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GRAPH We plﬂt d:ﬂ‘urcnt points and joun them b\, a smonth hnefeurve called the 9T wpshy
For example, 1if fx)=x or Yy o= a,we give some values to v A
x and get corresponding values of y and getting pairs of W
values (x, ¥y)as ., (-2,-2), (=1,-15, 10, 01, (1.1 ), 2.2). (g i 5%,
. & - -
. {3 8)&H
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i 3 li. i
¥ 21 -1 0 1 2 e

We plot these points as A, B, C, D, . and join then and
get the graph of f(x) =x .

A straight line is the locus ( path ) of a pont Plo v which m‘m{: sueh 11‘.\.'12 s
ordinates x and y satisfy certain copditions.  For example, il a paint Ps, w‘rfhﬂw;:ﬁ -vu‘
that its grdinate (y) 1s always double its abscssa (x), then equation u_t the lovus of the po
will be . y = 2x which is, therefote, the equation of the line traced by £

!
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INTERCEPTS. The distance from the \uy
origin to a point which a linc¢ cuts x—axis 18 té:
called the x-intercept. Similarly y - é
intercept is defined as the distance from the X'é
origin to the point where the line cuts the y— T
axis as shown in the figure. "

OA = x—intercept
OB = y —intercept

INCLINATION AND SLOPE OF A LINE

The angle which a line makes with AY
s+ve direction of x — axis is called the //\'
inclination of the line. The tangent of the é Q\OQQ’
inclination is called the slope of the line. ! &
- &N g
&
For example, if a line makes an \,\‘\.
angle of 45° with the x — axis, then its ,
inclination = 45° ’ ' 45 = 5
( X — axis

and its slope =tand45 = 1. 0

Again, if the inclination 0 is such that 0 <0 < 90. then the tan 0 = + ve, hence the slope is +ve

while if 90 < 0 < 180° then tan 0 = —ve, hence the slope is —ve.
‘ A Y
A "- &
—ve Sl()pc +Ve SlOpe
> 90 ’

O N Y'o

Slope of the Line joining two points
Plxy, y1)h Qe ).
From the figure we sce that

Base = xy—x,

and perpendicular = y2 -1
|5 fea i, e perpendicular  y2 —¥; /
e 2 - base T oxa— X = Srutccatal o
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[Chap.1 — :
chap.1] e ELEMENT A Y MATHEMATICS | o
pxample | Find the slope of the ‘inp‘j"i"i"q the pointad (1,21, i, 0.

Solution. Here G,y = (1,2) . (y, vy (4, fw, that
’ Pk e Yy = . m that e
.\') = ] N ,\' = :: s X & i ¥ o = ,-‘

s ' - t4 &
Putting these values in the formula, we have

Slope = Y2 ) - 6~ 2 L9 )
Y2 =X, =5 — 8
1.1.1 THE EQUATION OF A STRAIGHT LINE.
1. Slope - intercept Form: y=mxs+e

p - - : s . e f 1% fl"“
¥ =mx+c s called the slope-intercept form of the equation of a line where 7

slope and ¢ is the intercept on y-axis.

Derivation. Let P, ¥) be a point of the line. As told above, a line 1= the locus of a point

P(x, y) which moves in a straight path under some constraints, For example

1. If a point P(x, y) moves so that its slope is
always equal to m then
perpendicular  PM y~-¢C

tan0 = m= —— e =S = e
base CM X
y-c
or . m =-""— = y-c = mx
= _;= mx +~c—‘

is the required equation.

' L XY
2. Intercepts Form: _+ ¢ =1

24 ‘g— = 1 is called the Intercepts form of the equation of a line where a is the
intercept on x—axis and b the intercept on y-axis.

