Exercise 3.6

Consider the following function:
F(x)=4x*-32x" +89x" -95x+29

First, draw the graph of the function f{x} in the domain (ml{},lt}}.
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In the interval (0. 4), there may be some details because on the large scale it is looking like
straight line.

So take the viewing rectangle [0, 4] by [-6. 10] in figure 2 and [2.4, 2.7] by [3.96, 4.04].

Mow, find all the intervals where graph is increasing or decreasing by sketching the curve of
1'(x)-
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The first derivative of the function f{x} is,
f(x)=16x"-96x" +178x-95

Draw the graph of f*.
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Since f’(x)<0 onthe intervals (—,0.92) and (2.5,2.58). the function f(x) is

decreasing on |(—e0,0.92) and (2.5,2.58)|.

Since f’{_t] >0 on the infervals (0.92,2.5) and [2.58,-:::]. the function f{x} is decreasing
on [(0.92,2.5) and (2.58,)|.




Thus, the local maximum of the function is given by,
f(2.5)=4
The local minimum of the function is given by,

£(0.92)~-5.12
£(2.58)~3.998

Find the second derivative of the function f(x).
f"=48x -192x+178
Now, draw the graph of f"(x) in the interval [0+4].

Estimate the intervals in which graph has downward on upward concavity and get the points of
inflections as (Figure 4),
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FIGURE — 4

Since f" <0 onthe interval (1.46,2.54).so fis concave downward on ((1.46,2.54)|.

Since f">0 on the interval (-oo,1.46) and (2.54,%0), S0 fis concave upward on

|(—=0.1.46) and (2.54,00)|

So, the inflection points of the function are ‘{I.46,—I.4[}) and (2.54,3.999}'.

Thus, figure 5 is the final graph of the function f(x} which shows all the details.
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Consider the following curve
f(x]zx{’ —15x7 + 752 =125x" = x

Estimate the intervals of increase and decrease, extreme values, intervals of concavity, and
inflection points by using the graphs of " and f":

Sketch the graph of f(x)=x*-15x" +75x* —125x° — xis as follows:

Enter the equation into Y1in the equation editor [y=].

Flatl Flokz Flok:

M BEE-155"54+75
=1 25835
M=

M=

~My=

wMe=

“ME=

First set the window as shown in figure

I T HOC
amin= -5
AMas=h
necl=1
Ymin=-388
Yrmax=4H8H
Vecl=10A
“res=M

Now click on the GRAPH) button to get the graph.

-

Find f':

F(x)=x"—15x" + 75x" —125x" —x

S'(x)=6x" —=75x" +300x" -375x° -1
Sketch the graph of f"(x)=6x" —75x* +300x’ —375x —1is as follows:

Enter the equation into Y1in the equation editor [y=],

Flatl Flokz Flak:
~NMiBEESS-roE G +3
HER~3-375on"2—-1
wMe=

wMr=

wMy=

o=

“ME=

First set the window as shown in figure

WIHOOW
amin= -5
amax=e
necl=1
Ymin=-28E
Ymax=SHA
Y=o l=2E6
ares=1




MNow click on the |GRAPH| button to get the graph.

Now press [2nd]| TRACE|V]Zero|and then press ENTER.
Mow hit the ENTER| button 3 times to find x-value

cam

From the graph of f'observe that f'(x)>Qon the interval [2.5,5.1] and [5.1,]. s0 f is

increasing on |(2.5,5.1) and (5.1,e0)| and f'(x) <0 on the interval [-ec,0] and [0,2.5]. s0

fis decreasing on |(—,0) and (0,2.5)|.

