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Preface

I am glad to present this book, especially designed to serve the needs of

the students. The book has been written keeping in mind the general weakness

in understanding the fundamental concepts of the topics. The book is self-
explanatory and adopts the fATeach- Yoursel fo
answer pattern. The language of book is quite easy and understandable based

on scientific approach.

Any further improvement in the contents of the book by making corrections,
omission and inclusion is keen to be achieved based on suggestions from the
readers for which the author shall be obliged.

| acknowledge special thanks to Mr. Rajeev Biyani, Chairman & Dr. Sanjay
Biyani, Director (Acad.) Biyani Group of Colleges, who are the backbones and
main concept provider and also have been constant source of motivation
throughout this Endeavour. They played an active role in coordinating the various
stages of this Endeavour and spearheaded the publishing work.

| look forward to receiving valuable suggestions from professors of various
educational institutions, other faculty members and students for improvement of
the quality of the book. The reader may feel free to send in their comments and
suggestions to the under mentioned address.

Author



Syllabus
UNIT 7 1
Sets : Definition of sets, representation of sets, type of sets, Operations on sets,

Sub sets, Power set, Universal set, Complement of a set, Union and Intersection of
two sets, Venn diagrams, Principles of Inclusion Bxrdlusion.

Relations Cartesian prodct of sets, Definition of relation, Types of relations
reflexive, symmetricantisymmetric transitive,equivalence.

Functions. Definition, Domai& Rangeof functions one to one and onto
functions, Objective functions, composite funans, inverse of functions.

UNIT 7 1I
Logic and Proofs : Proposition, Conjunction, Disjunction, Negation, Compound
proposition, Teatoldjgandgantradistion. a ws ,

Matrices: Definition and Types of Matrices, Addition , Subtraction and
Multiplication of Matrices, Non commutatively of multiplication of matrices,
Scalar Multiplication, Transpose of a Matrix.

Determinant: Determinant of a square matrix (up to 3x3 matrices)p@ries of
determinants, minors , cofactors, expansion of determinants, application of
determinants in finding the area of a trianghgjoin and Inverse of a matrix,

Solution of system of I|inear equations
UNIT i1l

Statistics: Data colection methods, Data classification, Frequency Distribution,
Graphical representation of frequency distributioMeasures of Central
Tendency Mean, Median, Mode,Measures of DispersienMean Deviations,

Standard Deviations, Variance

UNIT T IV

Correlation Analysis. Correlation, Typesof Correlations,Methodsof Studying
Correlations,Measureof K a r | Pearsonods coefficient of

Coefficient.

RegressionAnalysis. RegressionUse of regressiomanalysis,,Difference between
Correlaton and Regression Analysis, Regression Lines Equations, Properties of
regression lines.
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Unit 1
Functions, Limits and Continuity
Very Short Questions
Q1. If f(x)= \/;5_——x3 , find the value of £(3), F(—4).
Ans. f(3)=\/55T37=\/§5—23=\/i€_—.4

£ (4)=f25-(~4) =25-16 =5 =3
Q2. If f(x)=¢", provethat fx+y)=f(x).f(»)
Ans. f(x)=¢"

F(x+y)=e™ =t = f(x).S(¥)
Q.3. Evaluate x —™ 5] x? +3x+3

=1%+3.1+3
=1+3+3=17

Q.4. Examine the continuity of the function f(x)= 2x? - latx=3

Ans. The given function is f (x) =2x* - |
at x=3, f(x)=7F(3)=2x3*-1517

. 1 T, . 2 1o
)lcl_rgf(x)—hm(Zx 1)=2x3% -1=17

x—3
= h i = 3
lim f (x) = /' (3)
Thus f is continuous at x = 3
Q.5. Find the domain of

X

i fix)=




Ans.

Q.6.
Ans.

Q.7.
Ans.

Q.8.

Ans.

Sol.

4
f(x) will be undefined if 3x -4 =0 or X = 3 sodomain of f = R{%}

The equation y =(x),with y >=0, represent y as function of x.
Yes :

The equation x =| y |, with x >=(, represent y as a function of x.

False, solve for y to find that = |x| or y= -|x| for one value of the
independent variable x we have two values of the dependent variable g

R be the set of real number. If /:R > R, f(x)=x* & g:R — R,

g(x)=2x+1 then find fog & gof show that fog # gof.
We know that gof (x)=g[ f(x)]
g(x*)=2(x")+1=2x2 +1 [since g(x)=2x+1]

and fog = f[g(x)]

f(2x+1)=(2x+1)’ [since f(x)=x]

. Let 4={1,2,3,4},B={a,b,c,d},C ={x,y,z} consider the function

f:A—> B and g : B — C defined by
f={(1,a).(2,¢).(3.5),(4,a)}
g ={(a.x).(b.x).(c,»).(d.y)}.

