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UNIT-1
DIFFERENTIAL CALCULUS



SYLLABUS

(J REPRESENTATION OF FUNCTIONS
 LIMIT OF A FUNCTION

(1 CONTINUITY OF A FUNCTION

(] DERIVATIVES OF A FUNCTION

J MAXIMA AND MINIMA OF A FUNCTION OF SINGLE VARIABLE.



»Objective: To provide the basic tools of calculus mainly for the purpose of modelling
the engineering problems mathematically and obtaining solutions. Single variable and
multivariable calculus plays an important role in the understanding of science,

engineering, economics and computer science, among other disciplines.

»Outcomes: Able to use both the limit definition and rules of differentiation to

differentiate functions and apply differentiation to solve maxima and minima

problems.



DIFFERENTIAL CALCULUS

Definition Arrow diagram for f

Machine diagram for a function f -

— i e . .

(input) (output) f

A function f'1s a rule that assigns to each element x 1 a set D exactly one element, called /(x), m a set E.

The set D 1s called the domain of the function.
The number f'(x) 1s the value of fat x and 1s read “ f of x.”
The range of /15 the set of all possible values of f (x) as x varies throughout the domain.

A symbol that represents an arbitrary number 1n the domain of a function /1s called an independent

variable. . .
A symbol that represents a number in the range of f1s called a dependent variable.




DIFFERENTIAL CALCULUS

The domain conversion

Function Domain (x) Range (v or f{x))
b= (-, ) [0. )
= [0, ) [0. )
e 1 R — {0} Non zero Real numbers R— {0}
Fx
NN [~ L 1] [0.1]

V = SInx (— o0, 0) [— 1. 1]
[ % %} principal domain

V= COosY (— o0, ») [— 1. 1]
[0. 7] principal domain

V = tanx o _ — 00, 00
(— % %) principal domain (o2, )

- (— o, ) (0. )

y=1log," (0. ) (= o0, )




DIFFERENTIAL CALCULUS

Find the domain of each function.

@) f)=NFT2 (b) g(x)=—

P —x

Solution:

(a) Because the square root of a negative number 15 not defined (as a real number), the domain of / consists

of all values of x such that x +2 > 0.

This 1s equivalent to x > -2, so the domain of {(x) 1s the interval [-2. ).

. | |
Since g¢(x) = =
(b) g(x) R

When x =0 or x = 1 g(x) 15 not defined. Therefore the domain of g(x) 1s the interval (-0, 0) (0, 1) (1, )



Definition
There are four possible ways to represent a function:
»~ verbally (by a description 1 words)
» numerically (by a table of values)
» visually (by a graph)
» algebraically (by an explicit formula)
LIMIT OF A FUNCTION

A limit 1s the 1dea of looking at what happens to a function as you approeach particular values of x.

A lmmat 1s strictly the behavior of a function “near” a point.

Left-hand and right-hand limits are the 1dea of looking at what happens to a function as you approach a

particular value of x, from a particular direction.

The left hand limit 1s the limit of f{x) as x approaches the value of @ from the left 1s written [jm f(x)

x—a

The right hand limit 1s the limit of f{x) as x approaches the value of a from the right 1s written 1im f(x)

_‘JI—HT+




EXAMPLE

Example 1 : Consider the graph of f(x) in the given figure below.

The following observations can be made

when x = -2, we notice there 1s a “break™ in the function.




EXAMPLE

However, 1f we approach x = -2 “from the left” (Figure a) we can see that the function values are getting

closer and closer to 1.

On the other hand. 1f we approach x = -2 “from the right” (Figure b) we can see that the function values are

getting closer and closer to 3.

When x = 1, we notice there 1s a hole 1n the function.



EXAMPLE

If we approach f(x) from the left or from the right (Figure ¢). we can see that the function values are getting

closer and closer to 2.

Therefore, we have lim /(X)=1 lim f(x)=3  lim/(x)=2 limf(x)=2

x—==2" x—-2" x—=1" x—l1t



EXAMPLE

Using the given graph of g(x). find the following left- and right-hand limuts.

lim g(x), Iirp+ g(x), Iirp g(x), "'Il g(Xx).

Solution:

The graph of g(x) implies as x approaches 0 from the left. we can see that the function values are getting

closer and closer to -1. (Figa) So. 1im g(x) =-1

=0
As x approaches 0 from the right. we can see that the function values are getting closer and closer to -1.

(Figb)So. img(x)=—-1

x—07



PROBLEM

As x approaches / from the left, we can see that the function values are getting closer and closer to -2.

¢) So. limg(x)=-2

x—l

As x approaches / from the right. You can see that the function values are getting closer and closer to -2.

(Figd) So, limg(x)=-2

=17
Figa Fighb Figc Figd
BN S N
NGO NG
TR ENSR e
e e N B S

By considering both the left- and right-hand limits of a function as you approach a particular value of x,

you can determine whether or not the limit of the function at that point exists.



EXAMPLE

DEFINITION : For a given function y = f(x). it lim f(x)=lim f(x)=/, finite answer, we say that

X—» X—ra
limit exists at x =¢ and we write that lim f(x)=/.
x—a
Otherwise limit does not exist.

Example 2: Using the graph of f(x) below. find the following limats. lem F(x), XILrPZ F(x).

Already in example 1, we have got lim f(x) =2 and lin}f (x)=2

- x—l
x—l

Therefore, by definition, since lim f(x)=Iimf(x)=2.then lim/f(x)=2.

—1 x—>l x—sl



PROBLEM

Find lim

x—»l X - l

. 1f 1t exists

Solution: Consider f(x)= :

x—1
X 9 0.99 0.999 | 0.9999 1.0 1.0001 | 1.001 | 1.01 1.1
f(x) -10 -100 -1000 | -10000 | - 10000 | 1000 100 10
. . 1 .1
By the observation of the values lml] P o0 and llt‘f} = —00 .
="y — x—1" x —

Left hand limit # Right hand limit

Thus limit does not exist.




PROBLEM

. . Coeoe =1
Use conjecture method to determine the limit lim
x—0 X

Solution: Consider f(x)= ¢ -

X
X -1 -0.1 -0.001 | -0.0001 | 0.0 |0.0001 |0.001 |O.1 1
f(x) 0.632 [ 0.956 | 0999 | 1.000 - 1.000 | 1.001 |1.052 |1.718

From the table 1t appears that as x gets closer to 0. the function f(x) gets closer to 1.

. e —1
lm
Therefore we conclude 5o

=1



PROBLEM

Show that !rl_lglx| =0

Solution: ‘x| = {

Since

. lim
x—0"

X

X

x, x=20

—x, x<0

=x,for x>0,

=lmx=0
x—>ﬂ+

For x<0, |.x:| = —X,

x—0

lim |x| = lim (—x) =0

x—0"

~ lim x| = lim || = lim|x| = 0
—0" x—0"

x—0




PROBLEM

RS .
Prove that lim u does not exist
=0 X

_ x, x>0
Solution: |x‘ —
—x, x<0

X=X

. oo lim! ‘—hm——l
x—=0" x x—=0"

For x>0,

) X . —X
x| ——x, .. Im—=lm—=-1
x—0 X x—=0 X

FOI-J:{U

) limH¢ limH

". Iimit does not exist.
=07y  x=0 y



PROBLEM

1+ x; x<-1
7. Sketch the graph of the function f (x) ={x%; —1< x<1and use 1t to determine the value
2—Xx; x=1

of “a” for which lim f(x)exists?
X—rd

Solution:

From the graph lim f'(x)exists for all ‘a” except when a = -1.

—> the left and right limits are different ata = -1



PROBLEM

. |
Find llm—1
x—l) X
Solution:
X -1 -05 |-0.2 -0.1 -0.05 |-0.01 -0.001 0O/1 05 (0.2 |01 005 |0.01 0.001
f(x) 1 4 25 100 | 400 10,000 | 1,000,000 -1 |4 25 |100 | 400 | 10,000 | 1,000,000

As x becomes close to 0, x* also becomes close to 0. and Lz becomes very large. Thus the values of ()
X

can be made arbitrarily large by taking x close enough to 0.

| | .
Thus the values of /' (x) do not approach a number. so lim — does not exist.
x—0 X




PROPERTIES

+ lim [f(x) + g(x)] = lim f(x) + lim g(x)

. lim

X—a

. lim
X—a

. lim

X—0

. lim
X—a

() — g()] = lim £(x) — lim ¢(x)
ef(9)] = ¢ lim £(x)

[f(0)g()] = lim £(x) - lim g(x)

lim f(x)
f) _5=a? " if lim g(x) # 0

g(x) lim gx) ~— x—a




PROBLEMS

4

, 1f 1t exusts.

. X
Evaluate lim
=1 x —1

Solution:

o1 . (¥ -1)(x+1)

T
>l x 1 g}(x—l)(x"' +x+ 1)

i (.1c+1)(.1|c-1)(.7s:1 + 1)
ol (x-l)(x"‘ + x+1)

(x+1)(x° +1) (1+1)(1+1) 4
xo>] (x2+x+1) (1+1+1) 3




PROBLEMS

AP +9-3
10.; Evaluate lim

—0 fz

Solution: lim\fr2+9—3_limx)r2+9—3 Nt +9+3
=0 1 10 £ ,1‘2 1043

. 7 +9-9 1
= lim >

=0 7 *+9+3
= lim !

=0 JP+9+3

o |~




11.

12.

13.

14.

15.

16.

EXCERCISES

2
lim> =% — lim(x+2) = 4
x—2 x_z x—2

3
lim> =5 — lim(x? + 2x+ 4) =12
x—>2 x_z x—32

> g
lim 250 (v—3) =1
x—2 x—z x—»2

S 4x+3 . x> 1
me : Al =11mx—3:11m—=0
X—»0 X _2 x—)mx x—}-mx

2 2
im X =2 X
X—»00 X _2 X0 y

4 4
lim = 34x+3 =1imx—3=1im£=oo_ﬁ0r Does Not Exist.
X—»a0 X _2 x—o y x—® 1




SANDWICH THEOREM

The Squeeze theorem (or) The Sandwich Theorem (or) The Pinching Theorem:

It f{x)< g(x) < h(x) when x 1s near a (except possibly at ) and lim 7 (x) =lim/(x) =L then limg(x)=L

Show that lim x* sin(l) =0

a—>0 X

S{]lllti{}ll: Let g (I) p— _IZ Siﬂ [l)

X

i . . 1 .
Since limsin (—J does not exist
x—0 X

_ . , . [ 1 . N |
S.owe cannot use limax“sin| — |=lmx” . limsin| —
x—0 X x—»0 x—0 Vx

. . | |
Since —1< Hln[—)“_’i] =y’ <y’ sm(—}ﬂ X’
X x

Since limx* =0 and lim (—xz) -0
x—0 x—0

o limx? sin[i] =0
x—0 X



CONTINUITY OF A FUNCTION

Definition:

A function f (x) is continuous at a number a if lim f(x) = f (a).
A function f (x) is said to be discontinuous at a if it is not continuous at a.

Function f has a discontinuity at a if any one of the following occurs.

(i) f (a) is not defined in the domain of f .

(ii) le_r)ral1 f (x) does notexist or xILT f(x) = XILT f ().

(iii) lim f (x)= f (a)

A function f is continuous from the right at a number a if XILT f(x)=f(a).

A function f is continuous from the left at a number a if Xliryf f(x) = f(a).

A function f is said to be continuous in an interval [a,b] If it is continuous at each
and every point of the interval.

Note: If f is defined only on one side of end point of the interval [a,b] then

continuous at the end point mean f is continuous from the right or continuous from
the left. i.e. lim f(x)=f(a) and lim f(x) = f (b).




Examples of continuous function

The following functions are continuous at every point in their domains:
constant functions

polynomials

rational functions

root functions

trigonometric functions

inverse trigonometric functions

exponential functions

v
v
v
v
v
v
v
v

logarithmic functions




Results of continuous function

If f (x) and g (x) are two continuous functions at a and if ¢ is any constant then the
following functions are also continuous at a .

() T(x)+g(x)
(i) £ () -g(x)
(iiii) ¢ f(X)
(iv) £ (x) g(x)

v) 8 g(x) % 0.

(vi) If f is continuous at b and lim g(x) = b, then lim f(g(x)) = f(b).
In other words!im /(g(x)) = f{lim g(x))
(vii) If g is continuous at @ and f is continuous at g(a), then the compos-ite function

fe g given by (f e g)(x) = f(g(x)) is continuous at a.




Graphical representation of
continuous function

The graph of continuous function can be drawn without removing your pen from the
papetr.

p={r =0
—x if x<0




Graphical representation of
discontinuous function

The graph of discontinuous function can’t be drawn without lifting the pen from the
paper because a hole or break or jump occurs in the graph.




Examples for
continuous function

The graph of a function ¢ 1s shown.

/

oii\’{;;

graphof ¢

(a) At which points a in {0,1,2,3,4,5} is g continuous?

