
f'"x)=0 = —-6x—-12=0
= —6x=12
12
=3 - -
6
= x=-2
—2
+ - Sign of f"(x)
Kind of
U n concavity

Hence, the function f(x) is concave downward on (—2, ).

98) The function f(x) = —x3 —6x2—9x+1 concave
upward on
Solution:
f'(x) = —3x>—-12x—9
f"(x) =—-6x—12
f'"x)=0 = —-6x—-12=0
= —6x=12
12
N = __-
6
= x=-2
—2
+ - Sign of f""(x)
Kind of
U n concavity

Hence, the function f(x) is concave upward on (—o0, —2).
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1) Iff (x)=2x -9, then f *(x)=

X -9 @ﬁ_g x+9 @£+9

2 2 2 2

2) Ify =+3x°+6x ,then y'=
EI 6(x +1) IE X +6 3(x +1) IEI X +1

V3x % +6x V3% % + 6x V3x %2 +6x 2+/3% 2 + 6X
3) If y =log.(x°—2cscx), theny' =
3x 2 +2cscx cotx b] 3x % +2cscx cotx
X 3 —2cscx x3—2cscx In5
3x % +2cscx cotx 3x 2 —2cscx cotx
(XS—ZCSCX)|I’15 (x3—2cscx)ln5
4) If —7<2x +3<5 ,then x =
la] (-5.1) b](-5.1] c][-5.1) ld] [-5.]
5) Iff (x)=x2, then f'(x)=
Ilm(x +h)*—x? b] Iim(x +h)*+x?
x —0 h x —0
_ (x +h)*+x? (X +h)?—x?
i d tim =

6) The function f (x)= X2+1

a] {2} @[—2,2] {x eR:x #+2} [d] (—o0,—2)U(2,0)

IS continuous on

+3
X% —4

[a] [-2,2] bl(-2,2) (—o0,-2)U(2,0) [d] (—e0,—2]U[2,50)

7) The domain of IS

8) csc(tan'x )=

1 X Xx2+1
x*+1 D]

X2 +1 X2 +1 X




9) I
x5 X —§
@ -5 @5 —oo @ 00
x?-1
10) lim =
x=>1X _1
[a] 0 [b] does not exist 2 [d] %

11) The values in (—1,3) which makes f (x)=x*-5x +7 satisfied
Mean Value Theorem on [-1,3] is

a1 [pb]-4 [c]0 [d]2

12) Iim(\/x2+x —x):

X —> 0

al 1 bl- 2 clo [,

13) If y =In(cosx),theny'=

[a] tanx  [b] —tanx [c] cotx [d] —cotx

14) If f (x)=tan"(x)and g(x)=tan(x) then (f og)(x)=

[a] tan"*x tanx [b] x c]1 [d] tanx

15) The absolute maximum value of f (x)=x°—-6x?+9x +2 on [0,4] is
[a] 2 b] 6 7 [d] 12

16) The absolute minimum value of f (x)=x°—-6x%+9x +2 on [0,4] is

[a] 2 b] 6 c] o [d] -3

17) If y =x*,then y'=

[a] x*(@+Inx) [b]1+Inx c] x* [d] x*Inx

18) Ify :tanl(z?xj, then y' =

&--—°_ Bl -2 -2

 9+4x° 94 4x° 9+4x° 9+ 4x*
19) If x?+y?=3xy +7,then y'=
@ 2X +Y 3y —2X 2X 2x

3X -2y 2y —3X 3-2y y




20) If y =sinx secx ,then y'=
[a] sinx tanx +1  [b]sec’x sinx tanx =1 [d]sinx secx tanx —1

21) If y =sin®(4x),then y'=

[a] 4cos®(4x) b] 3sin?(4x )cos(4x )

12sin”(4x )cos(4x ) [d] 4sin®(4x)+12sin?x cosx

22) The tangent line equation to the curve y =% at the point (0,0) is
+

@ y =-2X @y=—2x+1 y:2x @y:Zx—l

23) If y =3"cotx,then y'=
[a] 3* In3cotx +3*sec’x  [b] 3*cotx +3* sec’x
3" cotx —3* csc® X [d] 3* In3cotx —3* csc?x