Find gof |
(gof)(1)=g(s (1) =g(a)=x -
(g0/)(2)=2(/(2))=2(c)=y
(gor)(3)=8(/(3))=2(b)==x

(gor)(4)=g(/ (4)) = g(a) = x
o gof = {(1.%).(2.).(3.x).(4.%)}

Q.10. Find: lim4x® +3x+2.
x—1

Sol.

Here



i.e. LHLat 'a'= f(a)= RHLat'a

lim X

18 x >0 ~1
).15. Evaluate £

Solution : (Rationalizing)

fiin X ><\/l+Jc+I
=0 \T+x-1 Jl+x+1

x («/i+_x + ])
lim ——m8
x—0 1+x-1
=14+1=2
Q.16. Define the following function.
(i) Identify function
(ii) Constant function
(iii) Logarithm function
(iv) Hyperbolic function

Ans. (i) f(x)=x (i) f(x)=c

(i) /(x)=1logx (iv) f(x)=sinhx
Q.17. Evaluate

= lim (\/1_4:+ 1)
x—>0

(l+2+3+ ........ n)
l 2
X—pc0 n
n(n+1
= lim ( 2)
X =»0 2n
+1
x—>© 2n x—0 2 n
2
T2
18. Eval we e By T .. @ bko
Q.18. Evaluate the given limit o Tk ™
. sinax
Ans. llm ——, ab+#o
x>0 sinbx

divide & multiply numerator by ax



Q.19.

Ans.

Q.20.

Q.21.

Solution: lim

divide & multiply denominator by bx.
_sinax
i,
x>0 sinbx ,
bx

Evaluate the given limit

2
. ax“+bx+c
lim —— a+b+c=0

- ox?+bx+a

a(1)’ +b(1)+c _a+b+c i
c(l)2 +b(1)+a atb+c

Evaluate given limit

ax+b _a(0)+b

P—?}) cx +1 - F‘(O)-&-]

=b
If £(2)=4 and f'(2) =1, then find.
i 7 (2)-2/(x)

x—2 x-2

5 (2)-2/(x)

x—2 x—-2

-~

lim xf(2)-21(x)+2/(2)-21(2)

x—2 x-2

X—>o=>ax—o
x—>o0=>bx—o0

. sin®
[lm——=l
8->0 0O



Q.22.

Q.23.

[add and subtract 2f(2) in numerator

_im X (2)-27(2)+2/(2)-2/(x)

x—2 (x._z) ‘
[Rearrange 21(2)
= lim I:f(2)(x—2)-—2(f(2)-—-f(;r):|
= s |
x—2 x-2
[take f{(2) common take 2 common : j
= lim (x—-z—)—@—lim f(x)—f(Z)
x—2 x—2 x—2 »—2

= £ (2)-25(2) { f'(2) = lim /(x)-72) (“‘3 :2f (2)

x—2

=4-2x1 [~ f(2)=4and £'(2)=1 from ques.]
=2
Explain the continuity of the funetion.

| sin x| -
f(x)4 x °

L. X=0

f(o)=1

limf(o+n)=limlsm(o+n)l—limSin"=1 -
n—0 n—0 o+nr n—0 pn

lim £ (0—n) = lim pin(o=n) _ ., sinn__,

n—0 n—0 o—n n—0 —n
f(0)=f(o+n)= f(o—n)
1=1=-1

f(x) is not continuous.

Show that f(x)= x”is continuous
atx=3

S(x)=x*



f(3)=3*=9
lim £ (34 n) = lim (34 n)" = lim (940" +-6n) =9
lim f(3~n) = lim (3-n)’ «lim (940" ~6n)=9
S f(x)=f(x4n)= f(x=n)=9
= f(x) is continuous at x = 3.

X

Q.24. Show that lim — does not exist
x40 |x|

Sol. f(o)=o0

o+n h
wlim == lim 1=
for] " w0 k" ako

'l'i_l’nof(o-!-n):

it w i =)
I()-—nl nH) n

v f(0)# f(o+n)# f(0o-n)

f(x) is not continuous.

LYCER

Short Questions
Q.1 Findthe rangeof f(x)= ;ti
Sol. f(x)=y
2+x 2
2-x ¥

24x=Y(2-x) D2+ x=2y—xp=> x4+ Xp =2y -2

_2(»-1)

x(1+y)=2(y-N=>x
y+1

x will be undefined ify + 1 =0, y = |
Range of f=R—{-1}



Q.2:Let A= {-2,-1,0,1,2} and B= {0, 1, 2, 3,4, 5} A function is defined

from set A to set B. Iff(j =x2. find the domain, co-domain and range of
the function. .

Sol.: f(-2)=(-2)* =4
fED=(=1 =1
/(0)=(0)" =0
fy=1%=1

f(2)=2*=4
Here, domain=A= {-2,-1,0, 1, 2}
co-domain = {0, 1,2, 3,4, 5}
range = {0, 1,4}
Q.3 : Afunction F: R — R defined as f(x) = 5x—3 find its inverse.
Sol. : Let's considers

y=f@=x=f"(
\
= y=5x-3
= Sx=y+3

- x=y+3f5:>f'(y)=2’-5f3

Q. 4. What is sigmum function ?
Sol. Signum function :- The function is defined by

M, if x=0

f(x)=1«x
0, if x=0
I, if x>0
or f(x)=10, if x=0
-1, if x<0

Domain = R and Range = {-1, 0, 1}.