From the graph of #'observe that f‘[x}thanges from negative to positive at y=2.5
Put x=251in f(x)=x"-15x"+75x" -125x" - x it becomes
F(x)=(2.5)" -15(2.5) +75(2.5)' -125(2.5) -(2.5)

= —246.64

The local minimum value is | -246.64

From the graph of f'observe that f‘[x}changes from positive to negative at y = 4.94
Put x=494 in f(x)=x*-15x"+75x" —=125x - x it becomes

£(4.94)=(4.94)" —15(4.94) +75(2.5)" —125(4.94)’ —(4.94)

=—4.97
The local minimum value is [—4.97



Find #”":
f(x)=x"-15x"+75x" -125x* -x
f(x)=6x" —75x" +300x" —375x" -1

f"(x)=30x" -300x" +900x° - 750x

Sketch the graph of £"(x)=30x" —300x" +900x” - 750x s as follows:

Enter the equation into Y1in the equation editor _

Flatd Flakz Flok:
<My B3RS d=FEEE ™3
+3EE S 2—FSE
~Mz=l
W=
wMy=
wNe=
“Mg=

First set the window as shown in figure

W T MO
Hmin=-3

MNow click on the |GRAPH)| button to get the graph.
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Observe that £"> 0 and that fis concave up on |(—ae,0).(1.38,3.62),(5,00)|and that <0

(0.1.38) and (3.62.5)|.

and fis concave down

MNow find the inflection points:
F(x)=x" =155 +75x" —125x" —x
£(0)=(0)" =15(0)" +75(0)" =125(0)' ~(0)
=0
Put x=138in f(x),it becomes
£(1.38)=(1.38)" =15(1.38) +75(1.38)" —125(1.38)" - (1.38)
=-126.1
Put x=362 in f(x).it becomes

£(3.62)=(3.62)" —15(3.62)" +75(3.62)" —125(3.62)" —(3.62)
=-128.3
Put x=5in f(x).it becomes
F(5)=(5)" =15(5) +75(5)" —125(5) =(5)
=-5
The inflection points are |{[},G](1.38,—]26,I}{3.62,—128.3}{5,—5)|.
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f(x) = X6 - 10x5 -400x4 +2500 x3

T'(x)==6x5-50x4 -1600x3 + 7500 x2

" (%) =30x4-200x3 -4800 x2 + 15000x

we graph these functions and follow the nature of the function.
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the functions f,f', f"are drawn in the order from top.

clearly the given function f is defined for every real number.

s0, domain is R.

from ', we follow thatf' > 0 when x isin (-15,4.4) ( 18.93, =)

whileT'<0Owhenxisin(-=,-15), (44,6 18.93).

we know that when f' > 0, fis increasing and 7' < 0 ==> f is decreasing on that given interval.

so, fis increasing on { -15,4.4) .( 18.93, =) and decreasingon (-=,-15), (4.4 1853}

further, f' (x) = 0 ==> x is a critical number .

~ the critical numbers of fare -15 4.4 ,18.93.

also, T"( 4.4 )<= 0says fhas local maximum at 4.4 which is 53.8

f"{x)>0at-15, 18.93 so, local minimum exist at these points and the local minima are

f( -15) = -9,700,000. _f(18.93) = -12,700,000

f"(x)=0whenxis-11.34 ,-8,0.292 1508.

futher , when x isin ( -11.34 , -8) , (0,2.92 ), ( 15.08 , =) , f"(x) > 0. 50, in these intervals the
function has concavity upwards .

when xis in (-8, 0),(2.92 ,15.08 ) , f"(x) <0 . so, f has downward concavity in these intervals.

to find the points of inflection, we find the images of the points - 11.34 , -8, 0,292, 15.08 in
|

~ the points of inflection are ( 0,0), (-11.34 , -6,250,000) , ( 2.92, 31,800) ,

( 15.08 ,-8,150,000).
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f[x]= S f. iy - |1|:3—4n:“—2.uj—|

3
40" +x+ 1 f a3 .
|k4l].1, o J

{(16005° + 80x* + 805 + 17 + 25+ 1 }{242x — 160z + 2]} —2{(4800x" — 16007 + 405" +

Vil B

4
T
{405 + 3 |]

the given function doesnot exist when the denominator is zero.
the denominator is zero when x = -0.264001093.

so, the domain of T is R -{ -0.264001093}
f'(x)=0whenx=-173334 1.74978

s0, these are the critical numbers of the given function.

now, " (-1.73334) = 0.0095844892 = 0.