24) If y =(2x2+secx ), then y'=
la] 7(2x* +secx )6 b] 7(2x*+secx )6(4x —secx tanx )
7(2x2+secx)6(4x +secx tanx ) [d] 28x (2x2+secx)6

25) The slope of the perpendicular line to the line 3y —2x —6=0 is

2 2 3 3
AE B-2 @|-2 @

26) If the graph of the function f (x)=3" is shifted a distance 2 units upward,
then the new graph represented the graph of the function

@ 3x+2 IE 3x +2 3x—2 IEI 3x _2

ZDIfy:mX+;JMnyE:

3 B 3
[]_@+na—a []a+na—a

> ] :

(X +1)(x —2) (X +D)(x —2)

Iimsin3x 3
28) x—0 By B

a2 b]3 ]2 ] 3

5




29) D™ (cosx)=

[a] sinx [b] —sinx COSX [d] —cosx
S
30) ry rad =
[a] 120° [b]150° 270° [d] 210°
31) The distance between the points (-1,2) and (2,-1) is
[a] 243 b]3v2 9 [d]3
32) Ify =e® then y©® =
[a] 12802 [b] 166 64e > [d] 32¢2
33) The critical numbers of the function f (x)=2x>+3x*—12x +15 are
[a] 1,-2 b]-1,2 1,2 [d]-1,-2
34) The function f (x)=2x°+3x*—12x +15 s increasing on

[a] (= 2)U(L) [b] (==-2)U@R %) [e](=e-nU2)  [d](==1)U(2%)

35) The function f (x)=2x°+3x*—-12x +15 is decreasing on

la] (-2-1) [o] (-23) L2) [d](-12)

36) The function f (x)=2x°+3x*—-12x +15 has a relative maximum at
alas) o] (129 (2,19) [d] (-2.35)
37) The function f (x)=2x°+3x*—-12x +15 has a relative minimum at

alws)  [b] (128 (2,19) [d] (-2.35)

38) The graph of f (x)=2x°%+3x*-12x +15 concave upward on

] (0,3 b] (~0,-3) c] -10)  [d]z.w)

39) The graph of f (x)=2x%+3x*-12x +15 concave downward on
=y b] (=-d 30 [d]g.=
40) The function f (x)=2x°+3x*—-12x +15 has an inflection at

la] ,10) b] (-1,10) @2 [d] 1,9




King Abdul Aziz University Faculty of Sciences Mathematics Department
Math 110 Final Test Fall 2013 (40 Marks) Time 120 m
Student Name: Student Number:

1) If y =cosx cscx ,then y'=
@ —csc? X @l—cosx cotx —1+cosx cotx @l—cosx CSCX cotXx

2) If f(x)=cot™(x)and g(x)=cot(x) then (f og)(x)=

[a]1 [b] cotx cot™x X [d] cotx

X +1
X2 —49

a] {x eR:x =47} @[—7,7] (—o0,—7)U(7,0) [d] {17}

3) The function f (x) = is continuous on

4) If x*—4=3xy —y? theny'=

@3y—2x 2xX 2X @ 2X +Y

2y —3X y 3-2y 3X -2y

5) If y=3"tanx, theny’'=
[a] 3* In3tanx —3*sec’x  [b] 3* In3tanx +3* sec®x

[c] 3" tanx — 3 sec?x [d] 3" tanx +3* sec?x
6) If y =log.(x°—2cscx),theny’=
3x ® +2cscx cotx b] 3x % +2cscx cotx
(x®—2cscx )In5 x*—2cscx In5
3x % +2cscx cotx 3x > —2CscX cotx
x 3 —2cscx (x3—2cscx)ln5

7 If y =(2x2+cscx)7,then y'=
a] 7(2x ? +cscx )6(4x —CscX cotX ) b] 7(2x ? +cscx )6
7(2x ? +CSCX )6(4x +CSCX cotX ) [d] 28x (2x ? +CSCX )6