Q. 5: What is reciproal function ?
Sol.. : Reciprocal function :-

1
The function defined by f(¥)= = is called the reciprocal func- -

tion.

The func;t/ion is not defined for x =0.
Domain = R — {0} and Range

Also, .
yA

y=1/x

y' 1L

Q. 6 : What is modulus function? _
Sol. : Modulus function :-

A function is called the modulus function if defined by

x if 220
—x, When x<0

e == {

We can say that modulus of every number is a non-negative

real number, so

Domain = R and Range = non-negative real numbers.



x3—l

Q.7 : Evalute lim

x—1 x—1

Sol.: Here

3 _ 0
lim = . [afor m]

x—=1 x—1

. (x— 1)():2 +x+ 1)

x—1 (x—1)

= lim(12 +x+l)
x—1
=(12+1+1)
=3
X2 4+2x—8
Q.8: Evalute /im ————
+x—6

x—2 x

2
Y 2x—8
Sol: Here lim ———_" 2+. [_ fo rm}
=2 x4 x—6
. (x—2)(x+4)
x—2 (.x —2)(x +3)

x—2 (x + 3)



_2+4_6
243 3
9: Lim x? +1
x> X411\
x? +1
p 2
L ey (divide both numerator and denominator by x)
\ X
x% +1
li —xz
o't x+1 (x equalsto /2 )
X
x2 1
2 2
lim 1% 1"
X900 _x_ .
X X
1+ —12—
lim ’l‘
X—»00 1 RE
X

1

1+ —~

2

o =>‘/1+°=1 [__.130]
1 1+0 I ,

) ®
(oo}
Q. 9 : Find all the points of discontinuity of /, where fis defined by
= ifx<0
S(x)=1]x|
-1, if x>0

5 e o X itex0
Sol. : The given function is f(x)={|x|

-1, ifx20



We know that x <0 =| x|=—x
The given function can be written as
& = ot e
fx)=qlxl —-x

-1, if x=20
= f(x)=—lforallxeR

let C be any real number. Then lim f (x) = lim f(x)=-1
xX—>C X—>C .

Also f(c)=-1= li_rp f(x)

function is continuous.

. -1 : /
Q. 10.Evaluate lim
x>0 X
"l
B &l+x+-—'+—'—+—l}
Sol.: i, € =1 el 2! 3 | [used expansion of €']
x—>0 X x—=0 X
x2 3
X+ —t
= lim 2! 31 [cut 1 and —1]
x—0 X

take x common from numerator

x| 1+—+—+....
2! 3!

= lim —
x—0 X
' x  x° 3 s
= liml+—+>=—+...  [cutx innumerator & denominator]
=0 2! 3!
Put the limit
=1
1

Q.11 Determine the value of k for following function is continues atx=
X, 0<x<l
X)=
) {K—Zx, 1€£x<2

Sol. : f0-0)=01+0)= /1)

fis continuous atx = 1



12
. Sol.:

S)=K-2
LHL atx=1
i 1-n)=1 1-n)=1
St oy 0-)
f(1-0)=1
For continuity K -2=1=>K =3

Show that f(x) =x* is diffrentiable atx=1 and find /' (1)
We have,

fx)-/D

(L.H.D.atx=1) = Jl‘l_rgl =

(LHD)atx=l = lim f(l"")—f(l)

h—0 1-A-1
2 12
=limL”‘)_i_=umﬂ
h—0 -h h—0 —h
" =lim2-n=2
n—0
and (RHDatx=1)
=limf(x)_f(l) =1im f(l+n)—f(l)
x—1 x-1 h—0 1+h-1
2 2
=limf(l+n) _1=lim2"+n
h—0 h -0 h
=lim2+h=2
h—0

(LHD.atx=1)=(RHDatx=1)=2
So, f(x) is differentiable at x = 1 and f(1)=2

Q. 13 Check the continuity of the following function

(K
X

0, x=0

’ lx+n
f(x)=0,f(x+n)=[ ot ]

l+e%+"



lim f(x+n)= li cul 3 1"
1m X+n)= lim
h—0 -0 ) I "o

e x+n
i 1 1
= lim‘ =—0=[1]
i -1
n0| A+1] 0+1

ey.'l.'—ﬂ . e_ n

lim f(x—n)=lim| -~ |=1im| £
n—0 h—0 l+e%"" n—0 1+e‘%
: .
i i )
1+0
S(x)=0 _ TS
Sx+m)=1 :>f(x)¢f(x—h)=f(x—ﬁ)_ "
fGx-m)=1 |
= function is discontinuous
Q.14 Provethat