(b) At which points a in {0,1,2,3,4,5} is g continuous from the right?
(c¢) At which points a in {0,1,2,3,4,5} is g continuous from the left?



Examples for
continuous function

h:‘:
015\;/45

graphof g

Solution:
(a) The function g is continuous at a = 0,2, 5. In fact,

(1) The function ¢ is continuous at a = 0, since ]_i}m+ g(z)=g(0) = —1.
€

(i1) The function g is not continuous at a = 1, since lim g(z) # lim g(x).
r—1- r—1+

m g(z) = :cll}nzl+ g(z)=g(2)=0.

(ii1) The function g is continuous at a = 2, since li !
r—2—
(iv) The function g is not continuous at a = 3, since lim g(z) # Lm g(z).
r—3- r—3+

(v) The function g is not continuous at a = 4, since g(4) does not exist.

(vi) The function g is continuous at a = 5, since ]i%] glr)=g(5) =1
r—5—



Examples for
continuous function

)
el

graphofg

(b) The function g is continuous from the right at a = 0,1, 2, 3. In fact,

(1) The function g is continuous from the right at a = 0, since lim g(z) = g(0).
x—0+

(i1) The function g is continuous from the right at a = 1, since liI{l_F g(x)=g(1).
Tr—

(i11) The function g is continuous from the right at a = 2, since lim+ g(x) = g(2).
r—2

(iv) The function g is continuous from the right at @ = 3, since ]i%,]+ g(z) = g(3).
r—
(v) The function g is not continuous from the right at a = 4, since g(4) does not exist.

(vi) The function g is not continuous from the right at a = 5, since lim+ g(x) does not exist.
r—5



Examples for
continuous function

[\:‘:
015\;/45

graphof g

(c¢) The tunction g is continuous from the left at a = 2, 5. In fact,

(1) The function ¢ is not continuous from the left at a = 0, since ]'1%1 g(z) does not exist.
r— U=

(i1) The function g is not continuous from the left at a = 1, since lim g(x) # g(1).
r—1-

(i11) The function g is continuous from the left at a = 2, since lim g(z) = g(2).
r—2-

(iv) The function g is not continuous from the left at a = 3, since ]i[%l g(z) # g(3).
F—aT

(v) The function g is not continuous from the left at a = 4, since g(4) does not exist.

(vi) The function g is continuous from the left at @ = 5, since ]i[g g(z) = g(b).
r—5—



Examples for continuous function

Show that the function f(x) = 1 — 4/1 — x? is continuous on the interval [—1. 1].

Solution:

It —1 < a << 1. then using the Limit Laws,
flo=1-y1-x*

lim f(x) = lim (1 — /T — x2) /
=1 — lim /1 — x? | !

r—da

=1-=_/lim(l — x?)

r—da

R
= f(a)

fis continuous ata if —1 < a < 1.

lim f(x)=1=f(=1) and  lim f(x) =1=f(1)

r——1

so f 1s continuous from the right at —1 and continuous from the left at 1.

. f is continuous on [—1, 1].



Examples for continuous function

Show that the function g(x)=2+/3—Xx is continuous in (-o0,3]

Solution:  For 4 < 2. we have

lim g(z) = lim 23 —x

e —+ o —+

=2 lim /3 —x

T—a

=2 [lim(3—2)

r—a

=2 /lim3— limx

i — T—a

— 23 a
= g(a)

So g 1s continuous at x = a for every a in (—oo, 3).

Also, lim g(xz) =0 = g(3). so g is continuous from the left at 3.

r—3

Thus, g 1s continuous on (—oo, 3].




Examples for continuous function

. 2X+3 . . .
Show that the function f(x)= X+2 Is continuous in (2,0)

Solution:  gqp ¢ = 2 we have

I 1 — z_e
lim f(z) = lim —=— lim (z — 2)

w—

2lmz+ lim 3

b — X —

lim 2 — Iim 2
wr— e — 0

_ 2a+3
 a—2

= f(a)

Thus. f is continuous atx = a for every a in (2, oo); that is, f is continuous on (2, o).




Examples for continuous function

_ smx ifx<mw/4 _ _
Show that the function f(z) = Is continuous in (-00,00)
cosx if x = m/4
Solution:

We know that trigonometric functions are continuous.

Therefore sin x is continuous in (-oo, /4) and cos X is continuous in (nt/4, «).

Thus f (x) is continuous in (-0, ©/4) U (mt/4, ).

lim f(z)= lim sinz=snf = 1/v/2

x—(mw/4)— z—(m/4)—

lim f(z)= lim cosz=1/2

z—(w/4)T x—(mw/4)T

Thus, lim f(z) exists and equals 1//2,"

x—(mw/4)
Also, f (n/4) = 1/./2. Therefore. f is continuous at /4,

so f 1s continuous on (—oo, 0o).




Examples for continuous function

o

. _ (1=
Use continuity to evaluate 1111} arcsin{ ———|.

1

Solution:

1-x [1—&)_

Takef(x):arcsinxandg(x)=1—:>f(g(x)):arcsin -

Because arcsin is a continuous function, apply result (vi) lim f(g(x)) =f(lim 5}'(-1’))

I—a

F

. . I_Vfgm ; f_ l_uf;
lim arcsinl — | = arcsin| lim ——

%

x—1 — X x—1 | —x

5

B (1 - Jx )
= aresin| i 7y T &)

5

, L
= ﬂrcsin(lim — )
—1 ] + 1.*.-"1

& K

= 111‘1:5.'111l -7
2 6

Practice problems:

Use continuity to evaluate (i) lim sin(x + sinx)  (ji) lim & ~*

x—1




Examples for continuous function

Where are the following functions continuous?
(a) h(x) = sin(x?) (b) F(x) = In(1 + cosx)
Solution:

(a) Take f (x)=sinx and g(x) = x* = f(g(X)) =sin(x*) = h(X).
Since f(x) is trigonometric function then it is continuous everywhere,
Since g(x) is polynomial then it is also continuous on R.

Thus by result (vii) h(x) = f (g(x)) is also continuous on R.
(b) Take f(x)=Inx and g(x) =1+cosx = f(g(x)) = In(1+cosx)=F(x).

Since f(x) is logarithmic function then it is continuous for x > 0.

Since g(x) is the sum of constant and trigonometric functions then it is also continuous.
Thus by result (vii) F(x) = f (g(x)) is also continuous when (1+cosx) > 0.

I.e. F(x) is not defined when 1+cos x = 0 and this happenswhenx =+, =+ 3m, ....

Thus F(x) has discontinuities when x is an odd multiples of = and it is continuous on the
intervals between these values.




Examples for continuous function

In x + tan™'x Continuous function
Where is the function f(x) = - continuous? Results on cont. funs.
x —

Solution:

Since logarithmic functions and inverse trigonometric functions are continuous in their domain then
the function In x is continuous for x > 0 and tan-! x is continuous on (-0, )

Thus, by result (i) In x + tan'! x is continuous on (0,).

The denominator x?-1 is a polynomial, so it is continuous everywhere. Therefore, by result (v)

f is continuous at all positive numbers x except x = 1.

So f is continuous on the intervals (0, 1) and (1, ).

Practice problem:

Ted +r —2
Show that f(x) = QT:_T4 is continuous on (—oo, —2) U (—=2,2) U (2, 0o).




Examples for
discontinuous function

8) | At which numbers is f discontinuous? Why?

YA

Solution:

The above graph has a hole (break) at x = 1 and f (1) is not defined. So f is
discontinuous at 1.

The graph also has a break when a = 3, but the reason for the discontinuity is differ-
ent. Here, f(3) is defined, but lim,— f(x) does not exist (because the left and right limits
are different). So fis discontinuous at 3.

Here, f(5) is defined and lim,—s f(x) exists (because the left and right limits are the same).
But lim f(x) # (5)

So f 1s discontinuous at 3.




Examples for
discontinuous function

9) | Where are each of the following functions discontinuous?

2 —x—2
(a) f(x) == I_Iz /

Solution:

Notice that f(2) is not defined, so fis discontinuous at 2.

| '
b) oy =42 170

Solution:

Here f(0) = 1 is defined but

] . . .
lim f(x) = lim — does not exist. " lim,—g (1/x*) = e« So fis discontinuous at 0.

x—=1 x—0 X~

Note:
The kind of discontinuity discussed in (b) is called infinite discontinuity because it
takes the limit value as infinity.



Examples for
discontinuous function

xP—x-2

(c) flx) = x—2

if x#2
if x=12

Solution:

Here f(2) = 1 is defined and

xf—x—2 (x—2(x+1) .
: L T — i — 3 exists.
ll_I’I%f(I) ,lrl—lg x — 2 chl—lg x— 2 Jlfl—lg (x+1)=3

But'lim f(x) # f(2) 2)

5o f 1s not continuous at 2.

Note:
The kind of discontinuity discussed in (c) is called removable discontinuity because
it could be removed by redefining f (x) =3 at x =2.



Examples for discontinuous function

(d) f(x) = [x]
The greatest integer function is defined by [[x] = the largest integer that is less than or equal to x.

[4] = 4. [48] = 4. =] = 3.[v2 ] = 1 [4] = -1.

Solution:
At each integer n, the function f(x) = [x] 1is continuous from the right but discontinuous

from the left because
lim f (x) = lim [x] = n=f(n)

X—*n r—n

but lim f(x) = l_i’I'ﬂ_ [x]=n— 1% fin)

r—n

lim,—., x| does not exist if n is an integer. .". f(x) = [[x] has discontinuities at all of the integers

Note:
The kind of discontinuity discussed in (d) is called jump discontinuity because the

function “jumps” from one value to another.

Definition: The absolute difference between the right hand limit and the left hand limit at a
finite discontinuous point is called jump of the function at the discontinuous point.




Examples for
discontinuous function

cCO8 T if @ <0

() flz)=4<0 if =10

2

l—z" x>0

Solution:

Given f (0) = 0.

lim f(x)=limcosx=cos0=1.

Xx—0" Xx—0"

lim f(x) = lim(1-x*)=1-0=1.

x—0" x—0

solim f(x) = Iirgl f(x) = Iing f (x) exist which is =1.

Xx—0"

But lim f (x)  f (0).

. fisdiscontinuousat x =0.



Examples for
discontinuous function

10) | Practice problems: Discuss the discontinuity of the following functions

() f(x)= ﬁ (Hint: proceedas problem (a))
_|_

Solution: _\

1
5 15 discontinuous at @ = —2 because f(—2) 1s undefined.
x

X #—2

(i) f(X)=< x+ x+2' (Hint: proceed as problem (b))
1, X=-2

Solution:

Here f(—2) = 1.but lim f(z)=—ocand lim f(z)= o, \

m—s—2 x—s—2T

so lim_f(x) does not exist and f 1s discontinuous at —2.

r——



Examples for
discontinuous function

(iii) f(x) =+ x#1 (Hint: proceedas problem (c))

Solution:

xt —zx : r(x—1) : x 1

lim f(z) = lim = lim =l

it sz — 1 ei(z+ ) (@—1) =esiz+1 2

but f(1) = 1, so f 1s discontinous at 1.



Examples for
discontinuous function

sz—l, for x=0
|—x"+1, for x<0

11) | Let the function f(x) be defined for all values of x by f(x) =

Draw the graph of the function f(x) and test the continuity from the graph.

Solution.

Here, f (0) =-1 = f isdefinedat x =0.

lim f(x)=1and Iirgl f(x)=-1 = Iirrg f (x) does not exist.

x—0"

. f(x) isdiscontinuousat x =0.



Examples for discontinuous function

12) | For the following f(x), find the points at which f(x) 1s disconfinuous. Also, find the points at

(1 + x;
which f(x) 1s continuous from right and from the left. Justify your answer. f (t‘) =4 1/x;

_ x-3;
Solution: -

lim f(x) = li11111 [x=1

x—=1*

lim f(x) :1111}1+x =2

r—=1"
lim f(x) # lim f(x) =At x = 1, the function 1s discontinuous
x—=1" x—1"

-

1+ x; x=1

limf(.r):LiLI;x/x—S:Uf(x}:a] 1/x: l<x<3 /

r—=3F

x—3; x=3 / 0
lim f(x) = lingl,/x =1
x—3" x—»

lim f(x) = lim f(x) =At x = 3, the function 1s discontinuous
x—=3" =3

lim f(x) =0= f(3)=>At x = 3, the function 1s continuous from right.
x—=3"

lim f(x)=2= f(1) =>At x = 1, the function 1s continuous from left.
r—=1"




Examples for discontinuous function
13) |Find the domain of where the following function f is continuous. Also find the numbers at which the function f is

discontinuous. i
1l +x* ifx=0

flx)=42—x if 0<x=12
(x—2) if x=2

Solution:

(1+22  ifz<0

flz)=<¢2—x if 0 <oz <2
2 .