50, the function T has local minimum at -1.73334 and the minimum value = f(-1.73334) =

similarly, T" (1.74978) =-0.0091647597 < 0
50, f has local maximum at 1.74978 and the maximum is f{ 1.74978) =
further, T " (x) =0 when x =2.465998.

when x is in ( 0 .0.12537128), (0.17235123, 0.2081987602) . 1" (x) > 0. so. f has concavity
upwards on ( 0 ,0.12537128), (0.17235123, 0.2081987602) and

whenxisin(-=, 0}, {0.12537128 , 0.17235123) ,( 0:2081987602, = ) , 1" (x) <0 . s0,Thas
concavity down wards on ( -= 0}, (0.12537128 , 0.17235123) ,



( 0.2081987602, = ) .

now, the graphs of these functions are as follows to confirm the above details
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First lets find our 15t and 2nd derivatives;

r/ x
s
jL J :"—:'—4.1:—I

f’[x _ a4

2
(.‘I.'?—.'Uz—:i-I—IJ

2|'f31‘— 3I4—5.¥3_ ﬁt:— 3I—4J
*n — b
j e o ) 3
|\.1; — —4:—IJ

Now lets look at the graphs of the derivatives;

-3 -3

We estimate that the graph of f that y=0 is a horizontal asymptote, and there are three vertical
asymptotes at x=-1.7, x=0.24, and x=2.46

From the graph of f', we estimate that f is increasing on (-=, -=1.7), (-1.7, 0.24), and

(0.24, 1).

fis decreasing on (1.2.46) and (2.46 =). There is also a local maximum at j'L]J = — ;—

From the graph of f", we estimate that T is concave up on (-=-1.7), (-0.506,0.24), and
(2.46.=)

and that f is concave down on (-1.7,-0.506) and (0.24,2.46).

There is also an inflection point at (-0.506,-0.192)
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img src="https://c1.staticflickr.com/1/338/31826943152_abb8ef0e9e_o.jpg” width="464" height="329" alt="stewart-

calculus-7e-solutions-Chapter-3.6-Applications-of-Differentiation-6E">

Verify these using the graphs of f, f*, f"

&T

maximum

v

«f

-9
I
w‘"hﬂ

infliction —

minimum

infliction

From the above graphs
F(x)=0= x=-2.94,-2.66,1.17
f'(x)>0fr (-5,-2.94)U(-2.66,1.17)and f"(x)<0for (-2.94,-2.66)U(1.17,3)

Local maximum occurs at |x=-2.94.1.17
Local minimum occurs at

Local maximum values are |f{—2.94] =-9.84, f( I.I7]=4.I5|

Local minimum value is |f[—2.66] =—9.85[

Here f"(x)=0=x=-2.8,-0.34
And f"(x}>0f0r (-2.8,-0.34)
f"[x}-.:ﬂfor [-5‘-2_8]U(-D.34.3]

Hence f(x]is concave up on {—2.8,—0.34]

And concave down on |(-5,-2.8)U(-0.34,3)|

Hence the inflection points are |(—2.3,—9.85),[—U.34.—2.I2}|.
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Curve sketching is done by making use of different characteristics such as determining the
domain, range, asymptotes, intercepts, interval of increase or decrease and concave.

Based on the above measure, the curve is sketched.

Consider the function:

f(x)=6sinx+cotx, -mw=x=mw

Determine the first and second derivative of the above function:
Sf(x)=6sinx+cotx

£(x) = 6cos x — cosec” x

£(x) = ~6sin x - 2cosec x(~(cosec x)(cot x))

= 2cosec” xcot x—Gsiny

Consider the graph of the function as shown below:

1

J"(x)

._.
ko
Lol

Observe the graph to obtain the results shown below:

The function f(x) increases on the interval (—1.40,-0.44),(0.44,1.40) because f'(x)>0
for the interval.

The function f(x) decreases on the interval (—z,—1.40),(-0.44,0),(0.44),(1.40,7)

because f’[x] < () for the interval.

Consider the condition shown below:
x=-044
f(x)=0
Also the sign of the derivative changes from positive to negative at the above point.