Derivation. Let P(x, y) be a point of the line. As told above, a line is the locus of a point
P(x, y) which moves in a straight path under some constraints. For example,

If a point P(x, y) moves so that it makes intercepts ¢ and b on the axes respectively,
then since A(a,0), B(0,b) lie on the line, therefore putting them iny =mx +c, we get

0 =ma.+c..({i), b=m.0+c.. (11)

= c .
So from (ii) ¢=b, from (i) m= - = g.putm
y=mx+¢
then y = —Qx +b = ay=-bx+ub
) 7 )
£ 5 ay bx
Divide by ab , then i ol W 1
N "“-_"'_l .
= L4 Z = 1| is the required equation.
a
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EXERCISE - 1.1
1 Find the slope of the Hae joining the point
] - p { i {ed I3 e ‘.f"‘
Uy E3 4§, 8 (i (7. /), (4 6 NEL N d-b

Ans (1), 1 () 1 (hikd.
2 Find the equation of line with

i) 3‘~'!"]N‘ " “ ¥ HI“‘I'HP' . 3 (1) v irte “1»':( I W illf..!';‘t»’.f ',

() length of perpendicular from origin = 5,

inclination of perpendicular = 607

Ans. (i), yex+3 (ii). By + 4y =20 (). x + Ndy=10
3 Reduce the equation 3x+ 4y ~ 12=0to

() Slope-intercept form

(i1) Intercepts, form

(111} Perpendicular form.

3 5 oy 3 1 2
i “ B
Ans. (). y=-7 x- i), ~+%=1 (i), _x+ _y= =
Ans. (i) ) P X7 4 (ii) it3 B 5Y

1. VARIABLES AND CONSTANTS.

In our daily life we observe that quantities like population of a country, anaual
rainfall, temperature, volume, pressure and so on have different values at different times
or locations, Such quantities are called variables and all such quantities which do nat

change their values neither from time to time nor from place to place are termed a3

constants, e.g., the ratio of the circumference of a circle to its diameter is a constant and
that is an irrational number n. Variable quantities are usually represented by Englsb
alphabets x, y, z , u, v ete. whereas constants are represented by English alphabet ¢, b, ¢

ele.
Now consider the following three variable quantities :

¥y = Number of moles of a gas
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T \J
X = Number of atmospheres

2 = Absolute temperature (K)
We

fure

We may relate vari;
% M \:\l‘l.\hlm; y ;md X |)y Sﬂying (hnt !‘”,“m(, ”/ a [’,”q I{r;)z-”{lk‘ on ;)nvq,qnn’
an lemperd

may also relate vari:
a) ate variables y and z by saying that volume of ¢ £45 depends

Here yis t : '
y 1s the dependent variable while x and z age independent variables.

2. FUNCTIONS

ally write ¥ = f(x) and if

a function ofx. In
a circle

If the variable y depends upon the variable x we symbolic
to each value of x, there corresponds a unique value of y, we sa¥ that y is
the above example, we may say that y is a functi(;n of x and z. As the area of
depends upon its radius, therefore, we may say that Arca of a circle is @ function of it3
radius. Also since the volume of a spherc depends upon its radius, so we may say .

volume of a sphere is a function of its radius.
3. LIMIT

Value of a Variable.

When a variable x takes value 2, say, we say that the value ofx=2ie, x=2 ‘:9;

Limit of a Variable.

s values in such a way that it approaches a certai number
x -——> 2), we mean that the

ery close to 2 but not equal

When a variable x assume
2, say, we say that x approaches 2 or x tends to 2 (written as

limiting value of x is 2 or the limit of x is 2. In this case x is very v
to 2. So, if x approaches 2, thenx is approximately equal to 2 and x # 2,ie,x-2%0]

Value of a function. |

Iff(x)is a function of x,

f(2) is given by simply puttingx =2iny

Limit of 2 function. If x— 2 then flx)=x2—> (2
then limit of f (x) is 4. : _

e,y Lim %2~ 4 . Lim™x2+7x+ 6

EXAMPLE . Evaluate the following limits : (i) = (x - 2) (i) ~—i.3

ie, fx) =x% Then value of f (x) when x = 2, denoted by
= x2. Thus, Valueof /(x)= f(2) = (22 =4 .
)2 = 4. In other words, if limit ofxis 2

Solution. (i) We simply putx =1 and get
o 24y . 1- _3
. Lim (* 4) - _l____ L8 . g