51 if 1eva2
- S@=q, 3, if 2 < x < 3 Parth publication exrcise,Ques.

is continuous atx =2

Sol.
S(x)=x-1 f(x+n)=2x-3
_ li 2 = lim 2(2+n)=3
f@)=2-1 nl-!::)f( ) n—0 ( i
= lim 4 +2n -

f@=1 L
=lim4+2n-3
n—0

f(2+0)= lin}}1+2n=1

Sf(x=-n)=x-1
fl'i_l"rtl]f(2—n)=,l‘i_r.ra(2*n)-l

lim f(2-n)=1lim2-n-1
n—0 n—0



=liml<h=1

n—0

JFx)=f(x+n)=f(x-n)

function is continuous

Q. 15 Evaluate lim Vx+a
x=a x+a

_Ja+Ja _2Ja

a+a 2a

- =&

Q. 16 Evaluate the left hand limit and right hand limit of
function given below:

=
—_ #5
f(x)= x-5 !fx at x=5.
0 ,if x=5
Solwtion: Teft hand limit (LHL) at x =5
= lim f(x)

x5

Bg -

R e W 2|
h—»0 5-h-5  h-0-h

= lim A = lim-1=-1
h—0—h h—0
Right hand limit (RHL)atx =5
= hm+ f(x)

x—5

=,lln_r3)f(5+h)



fseh-s|_
= Ilm ——— llm'—
h—-0 5+h—-5 h->0h

= lim £= liml=1.
h->0h h—0
5x-4, 0<x<l

lim f(x i
458 <3 Teged show that x_"f (%) exist.

Q.171f f(x)={

So.: Lefthand limit (LHL)atx=1
lim f(x)=lim f(1-h)

x—1"

= lim S5(1—h)—4=1lim S—5h—4
h—0 h—0

=lim 1-5h
h—0

=1-5(0) (using limit)
=1
Now,
Right hand limit (RHL) at x =1

Iitr_tF fix)= ii:'nof(l-i-h)

x—]

= lim a0+ hY —30+h)

Here
lim f (x)= lim f{x)
x—iT x—1
(LHL = RHL)

lim . e
So oy exits atx =1

-1
——l- does not exist.

) el/x
Q. 18 Show that lim BTN



lim £ (x) = lim 1 (0 )

x>0
o T
= lim ——
B0 g-171F 4 1
1.
1 ) y i
; el/h : usmg(a“=—)
= }!1m0 1 a
-
7 Tl
- e

h—>0:>-;;—>oo

1
/ So,e”"—-)oo=>—]—/—}-,-—>0

Right hand limit (RHL) at x=0
1/h 1

. . . e =
In ()=l r O+ 0=

17h
g -
_’
1+ —
o7
(Dividing numerator and denomenator by ,!/#)
_1-0
1+0
=1

s i = i
it is clear that x_'::)‘._f (’f_) x‘_’::)f (x)
i.e. LHL# RHL

So, bm.f (*) does not exist.

4x -5, if x<1

Q.19 A f(x) be a function defined by f(x)= {23‘_1‘ i wewi Find.



_|4x=5, i x<1
f(x)—{Zx-l, if x>1
Now,

Left hand limit (LHL) at x=1
i =1 1-h -
lim £ ()= Jim £ (1)

= 4(1-

Ayt U=h)-S

=lim (-1-4h)=-1

B0

Right hand limit (RHL) at x =1
lim f(x)— llm f(l+h)

x—1t

= lim2(1+h)—-A
B0

=(2-4)
Since lim f(x) exists, So
LHL = RHL
hm f(x)— lim f(x)

x-1t

—x
hm
Q. 20 Evalute \/— -

- 0
Sol:- Here hm —\[l— {afo""]
_ x2—~/7c x* +/x
=l ~/——1 x* ++/x

x4—x

- I ) )




_ i x(x —l) ) [Oform]

% (\/— )(x2 +x

_ x(x—l)(x2+x+l) 0
= )2 +R) [‘f""”]

- [ a—b*=(a— b)(a +ab+b2)]

(J—+1)(x +x+1) L(14+1)(1+1+1) _2(3)
T x—-l (x +\/’-) = (1+1) P o

Q. 21 Test the continuity of the function f(x) at the origin:

— . when x=0
fx)= |"|

1, when x=0

X
— ., when x=0

Sol. Here Jx)= |x|
1, when x=20

So, f0) = 1. (Using the value of the function)
Now,
RHL atx=0

lim f(x)

x—0+

= lim £(0+A)
h—0

LHL atx=0



lim /f(x)

N oeil) =

lim £(0— h)

h—0

Lo ael
lim —-
() lh‘
h—0 h
-1

()= lim f(x)= lim
Now here /™ x_0+f (x)= _o-f )

X

and therefore, }“_’f}) f(X) does not exist.