8) The absolute minimum value of f (x)=x%—-6x°+9x +2 on [0,4] is

la] 6 blo c]2 [d] -3

9) The absolute maximum value of f (x)=x°—-6x*+9x +2 on [0,4] is

[a] 6 b] 2 ] 7 [d] 12




10) If y =«/3x2—6x , then y'=

EI X —6 IE 6(x —1) X —1 @ 3(x —1)
\J3x 2 —6x \J3x 2 —6x 2+/3x 2 — 6X \J3x 2 —6x

11) The slope of the perpendicular line to the line 2y +3x —6=0 is

2 2 3 3
AE B-2 @|-2 @

12) Ify :Inx—+1,then y'=
X —2

o b] - >

X +D(x —2) X +D(x —2)
1 B 1
X +D(x —2) X +D(x —2)
13) sec(tan™x )=
2
1 . VIR R
x?+1 x?+1 X
Iimtan5x _
14) x—0  3x B
1 3 5
= S cl= =
& ; Bs B @]
15) Iff (x)=2x +7,then f *(x)=

@ X+7 @£_7 £+7 @X_7
2 2 2 2

16) D®"(cosx)=

[a] sinx [b]-sinx COSX —COSX
17) Iim(\/x2+x —x):
1 1

gk B: G0 @-l
18) If y =sin*(3x), then y'=

[a] 12sin®(3x )cos(3x ) b] 4sin®(3x )cos(3x )

3cos”(3x ) [d] 3sin*(3x)+12sin®x cosx




27

[a] 120° [b]150° 270° [d] 210°
20) If f (x)=x7?, then f '(x)=
Iim(x +h)*—x? b] Iim(x +h)*+x?
h—0 h x—0
(X +h)*+x?  (x +h)*=x?
i dl tim =

21) The tangent line equation to the curve y =2—X1 at the point (0,0) is

X —
@ y:—ZX—l IEyZZX-Fl y:2x @y:_zx

22) If the graph of the function f (x)=3" is shifted a distance 2 units to the right,
then the new graph represented the graph of the function

IEI 3x+2 IEI 3x +2 3x—2 IEIBX _2

23) The distance between the points (-1,2) and (2,-1) is

a3 b] 243 ]9 [d]3v2

24) If y =In(sinx), then y'=

[a] tanx  [pb] —tanx [c] cotx [d] —cotx

25) If —7<2x +3<5, then X =

[a] (-53) b](-5.1] cl[-5.1) d] [-5.1]

26) If y =cot1(2?x), then y' =

6 9 9 6

@_9+4x2 b] 94 4x°  944x° d] 9+ 4x°

27) If y =e  then y ¥ =
[a] 12802 [b] 166 64e > [d] 32¢2

28)  lim

x—3" X —3

a]3 [b] oo -3 o] oo

20) If y =x*, then y'=

[a] 1+1Inx [b] x* ] x*@+1Inx) [d] x* Inx




30) The critical numbers of the function f (x)=2x°%-3x*—-12x +15 are

[a] 1,-2 b]-1,2 1,2 [d]-1,-2

31) The function f (x)=2x°-3x*—-12x +15 is increasing on

[a] (<0-2)U(-1) [b] (<0 2)ULw) [c] (=o-1)U(20)  [d] (=01)U(2,0)

32) The function f (x)=2x°-3x*—-12x +15 is decreasing on

la] (-2-1) [o] (-23) 12) [d](-12)

33) The function f (x)=2x°—-3x?-12x +15 has a relative maximum at
aJa2  b] 122 (2.-5) [d] (-2.19
34) The function f (x)=2x°-3x*—-12x +15 has a relative minimum at

dlw2 b (122 (2,-5) ld] (-2.12)

35) The graph of f (x)=2x°%®-3x*-12x +15 concave upward on

[a] (0,4 b] (~o0,-1) c] -30)  [d] )

36) The graph of f (x)=2x%®-3x*-12x +15 concave downward on
= ] (=-h 30 [dlg.=
37) The function f (x)=2x°-3x?-12x +15 has an inflection at
ald.200  [b] (-1.20 G-¥ d] 2.9
. x%-1
38) lim =
x>1x —1
[a] 0 [b] does not exist 2 [d] %
39) The domain of X +3 IS
V4 -x2