((z—2)" ifz>2

f 1s continuous on (—o0, 0), (0,2), and (2, 00) since it is a polynomial on o (2,0 *

each of these intervals. Now lim f(z) = lim (1+2?) =1and lim f(z)= lim (2 —2) =2,s0 fis

x—0 x—0— z—0T z—0T

discontinuous at 0. Since f(0) = 1, f is continuous from the left at 0. Also, lim f(z) = lim (2 —z) =0,

x—2— r—2

1im+ flx) = 1im+(m —92)? =0, and f(2) = 0, so f is continuous at 2. The only number at which f is discontinuous is 0
x—2 x—2

.. The domain of continuity is (-c0,0)u (0,).



Examples for discontinuous function

14) | Practice problems:

For the following f(x), find the points at which f(x) 1s discontinuous. Also, find the points at
- -
z+2 Hfzxz<0

which f(x) is continuous from right and from the left. Justify your answer. f (z) =4 €° f0<z<1
6 :
Solution: (2-2 ifz>1
f is continuous on (—o0o, 0) and (1, oo) since on each of these intervals 1t 1s a polynomi: 71
(1,e)
(0,2)}
it is continuous on (0, 1) since it is an exponential. W)
(3 AN
Now lim f(zx)= lim (z+2)=2and llm f(xr)= llm e* =1, >
r—0— f( ) :c—rﬂ_( ) r—07t f( ) r—0T / 0 \x
so f 1s discontinuous at 0. Since f(0) = 1, f is continuous from the right at 0.

Also lim f(z) = lim e®* =eand lim f(z)= lim (2 —z) =1, so f is discontinuous at 1.

r—1— x—1— x—17+ r—1+

Since f(1) = e, f is continuous from the left at 1.



15)} For what value of the constant “¢” is the function “f”” continuous on (-0, o),

Examples for discontinuous function

cx’+2x ifx<?2
flz) =

3 —cx if © > 2

Solution:

cx’ +2x & x° —cx are polynomials in x = They are continous everywhere in (-o0, o).
The only point to be checked is x = 2.
lim f(x) Zlill‘zlxj —ex=2"-¢c(2)=8-2c

i—=2"

]jmf(x):]1'11%«:::'r2 +2x=c2*+2(2)=4c+4

x—=2"

If “f 7 1s continuous at x = 2 , then lim f(x) = lim f(x)= f(2)
=27 x—=2"

:>8—2r::4c+4:>6c:4:>c:§




Examples for discontinuous function

(:EQ_%I:

x— 2

arx’ —br+3 if 2<x<3
L 2x —a+b if >3

if <2
16) | Find the values of ‘a’ and ‘b’ such that the function f(z) = <

IS continuous.
Solution:

2
—4 2)(x — 2
Me=3 b f(e)= tip T57 = i S~ b (e 2) =242

lim f(r) = lim (az® —bx +3) =4a — 20+ 3

z—2T r—s2T

Wemusthave 4a —2b0+3 =4, orda —2b=1 (1).

lim f(z) = lim ({m: —bxr+3)=9a—3b+3

x—3 x—3

lim f(x)= 11m+(2$—t1—|—b):6—a—|—b
3

x—3T

We must have 9a —3b+3 =6 —a +b,or10a —4b =3 (2).



Examples for discontinuous function

Now solve the system of equations by adding —2 times equation (1) to equation (2).
—8a + 4b = —2

10a —4b= 3
2a = 1

Soa = % Substituting % for a in (1) givesus —2b = —1.s0 b = %

Thus, for f to be continuous a = b = =.

Note:

The above problem may also be asked in the following manner

2+ x;
Find the values of ‘a’ and ‘b’ such that the function f (x) =Jax’ —bx+3;
2x—a+b;

-

1s continuous everywhere.




Derivative of a function

DERIVATIVE OF A FUNCTION
The derivative of a function represents the rate of change of a variable with respect to another

variable. For example, the velocity of a body 1s defined as the rate of change of the location of the body
with respect to time. The location 1s the dependent variable while time 1s the independent variable. Now if
we measure the rate of change of velocity with respect to time, we get the acceleration of the body. In this
case, the velocity 1s the dependent variable while time 1s the independent variable.
fla+h)—f(a)

h

The derivative of a function f(x) at x =a 1s defined as f'(a) = %in{}

Note:
1. If f 1s differentiable at @, then f 1s continuous at a.
2. The converse 1s not always true. (1.e) A function can be continuous at @, but not differentiable at a.

If we write x = a + h, then we have i = x — a and h approaches 0 if and only if x

approaches a. Therefore an equivalent way of stating the definition of the derivative,

e — tim L0 1@

X—da X —




Derivative of a function

17) | Find f'3) if f(x)= 4x” using definition of the derivative.
Solution:

£'(3) =lim

h—0

i 2B+ h)’ —4(3)°

=0 h

. A9+ +6Rh)-36
h

[G+1)- 7O ) = fim S = f(@)

h—0 h

h

— lim(4/h + 24) =24
h—0

=24




Derivative of a function

Find f’{%] if f(x)==sin(2x) using the first principle of derivative.

o) el 4]

=0 ;.}
:
2

Sin ( z J cos(2h)+ cos [ EJ sin(2h) —sin ( E]
. 2 2 p)
= lim

h—0 ’Ij

Solution: [ [ —|=

— lim cos(2h)+0-1
hi—0 h

lim cos(2h) -1
h—0 ,fl:

=0




Derivative of a function

19) | Find the derivative of the function f(x) = x* — 8x + 9 at the number a.

Solution:
fla + h) = fla)
h
o [la+ h)?*—=8(a+ h)+ 9] —[a* — 8a + 9]

o a*+2ah+h*—8a—8h+9—a*+ 8 —9
= lim

h—0) h

f@ = i

~ 2ah + h* — 8h
= |lim
h—0 h

-leirré(Zaﬁ—h—S) =2q — 8

Theorem: If f is differentiable at a, then f is continuous at a.

Note: The converse of the above theorem is not true.



Derivative of a function

20) | Find the domain at which the function f(x) = |x| 1s continuous and differentiable.

Solution: We know that, |x| =
—x, x<0

x,x=0

Since x and —x are polynomial then |x| is continuous in the interval (-c,0) and (0,0).

Now check the continuity at x = 0.

For x>0, M =x, .. lm |r‘ —limx=0

x—=0 x—=0

For X <0 |x|=-x. .. lim|x|=lim(-x)=0

x—0~ r—0"

c. him ‘r‘ = lim ‘r‘ — li_t]l‘:{‘ =0

x—0" x—0" x—0

= at x=0. f(x) 1s continuous. Therefore, the domain of the continuity of f(x) is (-0, o0)
To check the differentiability

If x>0 then|x|=xand |x+h|=x+h.

Jx+m)-f(x) _
I

lim|.:*:'-|—z’?|—|:mf| x+h—x . h
h—0 N h—0 h =0 h

()= Llil&

= {(x) 1s differentiable for x>0



Derivative of a function
If x <0 then |:r|: —x and [x+h|=—(x+h).
f(T)_hmf(XJrf?)—f(x) :hm|x+f?|—|x| :liln—(x+h) [— (*c)]

h—0 N h—0 5 h—0 N
= 1(x) 1s differentiable for x <0

If x =0 then \x\:

f(o)_hmf({}Jrh)—f(O):1].111|0+f.r|—|0| lin |fr|
h—=0 I h—0 I .i’?—}{l I
hl . h

Now Im—=lm—=1
=0t h—0

and lim — 2] _ 11111_—h =—1
i—07 f’j h—0 };

]1111|;F|:t]1111|h| :>hm|h|

does not exist. = f'(0) does not exist.
0" k=0 | h=0 )

=f(x) 1s differentiable for x >0and x <0 but not differentiable at x=0.
Therefore, the domain of the differentiability of f(x) 1s (00, 0) (0, o)




DIFFERENTIATION FORMULA

d ()= 1% (log x)=1_1
1) E(Y )—nx )ffx( og, 1’) « log, a
d d |
2) —(constant)=0 A [ xy_
) dy(cons ant ) 12) dr(ﬂ ) a*loga
d . d ;..
3) — X)= ; (6™ = go™
) . (sinx) =cosx 13) - (g ) ae
d . . d ;. 1
4) —(sinnx) = . —(sin' x) =
) . (sin nx) =#ncos nx 14) o (5111 -;) —
d : _
5) —-(cosx)=—sinx 15) i(cos_l x): 1
; X 1-x*
6) —(tanx)=sec’ x 16) i(tan‘l T): 1
; dx 14 x°
7) d—(secx]:secxtanx 17) i(cot‘l r): —1
; dx 1+ x°
8) —(cotx)=—cosec’x d 4 1
» 18) —(sec™ x) = =
d ff‘f( ) RVR
9) :(cosecx):—cosecxco‘rx 19 i(cosec_lx): 1
d d 1 X xvx’ -1
10) d—(Inx:) :d—(loge X)=— d
X X X 20) d—(smh x)=coshx
x



DIFFERENTIAL CALCULUS

1. | Find the derivative of /(x)=10x°.

Solution: /(x)=10x° f'(x) = di(loxﬁ) = wdixﬁ =10(6x") = 60x°
X X

Derivatives of logarithmic and exponential functions

For the function of the type f(x) =a". where a is a constant, then f'(x)=a¢"Ina.
Derivative of f(x)=¢" 1s f'(x)=¢"
For the logarithmic function f(x)=Inx. f'(x) = 1 :

X

I

Derivative of f(x)=log, x 1s f'(x)= :
xIna




DIFFERENTIAL CALCULUS

dy

dx

Find a. f(x)=3x"+10" b. f(x)=e"+¢™"

Solution.

a. 4 _ 60x" +10" In10. b.ﬂ —e* +5&7
dx dx

Find j—y a. f(x)=3Inx+10 b. f(x)=logx+3

X

df 3, df _ 1

Solution.a. ==, b= =
dx x dx xInl0

Find the derivative of /(x)=3x"+8.

Solution: f(x)=3x" +8

d 3 d 3 d d 3 2
) =LGx*+8) =L Bx)+-2@®) =3 L (x*)+0  =3(3x?) =9y
J(x) dx(l ) dx(l) dx() dx(x) (3x7) =9x




DIFFERENTIAL CALCULUS

5. | Dafferentiate the functions (addition/subtraction).

a. f(x)=x"+2x—-1 b, f(x)=3x"-5x ¢ f(x):%+\/;
Solution.

a. f'(x)=2x+2

b. f'(x)=60x" -5

: 1 1
c. f'(x)=- +
AN ~

Product Rule: If 7/(x)=u(x)v(x).then f'(x)= u(x)div(x) +v(x)diu(x) .
\ .

X



DIFFERENTIAL CALCULUS
6. | Find the derivative of /(x)=(2x"—6)(3x’ +8)
Solution : Using the product rule,
f(x)=(@2x* —6)(3x° +8)
Let u(x)=2x> —6and v(x) =3x" +8

Taking the derivative of u(x).

du d . , d ., d d
dx dx(x ) dx(x) dx( ) dx(x) (2x) =4x

Taking the derivative of v(x),

dv d . d 5 d d . , :
& L2 +8) =L 6+ L(8) =3 L () +0=33x2) =9
ra dx(x ) dx(l‘) dx() dx(l) (3x7)=9x



DIFFERENTIAL CALCULUS

Using the formula for the product rule
f'(x)= H(x)%v(x) +v(x)%u(x) =(2x" —6)(9x" )+(3x" +8)(4x)
=18x" —54x” +12x" +32x =30x" —54x° +32x
Differentiate the functions a. f(x)=(x"+2x—1)x" b. f(x)=(3x""=2)(5x)
Solution.
a. f'(x)=Qx+2)x" +(x* +2x-1)10x"

b. f'(x)=(60x")5x+(3x" =2)5

Quotient Rule: o u(2) o v(x)iu(x)—u(x)%v(x)
TO= g e (v(x))°




DIFFERENTIAL CALCULUS

* - - i (212 _ 6)
Find the derivative of /(x)=—— .
(3x” +8)
Solution:
. . : (2x* —6)
Using the Quotient Rule, /(x)=
g the Q /(x) G 18

Let u(x)=2x"-6 and v(x)=3x"+8

Taking the derivative of #(x),

d“ d 2 d 2 d d 2
W _9 o6 =L 2x)-L) =2 L (*)-0=202x)=4
e dx(x ) dx(x) dx( ) dx(x) (2x) = 4x

Taking the derivative of v(x).

dv d ; d ;. d d  ; > >
—=—Bx+8)=—Bx)+—(8) =3—(x")+0=33Bx")=9
E dx(x ) f(x)a’x() dx(l) (3x7) =9x



DIFFERENTIAL CALCULUS

v(x) %u(x) —u(x) %v(x)
(v(x))’

Using the formula for the quotient rule, f'(x) =

(3" +8)(4x) —(2x° —6)(9x7)  12x* +32x —18x* + 542" —6x" +54x” +32x
(3x° +8)° 9x° +48x” + 64 0x° +48x" + 64

()=

3x° =5

,J;

Differentiate the function f(x)=

Solution:

Jx(6x)— (3x* —5) ——
/1) = 2x

X




10.