So, f(x) is discontinuous atx =0,
Q. 22 Show that the exponential function is continuous.
Sol:Let’s consider f (x)= ¢”
Now,

RHLath=10
lim f(x)
h—>0"
— lim f(x +h)
h-»>0"

= lim e(”h)

h—0

-~ lime*.e”
h—0

LHLath=0
lim f(x)

h—-0"

~ lim f(x-h)

h—0



o

= lim f(x—-hA)= lim &<
h-)Of( ) h—0
h X
= lime*e = lim —
h—>0 h—0 "
e &
= —_——=— = x
e 1 #

Hence )= hi':; f(x)= ;.l.i:)l- 7{x)

So, Exponetial function is continous.

Long Questions
Q.1 Differentiate following by first principle method.
L fe)=1/x
&y _ fx+80)—f(x)
ox ox
)
_x+8 x
dx
x—(x+dx)
- x(x + &x)
Ox
.
x(x + 8x)dx
.1
(x +8x)x

-

In the limit as §x — 0 this becomes

e

- l 7
x2

1
So the derivative of ¥ = s with respect to x is s

x2



x*-x

lim
.1. Evaluate x—>1
@ -1

Parth publication page no. 2.9
Differentiate using first principles

y=x2+2x+3
let f(x)=x2+2x+3

SO f(x+08x)=(x+8x)% +2(x+8x)+3
expanding and simplifying gives
F(x+8x) = x% +2x8x + 8% +2x+28x +3

We have everything we need to substitute into the formula for
differentiation from first principles.

& _ o S80S
dx  &x—0 &x
Substituting in the first principles formula gives:

B e [(/+2x8x+8x2+)¢{+28x+,3’)—(/+2f+,3’)]

dx &x—0 ox

We notice that Everything in the 2™ bracket will cancel out with the first
bracket.
This will Always be the case!!!

2
B (2x8x+8x +28x)

dc &x—0 dx

Notice that the top has a Common factor of dx.
So factorise the top and cancel dx
This will Always be the case!!!!

[ xx(zx;xsx + 2))

= lim




D _ lim (2x+8x+2)
dx—0

dx
Now the important final stage is to find the limitas §x — 0
By =2x+2
dx

Q.2. Show that the function f(x) given by

. el/.l’_l
. f(x)= S e]/x+19!fx¢0
0 Jifx=0

is discontinuous at x = 0.
Sol.: Given
l/x 1 .

e p—
im ——, ifx#0
f(x): x—0 el/x+] {fx

0 ifx=0
Now, f(x) =0
Here, Now we find, Left hand limit (LHL) at x=0
lim £ (x)
x—= 07

= Y, 5@~ %)

s 1§ e 1IN
=il =

h—>0 ¢ +1

1 1 1
e i : e
el/h usmg(a -a")
h— 0 1

e\/h

+ 1

h—>0=>l — @
h

1
‘ So,e”"—)oozv—lm -0

I
!
—



Right hand limit (RHL) at x =0

e
(x)=lim f£(0+A)=lim ———
1 )= AR = I

I_]

= lim ;1717
h—0 1 %'_
e
(Dividing numerator and denomenator by !/ o
_1-0
)

1+
1

it is clear that / (x)¢le'“)‘_f (x) ’*E"‘of (%)
So, f(x) is not continuous at x = 0.

Q.3 Find % from first principles if y = 2x? + 3x.

Find the slope of the tangent where x = 1 and also where x =—6.
Sol. Now f(x)=x*+4x

So  fx+h)—(x+h)? +4(x+h)

—x% +2xh + h? +4x+4h

Therefore
Q__ h'm f(x+h)-f('x)
dx h—0 h
[+ h)? +4(x+ h)—[x* + 4x]]
- lim = ,
h—0 h
[ x2 +2xh+ B? +4x+ 4h] —[:xz + 4x]
- lim = ,
h—0 h

. 2xh+h® +4h
-lim —4m78M—
h—0 h



Lt SEee

OR
B Provethat the following 1 (x) = [x| + |x - 1| is continuous at x =0, 1 but
B not differentiable.

a 70 =+t
1-2x ,x<o
(x)— 1 ,0<x<l1
: T |2x- lr‘x>l
_x=o‘f(o)=1

f(o+n)=1and f(0o-n)=1-2(c—n)=1+2h
ey =1 i1l .
RHL Ll_tgf(o-f—n) ’lll_IE(l) (1) 1
'Lrl.m=liinof(o—n)=li_r’1?) (1+2h) =1
~ f(0)=RHL=LHL
-Il-ilen‘ée'ftmction is continuous at x = o P

j‘fy'(o)=limf(o+n) (o) _ lim (;‘)=o

n

(o=t 10 )-1(0)

n—0

o i (l++2n—l)
n—0 -h

> 2
Rf'(0) = L1 (o) -
"Hence function is not diffeentiable at x =0
Againat x=1 f(1)=2-1=1
. f(1+R)=2(1+n)~1=142nand f(1-n)=1
RHL =lim f(1+n)=lim (1+2n)=1 |

-



Q.4.