2l [-22] bJ(—0,-2)U(2.) (22)  [d] (=2]U[2,0)

40) The values in (—1,3) which makes f (x)=x?-5x +7 satisfied Mean
Value Theorem on [-1,3] is

-4 [b]0 [c]1 [d] 2
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Student Name: Student Number:

1) fim 2L

x-57X =5

[a] [b] o 5 ] -5

2) Iim(\/x2+x —x):

1 1

al 1 bl o @-;

3) Yy =— In(cosx), then y'=

[a] tanx  [pb] —tanx [c] cotx [d] —cotx

4) The absolute maximum value of f (x)=x°-6x?+9x +2 on [0,4] is

[a] 2 b]12 c] 7 [d]e

5) The absolute minimum value of f (x)=x°—-6x°+9x +2 on [0,4] is

[a] 6 b2 c] o [d] -3

6) If f(x)=tan"(x)and g(x)=tan(x) then (f og)(x)=

[a] x [b] tanx tanx c]1 [d] tanx
7) Ify=x",theny'=
[a] 1+Inx [b]x*(@+Inx) c] x* [d] x*Inx
8) Ifx*+y*-5=3xy,theny’'=
2X +Y 2x 2X 3y —2X
@3x—2y y 3-2y @ 2y —3X

9) The tangent line equation to the curve y =% at the point (0,0) is
+

EY=ZX @y=—2x+1 y =-2X @y:Zx—l

10) If y =3 cotx,theny’'=
[a] 3 In3cotx —3“csc?x  [b] 3* cotx +3* sec’x
3* cotx —3* csc?x [d] 3" In3cotx +3* sec? x

11) D®®(cosx)=

[a] sinx [b] -sinx COSX [d] —cosx




12) If f (x)=2x -5, then f *(x)=

[a] X +5 @i—S c] x-5 @£+5
2 2 2

2

13) The slope of the perpendicular line to the line 3y +2x —6=0 is

2 2 3 3
)2 -2 @-2 @3

14) If the graph of the function f (x)=3" is shifted a distance 2 units downward,
then the new graph represented the graph of the function

@ 3x+2 IE 3x +2 3x—2 IEISX _2

15) If y :Inxj;,then y'=
1 1 3 3
al (X +1)(x —2) b - (X +1)(x —2) (X +1)(x —2) o] - (X +1)(x —2)
. Sin5x
16) M T
3 5 1
a3 B2 B @l

17) Ify =(2x2+secx)7, then y'=
la] 7(2x* +secx )6 b] 7(2x*+secx )6(4x +secx tanx )
7(2x ? +secx )6(4x —secx tanx ) [d] 28x (2x ? +secx )6

18) If f (x)=x7?,then f '(x) =

2 2 2 2

& lim X+ h) +X ] tim & M) =X

x—0 h h—0

(X +h)*+x? _ (x +h)*=x?
!‘ILTJ h @ !<ILT(]) h

i
19) Y rad =
20) If y =sinx secx ,then y'=

@ sinx tanx +1 E sinx secx tanx —1 sinx tanx —1 @seczx

10




21) The values in (—1,3) which makes f (x)=x°-5x +7 satisfied Mean
Value Theorem on [-1,3] is

a]4  [bj1 [Jo [d]2

X +1
X2

22) The function f (x) = IS continuous on

@] {+38  [bl[-3.3] [c](~0,-3)U(3,») [d] {x eR:x =3}

23) cos(tan™x )=

1 X > X2 +1
= B DY
24) The distance between the points (-1,2) and (2,-1) is
[a] 32 b] 243 9 [d]3
25) If —7<2x +3<5,then X =
[a] (-53) b](-5.1] [-5.1) d] [-5.1]
26) If y =e™  then y© =
[a] 12802 [b] 166 64e > [d] 32¢2
27) If y =sin®(4x ), then y'=
[a] 4cos®(4x) lb] 3sin?(4x )cos(4x )
4sin®(4x ) +12sin®x cosx [d] 12sin?(4x )cos(4x )
28) The domain of 2+3
X°—4
[a] [-2,2] o] (—e0,—-2)U(2,0) c](-22) [d] (—e0,—2]U[2,50)
jim* =9 -
29) x-3 X —3
—6 @ 6 0 @ 0
30) If y =+/3x*+6x ,then y'=
X +6 @ 6(x +1)
3% 4+ 6X 3x * 46X