—1 \x — 2

. w . . . - .
(ii) If we put x = oo, we get — which is indeterminate. Since as x —— <=, : —— 0, so
. x

dividing by x2, we write

' 7 6
Lim #+7+6 _ Lim _x'2 _ 1+040
x—o0  x243 T g——po0 3 T 1+ = 1

14—
.x2
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Rules of Derdvatives .
g r ' {ill'\“v“ ( lg':n
1 Denvative of constant 18 zoro. 1.0 gy " s
2 I ax) and vix) are two functions of x. then y d e
¥ 1
. d . d () dx (uv? = Mg, " drx
X lw +vl = 4y w) + gg du , ot
. - o x
uI‘ ] lf( ) (1 w) 11 i ) B (l.l ’
u-v] =5 - v )
X i dax dx (11 {
EX. NAMPLES.
7 d d
L5
» L (a2 = )+ 5% - 2¢x + 3x°
1. ax l ] dx dx
J d .
2. ~ [.\'3-.1-‘] = — @)= 3) = 2¢ — 3x?
ax dx x
. - § . Dt
3 _}(i f-t“"x-t‘;] = .13X‘"(x3)+x3 xa—’(x"’) = x2 (3x2) + x3.(2x) et + 2t = X
ax
d d '
2 R .5  — 2
e - XY . X
dx " ) dx( ) 2 Bxt— x5.2x 5{2—th ~3§f _ 32
| g R At ST
(x=)*- X p - x

r 1 x-1 a +x 2
1. Vx4 N 2'x+1 3. = 4. a +bx+cx® 5.

Solution. (1). Let y =
dy d d 1 1} | 1
: iy g (1) = =y . _ B ,
(V%) ¥ 4o (x~1%) g¥ ¥ ( 5% ) e T

o= —

then a; P

d
"‘(x——l)——('c-l)*ii"(x+1)

2 5 ..l__._ ! tle E_I___ E+ l)d___..._.-..____,_“,..__...._“__.....—-
) Y=x+1 en - gx (x +1)?
(x+l)(1)—-x—-l)(1) _{_Lljx+1 _“__g_
T (x4 1) —(x+1)2

= (x +1)?
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A o A K il
» Y= ¢ =20 then W, ¢ @.xl) =2 (e =2 («1n? Tt =
K oy 7 o x

EXERCISE -1.4

Find the devivative of the following functions :

v \
1 ‘ 3,
Loy 2. M e 2 3, x0- x8 (N , 4’_ 5 ¥
- ‘ \J) ‘— ‘ — 1 () \l b “‘.
A o ‘ ": # { v
® el 6. " 7. (3-0x%) 2 8. \x
Ang. (1) Rad 2 a2 1. Gah — 8x7 4.
- ] ~dx 9
5 . 35(3 — ba?) 2 8. Vb

1.3.2 DIFFERENTIATION OF TRIGONOMETRIC FUNCTIONS

Following are the formulas for trigonometric functions :

( . , d .
1. (8in &) = Co8 X 2. -= (cosx) = —sInx
dx dx
' ( ,
| J d~ (tapx) = sectx 4. (cot x) = — cosect x
| odx ’ dx
3

d !
5. / (goe x) = secxtanx 6. dt (cosec x) = - cosec x cot x
X o

Note. When we have some function of x instead of x, then we multiply by derivative of f (x).

EXAMPLE.
{

v ( ) - (e Ve [y 1% - D4 p 2
; ( sin x%) = c(mxz.(‘[‘; (x2) = cos x° . (2x0) = 2vcosx
dx

d NI T LU 2 ain 15

E (cosx®) = —sinx®. e (x5) = —8inx?, (Ax*) = —dx®sinx
dx
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) s s A see® g . L8

= 5 Ctan xH et o i) goc? A
oy an .x = NOCT X ax [

£ d . .
x<)

g .
dx ' Ot XT) =~ cosec? £F de b

3. K4 =
dy ! S€Cx?) = secx? tanx®. dx

N
> 3 Dy ) A R
L QOSEeCT A L ™ X2 ¢
% ‘l

5 1) w B ame 6
.l ; L\ -l NG 32
d (x2) = secX tan a ¥ lag @
d . b g 2% COROR w2
6 - o (f vy ‘,} cot 4 =) - wel CUINOQ g4 e
N rOSOe v2) — v ; o P O . O o
dx ! fosec x?) = — cosec x? cot ol = - COSEC L :

EXAN : N 3
IPLE. Find the deriyative of x sin.x.