So, the local minimum value of the function is:

£(0.44) = -4.68

Consider the condition shown below:
x=1.40
f'(x)=0
The sign f'(x) changes from positive to negative at the above point.

So, the local maximum value of the function is:
j'(l.40] =6.09
£(0.44) =522



Consider the value of the second derivative over the interval {—:r,ﬂ.??},[ﬂﬁ.??]:

fM(x)>0

So. the function is concave upward on the interval (-7,~0.77),(0,0.77).
Consider the value of the second derivative over the interval [—{].TT,D],{{}.??,E}:
f"(x)<0

So. the function is concave down on (-0.77,0),(0.77,7)-

The inflection points are (-0.77,-5.22),(0.77,5.22).
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f[xj = ﬁi_:x , —2nExLiw

' (x) = cosx/ 1

" (X) = - sinx

observe that f exists at 0 also, the domain of fis [ -217 , 217 ]

— AT -

oy T
pil s S-SR

50, these are the critical points of f.

e i — 3T — T i
f'{x)<0when xisin —_— e [
: - — AT - T iw
50, fTis UEEFEEISIHQ on T — —
3. 2 g 3 L

' (x) > 0 when x is in {—211-, _jx J, [? %J [;TI* 211')




substituting the critical values in T" , we have

() - () ()= - (5)

_aw . 1 3
T X andlocal minimaat —~ 2=

s0, T has local maxima at
2 2 A

and the local maxima for f are 0.63636 and the local minimum is -0.21212
f"(x)=0whenx=-2mW -, W, 27

so. the points of infliction are ( -1r . -0.3333) . (T, -0.3333).

observe that when xisin (-2, -m)and (0, ), f(x) < 0.

50, T has EDHCEWit‘,-' downwards in these intervals.

on the other hand . when xisin (-, 0) . (. 2m) . f"(x) > 0.

so. f has concavity upwards in these intervals.

we see these facts in the following graphs in the orderf , 7' "
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graph of the function is as follows

=,
—_— —_—
04948 76854321 1 2 345 6 7 8 310
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Yla)=1+1 A8 2)+ (14573

F Y8

2400 1
21607
19201
16601
14401
12001
960 1
7201
4301
2401 »

1

1.21.09.96.50.720.60.48.30.20,) 1] 0.19.20.30.480.60. 72.64.99.081 2

Ylal=1 #1487 2]+ 473



F i+ .
} + t + + y y + + y + y + + } } + + y b—

-1.21.00.56.840. 7. &0, 48. 30, 24040 éﬂ 0122436430 8.70.54.99 .03 2
_‘I F'_E 4

3.4
E 1
A% 6T
A32T
B8 T
B34 T
3

Va1 41 A+ [EA72)+[1/473)

all the above three graphs refer the given function itself.

from these graphs we follow that the function is increasing on ( -15.8102 |

decreasing on { - = , -15.8102) ,{ -0.1897 , 0), (O, =).

the curve has concavity upwards on (-23.747 , -0.25265), (0, =)

while the concavity downwards on ( - =, -23.747 ) . (-0.25265 . 0).

-0.1897),



we graph this function and find out the details there of :

160
144
128
12
96
a0
B4
48
32
16 5

-45 -32 -‘I_JF‘ED 16 32 43 BN 2340 E0

32
48
4
0
9

112

128

144

60

1660 44123711296 -

YRl=(140"8)- 2(1078474)

F
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61078
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4241078 1
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F10784
2441078 1
1.841078 1
1.2410™8 1
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5454 35325 2P ABEP 051 15225335 4455

Tlwl=[1478)- 2(1078/:74)

from the graph we follow that the graph is increasing on ( 0, =), decreasingon (-=, 0 ).

the graph has maximum at (-=  0)and ( =, 0) and minimum at { 0 , -=).

in other words the function has horizontal assymptotes at y = 0 and verticle assymptotes at x =
0.

the graph has concavity down wards only on (-, 0)and (0, =).
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"

{x + 4}z — 3)° i w2 ks | x|k

a4 ) -
rix—1] 5

the graph of this function is as follows :
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E<107-4]
5,410 [-4)
4,551 07 [-4)
4.24107[-4)
1551 07[-4)