X +1 3(x +1)
d]

24/3x 2 + 6% 3x 2 +6x

11




31) Ify :tanl(%(j, then y' =

F— b]—° (- a] —2

4+ 9x 2 4+9x° 4 +9x 2 4+9x°

32) The critical numbers of the function f (x)=2x°%—-3x*—-12x +16 are

[a] 1,-2 b]-1,2 1,2 [d]-1,-2

33) The function f (x)=2x°-3x*—-12x +16 is increasing on

[a] (<0.-2)U(-1) [b] (<0 2)U@Lw) [c] (~o-)U(20)  [d] (~02)U(2.)

34) The function f (x)=2x°-3x*—-12x +16 is decreasing on

la] (-2-1) [o] (-21) L2) [d](-12)

35) The function f (x)=2x°—-3x?—-12x +16 has a relative maximum at
alas b 129 (2.-4) [d] (-2.12)
36) The function f (x)=2x°-3x*—-12x +16 has a relative minimum at

alws  [b] -1-23 (2,-4) d] (-2.12)

37) The graph of f (x)=2x%®-3x*—-12x +16 concave upward on

[a] (0,3 b] (~o0,-3) c] -10)  [d] )

38) The graph of f (x)=2x%®-3x*—-12x +16 concave downward on
=y [b] (=d 1) [d]¢)

39) The function f (x)=2x°-3x?-12x +16 has an inflection at
g2y ] 52 3.2 ld] -3.%)

40) If y =log,(x°—2cscx),then y'=
A 3x ? +2cscx cotx 3X ® +2CSCxX cotx

x®—2cscx In5 (x*-2cscx )In5

3x2+2cscx cot x 3x > —2CsCx cotx

X ® —2¢scx (x3—2cscx)ln5
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King Abdul Aziz University Faculty of Sciences Mathematics Department
Math 110 Final Test Fall 2013 (40 Marks) Time 120 m
Student Name: Student Number: D]

1) If y =—In(sinx), then y'=

[a] tanx  [b] —tanx [c] cotx [d] —cotx

2) Ify=x",theny’'=

[a] 1+Inx [b] x* ] x* Inx [d] x*(@+1Inx)
3) Ify :cotl(?’?xj, then y'=
4 6 6 4
@_4+9x2 @4+9x2 _4+9x2 d] 4+9x°
4) If y =sin*(3x), then y'=
[a] 4sin®(3x )cos(3x ) [b] 12sin*(3x )cos(3x )
3cos”(3x ) [d] 3sin*(3x)+12sin®x cosx

5) The tangent line equation to the curve y =2—X1 at the point (0,0) is

@ y =-2x -1 @y:—ZX

y =2X @ y =2x +1

6) If y?—2=3xy —x?,then y'=

2X 2xX 3y —2X 2X +Y

@3—2y y 2y —3X @ 33X -2y

7) If y=3tanx, theny'=
[a] 3* In3tanx —3* sec?x [b] 3* tanx — 3 sec?x
3* In3tanx +3* sec’x [d] 3* tanx +3* sec?x

8) Ify =(2x2+cscx)7,then y'=
a] 28x (2x2+cscx)6 b] 7(2x2+<:scx)6
7(2x? +cscx ) (4x +cscx cotx ) [d] 7(2x2+escx ) (4x —csex cotx )

9) The slope of the perpendicular line to the line 2y —3x —6=0 is

2 2 3 3
AE -2 B-: @
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10) D" (cosx)=

[a] sinx [b] —sinx COSX —COSX
11) If y =+/3x2—6x , then y'=
6(x -1 X —6 3(x —1) X —1
e er \3x 2 — 6x b \3x 2 —6x ] \3x 2 — 6x dl 2+/3x 2 — 6X