DIFFERENTIAL CALCULUS

The chain rule:

dy dy du
dx du dx

The chain rule 1s

dy

dx

a. y=u" and u=1-x" b. f(x)=3x"-2)" c. f(x)=+/x"+1

Find by chain rule.

Solution.
g, VoA AU 00 (53 = —50x7 (1 x°)
dx du dx
b. ? =21(3x% =2)*°(60x") =1260x" (3x*° =2)*°
X
dy  2x

C_ p—
dx  2.x*+1




DIFFERENTIAL CALCULUS
1 | Find f(x) 5 f(x)=In(3x" =2x)

dy dy du d(lnu) du
dx du dx du  dx

Solution: By chain rule.

¥ 2 _
dy:d(hlu)‘du:l'd(?)x 2X) _ 21 (6x—2)
dx du  dx u dx 3x°—2x

12.] If f(x)=sin(cos(tanx)), find f'(x)

Solution:

() = d (sin(c;i(tan X)))

d(cos(tan x))
dx

f'(x) = cos(cos(tan x))

u=3x%-2x




DIFFERENTIAL CALCULUS

d(tan x)

X

= cos(cos(tan x))[—sin(tan x)]

= —cos(cos(tan x))sin(tan x)sec” x

13. Differentiate y =™’
Solution:
dy _ d (8““39) _ e d (sec 36‘)
dé dé dé
d(36)

— ¢***’ sec 30 tan 36

= ¢’ sec30tan 36(3) = 3¢*? sec 30 tan 36
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Implicit differentiation:

Functions like 3% —5xy+9x” =2 =0 where x can not be written as independent variable with respect to

another variable y. In this case direct differentiation 1s either difficult or impossible. To find dervative we

will use implicit differentiation using chain rule. Following examples will illustrate the situation.

14.. Find @ or y'.
dx

a xX*+v'=2xy b 3 =5x+9x-2=0 b. v’ =logx+3

Solution:
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%xm%m - %my)

2x+2yd—y=21d—y+2y

dx dx
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5y-9
6y —>Sx

b. 6yy'—=5y—-5xy'+9=0=>y'=

l 1
c. 2yp'= —y'=
im0 Y T 29mi0

15. | If x*—xp+y’ =3, find the value of y'and )”.

Solution: x° —xy+7y° =5

d . d d
e J—l—— b :0
—dx(x) dx(—n) dx(})
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dy dy
2x—x——yp+2y—=0
a7 d
(—x+2y)d—y:—2x+y
dx
dy y—2x
dx 2y—x
, —2x
}’:y
2y—x

(2y—x))'=y—2x

d d
% (Qy—x)y")= E(}’ —2x)
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d d d d
2 . . ) f_ 2 oy — T 2.‘_
(2y x)dx(y)w dx( y—x) dx(y) a,x( X)

V'2y—x)+V'(2y' -1 =y"-2

., 2'}’,—2—2'})'2
2y—x

Y

After substitution of V' .

w2
2y—2x_2_2 y—Zx] o 2
= 2y—x 2y—-x) 6y —xv+x’)
2y —x 2y —x)°
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16. | Find % if sin(x+ )=’ cosx

Solution: Given sin(x + y) =y° cosx

Diff. w.r.to x. we get,
cos(x + y)(l + yl) = y*(—sinx)+ (cosx)(2yyl)

cos(x+y)+cos(x+ y)y’ ——y’sinx + 2){]; Cos X

cas(x+ y)+y2 SIN X = (2}!::051‘—::@5(x+y])y

.+ cos(x+y)+y’sinx
. J}-‘ p—
2ycosx —cos(x+ )
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17. | Ifx*+ y*=16, find the value of y'and 3".

- , , 4x° x
Solution: x* +y* =16 4x°+4)°y'=0=>y =_4—))3=__3

Differentiating with respect to x

G- Gy _fo‘*{yw’}}

6

Y

3 } 3 3
3 3% {y x[x}}} 357 {y )+ x(x
r x fr y y

|
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18.| Find the slope of the tangent line to the curve 3xy—2x” =7 at (1, 3). Also compute the

second derivative.

Solution.

4x-3y  41)-33) 5
3y'+3y—4x=0=>y'= Sxy: (?3(1)():_5

For the second derivative we consider again 3xy'+3y—4x=0

4-6y' o6y—-4x 14
3x 3x° 3

Taking dervative we find 3xy"+3y'+3y'-4=0= y"=



19.

TANGENT LINE

Find the tangent line to the equation x° +y° = 6xyat the point (3, 3) and at what point the

tangent line 1s horizontal in the first quadrant.

Solution:

Differentiating both sides of x* +)° = 6xy with respect to x, regarding y as a function of x, and using the
Chain Rule on the term y” and the Product Rule on the term 6xy, we get 3x° +3 17 y'= 6xy +6y

X +y? y'=2xy'+2y
Yy - 2%y =2y - x*
y (y*-2x)=2y-x’

. 2y — X’

Y ==
Vo o= 2x
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2y—x’  2(3)-3
ALG.3), y=2TY 20
V-2 3¥-203)

Slope ofthe tangent 1s -1
Equation of the tangent 1s given by y—y, = m(x — X, )

—>y-—3= (—1)(x—3)z>y—3:—x+3:>x+y:6

The tangent line 1s horizontal if y'=0

2y —x°

y:—2x

—

2 .
:0:’2}’—x2202>2y:x2:>y:% provided y° —2x #0

xE

y:E in x’+y° =6xy
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L -
SR A Gy
.2 .2

i}
X
:>x3-|-§:3.1‘

8x° +x°
2 —3x°

= 8x° + 1% =24x°

3

= 8x° —24x° = —x*

= —16x° = —x°

=1 -16x=0= (>’ =16)=0=x=0, (16 = x=0. (2*)’ =>x=0, (2)°

X (2%)2 (2%):2%—1:2%

YT T2 T

Thus the tangent line 1s horizontal at (2% : 2%)
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Maximum and Minimum values of f
The maximum and minimum values of f are called extreme values of f .
Definition:

Let f be defined on [a,b] ./ 1s said to have an absolute maximum (or global maximum) on
[a,b] if there 1s at least one point ¢ € [a,b] such that f(x) < j'(c),Vx - [a,b].

1.e., the largest value of /" on [a,b] 1s called the absolute maximum.

Definition:

Let f be defined on [a,b]. f 1s said to have an absolute minimum (or global minimum) on
[a,b] if there is at least one point ¢ € [a,b] such that f(x) > j'(c),Vx € [a,b].

1.e., the least value of f on [a,b] 1s called the absolute minimum.
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Definition:

Let / be the function defined on [a,b] and let c e (a,b) , then

(1). f 1ssaid to have a local maximum (or relative maximum) at ¢ , if there 1s a neighbourhood
(c*—5,c*+5) of ¢ such that f(x) < f(c),‘v’x € (0—5,c+5) L X#C.

le., f'(c) 1s the greatest value in a neighbourhood of ¢ .

(11). f 1s said to have a local minimum (or relative minimum) at ¢ , if there is a neighbourhood
((:—5,(:—1—5) of ¢ such that f(x) > f(c),‘v’x € (0—5,c+5), x#cC.

1e., f(c) 1s the least value in a neighbourhood of ¢ .

Definition: A critical number of a function f is a number ¢ in the domain of f such that either

/"(¢)=0 or f'(c) does not exist.
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Closed Interval Method:

To find the absolute maximum and minimum values of a continuous function f on a closed
interval |a,b].
1. Find the values of f at the critical numbers of / in (a,b) (the open iterval)

2. Find the values of f at the endpoints of the interval, f (a) and [ (b)
3. The largest value from steps 1 and 2 is the absolute maximum value; the smallest of

these values 1s the absolute minimum value.

Find the absolute maximum and minimum  values of  the function
f(x)=x"=3x" +l,—% <x<4.

Solution:
f(x)=x"-3x"+1
1'(x)=3x"-6x
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J(x)=0

=3x*—6x=0

=3x(x-2)=0 = x=0,2

The critical points are x =0,2
£(0)=0"-3(0)* +1=1

f(2)=23 —3(2)2 +1=8-12+1=-3

Also, at the end points

1 Y 1V 1 (1), _-1-6+8 1
f(‘EH‘EJ ‘3(‘5] TR 3(4}“_ S8

(@) =4 -3(4) +1=64-48+1=17

The absolute minimum value is f(2) =-3 and it occurs at x =2,

and the absolute maximum value is f(4) =17 and it occurs at x =4 .
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2. | Find the absolute maximum and absolute minimum values of f (x) on the given interval

f(x)=x—6x*+5,[-3.5].
Solution:

f(x)=x—6x"+5
f(x)=3x"-12x

J'(x)=0

=3(x* —4x)=0

= x(x—4)=0

= x=0,4

The critical points are x = 0,4
£(0)=0"-6(0%)+5=5

f(4)=4=-6(4)+5=-27
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Also, at the end points

£(-3)=(-3) -6(-3) +5=-76

/(5)=5"-6(5")+5=-20

Hence, the absolute minimum value is f(-3)=-76 and it occurs at x =—3

and the absolute maximum value is f(0)=5 and it occurs at x=0.

3. | Find the absolute maximum and absolute minimum values of f (x) on the given iterval

f(x)=(x* -4} [-2.3].

Solution:

f(x) — ()c2 —4)3

7(x)=3(x*—4) @) =6x(x* 4]
7'(x)=0

= 6)c()c2 —4)2 =0
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= x=0,(x*~4) =0

=x'-4=0=x=+2

The critical points are x =0,2,-2
7(0)=(0-4)" =064
£(2)=(22-4) =0

f(=2)= ((—2)2 —4)3 —0

Also, at the end points

f(=2)= ((—2)2 —4)3 —0

f(3)=(3-4) =125

The absolute minimum value is 7(0) = —64 and it occurs at x =0

and the absolute maximum value is 7(3) =125 and it occurs at x=3.
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4. | Find the absolute maximum and absolute minimum values of f (x) on the given interval

f(x)=2cosx—sin 23{0,%} .
Solution:
f(x)=2cosx—sin2x
f'(x)=-2sinx—2cos2x
J'(x)=0

= —2(sinx+cos2x)=0

smx+cos2x=0

T, . .
=>Xx :5 1s the critical point

(HERHREE

0
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Also at the end points
f(O)z 2cos0—sin0=2

A5)relsls)-

(7
The absolute minimum value is f [E] =0 and it occurs at x = %

and the absolute maximum value is /(0) =2 and it occurs at x=0.

5. Find the absolute maximum and absolute minimum values of f (x) on the given interval
f(x)=x-2sinx,[0,27].

Solution:

f(x) =x—2sinx

f'(x)=1-2cosx
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£'(x)=0
—>1-2cosx=0

1
= COSX =—

T Sw . .
= x=—,— are the critical point

f[EJ zg_zsm(fl :E_zﬁzg_ 3 =—0.684853

3 3 3 2

f TN gin| 22222 ) 3 27 3= 6.968039
3 3 3 3 2 3

Also at the end points

£(0)=0-2sin0=0

f(27r) = 27?—2sin(27r) =27r—-0=6.28
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The absolute minimum value is f [%) =—0.684853 and it occurs at x = %

. . . Srt
and the absolute maximum value is f(s_”] — 6.968039 and 1t occurs at x = T |
3

Find the absolute maximum and absolute minimum values of f (x) on the given interval

(x)=x—-logx 1
f(x)=x—log ,{2,2}.

Solution:
f(x) =x—logx
1
’ :1__
r(x)=1-2
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and also f”(x)does not existat =>x =0

-.x=0,1 are the critical points
1
But x=0does not belong to {5,2}

S(1)=1-logl=1-0=1

Also, at the end points

N1
Lol 06t 205-(20.6931) =1 1931
f(Q} ——log— ( )

/(2)=2-log2=2-0.6931=1.3068
The absolute minimum value is f'(1)=1 and it occurs at x =1

and the absolute maximum value is £ (2)=1.3068 and it occurs at x=2.
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7. | Find the absolute maximum and minimum values for [ (l‘ ) =t\V4—1" in the interval [—1, 2] .

Solution:
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To find the critical points Put /'(#)=0=

= 4-2=0==2=t=42
and also 7'(¢r)doesnotexistat 4—1> =0=¢ =4=t=42
t=2,-2, \/5,—\5 are the critical points
But 7= —2,—\/§does not belong to [—l, 2]
7(2)=@W4-02) =0

2
)BT -2

Also, at the end points

F(=1)=Dya-(-1y =3

The absolute maximum value is f (x/i ) =2 and it occurs at ¢ = /2

The absolute minimum value is f'(—1) = —J3 and it occurs at 1 =—1.
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Increasing/Decreasing Test:

(a) If f' ( x) > 0 on an interval, then /'1s increasing on that interval.
(b)If f "(x) < 0 on an interval, then f'1s decreasing on that interval.