F10°-4]
245107 ]-4)
1,551 07 [-4]
1.24107[-4)

§<10°(-5]

I >
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4.2410714)
A.5107-4)
-2.45107-4)

F107-4)
-3E07-4)
4.2407-4)
A4507-4)
F44107-4)

E107-4)

s

)=l [e-3) 20" A1)

all the three diagrams show the function and see that the curve is not muu:hing ¥ axis at its
minimum while the local minimum is ( 3.02 , 6.4663*10-5) approximately ( 3,0)

while the local maximum is from the first two figures f{-5.6 ) =0.018, 1 ( 0.820 =-2815 ,f(5.2) =
0.0145.
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a 53 p . L5

. Ay B = 2 2fa . By L
f( J_ 2r+3 -0 ‘I‘J v t’ = . Ht? = !xi =

X ¥ — 5)°

gl fjes
the graph of this function is as follows from which we decide the nature of the function .
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Y [R)=(20+ 3] 2 [0-2] 6 %" 3nE) 2
note that both the graphs belong to the same function and the second one is a close view of

the curve from which we follow that the local maximum is ( 4.047 , 60.4) while the local
minimum is ( -1.51 , 9).
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f e 1)
B
"fL ] G-D'G-4

the first and second derivatives using computer algebraic system are

o =17 i+t . iz + 1 3= 1)
J{ = 5 T a ;T a o p3 a ]
’ (r—4)'{xr—21 r—4ix—2" (r—4) (xr—21 {r—4) {r—21

lx + I}zlli.r3 + 18t — - Iﬁj

r— 2V (x—4)°

. .1;{3:3—:5&1;—44]{:—IJ_ 3 s:{:-‘—:31-?—44;-—|5]{I—|)3
Jf X ST e T
{r—4)(x—12) T—4"r—2)
.;r.:.;‘—m.ﬁ—m:—m}{x—l“;' (2% + 1827 — 44x — 16 }ix + 1V
(x— 4z -2 x—47(x—2)

2.1;{.1;?— IHt:—:‘Mr— Iﬁ']lfj,'— |:|

fx—d) =2

2{{x ¥ |:|.:.1;6 + 3t = frt — 628t - AR = T2 - MJ}

after simplification, we get f | x | =
: (r— 27z —4)°

now, we draw the graphs of these functions to find 7' (x) =0 . < 0 and = 0 to identify the critical

points , intervals of increasing ., decreasing , local maximum, minimum,concavity upwards and

downwards and points of infliction.
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from the above graphs we observe that the graph has concavity upwards in
05),(-0.1,2),(2,4).(4.=).

—

the concavity down wards is (- = . -35.3) ,(-5.0 . -1) (-05,-0.1)
the points of infliction are ( -35.3 , -0.015) , ( -5, -0.005) , (-1, 0) ,( -0.5, 0.00001 ),

(-0.1, 0.00000BE).
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g (2r + 37z — 2
pla)es 2T

ix— 5P
using the computer algebraic system we find ' and 7" the judge the nature of the function.
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we now graph the functions f_ ', " to judge the nature of the function f.
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the above graphs show fand 7' .

f has local minimum at ( -1.51 , 0.00583) and has no local maximum.

the concavity downwards on (0,2) while the concav ity upwards on ( - =, -0.53) , ( 2, =)

the points of infliction are ( 1.83 , -7.23"10-5) , (2.81 , 1.302*10 -4)
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3 2
Let us consider the £ (x) T
et +2
Use CAS, estimate the intervals of increase and decrease, extreme values and inflection points

Using Maple CAS, the first derivative of this function is

3 2
>l '_|,r + 5ox +I! B

de | H - +2

3+ 10x (s 1) (4 + 367 —24)
-4z (4 -+ 2]2
simgliry

x (_\j + 10 + 60 —3x+ 427 — 22)

(.1_’4 + _1'3 —_1’2 + 2}2

Similarly, the second derivative of the function is

d [ (10’ et +407 — 347 —22.4)
2
dx (*+ -t +2)