. =l 7=l ()1

f(1)=RHL = LHL
Hence function is continuous at x = 1

e JAER)=F(1) . 1+2n-1
= s
=2 s
v w JO~R=0) . ]
R 5 ARG
RF'(1)= Lf(1)

Hence function is not differentiable at x = 1

x, if x>1
A function given by f(x)={ ‘ is a continuous

xz,if x<l.

function?

' Sol. Lets consider a be any real number. There are three possibilities.
Case[: Ifa>1

Aa) = a.

Now RHL

LHL

lim f(x)

x—a+

= lim f(a+ h)
x—0

=i h
hlf:)(a.+ )

=a

lim f(x)

= lim f(a— h)
x—0

= lim (a — h)
h— 0 °

= a

So, lim f(x)= lim f(x)= f(a).

xX—a+

Hence, f{x) is continuous at each a >1.

Casell: If a< 1

Here , fla) = &



RHL
lim 7(x)

xX—a-+

= li h
hl_rg)f (a+h)

= li K
At

=a2

LHL
lim £(x)
= lim f(a—h)
= lim(a— A2
.-

=a2

So, lim+ S(x)= lim f(x)= f(a).

Hence, f(x) is continuous at each a <1.
Caselll: Ifa =1

AD=1.

RHL
lim f(x)
x—1+
=,1'1_Ig)f(l+h)
=li h

hl—!;l':)(l'f- )

=1

LHL
xl_i.n;_ S(x)
= hleo JQ = h)

- T — B2
- i =)
=1
So, lim f(x)= lim f(x)= f(a).
. x—a+ x—a—
Hence, Ax) is continuous at each a =1,
So, finally f{x) is continuous at x = @ vaeR.

Hence, f{x) is continuous.
OR



Ql‘!
Sol,

Q.5.

Sol. :

Find the derivative of x.* w.r.t.to x by first principle.
let y w xe'

Y4By w (x4 bx)el**8)
By = (x+ 8x)e' ™ — xe*
By = (x+ bx)e".e™ - xe*

8y = ¢ L.(x+&x)e6' —x]

p* + +-(Ex—)-2+ -
By = ¢ (x+5.x)(l dx T ] }

L

By = e* | x+8x + x8x + 8x% +....... —x]
§_X= e—x-[&x+x8x+8x2]

bx &x -
O sx[l+x+ 8]

ox

t'ax—ﬁ"'—+o—2-x)-}-= Sx —im_y oe* [l+x+o]

%=e’[l+x]

Find the values of a and b such that the function defined by

5 If x<2
f(x)=3ax+b, if2<x<10
2L if 210

is a continuous function.

5, if x<2
The given function fis f(x)={ax+b, if2<x<10
21, if x=>10

It is evident that the given function f'is defined at all points of the real
line.

If fis a continuous function, then /'is continuous at all real numbers.



Q..

\
In particulé(, fis continuous atx =2 and x = 10

Since fis'continuous at x = 2, we obtain

lim (x)= lim 7 (x)=7(2)
= lim(5)=lim (ax+b)=5

= 5=2a+b=5

= 2a+b=5
Since fis continuous at x = 10, we obtain

fi 1 (2) =l /()= /10

,}f,?o(ax+b) = x11’11110(21) =21

=

= 10a+b=21=21

= 10a+b=21=21

= 10a+b=21

On subtracting equation (1) from equation (2), we obtain
8a=16

= a=2

By putting a = 2 in equation (1), we obtain
2x2+b5=5

= 4+b=5

=5 b=}

s 1)

«(2)

Therefore, the values of a and b for which fis a continuous function are

2 and 1 respectively.
OR
Differentiate the following w.r.t. x

() cos® x

Ans. Let’s consider

y = cos’ x -
= (cos x)3.
Putting cosx =

So, y=1* and 1= cosx

dy

= == 312and£ = —sinx
dt dx



-4-(2-2)

= (—3t2 sin x)
Now,Putting the valueof ¢

= (—3sinxcos2 x).

(ii) g*loey
Ans. Let's consider

4logx

y=ie
putting Alogx=1

y=e¢' andt=4logx

i_ 4 Q—:i
= v ¢ and T
1 fz__al’_xf_t_ = "i
since e = e' x
putting the value of t
dy 4e4logx
&  x
(iii) tan+/x
Ans. Let’s consider y = tan/x
Putting \/x = ¢
So, y=tant and ¢ = \/x
dx dt dx
= [seczl 1 ]
2%
Now, Putting the valueof t
Q____ sec? /x
dx 2Ux

(iv)y=(x+ 3)5



Ans. Let’s consider y = (x + 3)°
Phtting (x+3)=t

y=r and t =x+3

= & = 5t4andit- =]
dt dx
B (D]
dce \dt dx
Now Putting the value of t
= 5(x+3)*.