Definition:

If the graph of f'lies above all of 1ts tangents on an interval 7, then it is called concave upward

on /.

If the graph of flies below all of its tangents on an interval /Z, then it is called concave downward

on /.

Concavity Test:

Suppose that a function / 1s differentiable on an open interval containing ¢ and that f" (c)

exists. Then

1. If f"(c) > (), then the graph of /'is concave upward at the point P(c, f(c)) .

2.1f f"(c)<0, then the graph of fis concave downward at the point P(C_,f(c)) :
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Definition: Inflection Point (Point of Inflection or Flex Point):

A point P on a curve y = f(x) 1s called an inflection point if /'1s continuous there and the curve
changes from concave upward to concave downward or from concave downward to concave
upward at P.

(1.e) A pomt P on a curve y = f'(x) 1s called an inflection point if /'1s continuous there and if the
concavity of the curve changes there (from upward to downward, or from downward to
upward).

Note:

1. The possible points for inflection points are points where either /= 0 or /" 1s undefined.
2. However, just like that not every critical point 1s a local max / min, not every such point is
an inflection point either.

3. They are just the pool of points you need to check in order to find the inflection point(s) of
a curve.

4. It often happens that a graph has different concavity on the two sides of a vertical asymptote.
5. However, because a curve 1s not continuous at a vertical asymptote, i1t can never have an

inflection point there, even if / 1s defined there.
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The First Derivative Test:

Suppose that ¢ 1s a critical number of a continuous function f.

(a). If f”changes from positive to negative at ¢, then f'has a local maximum at c.

(b). If /" changes from negative to positive at ¢, then f'has a local minimum at c.

(c). It /" 1s positive to the left and right of ¢, or negative to the left and right of ¢, then f'has no
local maximum or minimum at c.

The Second Derivative Test:

Suppose f”(c) 1s continuous near c. If f 1is differentiable on an open interval containing c,

then

1. If f'(c)=0 and f"(c)<0_,then f has local maximum at x=c.

2. If f'(c) =0 and f”(c) >0, then f has local minimum at x =c.
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8. | For the function f(x) = 2x" —3x” —12x find the maximum and minimum of /° (x) . Also find

the intervals on which f (x) 1s increasing and decreasing.

Solution:

Domain of the function f(x)=2x"—3x*—12x is (—o0,x)
f’(x) =6x" —6x—12

f"(x) =12x—-6

To find critical points,

f’(x) =0=6x"-6x-12=0

=x —x—-2=0

= x-2)(x+1)=0

= x =—1,2 are the critical points
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By First Derivative Test:

Interval f’(x) —6x  —6x—12

f(x) =2x’ —3x" —12x

Conclusion

—o0 < x <—] | Positive

Increasing on (—0,—1)

—l<x<2 | Negative

Decreasing on (—1,2)

f'(x) changes positive to

negative at x =—1
= Local maximum at

x=-1

2<x <0 Positive

Increasing on (2,0)

f’(x) changes negative to

positive at x =2
— Local maximum at

x=2

Local Maximum Value 1s = f(—l) =2(=1) =3(=1)’ =12(-)=—2-3+12=7

Local Minimum Value 1s = f’(Z) =2(2) -3(2)* -12(2) =16-12-24 =-20.
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_ _ . . X +x+1
Find the maximum and minimum values of f (x ) == :
X —x+1
Solution:
X +x+1
f(x)_xz—erl
X —x+1)(2x+1)—(x* +x+1)(2x—1

(x2 —x+l)2

(2x3 —2¥T +2x+ X —x+l)—(2x3 F2x7+2x =X —x—l)

(x2 —x+l)2

()= s 2a-a)
(JCZ—JCJrl)2 (xz—x+1) (xz—erl)2

2

(x* —x+1) (2(0-2x))=2(1-x%)2(x* —x+1)(2x 1)

(x2 —x+l)4

f(x)=
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(x2 —x+l)[(—4x)(x2 —x+1)—4(1—x2)(2x—1)]

(x2 —x+l)4

1 (x)=

[—4x3 +4x? —4x—4(20 24" —1+x2)]

3

(xz—x+1)

|47 +4x7 —dx-8x+8x  +4-4x | [4x7—12x+4 |

(x2 —x+l)3

-
2

(x2 —x+l)

2(1-x%)
(x2 —x+1)

To find the critical points ff(x) =0= 7=0= 2(1-x")=0= x =+l

2

And also f” (x) 1s not defined when the denominator 1s 0 (i.e) (x2 -x+ 1)_ =0=x"—x+1=0

—bab —dac _ (-1’ =4O _ 1543 1203

2a 2(1) 2 2

By applying the formula x =
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Which are complex numbers

Therefore x = =1 are the critical points

By Second derivative test
401y —12(1)+4 |

—=-4<0
(D -m+1)

J')=

—, Local maximum attains at x =1

e 4D -12(D+4] [4412+4] 12

(D =D+1) (1D 27

— Local minimum attains at x =—1

(1)2+(1)+1_3
1) —(D)+1

(—1)2 +(-D+1 B
(-1 —(=D+1

Local Maximum Value is f(1)=

Local Minimum Value is f(=1) =

> ()

1

3
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10.| Find the minimum and maximum value of /' (X)=x"—-2x-3 in the interval [0,5].

Solution:
f(x)=x"=2x-5
F'(x)=2x-2
F'(x)=0=2x-2=0=x=1
— x =1 is the critical point
JO=10-2()-5=-6
Also, at the end points
f(0)=(0)"=2(0)~5=-5
F(5)=(5)-2(5)-5=10

Hence, the minimum value is /(1) = —6 occurs at x =1, and the maximum value is f(5) =10

occurs at x=5.
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11.! Find the local maximum and minimum values of the function f (x) =x+2sinx, 0<x<2r7x.

Solution:

f(x) =x+2sinx
/'(x)=1+2cosx

To find the critical points
Put f'(x)=0

=1+2cosx=0
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By First Derivative test:

Interval f‘r ()C) =1+2cosx f (x) =x+2smnx Conclusion
Increasing on | £’ (x) changes from positive
2
0<x<=Z Positive 2r
3 0. — . 27
* 3 to negative at —.
Decreasing on : 2z
2 A = Local maximum at x = By
T<X<T Negative [2]{ 4]{]
h ) 373 f’(x) changes from negative
I - y 4
ncreasing on | to positive at —.
4 . -
Y <x<2m | Positive

47

— Local mmimum at x = T
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Local maximum Value 1s :f[z’sz 3 + 2sin = 3 +2 = 3 -

4 4 .4 4 3 4
Local Minimum Value 1s =f[ :}= :+28m7ﬁ:%+2(_\/_J: f—\/ﬁzz.%

12. | Find the local maximum and minimum values of the function f (x) =Jx—4x using both the

first and second derivative tests.
Solution:
Domain of the function f (x)=+/x —¢/x is (0,»)

1 1

f(x) = x2 —x*
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1 1

1 2x[ﬂ -1 2x(ZJ -1 23x-1

DAL e

To find the critical points

oy 23 -1
f'(x)=0, o =0
= 24x-1=0
:>4le

2

and also f'(x)does not existat x =0

Therefore, the critical points are x = % &x=0



By First Derivative Test:
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Interval f(x)= Jx —3x Conclusion
| Decreasing 1 (x) changes from negative to
0<x<— | Negative 1 1
16 O’E positive at —.
Increasing o 1
1 — Local minimum at x = —
e <x <o | Positive

)

Local Minimum Value is = f L fL—zl/i =
16 16 V16

4

L_ 1
-
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By Second Derivative test:

" _ d ] _ d _(%}_1 _[%)
f(X)—E(f(x))—E&x T }

= x=0 1s neither local maximum or local minimum

= x =0 i1s the inflection point.
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1 11_@31_@116“3160
f”(ﬁhﬁﬁ] *EH =zH Hém

= Z[(m)@ T +E[(16)G}T = 2[4]3 +E[2]7 >0

— Local minimum attains tx—

Local Minimum Value is = f ) ,/ ,’— ———
16 16 16 4 2
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13.7 If f(x) =2x’ +3x” —36x find the intervals on which is increasing or decreasing, the local

maxima and minima, the intervals of concavity and the points of inflection?

Solution:

Domain of the function [ (x) =2x" +3x” —36x is (—oo,oo)
£'(x)=6x" +6x-36

f'(x)=12x+6

To find critical points /'(x)=0=> 6x" +6x-36=0

= 6(x+3)(x-2)=0

x =-3,2 are the critical points
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By First derivative test

Interval f'(x) = 6x" +6x—-36 f (x) —2x° +3x° —36x Conclusion
o . (x changes from

—0 < x <=3 | Positive Increasing on (—oo,—3) / ( ) &
positive to negative at
x=-3
— local maximum at

—3<x<2 Negative Decreasing on (-3,2) | y=_3
f'(x)  changes from
negative to positive at
x=2

2<x<w Positive Increasing on (2,0) —Local minimum at
x=2

Local maximum value is 7 (-3)=2(-3)" +3(-3)" -36(-3) =8l

Local minimum value is £ (2) = 2(2)3 +3(2)2 —-36(2)=—-44
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Concavity Test:

To find inflection points, f"'(x)=0=12x+6=0

1. . : :
= x= S 1s the inflection points

Interval f"(x)=12x+6 | f(x)=2x"+3x"—36x

o< X < _% Negative Concave downward on (—oo — %J
1 » C d 1

- <X <0 Positive oncave upward on e

: 1
Since the curve changes from concave downward to upward at x = B3

Thus the point of inflection is [—%, f [—%D
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14.F Given f (x) =x"—12x+2, (i). Find the intervals of increase or decrease, (ii). Find the local

maximum and minimum values, (111). Find the intervals of concavity and the inflection points.

Solution:

Domain of the function f'(x)=x"—12x+2 is (-0, )
f'(x)=3x"-12

f"(x)=6x

To find critical points f'(x)=0=3x"-12=0=>x" =4 = x =12

= x = 2,2 are the critical points.
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By First Derivative Test:

Interval | f'(x)=3x"—-12 | f(x)=x —12x+2 Conclusion
0 < x <=2 | Positi Increasing on | (X) changes from positive to
—0 <X < — ositive
(=0,—2) .
negative at x =—2
f'(x) changes from negative to
2<Xx<w Positive Increasing on (2, ) positive at x =2

— Local minimum at x =2

Local Maximum Value is = [ (—2) =(=2) -12(-2)+2=-8+24+2=18

Local Minimum Value is = f(2) =(2) -12(2)+2=8-24+2=-14
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Concavity test:

To find inflection points, f"(x)=0=6x=0=>x=0

— x =0 1s the inflection points

Interval f"(x)=6x | f(x)=x"—12x+2

—o0< x <0 | Negative Concave downward on (—,0)

O<x<oo | Positive Concave upward on (O,oo)

Since the curve changes from concave downward to upward at x =0

Thus the point of inflection 1s (O, ‘ f(O))
f(O) =0’ -12.0+2=2

. The Point of Inflection 1s (0, 2).



DIFFERENTIAL CALCULUS

15.| Discuss the curve y=x4—4x3 with respect to concavity, points of inflection, and local

maxima and minima. Use this information to sketch the curve.

Solution:
Domain of the function y = f(x) =x" —4x" is (—oo,oo)
f(x)=4x"-12x°
f"(x)=12x* —24x
To find critical points, f"(x)=0
= 4x’ —12x* =0
= 4x’(x-3)=0

= x =0,3 are the critical points

By second derivative test

/"(0)=12(0)> —24(0)=0



DIFFERENTIAL CALCULUS

= x =0 1s neither local maximum or local minimum
— x =0 is the inflection point.
£"(3)=12(3)> -=24(3) =36 >0
— Local minimum attains at x =3
Local Minimum value is f (3) =3 —4(3")=81-108=-27
Concavity Test:
To find inflection points, /”(x)=0
—12x% —=24x=0
—12x(x—-2)=0

= x =0, 2 are the inflection points



DIFFERENTIAL CALCULUS

Interval P =12x" =24x =12x(x=2) | y=x"—4x
—0 < x<( | Positive Concave upward on (—,0)
O<x<?2 Negative Concave downward on (0,2)
2<x<o | Positive Concave upward on (2,00)
Graph
>
inflection !

points




DIFFERENTIAL CALCULUS

16.1 APPLICATIONS OF DERIVATIVES

Problem.16 Find the dimensions of a circular cylinder whose volume is 9 m® but which uses
the least amount of material.