=

6+ 50x'+ 24 + 127 —6x—- 22
3
(_1'4 + -2+ 2)
%(2 (x® + 105° + 62 + 4x?
{.r‘ +0 =+ 2)
—3x—22x) (4 + 3% =2x))

1
simplify (_{‘ + _1-3 - X
— 1355 — 762 + 214 + 6x +22))

=(2 (% + 1525 + 1857 - 95° + 2148

2 4+2)

Graphs of f, f', f"are
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From the graph it is clear that

f'(x)=0=>x=-129,0,1.0

f’[x] > (Ofor (-oo,-l,29)U[0,1‘05)and f’{x] < 0Ofor (-I.ZQ,O}U(I.OS,m)
Local maximum occurs at x=-1.29,1.05

Local minimum occurs at y =1

Local maximum values are |f(—l.29)= 749, 1(1.05)= 2.35|

Local minimum value is | £(0)=0.5|.



Also, j"(x} == x=-1.55,-1.03,0.6,1.48
By the rule of signs, we get f"(x)> Ofor [-oo,-|_55]U(-—|,{}3,0_5)U[|_48,ac)

F7(x)<0for (~1.55,-1.03)U(0.6,1.48)

Therefore, f(x]is concave up on |(—==c.—1.SS)U(—].G3,G.6]U{I.48,m]|

And concave down on |{—I .55,-1.03)U(0.6,1 ,48)|

Hence the inflection points are |(~1.55,5.64),(~1.03,5.36),(0.6,1.52),(1.48,1.94)|
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the above functions are 7, 7', 7" in the order from above.

we easily see that ' =0 at x = 0.661.

i.e. T has the critical point at x = 0.661.

f'=0whenxwhenisin (0, 0.661) ===fisincreasingon (0, 0.661).

s0, T has the local minimum at 0 and the minimum value is 0 it self.

f'=0on(0.661, =) .50, fis decreasing on this interval.

so, T attains its maximum value at 0.661 and its maximum value is f{0.661) = 0.4352.

also, we observe that " < 0 for all x in the domain.

= T has concavity down wards only and so there are no points of infliction .



] R W [ e 0 B e P e | ) e e W e | T B TE e N e R Wi P

the above functions are f, f', f"in the order from above.

we easily see thatf'=0atx=0661.

i.e. T has the critical point at x = 0.661.

f'>0whenxwhenisin (0, 0.661) ===fIisincreasing on ( 0, 0.661).

5o, T has the local minimum at 0 and the minimum value is 0 it self.

f'<=0on (0661, =)._5s0,fis decreasing on this interval

so, T attains its maximum value at 0.661 and its maximum value is f(0.661) = 0.4352.
also, we observe that " < 0 for all x in the domain.

~ T has concavity down wards only and so there are no points of infliction .
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the above curves denote f, f' . 7" in the order from the above.
we can easily see that fis increasing on ( -4.91 ,-451) (0, 1.77) ,( 491, 8.06) ,
(10.79,14.34), ( 17.08,20)

and decreasing on ( -4.51, -4.10) .( 1.77 . 4.10) . ( 8.06, 10.79) . ( 14.34 . 17.08) .

f has local maximum f{ -4.51) = 0.62 , f{1.77) = 2.58 , f( 8.06) 3.6 , f(14.34) = 4.39.
f has local minimum f( 10.79) =2.43 , f(17.08) = 3.49 . :
f has concavity upwards on 9.6 . 12.25)  ( 1581 , 18.65)

while the concavity downwards on ( -4.91 -4.1) (0, 4.1) (491,96) (1225, 15.81),
(18.65,20).

the points of infliction are ( 9.6, 2.95) , { 12.25.3.27) ,( 15.81.3.91) ,(18.65.4.2).
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[/ Zz— 1
JLIJ = T
'\,JI.'L' +x+:
we find T' " using computer algebraic system :

¢ Y & \
2 13x—1 Jlk4't =+ IJ

rW= i

F
PN N
-1|k1. T I’]

B@R-pA 45 +1 5@A-DEL+1

" (x)= —
& rx+ D" @ +x+ D 16 (¢ + x + 1)

we now draw the graphs of these functions and decide the nature of the given function f.
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the abovegraphs are . 1", 7" in the order.

we follow from these graphs that T has the critical point at -0.938 .

f'<0on(-%=,-0938).f'>0o0n(-0938, =)

50, T has local minimum at -0.938 and is equal to -3.027.

also observe that f has no local maximum .

f"=0atx=-102 -038 K 0.63.