Q. 6. Differentiate x* by first principle method.
Ans. We know f(x) = x°, and can calculate f{x + Ax) :
Start with : f(x + Ax) =(x + Ax)’

Expand: (x+Ax)*: f(x+Ax) = x> +3x?Ax +3x(Ax)* + (Ax)®

f(x+Ax) - f(x)
Ax

The slope formula :

3 +3x2Ax +3x(Ax)? +(Ax)® —x°

Putin f(x + Ax) and £ (x) : =

3x2Ax + 3x(Ax)? +(Ax)?
Ax
Simplify more (divide through by Ax) : = 3x* +3x Ax + (Ax)?

Simplify (x* and —x* cancel): =—

d
And then as Ax heads towards 0 we get : Ex3 =3x?

OR
Q.6. Draw the graph of the following (any 4)
1. Constant function
2. Identity
3. Modulus
4. Reciprocal
S. Signum
6. Square root
Ans. 1. Constant Function :-

Let ¢ be a constant real number. Then; the function defined by
fix) =cforall xeRis called constant function c.



domain () = R and range (f) = {c}.

y4

0
“;J
=
»
i
=~

&?
@
Y
»

2. 1dentity function :
The function defined f{x) =xforall X eR is called the identity

function.
The domain = R and its range = R.
y4
/-\-
&
X [9) ik
y'v

3. Modulus function :- .
A function is called the modulus function if defined by

x, if x=20
F@ == {—x. When x<0
We can say that modulus of every number is a non-negative

real number, so
Domain = R and Range = non-negative real numbers.



ys
& &
A | &
xff [e) fX
y v

-

4. Reciprocal function :-

1
The function defined by f(¥)=— is called the reciprocal func:

tion.
The function is not defined for x = 0.
Domain = R — {0} and Range
Also, .

VK o

y=1/x

i 8. S;lgnum function :-
The function is defined by

-‘x—‘- if x=0
f(x)= x

0, if x=0



1, if x>0
or f(x)=40, if x=0
—1, if x<0

Domain =R and Range = {-1, 0, 1}.

‘ylh

0, 1)

%A
)
3
)

(0, -1)

y Y
6. Square-root function :-

The function defined by £ (x) = + /x is known as square root

funtion. As we know ihat negative numbers do not have real square
roots. So, f(x) is not defined for negative real number.

Domain = set of all non-negative real numbers = [0, oo[ and Range =

set of all non-negative real numbers = [0, oof.

y4 n

A
O
;
>

Q. 7. Differentiating f(x) =sinx




“ol. Here f(x)=sinx so that f(x + 8x) = sin (x + &x).
So f(x+&x)— f(x)=sin(x +dx)—sinx
The right hand side is the difference of two sine terms. We use the first
trignometric identity (above) to write this in an alternative from.

sin(x +dx)—sinx = 2ms¢sin%

2x+06x ., Ox
Slﬂ—z—

=2cos

=2cos| x+— |sin—
2 2

Then, using the definition of the derivative

d_ o [+ f(x)
dx &—0 Sx

2cos| x+— [sin—
_ 2 2
Sx

The factor of 2 can be moved into the denominator as follows, in order to
write this in an alternative form :

cos(x + 8—xjsin2 dx 8 %
2 ) =cos(x+7) Q
2

ox/2

2
dx

. Ox
sin —

ox
2

We now let &x tend to zero. Consider the term and use the result

. sin® ox
hm— = . a2
that e]—>0 ) 1 with © 5 We see that

ax—0




] lim cos x+§ =COSX
Further, P 2

dy

S0 finally, " cosXx

OR

.7 A f(x) be a function defined by /(%) ={

A, if limit of function f(x) exists at x = 1.
Sol. : Given funtion is:

f(x) ={
Now,

Left hand limit (LHL) atx =1
lim f(x)= Lin})f(l —h)

x ol

4x -5, if x<1
2x—A, if x>1

= ggn04(l—h)—5

=lim (-1-4h)=-1
h—0
Right hand limit (RHL) at x =1
hm+f(x) = ,l,llﬂ)j (1+h)

x—1
=lm2(1+h)—-A
h—-0
=(2-1)
Since lim f (x) exists, So
LHL = RHL
lim f(x)= lim f(x)
x—1" x-1t

1=2-4
A =1

U

4x-5, if x<1
2x—A, if x>1

Find



Q.8. Prove that the following f(x) = |x|+|x—1] is continuous atx=o0, 1 but
notdifferentiable.

Sol. f(x)=|xl+}x-1"

'(-',I-x)-(x—-l) x<o
=1-2x x<o
; f(x)= 1 o<x«<l

(x)+(x+1)=2x-1 x21
x=0 f(0)=1
f(o+n)=1f(0-n)=1-2(0o-n)=1+2n
RHL = lim17(o+n) = lim (1)=1
LHL =§_%1f(a—n)=L% (1+2h) =1

f(o)=RHL = LHL
Hence the function is continuous at x =0

f(o+n)-r(o) _ “m(l_—_l]= .