Solution:

The total surface area, A of the cylinder 1s

A= top surface + side surface + bottom surface
2 2
=7xr-+2xrh+nr

=271 +27rh

The volume, V of the cylinder isV = 774 since V =9nr’
9

Tt

We can write 9=7r"h=h=

This gives the surface area just in terms of » as

A=21r*+ Zﬁr(i} =271’ +§ =271t + 187"

2
ar r



DIFFERENTIAL CALCULUS

To find the mmimum, take the first derivative of 4 with respect to » as

dd =471 +18(=1)r =4xr —g
dr r
Solving for dd =0
dr

18 3
drr——=0=>4xr" —18=0

r
318

47
. =(E)3 ~1.12725m

47
Sinceh=—, =h= ==22545m

zr 7(1.12725)

d’* A 36

? = 47Z'—18(—2)7’_3 = 47Z"|‘r—3



DIFFERENTIAL CALCULUS

d’ 36
{ 2} =41+ = 44.5025
art | 112725

2

d
This value rE >0 for r=1.12725m
s

As per the second derivative test, r=1.12725m corresponds to a minimum.
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PRIYADARSHINI ENGINEERING COLLEGE
(Listed in 2(f) & 12(B) Sections of UGC,
Approved by AICTE, New Delhi, and Affiliated to Anna University, Chennai)

MAS8151-ENGINEERING MATHEMATICS-I
UNIT-1 DIFFERENTIAL CALCULUS
MULTIPLE CHOICE QUESTIONS

1.The Domain of the function f(x) =vx+3
A) (—oo,oo) B) [—3,00) v

C) [-2,) D) (-32)

2. The Domain of the function f(x) =v4-x —+3+x

A) [-2,4] B) (-3.4]

2x% -5
X2 +X—6

3.The Domain of the function f(x) =

A) (~»,-3)U(-33)U@Bx) vV
C(— 0,—2) U (=2, )

X
x2 +1

4.The function f(x) = IS

A)Odd function v’
C) neither odd nor Even

5. The function f(x) = x|x| is
A)Odd function v

C) neither odd nor Even
6.The function f(x) =—*— s
X +1

A)Odd function
C) Neither odd nor Even v/

C) [-2.4) D)[-34] vV

B) (—o0,-3) U (-3,2) U(2,)

D) None of the above

B)Even function

D) Not define

B)Even function

D) Not define

B)Even function

D) Not define



7.Which of the following statement is true?

A) A function f(x) is called increasing on an interval I if f(x;) < f(x2) whenever x;<xz inl v’
B) A function f(x) is called Decreasing on an interval | if f(x1) < f(x2) whenever x;<xzin |
C) A function f(x) is called increasing on an interval | if f(x1) < f(xz) whenever x;>xz in |

D) A function f(x) is called Decreasing on an interval | if f(x1) < f(x2) whenever x;>x in |

8.The value of Iimz(xz —X+2)

A) 0 B) 6 C) w D) 4 v
2
9.The value of fim X2
x>l X =1
A) 0 B) 6 C) w D)2 v
[v2
10.The value of lim X +? =3
X—> X
1 1 1
l el - v
A)0 B) : C) > D) :
11.The value of lim -5
X—> X
A) Iog% v B) Iogg C) Iog% D) «
12.The value of Iimo%
A0 B) 1 C) Iog% D) Does not exist v
13. The value of lim M
x=>0 gIn X
A) 0 B)l1 v C) Iog% D) Does not exist
X% + X

14. The value of lim

X—>00 X_3




A)-2 B) 6 C) = D)-oo v

2
15. The value of Ihimow

A)-2 B)6 v C)4 D) -
16.Which of the following statement is true According to Sequeeze theorem?

A) If f(x)<g(x) <h(x) when X is near a and lim f(x) =lim h(x) = L then lim g(x) =L v
B) If f(X)<h(x) <g(x) when X is near a and lim f(x) = lim h(x) = L then lim g(x) =L
C) If g(x)< f(x) <h(x) when x is near a and lim f(x) = lim h(x) = L then lim g(x) =L
D) If h(x)< f(x) < g(x) when X is near a and lim f(x) = lim h(x) = L then lim g(x) =L

17.Discuss the continuity of the function

X2—x-2 .

- — if x#2
fx) =9 x-2

1 if x=2

A) The function f is continuious at x =2

B) The function f is discontinuious at x =2 v
C) The function f is continuious Everywhere.
D) The function f is discontinuious Everywhere.

18.The value of constant ‘¢’ is the function continuous on( -, x)

{ cx?+2x if x<2
f(x)= x>—cx if x>2

A)g B)% C)% v D)

w| s~

19.The value of a and b that makes the function continuous everywhere



2
x4 if x<2
X—2
f(X)=<ax* —bx+3 if 2<x<3
2x—a+b if x>3
A)a:g’bzi B)a:g,bzi
27 2 37 2
C)a:l’b:l v D)a:§1b:§
27 2 27 2
20.The value of constant ‘¢’ is the function continuous on( — «, )
XIZX22 it w2
f(x)= X—2
C if x=2
A3V B) 4 C)5 D) 6
21.1f f(x) =+/x , then the derivative of f(x) is
1 1 1 1
A) =x B) — Vv C) — D) —
)2 )2k )35 ) Ix
22. If f(x) = cotx, then the derivative of f(x) is
A) cosec?*x B) sec’x C)-cosec’x Vv D) -sec’x
23. If f(xX) = xe*, then the derivative of f(x) is
A) xe*+x v B) e*+ X C) x-e*+ X D) x- xe*
24. If f(x) = (x* +X—12)tanx , then the derivative of f(x) is
2 1 2 2 1 2 2
A) (x +7)sec X B) (x> + = )sec’x+tanx(2x- =) v
X X
1 2 2 , 1 ) 2
C) (x* + = )sec’x +tanx(2x+ =) D) (x* — = )sec’x +tanx(2x-—
X X X X

2X

2511100 = =+,

then the derivative of f(x) is




2 2 2 2
A) 6—2Xx B) 8-—2x C) 6 —2X D) 8—2x

(4+x°) (4+x) (4+x)”
26.1f y =(@1-x*)*, then the derivative of y is
A)-10x (1— x?)° B) -30x (12— x*)°
C)-40X (1— x?)° D) -20x (1— x2)° v
27. If y =tan(sinx), then the derivative of y is
A)-COSX Sec ?(sin x) B) cosx sec?(sin x) v
C) sinx sec?(sin x) D) tanx sec?(sin x)
28.The derivative of y = cosec 'x is
A X x1 -1 B) _ﬁ—l) 7 ©) ﬁﬁtl) 0) _x x1+1)
29. If f(x) = 1iet‘;rx]x , then the derivative of f(x) is
sec x(tan x +2 1) B) sec x(tan x +2 1)
(1+ tan x) (1—tan x)
sec x(tan x —2 1) v D) sec x(tan x +2 1)
(1+tanx) (1-tanx)
30. The derivative of y =x* is
A) x* (2+logx) B) x*(1-logx)
C) x*(1+logx) ¥ D) x*(2-logx)
31.The derivative of y = sechx is
A) sechx tanhx B)cosechx tanhx
C) -sechx tanhx v/ D)- cosechx tanhx

32.The equation of tangent at a given point (x1y1) is

A) (x-x1) = M (y-y2) B) (y1) =—(x-x)




1
C) (y-y1) =—(x=x) D)(y-y1) = m (X-x1) v
33..The equation of normal at a given point (x1y1) is

A) (x-x:) = M (yy1) B) (y-y) = (x-x) ¥

C) (y-y2) =—(x-) D)(y-y) = m (x-x)

34. The equation of tangent line to the curve y=9-x?* at the point (2,1) is
A) 4x-y =9 B) 4x+y=9 v C)4x+y =6 D)3x+2y = 6
35.The equation of tangent line to the parabola curve y=x* at the point (1,1) is
A) 2x-y =1 B) 2x+y = -1 C)2x-y=-1 v D)2x+2y=1

36.The equation of tangent line to the curve xy=c* at the point (a,b) is

A) XY B) X1 Y4 )X+ v D)X Yo,
b a a b a b a b

37.Which of the following statement is true?
Let c be a point in a domain D of a function f . Then f (c) is the local maximum value if
A) f(c) < f(x) when X is near ¢ B) f(c)< f(x) forall xinD
C) f(c)>f(x) whenxisnearc v D) f(c)> f(x) forall xinD
38. Which of the following statement is true?
Let ¢ be a point in a domain D of a function f.Then f (c) is the Absolute minimum value if
A) f(c) < f(x) when X is near ¢ B) f(c)<f(x) forallxinD v

C) f(c)> f(x) when x is near c D) f(c)> f(x) forall xinD

39.The critical numbers of the function f(x) =5x* +4x is

4

A)ng B)x = 2

C)x = - v D)x =-=

(20NN



40. The critical point of the function f(x) =2x* —3x* —36x IS
A)X = 3,2 B)x = -3,2 C)x = 3-2 ¥ D)x = -3,-2
41.Suppose f' is continuous near c
DIf f(c) =0and f* >0, then f has a local maximum at ¢
i If f(c) =0and f* <0, then f has a local minimum at c its According to
A) Rolle’s theorem B) Concavity Test
C) First derivative Test D) Second derivative Test v*
42.1n which interval the function f(x) =3x* —4x® -12x* +5 is increasing
A)x<-1 B) -1<x<0and x>2 v
C)0<x<?2 D) (-0,)

43. The critical point of the function f(x) = x+2sinx, 0<x<2r

A)x="=,—~ By x="2,22 v
3 3 3 3
cyx==%,%" D)x=% 2%
2 2 3 3

44.The Absolute minimum value of the function f(x) =x®-3x*+1 is
A)Minimum value f(4) = 17 B)Minimum value f(2) = 17
C)Minimum value f(2) =-3 v D)Minimum value f(4) = -3

45.1f f(2) =10.where f'(x) = x*f(x) for all x, then the value of (2) is
A) 100 B) 175 C) 165 D) 200 v

1+x if x<-1

46.Afunction f is defined by f(x) =<x* if —1<x<1 then the value of f(-2) is
2—-x if x>1

A) 0 B) 3 -1 v D) 4



47. If a function f is continuous on the closed interval [a, b] and differentiable on the
open interval (a, b) such that f(a) = f(b), then f’(c) = 0 for some c witha<c <h. it’s
according to

A)Langrange’s mean value theorem B)sequeeze theorem

C)First derivative Test D)Rolle’s theorem v/

48.Find the constant ‘¢’ if f(x) =x* —2x-8 on [-1,3] By using rolle’s theorem
A) -8 B) 2 C)-1 D)1 v

49.1f y=sinh *x then Y _
dx

1 1 1 1
A 4 B) -———— C) -—— D) -————
) 1+x° ) xv/x? —1) ) Ix? +1 ) xv/x2 +1)
50.1f lim -8 =10  then Ilim f(x)
x>l x—1 x—1
A8 v B) 11 C) 16 D) 10

51.For the function f(x) = sin(x)/x> How many points exist in the interval [0, 77] Such
that f'(c) = 0.
A)8 B) O C)7 D)6 v

52.For second degree polynomial it is seen that the roots are equal. Then what is the
relation between the Rolles point ¢ and the root x?