50, the points of infliction are ( -1.02 . -3) , (-0.38 , -1.930 .( 0.63.0).

also, f has concavity downwards on ( - =, -1.02) , { 0.63,=) and concavity upwards on

{-1.02 . 0.63).



Chapter 3 Applications of Differentiation Exercise 3.6. 19E

fix) = sin(x + sin 3x)

we first graph f, f' _ " in the viewing rectangle [0, ] , [-21 , 2m] , observe keenly to identify
the number of maximum and minimum values of f.

*Y

7% <
+ t + + + + + + t + + + + + + + + + + + b—
| 029,530,751 1.251.891.75 22.2@.25}5}?5 420487565

¥ [R]=zin[=+sin[2x]]
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lal=I3cosl B+ 11" Xzinlu+zinl 311 9 cozlersinf3ezinl 3]

the graphs from the above denote f, f' "
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the graphs from the above denote T, T
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fix) = x3+ cx
T'(})=3x2+cC
" (x)=6x

£

putting c =-2,-1,0,1,2 we draw the graphs forf, f', 7" in the order and decide how c
influences the maximum , minimum and points of infliction.
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=33
Ylnl=n" 3+
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Yxl=3"2-2
Rl=3w"2-1

Y[x]=3x"2+1
Y[w]=30" 242

A5 1 125 15 175 2 225 25

¥



-
-

M2 W = m m o wo D

—_

X
. . . . ' ' . . : . . . . ' . ' y y . -
25225 2 17515125 1 075 056025 026 05 075 1 125 156 1.78 2 225 25

—_

o do W & odn A& do ot

when ¢ <0, the curve has two points of infliction and when ¢ > 0, it has only one point of
infliction.

when ¢ <0, f has two critical points and when ¢ > 0 f has no critical point.

i,.e. T has local minimum and maximum whenc <0 and forc = 0 . T has no maximum and
minimum values.

further, f has no assymptotes .
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(Tiven that

Fix)=fxt +ex’

Fore =0, there 13 an absolute minimum at the origin. There are bi other maxima or
minima
The tmore negative ¢ become, the farther the two inflection points mowe from the origin.
e =101z a transitional value

The graph of the function 15
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we first graph the above in the order 7, 7', 7 by puttingc =-2 , -1, 1, 2 and decide the
influence of the variation of ¢ in the function f.
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ohserve that the positive or negitive signs of ¢ is not going to influence the curve or nature of
the function.when ¢ = 0, the curve represents a parabola while ¢ is not zero |, the function is an
odd function and so, it has two points in which one is maximum and the other is minimurm.

for each ¢ | the function has two critical points and f has only one point of infliction.
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puttinge =-1,0.2,051.24 inf, ', " we get the following graphs for the functions :
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( |

A i =
L !:I—.'t"] +ex”
‘f’ Al 1—2t)=2
L
t Ifl:i—.l'zj-—:"l'?’l!
F(x) =
G —2e+4d-x) 2@ex—4xd-sP@ExA-)-2cx)
(e + 1 —x2) (2 + (1 — 7Y

we substitute c =-2,-1 , 0.5 , 1, 2 to study the nature of the function and how different values of
¢ influence it.:

the graphs in the order £, ", " are as follows :

£ 45 4 35 3 25 -2 45 4 05 % 05 1 15 2 25 3 35 4 45 &

-0.48
-0.72
-0.96

1.2
-1.44
-1.68
-1.92
-216

2.4

il A0 2) 2257 2)
VIxl=1 A0 072) 272)
Vlsl=1 (182 24572
Vi1 A0 2) 24 2672)

for every value of ¢ | X axis is the horizontal assymptote.