12) Ify :Inx—+1,then y'=
X —2

o — bl - ° -

X +D(x —2) X +D(x —2) X +D(x —2) X +D(x —2)
13) lim X1 _
x—3" X —3
a] b]-3 ©  [d3

14) If the graph of the function f (x) =3 is shifted a distance 2 units to the left,
then the new graph represented the graph of the function

@ 3x+2 IE 3x +2 3x—2 IEISX _2

15) If f (x)—x2 then f '(x) =

(X +h)*+x? (X +h)*+x?
IEI!(I—M h IEI !1—)0 h
(x +h) —x? _ (x +h)*=x?
h—>0 IEI !(ILT(]) h
16) If y =log,(x°—2cscx),then y'=
A 3x 2 +2cscX cotx 3x 2 —2cSCX cotx
x3—2cscx In5 (x3—2cscx)ln5
3x 2 +2cscx cotx 3x % +2cscx cotx
X 3 —2cscx (x3—chcx)In5
. Iimtan3x _
x —0 5X
1 5 3
[a] = b]=> ] = d] 3

5 3

14




X2 -4

18) M-

al - blo ¢« s

19) The distance between the points (-1,2) and (2,-1) is
al3 b] 23 32 d]9

3z

20) > rad =
[a] 120° [b]150° 270° [d] 210°

21) The absolute minimum value of f (x)=x°—-6x%+9x +2 on [0,4] is
a] 6 b]o -3 [d] 2

22) The absolute maximum value of f (x)=x°—-6x?+9x +2 on [0,4] is
[a] 7 b] 2 6 [d] 12

23) The values in (—1,3) which makes f (x) =x?-5x +7 satisfied Mean

Value Theorem on [-1,3] is

a]-4  [pJ0 [c]2 [d]1

24) The domain of 3

4-x°

[a](-2.2) b] (—0.-2)U(2,20) [-22] ] (=0.-2]U[2.)

25) The function f (x) = x); j;s is continuous on
[a][-5,5] bl{x eR:x #45}  [c](~o0,~5)U(5,)  [d] {5)

26) If f (x)=cot™(x)and g(x)=cot(x) then (f og)(x)=
[a]1 [b] cotx cot™x cotx [d] x

27) If y =e™ then y ) =
[a] 12802 [b] 166 64e > [d] 32¢2

28) If —7<2x +3<5,then X =
&l (-51) B)(-51] 50 @[5

29) If y =cosx cscx , then y'=
[a] -1+cosx cotx  [b]1—cosx cotx —csc?x |d]1—cosx cscx cotx
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30) The critical numbers of the function f (x)=2x>+3x*—12x +16 are

[a] 1,-2 b]-1,2 1,2 [d]-1,-2

31) The function f (x)=2x°+3x*—-12x +16 is increasing on

[a] (<0-2)U(-1) [b] (<0 2)ULw) [c] (=o-1)U(20)  [d] (=01)U(2,0)

32) The function f (x)=2x°+3x*—-12x +16 is decreasing on

(<o,-)U2») o] (w-2)Uw) [c](-21)  [d] (-12)

33) The function f (x)=2x°—-3x?-12x +15 has a relative maximum at
ala9)  [b] (129) (2,20) [d] (-2.36)
34) The function f (x)=2x°+3x*—-12x +16 has a relative minimum at

alwe  [b] (129) (2,20) [d] (-2.36)

35) The graph of f (x)=2x%+3x*-12x +16 concave upward on

[a] (0,4 b] (~o0,-1) c] -30)  [d] )

36) The graph of f (x)=2x%®-3x*-12x +15 concave downward on
= ] (=-h 30 [dlg.=
37) The function f (x)=2x°+3x*—-12x +16 has an inflection at

la] ¢,11) bl (-111) 3.2 [d] 1,

38) Iim(\/x2+x —x):

X—>

1 1
@E b1 0 ] - 2
39) sin(tan‘lx )=
1 X Vx?Z+1
B| —— clVx?+1
40) If f (x)=2x +11, then f *(x)=

[a] x +11 b]x -11 XEJrll @%—11

2 2
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