Ac=x v B)c=x? C) They are independent D) ¢ =sin(x)

53.Rolle’s Theorem tells about the

A) Existence of point ¢ where derivative of a function becomes zero v

B) Existence of point ¢ where derivative of a function is positive

C) Existence of point ¢ where derivative of a function is negative

D) Existence of point ¢ where derivative of a function is either positive or negative
54. Rolle’s Theorem is a special case of

A) Lebniz Theorem B) Mean Value Theorem Vv

C) Taylor Series of a function D) Leibnit’x Theorem


https://www.britannica.com/science/continuity

55. Find the value of c(a point where slope of a tangent to curve is zero)

if f(x) = Sin(x) is continuous over interval [0,7] and differentiable over interval (0, 7)
and c €(0,m)
A)rn B)%, v C) % D) 74

56. f (x) = 3Sin(2x), is continuous over interval [0,7] and differentiable over interval
(0,7) and ¢ €(0,7)
A)rn B) % v C) % D) %
i -4xt 4
lim ————5—
57. Evaluate *7= 7= +z" +2

A)-3/7 v B)0 C)% D)Undefined

1
lim(1+x)%
58. Evaluate ="
AeVv B)1 C)0 D)Undefined
59. A value of ¢ for which the Mean value theorem holds for the function

f(X) = logex on the interval [1, 3] is

A) 2logse v B) 12loge3 C) logse D) loge3
60. The value of ¢ in Mean value theorem for f(x) = x(x — 2), x € [1, 2] is
A)32 VvV B) 2/3 C) % (D) 5/2

61. The value of ¢ in Rolle’s theorem for the function, f(x) = sin 2x in [0, 7t/2] is
A) /2 B) w/4 v C) n/3 D) n/6

62. The value of ¢ in Rolle’s Theorem for the function f(x) = e* sin X, X € [0, 7] is
A) 1/6 B) n/4 C) n/2 D) 3n/4 v

63. The value of ¢ in Mean value theorem for the function f(x) = x(x — 2),

X € [1,2]is
A)32V B) 23 C) 12 D) 52



64. Find both the maximum and minimum values respectively of

3x* — 8x3 + 12x? — 48x + 1 on the interval [1, 4].
A) -63, 257 B) 257, -40 C) 257, -63 v D) 63, -257

65.The equation of the normal to the curves y = sin x at (0, 0) is
A)x=0 By x+y=0Y Cy=0 D)x-y=0

66.Find all the points of local maxima and local minima of the function

f(X) = (x - 1)°(x + 1)*
A1, -1,-1/5 v B) 1, -1 C) 1, -1/5 D) -1, -1/5

67.1fy=x3+x2+x+1, theny
A) has a local minimum B) has a local maximum
C) neither has a local minimum nor local maximum v* D) None of these

69.Find the points of inflection of the function f(x) = sin2x + x2 on the
interval 0 < x<=w /2.
A)0, mt /4 B)O, /2 C)n/6,5n/6 D) n/12,5n/12 v

70.Find the extreme values of the function & where they occur f(x) = x2 + 2x - 3
A) Absolute minimum is -1 at x = 4. B) Absolute minimum is 1 at x = 4.
C) Absolute minimum is 1 at x = -4, D) Absolute minimum is -4 atx =-1. v/
71.The maximum and minimum values of f(X)=2x3-24x+4 is
A). max value= 17 , min value =-28 B) a. max value= 36 , min value =-28 v
C). max value= 36 , min value =-16 D). max value= 36 , min value =-15
72. Mean Value theorem is also known as

A) Rolle’s Theorem B) Lagrange’s Theorem v
C) Taylor Expansion D) Leibnitz’s Theorem
73 .The point of inflection of f(x)= x3-6x?+8x+5 are
A)x=1 B)x=2v
C)x=-1 D) None of these
74.Value of limx -, am(1+Sin(x))cosec®
Ae Y B)O C)1 D) o
75. The tangent to the curve y = e?* at the point (0, 1) meets x-axis at
A) (0, 1) B) (-1/2,0) v C) (2, 0) D) (0, 2)
76. The interval on which the function f (x) = 2x3 + 9x2 + 12x — 1 is decreasing is
A) [-1, 0] B)[-2,-1] ¥ C) [-oo, -2] D) [-1, 1]

77. Which of the following functions is decreasing on(0, m/2)?
A) sin 2x B) tan x C)cos x v’ D) cos 3x



78. The function f (x) = 1 — x3 — X is decreasing for

A)l<x<5 B)x<1

C)x>1 D) all values of x v/
79. The function f(x) = x + cos X is

A) always increasing v/ B) always decreasing

C) increasing for certain range of x D) None of these

80.The equation of the tangent to the curvey =4 +sin?x at x =0 is
A)y=2 B)y =3 C)y=4v D)y=6

81. Find the slope of x?y = 8 at the point (2, 2)

A) 2 B)-1 C) -1/2 D) -2 v
82. Find the equation of the normal to x? + y? = 5 at the point (2, 1)
A)y = 2X B)x=2y v C)2x+3y=3 D)x+y=1
83. In the curve 2 + 12x — x3, find the critical points.
A) (2, 18) and (-2, -14) v B) (2, 18) and (2, -14)
C)(-2, 18) and (2, -14) D)(-2, 18) and (-2, 14)

84. Locate the points of inflection of the curve y = f(x) = x2 ¢

A)-2 +3 B)2+\2 C)-2+V2 v D)2++3
85. What is the equation of the normal to the curve x?+ y? = 25 at (4, 3)?

A)5x+3y=0 B)3x—-4y=0v" C)3x+4y=0 D)5x-3y=0
86. The function f(x) = x® - 6x% + 9x + 25 has

A) a maxima at x =1 and a minimum at x=3 v
B) a maxima at x =3 and a minimum at x=1
C)No maxima butba minima at x= 1

D) a maxima at x =1 but no minima

87.The function f(x) = 3x(x-2) has a

A) minimum at x=1 4 B) maximum at x=1



C) minimum at x=2 D) minimum at x=2

88. If f(x) =|x| in the interval [-1,1] then f(X)

A) Satisfied all the conditions of Rolle’s theorem

B) Satisfied all the conditions of Mean value theorem

C) Does not Satisfied all the conditions of Mean value theorem v*
D) None of these

sin 2 x

89. Iim
x—0 X

is equal to

A0 v B) w C)1 D)-1
90.The value of ‘c’ of the Mean value theorem for the function f(x) = x(x-2)
when a=0, b=3/2is
A)3l4 v B)1/2 C)3/2 D)1/4
91. If f(x) = 3x4 -4x2 +5, then the interval for which f(x) satisfied all the
condition of Rolle's Theorem is
A [0, 2] B)[-1,1] ¥ C) [-1,0] D) [1, 2]
92. The greatest and least value of f(x) = x*- 8x3 + 22x? - 24x +1in [0, 2] are
A)O,8 B) 0, -8 C)18 D)1,-8 v
93. If a function is continuous at a point, then its first derivative
A) may or may not exist B) exists always
C) will not exist D) has a unique value v

94. The value of ¢ in the mean value theorem of f(b) - f(a) = (b - a)f' (§)
for f(x) = Ax* + bx + C in (a, b) is

(b+a) (b-a)
A)b+a B)b-a C) 2 V¥ D) 2




95. Which of the following is correct?
A) f (a) is an extreme value of f(x) if f'(a)=0
B) If f (a) is an extreme value of f(x), thenf'(a) =0
C) Iff'(a) =0, then f (a) is an extreme value of f(x)
D) All of these v
96. If x +y =Kk, x>0,y >0, then xy is maximum when
A) x = ky B) kx =y C)x=y v D) None of these
97. For second degree polynomial it is seen that the roots are equal. Then
what is the relation between the Rolle’s point ¢ and the root x?
A) c=x ¥ B)c=x c) They are independent d) ¢ =sin(x)

08. Mean Value theorem is applicable to the

A) Functions differentiable in closed interval [a, b] and continuous in open interval (a, b)
B) Functions continuous in closed interval [a, b] only &having same value at point ‘a’ and ‘b’
C) Functions continuous in closed interval [a, b] and differentiable in open interval (a, b) v
D) Functions differentiable in open interval (a, b) only &having same value at point ‘a’ &b’

99. Mean Value Theorem tells about the
A) Existence of point c in a curve where slope of a tangent to curve is equal to the slope of
line joining two points in which curve is continuous and differentiable v
B) Existence of point ¢ in a curve where slope of a tangent to curve is equal to zero
C) Existence of point ¢ in a curve where curve meets y axis
D) Existence of point ¢ in a curve where curve meets X axis

100. Find the point ¢ in the curve f(x) = x3 + x? + x + 1 in the interval [0, 1] where slope of a
tangent to a curve is equals to the slope of a line joining (0,1)

A) 0.64 B) 0.54 v/ C) 0.44 D) 0.34
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MULTIPLE CHOICE QUESTIONS

Subject Name: Engineering Mathematics-I Subject Code: MA8151

Year: I Year (All Branches) Semester: |

Assignment - 11

UNIT I - DIFFERENTIAL CALCULUS

Differential Calculus-Functions

1 The domain of the function f (X) =2x-1is
a) [0,) b) (—0,©) ) (—,0] d) None of these

2 | Which one of the following is the domain of the function f (X)=+/3-X—+/2+x.
a) [-23]  b)[23] c) (-, d) (o0, 0)

3 | The domain and range of the function f (X) =\4-Xx* are
a) Domain:—2<x<2 & Range:0<y<2 b) Domain:0<x<2 &Range:0<y<?2

c) Domain:—2<x<2 &Range: -2<y<2 d) Domain0<x<o & Range:0<y<w

4 | From the graphical representation of a function y = f (X), the domain and range are

Y4

/

a) Domain: [0,0) & Range: [0,0) b) Domain:[0,7] &Range:[-2,4]

c) Domain: (—o0,0) & Range: (—o0, ) d) None of these

5 | Which one of the following function has the domain (oo, —3) u(—3, 3) u(3, ) ?




a) f(X):M b) f(x)=v3-x-v1+x «) f(x):;:; d) f(x)= 2¢°

X>+X—6 x> +9

6 | Which of the following function is not an even function?
a) X’+1 b) cosx ¢) x'+x* d) x*+x
7 | Which of the following statements are true:
(i) The function X+ Xx’is an even function
(i)  The function €* is odd function
a) (i) istrueand (ii) isfalse  b) (i) is false and (ii) is true
c) Both are true d) Both are false
8 | Which one of the following is an increasing function over the real line R?
a) f(x)=x+1 b) f(x)=x* ¢) f(x)=—x  d) None of the these
9 | Which one of the following is decreasing function over (—0,0) ?
a) y=|x b) y=cosx c) y=sinx d) y=—x
10 | From the graphical representation of a function y = f (x), The open intervals on which f (x) is
increasing are
y A /
B y
o 1 X
a) (1,3),(4,6) b) (0,1), (3,4) c) (1,4), (5,6) d) None of these
Limit of a Function
11 2_
The lim X2 4 is
x-2 X +4
a) 1 b) 0 c -1 d 2
12 : L X
Which of the following is the value ofllrrg; ?
X—>
a) 1 b) 0 c -1 d) o
13 —x?
The lim 42 X s
X—>00 X _1
a) 1 b) 0 c) -1 d) o
14 tan x

The value of lim——
x—0 X

a) 0 b) 1 c) ®© d) does not exist




15

The lim
x—0 X

a) 1 b)) 0 Q) -1 d) 2

X,
is equal to

1 : .
% | The value of lim sm%
a) 0 b) 1 c) o d) does not exist
17 | 1f f(x)<g(x)<h(x) when x is near a (except possibly at a) and lim f (x)=limh(x) =L then
Jim,9(0-L
a) Sandwich theorem b) Fermat’s theorem
c) Extreme value theorem  d) Mean value theorem
18 : i
Which of the following is the value of lim zm X ?
x>0 X +3X
1
a) 1 b) 0 c) d) 3
19 | Which of the following is the limit of a function yields limit value 5?
X _ 5X 5X 5x
2 IimEt miimEt gmE =t @im® =t
X—o X -0 X x—0 X x—0 X
20 _ o X
Which of the following is the value of IIrrol—?
x>0 X
a) 0 b) 1 c) o d) does not exist
Continuity of a Function
21 | A function f (X) is said to be continuous at X, for xeR, if
(i) f(x) is defined
(i) lim f(x) exists (i.€) lim f(x)= lim f(x)
X—>Xg X=Xy~ X—%y"
(i) lim f(x)= (%)
X=Xy
a) (i) and (ii) holds b) only (ii) holds c¢) only (iii) holds d) (i), (ii) and (iii) holds
22 | Afunction f (x) is said to be not continuous at X, for xeR, if
i f (X) is not defined at X,
(i) lim f(x) does not exists
X—>Xg
(i) lim f(x)= f(x,)
X=Xy
a) all the Above holds b) only (ii) holds c) only (iii) holds d) only (i) and (ii) holds
23

A function f (X) is said to be continuous for Xe R, if

a) itis continuous at x=0 b) differentiable at x=0

c) continuous at two points d) differentiable for x e R




24

The function f (x) :XLS for xeR

a) continuousat X=5 b) not continuous at Xx=5

c) continuous everywhere d) nowhere continuous

25

x* —16
X_

, X#4, for XeRis

The function f (x)=

a) continuous everywhere b) not continuous at x=4

c) continuous at X=4 d) nowhere continuous

26

The function f (X) =2x*+1 for XeR is

a) continuous only at x=0 b) not continuous at x=0

¢) continuous on (—o0,) d) nowhere continuous

27

Which of the following function has discontinuity at X =0

1
a) e b) e ¢ sinx d) x+5

28

Which of the following function has discontinuity at x=3

a) X—3 b)cosXx c)i3 d) x*+3

29 x*, x<0
A function f(x)=4 ' is
kx, x>0
a) continuous everywhere b) nowhere continuous
c) continuous at X=0 d) not continuous at Xx=0
30

2 —_—
Given functions f (X) _X 24 and ¢ (X) =X+2, Xe€R. Then which of the following is correct?
X_

a) fiscontinuousat x=2, g is continuous at X=2

b) fis continuous at X =2,g is not continuous at X=2

c) fisnotcontinuous at X =2, is continuous everywhere.
d) fis not continuous at x=2,g is not continuous at x=2

31 Sin5X+cosxifx¢0
A function f (x) ={ 3x is continuous at x=0 for
k if x=0
8 4
k=1 b) k== k=-1 d) k=—
a) ) 3 c) ) 3
32 -ﬂﬂ§+uxxifx¢0
A function f (x) ={ x is continuous at x=0 for
2k if x=0
1 3
k=1 b k=2 k== d) k==
a) ) c) > ) >
33 k<2 if x<1