when ¢ =<0, the graph has 3 intervals of concavity upwards and two intervals of concavity
down wards . two equal local maximmum and one local minimum value 4 verticle assymptotes.

when ¢ =0, the function hs two equal local maximum and one local minimum values.and as ¢
increases , the curve slowly receeds to have only one local maximum and no minimum value .
ultimately , the curve coincides with x axis.

also, when ¢ = 0 | the function has no veritcle assymptotes .

but all the curves are symmetric about origin.
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fixy=cx+sinx , f'(x)=c+cosx, " (X)=-sinx

putting ¢ =-3, -1, -0.5,0,0.5,1,3 the graph is as follows :

e R R PR Y

=20

Y [wl=-3m + zin(=]
¥ [s)=-w+zin(x)

' [)=-0. Szinx]
Y [=l=ginx)

Y [=l=0. Bzin=]
Y [w]=mtzin]x)

¥ [w]=3u+zinx]

for cin (-1, 1), the curve has local maximum and minimum values and for ¢ lies away from
(-1, 1) I they does not.

the function increases forc 2> 1andcreasesforc =<1.

for cin (-1, 1), the curve has local maximum and minimum values and for ¢ lies away from
(-1, 1), they does not.

the function increases forc 2> 1 and creases forc <{1.

i.e. when ¢ greater than or equal to 1, the curve exists in the first and third quadrants and for
less than or equal to 1, the curve lies in the 2nd and 4th gquadrants.

as ¢ changes, the points of infliction move vertically but not horizontally.
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T(x) = x4 + cx2+x
T I:_X_:I =43 +2cx+ 1 1" |:x] =12%2 +2¢

we first graph ffor c = -2.-1,0,1.2 and decide the nature of f
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Yiwl=dn" 3-4u+1
Yw]=d4n"3-2u+1
Y[w]=dw" 3+ 2u+1
Yx]=dn" F+dm+1

observe that for the negitive values of ¢ , the function has two points of infliction and one critic:
point while for the positive values of ¢ , f has one point of infliction and one critical point.

the transitional value of ¢ is 0 when the number of critical points change and another critical
point is x = -1.5 which is observed from the ' graph in what shows the green color graph has
more no. of negitive values than the other .

s0, when ¢ =-1.5, f'touches x axis and goes up while when ¢ =-2 | f' goes down x axis to
show more number of critical numbers.
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() = cxd -2%2 + 1

weputc=-4 -2-1.0,,01.,0.2,05, 1, 4 and check for what values of ¢ , the function has
local minimum and for what values of ¢ , the function has no minimum values.

¥
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Ylw)=-4u"4 -2 241
Yw)=-2n" 4252+
Y[w)=-w"4-20" 241
Yw)=-2n" 241
Yiw)=01x"4-20" 241
lel=0.2x2"4- 257241
lx]=0.5x"4-2%"2+1
Yw)=r"d-20" 241
T Yw)=2n"4-2n 241
Yx)=dn"4-20" 241

observe that the graph is a down ward parabola when ¢ is negitive.

so, in this case , T has no minimum value.

but starting from ¢ = 0.1 , f started going up symmetric about y = 1 , posses 2 minimum values .

from this , we conclude that for positive values of ¢ , f has local minimum values.

(b) the above graph is considered and observed that for the negitive values of ¢ | f has
maximum value while for positive value of ¢ , f has minimum value.



f{x) = 2x 3+Cx2 + 2%

(a) we considerc=-4 -2, =1,0,02_ 05,1, 4and graph this function to determine what
values of ¢ alllows the function to possess the maximum and minimum values
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N P e B et
lrl=2n "3+ 2
=26 340,10 24 20
Ylnl=2n 3B 22
Ylw=2e 3+ 2420

for ¢ away from ( -4.4) . the function has minimum and maximum values.

the functions whose c lies in { -4 4 ) will be passing through origin but having two points of
infliction.
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observe that for different values of ¢ | the minimum values of the curves lie on the curve
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Ywl=2n" 340" 24 20
Ywl=2n" 322+ 2
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[wl=2e 301 8" 2 2y
Yw)=2w" 36" 2+ 2

Y w]=2n" 32 2
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