Rf'(0) = lim

n—0 h n—0

1f(0) = lim f(o-'i)h—f(a) Cmlt2nl_ L,

Rf '(0) =1f '(0) !
Hence function is not differentiable at x =0

Againat x=1f(1)=2-1=1
f(1+n)=2(1+n)-1=1+2n and f(l-n)=1

h

n—0 —

RHL =llj’15f(l+n)=}'m(l+2n)=—l
LHL-_-Li_%f(l—n)= lin})(l)=1.—_>f(1)= RHL = LHL

Hence function is continuous at x = 1

fQam)-f () _ . A+2n-D) _,
h h—0 h

}éf-(l)= lim

h—0



£0-)=10) 151 g
h h

Lf'(1) = lim lim

n—0

RfF'(1) = Lf'(1)

Hence function is not differentiable at x = 1
Q.9. Differinltiate gjn* x by first principle.

Ans. Proof. x =siny o
x+&x =sin(y+8y)

dx =sin(y+8y)—siny

5 " *+sinC —sin D
8x=2cos(y+-l)sin-Z cC+D_, C-D
2 2 =2c0s sin
2 2
8_x_2cos(y-+—§2'—v-)sin%y
dy oy
S
dx _ 2
& cos(y+8—y)sin(8—y)
2 2
When §x — 0then 8y =0
Sy
. 8lim -gl=alim },2 -
= e cos(y+—y)sin—}—’
2 2 -
4
§iim 2 =§lim —2—x5lim 1
-0 &x  y— (Sy) - ( Sy)
sin o cos y+5

id:y..—]x 1 = 1 —_L.
& sy ity 2

Derivative of ¢os* x by first principle.

y=cos" x
X=CO0Sy



Again let x+&x=cos(y+3y)

ox = 2sin(y+§)i)sin(—-6-)i)
2 2
= —2sin(y +§Z)sin(8—y)
2 2

Sy

& __ 2
ox sin(y+§z)sin—81
2 2

when §x — 0 then 3y -0

a0 -1 -
sinyxl  fl-cos?y 1-x°

Q—:
dx

x
Q.10. Find the derivative of P w.r.t. x by first principle.

Sol. Let V=




_(x+dx+1)(x+2)=(x+1)(x +8x+2)
(%4 8x +2)(x +2)
5 =x2+x8x+x+2x+28x+2—xz—-x&x—2x-—x—8x-—2
J (x+0x+2)(x+2)
By _ 5x _ |
&  (x+8x+2)(x+2)8x (x+&x+2)(x+2)

Se—tim oS _ lim 0 1
Sx (x+8x+2)(x+2)

dy_ 1 _ 1
dx  (x+2)(x+2) (x+2)2




Unit -3

Very Short Questions

1. If two matrices contain the same values, but in different
locations, are the matrices equal?

‘ - - -
Ans. No, to be equal, two matrices must have the same dimensions,
and must have the same values in the same positions.

For two matrices to be equal, they must have
1. The same dimentions.
2. Corresponding elements must be equal

Example
5 % 2 2 2
23| a5 el
3x2 g
2. Are these two matrcies equal?
1 4 6 4
2 5|=7=|5 2
3 6 1 3

Ans. No, they have the same dimensiens, but corresponding elements
are not equal.

. What is:
[1 2 3JT .
_ =7 :
4 5 GM

1
[1 2 3]’
A =|2
ns. (4 5 6
' 3

2x3

(= W U, R =N

3x2

.



Ans.

Ans.

Ans.

Ans.

What is
(12 3 4=

(1 23 4) =

A WL N -~
¢

What is the transpose of 1?

T

o
—
(=}

floo}
010
0 0 1

What is (4B)(B™'47")?

(4B)(B4")=A(BB™') 4™, by associativity.

=Al =44" =1
What is the rank of the following matrix?
1 2 0 3
1 2 3 0
0 0 4 8
2 4 0 6

Three. The last row is a multiple of the first.
What is (21)(0.51)?



Ans. (21)(0.51)=1

or

’
loow

2 0 0) 2
0 2 ollo L o

2

0 0 2 1
'Loo—
2.)

The resulting matrix is 1
9. Is Ax equal to xA?
Ans. No, matrix multiplication is NOT commutative.
110.  Perform the following multiplication:

1 2 8 0O 1

6 1 %o -1}

1o 1 0 2 ol

1 _1 2 04x4 24x|

1 2 00 1 -

01 30 -1| |-l
|Ans. [0 1 0 2| | 0 |3
| 1 —l 2 0 4x4 2>4xl 4x]

11. What dimensions will the following product have:
ApaBaz = Con
Ans. A4,,B,,=Ci

If two rectangular matrices are put in order so that the inner
dimension is the same in each, then the matrices can be multi-
plied. The result is (in general) a rectangular matrix.

ApnBrxc =Crec

12. Is it always true that AB = BA?