Find the value of k, so that the function f (X) = . is continuous
4 ifx>1




a) k=2 b) k=3 ¢) k=4 ¢ k=-2

34

For what value of the constant K, is the function f(X) continuous atx=0 f (x)= ||

a) k=3 b) k=-3 c) k=0 c) k=1

35

Which of the following is true for the continuity of the function f (X) is defined by
1+x, ifx<-2
f(x)=42-x, if-2<x<2
2x—-4, if2<x

a) continuous at X=-2,2

b) continuous x =-2and discontinuousat x=2
c) continuous at X =2and discontinuousat x =-2
d) discontinuous at x =-2, 2

36

The functions |X| is

a) continuousat X=0 b) discontinuous at x=0

c) continuous everywhere d) nowhere continuous

37 | The function f(x)=|x—a| is

a) continuous everywhere b) nowhere continuous

c) discontinuous at Xx=a d) continuous at X=a
38 _[ 1 +g]

X x . )
If f(x)=1 xe x#0 isthen f(X) is
0 if x=0
a) continuous everywhere b) nowhere continuous
c) continuous at X=0 d) discontinuousat x=0
Derivative

39

The functions |x| is

a) differentiable at x=0 b) not differentiable at x=0

c) Everywhere continuous d) discontinuousat X=0

40

The function f (X) :|x—a| is
a) differentiable at x=a b) not differentiable at x=a

c) Everywhere continuous d) discontinuousat Xx=a

41 7[ 1 +g]
If f (X)= xe X#0 isthen f (X) is
0 if x=0
a) differentiable at x=0 b) not differentiable at x=0
c) Everywhere continuous d) discontinuousat X=0
42

If y= COS(XZ) then its derivative is




a) y'=—sin(x2) b) y'=2xsin(x2) c) y'=—2xsin(x2) d) y'=—23in(x2)

43 If f(x):i,then derivative of f(X) is
Jx
1 1 2 1
a) f'(x)=—= b) f'(x)=—%= ¢ f'(X)=—F% d) f'(x)=-
V=g » TW=gx 9 F=p & FX)=-7 =
44 | The derivative of a function fat a point x is
f(x+h)—f(x f(x—h)+f(x
a) f'(x)=lim (x+h)-f(x) b) f'(x)=lim ( )+ ()
h—0 h h—0 h
f(x=h)—f(x f(x+h)—f(x
9 1) =lim NIy gy L= )
h—0 h h—o h
Tangent and Normal
45 . 1 . .
The tangent line to the hyperbolay = " at the point (1,1) is
a) x+y+2=0. b) x+y-2=0. c) x+y—-4=0. d) x+y-1=0.
46 | Which of the following is the equation of the tangent line to the curve y = f (x)at (X, Y;)?
1
a) y+y=m(x=x%) b) y+y=m(x+%) c) y=y,=m(x-x) d) y-y=—(x-x)
47 | What are the points on the curve Yy =X*—6x* +4 where the tangent line is horizontal?
a) (014)1(\/§’_5)|<_\/§1 _5)- b) (410)1(\/§1 _5)1(_\/§’_5)'
C) (014)1(\/515)!(_\/§1_5)- d) (014)1(51\/5)1(_\/§1 _5)-
48 | Which of the following is the equation of the normal line to the curve y = f (X) at (Xl, Y1) ?
1 1
a) y—yIZE(X—Xl) b)y+y1=m(x+x1) c) y_ylzm(x_xl) d) y—ylZ—E(X—Xl)
49 | The equation of the normal line to the curve y = x* + 2¢* at the point (0,2) is
a) X+y+2=0. b) x+2y-4=0. «¢) x+2y=—-4 d) x-2y=-4
Rules of Derivatives
50 | Which one of the following is the first derivative of y=e*sinx?
a) e*sinx b) e*(cosx+sin X) c) e*sinx—cosx d) None of these
51 | The first derivative of y:eex is
a) e”e* b) & ¢ e log x d) None of these
52 | The derivative of the function f (x) = x*(x+1)
a) y'=2x b) y'=3x* ¢ y'=2x+1 d) y'=3x"+2x
53

Which one of the following is the derivative of the function (2 4; Z)
YA




b) — d
3 z* ) 372 2 z* ) z
>4 The derivative of f(x) = L is
SIn X
sin X —Cos X Sin X — X €os X Sin X 4+ X €os X Sin X + X C0S X
SN~ X SIn”~ X Sin” X Sin X
55 J—
The derivative of the given function y =tan™ vi-cosx
1+ cos X
1 3
= b — c) 1 d) 3
a5 ) > ) )
56 | The derivative of the given function xy =2x+Y is
a) 2+ b) 2=y C) 22y d) None of these
X+1 X+1 x-1
7 | The % of the function y = log x® +5log x*
13 -13 3x°
a) — b) 3log x - 10log x c) — d) log| —
) 5 ) 3log g ) — ) g(mxj
>8 The % of the function y = (sin x)*
a) (sinx)*[xcotx—logsin x] b) xcotx + logsin x
c) (sin x)*[xcotx -+ logsin x] d) sinx[xcotx + logsin x]
59 | Whatis f'(6) if f (x)=x+/2x-3
a) 6 b)5 ¢ 7 d 8
60 | Consider the velocity of a car V = 2t° + 3t* — 2t what is the acceleration for t =27
a) 28 b) 30 c) 16 d) 34
61 N . [
The derivative of the function y = \/X X +VX +.0
1 b) 1 q -1 d) -1
2y +1 2y -1 2y -1 2y +1
62 | What is the second derivative of the function y = x* +2x® —10x* +12
a) 4x3+6x*—20x b) 12x* +6x—20 c) 12x* +12x—-20 d) 12x* +12x
63 | Which one of the following is the first derivative of the function x =acos’t and y=asin’t
a) tant b) sint ¢) -sint d) -tant
64

If y=In (eX In X)then whatis y’

a) 1 b) 1+E c) 1 d) Ine*
X X




65

2
What is d—Z for x=ct and y:E
dx t
1 2 2
a) — b)) = ¢ c* d -—=
) ct® ) ct® ) ) ct®
66 | What is the differentiation of " * with respect to sin™x
a) e"* b) e™ ¢ sinx d) sintx
Derivatives of Trigonometric Functions
67
The derivative of f(x)=—cosec (gj is
a) sec’ (5) b) 2cosec(§jtan (zj c) lcosec Zjcot(5 d) —cosec® 5)
2 2 2 2 2 2 2
68 | What is the derivative of f(x)=-sinx ?
a) —sinx b) —cosx c¢) cosx d) sinx
69 o . 1 .
If the rate of change of derivative of y = f(x) is I ,then yis
+
a) cotx b) -—cosec’x «¢) tanx d) sec’x
70 | If y(x)=sec4x then y'(X) is
a) cosecdx b) 4sec4xtandx c) -—4cosecdxcotdx d) 4tandx
71
Whatis f'(x)given f(x)=4tan (%—xj?
21 2( 1 2( 1 21
a) 4sec’|=-x b) —4cosec’| =—X c) —4sec’| =-x d) 4cosec’| =-x
2 2 2 2
72 | What is the derivative of y =cos(sin x) ?
a) —sin(sinx)cosx b) sin(sinx)cosx c¢) cos(sinx)sinx d) sin(sin x)sin x
73 | If f(x)=sin®*(2x) then f'(x) is
a) 3cos2x b) 3sin2x-2 ¢) 3sin’(2x)cos2x d) 6sin®(2x)cos2x
74 | What is the derivative of arctan\/e_x at x=07?
1 1
a) —— b) = ¢) 0 d 1
), b 7 90 d
75 | The derivative of Sin§/3_x is
2 1 : 2
st = 3 _£
a) (3x)%cos(3x)3 b) 3cos ¥/3x c) cos(3>§) d) sin(3x) 3 cos3x
(3%)°
76 | What is the derivative of y=sec(x* +2)?

a) 2xcos(x*+2) b) —cos(x*+2)cot(x*+2) c) 2xsec(x’+2)tan(x*+2) d) cos(x*+2)




77 | Whatis y'if y =arcsin(cosx) ?
a) 1 b) 2 ¢ 1 d 2
78 | The derivative of f(x)=sinh x—coshx is
a) sinhx+coshx b) cosh2x ¢) sinh2x d) coshx—sinhx
79 What is the derivative of y = tan X ?
2X—3
2) dy _ (2x—3)secxtanx—2tanx b) dy _ (2x—3)sec® x—2tan x
dx (2x—3)? dx (2x —3)?
dy _sec’ x—2tanx q dy _ (2x—3)cosec’x —2tan x
dx (2x —3)? dx (2x—3)*
80 1y f(x):cosh(gj then f'(x)is
2) sinh(ﬁ] b) Lsinh (fj Q) —sinh (ﬁj d) cosh (fj
3 3 3 3 3
81 | The derivative of f(x)=sinh3x—cosh5x is

a) sinh3x—cosh5x

b) 3cosh3x+5sinh5x ¢) 3cosh3x—5sinh5x d) sinh3x-+cosh5x

Absolute Maximum and Minimum & Local Maximum and Minimum

82 | A critical point of a function f (X) is a point € in the domain of f (X) such that either
a) f (C)=O or f (C) doesnotexist b) f '(C) =0or f '(C) does not exist
c) f (C) =0or f '(C) does notexist d) None of these
83 | Itis given that at x=1, the function f (X) =x*—62x* +ax+9 attains its maximum value on the
interval [0,2]. Then the value of a is
a) 100 b) 120 c) 200 d) None of these
84 | The critical number of the function f (x)=6x*+3x is
a) % b) % c) —% d) None of these
85 If % is the critical number of a function f (X), then f (X) is
a) 5x*—4x b) 5x*+4x  ¢) 10x+4 d) None of these
86 | The critical number of the function f (x)=x’-X*-X is
1 1
a) 13 b) —1,§ c) 1 3 d) -1,-3
87 | The absolute maximum value of f (x)= (X2 —1)3 on [-11] is
a) 1 b) 0 c) 2 d) None of these
88 | The absolute minimum value of y=x>—-3x*+1in 0<x<4 is




a) 1 b) 17 «¢) 3 d) -3

89

The absolute maximum value of y=X>—3x+2in 0<x<2is

a)4 b)) 6 ¢ 2 d 0

90

If f(x)=—(x —1)2 +10, then the maximum value is

a) 12 b) 10 c) 11 d) None of these

91

The extreme values if any of the function given by f (X) =sin2X+5 is

a) Maximum value 4 and minimum value 6
b) Maximum value 6 and minimum value -6
c) Maximum value 6 and minimum value 4
d) Maximum value 4 and minimum value 4

92

The function f (X) =X +x*+x+1 as

a) Maximumvalue b) Minimum value c) Extreme values d) No Extreme values

93

The stationary point of the function f (x)=x* x>0 is

a) X b)) e c)—% d) —e

e

94

The function f (X)=3x"-4x’>-12x*+5 is increasing in

a) Xx<-1 b) -1<x<0 «¢) O0<x<2 d) Noneofthese

95

The function f (X) =X+2sInX is decreasing in

a) 0<X<2—ﬂ b) 2z 4z ) 4?7[<X<27r d) None of these

<X<
3 3 3

96

If f(x)=sinx—cosx, then interval in which function is decreasing in 0 < x < 2z, is

) ‘:5_71- 3_”} b) F Z} ) |:3_7[ 5_721 d) N fth
a 6’4 4,2 C 2,2 one o ese

97

Which of the following statement is not correct?

a) The function f (X) =4X+3,X€R is an increasing function

V4
b) The function f (X) =log (COS X) is increasing function for {O, E}
c) The function y =4x-9 is increasing for all xeR

- T
d) The function f(X)=sinX is strictly decreasing in (E’ﬂj

98

The local minimum value of the function f (X) =sin* x +cos* X, 0<Xx< % is

a)—% b) 2 ¢ % d) -2

99

Let f (X) = 2x® +3x? —36X. Then the interval of concave downward is




a) x<—% b) x>—% c) both X<—% and X>—% d) None of these

100 | Let f(x)=2+2x*—x". Then the interval of concave upward is
a) X<—% b) —%<X<% c) X>% d) None of these
101 | Let f(x)=x"—-4x’. Then the point of inflection is
a) (0,0)and (2,-16) b) (0,1)and (2,16) c)(1,1)and (1,-16) d)(1,1)and (2, 16)
102 | Let f(x)=x*(6—x). Then the point of inflection is
a) (162) b) (1,16) o (-2,16) d) (2 16)
103 | The points of inflection of the function f (x)=x"—-12x>+6x—9 on the interval —2<x <10 is
a) x=0,6 b) x=0,-6 c) X=16 d) x=#12
104

The points of inflection of the function f (X) =sin2x+ x* on the interval 0 < x < % is

a) 0% b) 02 ¢ Z3E g Z3Z
4 2 6’ 6 12
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