{

i

. : : “)
Solution. ¥ = xsinx, then g{\ = X - (sinx)+ s X gy X

dx dx

. ~ oy, COSX +NanX
x.(cosx)+siny. (1) = X €08

EXAMPLE. Find the derivative of \ sin \x .
Solution. ¥= Vsin vy =( sinvx )!L. then
7, e

-1 - ‘
oo ) 1 ( cos N X )(i." (\-\ )

d! e -1/
= g I(Sin\"x) hdd;( sin \T.) =g(sin \ X

dx— 2
N ol —\ 1 1 - )‘1:: ( ) )
3 Ly < 12 — = ( sin Vx A cos X o
( Sin Vux ) ( cos Vx 2\ vz = 2.( Sin VX cos A\ o\

SRR

—_
cos Vx

4vx \/rsin Vx

EXAMPLE. Find the derivative of sinr.

Solution. Using 51; (Fiix) = n L) . F2,
we have y = sin‘x = (sinx)}

d d
s EF 4 (sinx)3. -—(sin x) = 4 sin3x. cos x
dx dx »

EXERCISE - 1.5

Find the derivative of the following functions :
' 1

1. sinxt 2. secx® 3. tana® 4. cosx

5% \;sin " 6. sin (tan x ) 7.
5xtsecx® tanxd 3. 98 set @

cos? x3 8. cos(ax+bd

Ans. 1. 4x3cosx* 2. 4 -1 sin®

_ cosx o _ ‘ L
2 T//— 6. sec?x.cos (tamx) 7.  —dxcosadsinx?
2Vsin x — e

8. —2acos(ax+b).sin(ax +b)
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DEFINITION,

lh‘\ 'ﬂ}.‘lll‘“h"l Lo (‘\\‘ h“l“' a s TN ‘) ol “ll! H\”"‘M'l' N ‘N « L) l'l“ Hl”H‘l(»[ i
such that ' <« N Thus |

\ log,, N i and only a' = N
For example

(S \
log8 = 13 bheenune AN .|

Propoerties of Naturl Logarithme,

In \‘ enlug, all logarithms are to the hase ¢ the trrational puimber whose valus =

l v
0 1] 4 of
(\ Y " ) was found to be 2.7182. ., unlens some ot hor INTINE |~\.ph( pthy mentiont (|

The fundamental properties of lognrithms to the bise ¢ are as iven below

1 inl =0
2. e =1
3. Inxy) = lInx +iny vy >0
X
4. ! = X - ) XNy V)
n (.\' ) Inx —iny X,y >
5 Inx™ = minx

Natural Logarithms.
In calculus, the most important logarithmic functions are those whose hase el
¢ i.c. of the form @ logex.

Logarithms to the base ¢ are called Natural logarithms

lm ™ log‘.xl ' ‘

IER——

DERIVATIVE OF Inx.

Let y = Inx
then y+dy = In (x + &x)
X+ Ox a
§ = In(+d)-lnx = In (* ; ) s \-\ )
Divide both sides by Sx, then
X
Sy 41__ & - 1 _x' ) _ 1 QU A
s_\‘=5xln(1+x) = S e \n(lw- “.) -‘ln(l* )

¥
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DINFERENTIAL (4 MEEFTCHUNT OF Doy, ¢

l ﬁ' ,\' s I..'t"\

then AN (T Top, (v 4 )

(43%)
T (T KU U I (11T e,y 3

Divide both sidos by Sv, (hon

2 (AL
0y | oW I } ) = logs,, I
@ o, (| " ) " T (l n '

Y AT Vo

" ”\
: 0 Hy dy vy
Whoen &v 0 ' 8y 5 b and (| | p ) oo
. dy |1 | I I
v R L TR log, ¢ v Ind
. o |
bt vy ( log, 2 )" X ln‘u
EXAMPLE 1,
Differentinte In (Inx).
Solution,
L4t y = In(Inx)
du |
Put o= Inx, then ; , ki - l
dy x " dx wu
dy dy du 11 I ‘
Now ' L g Y ' ’

dyv  dudy u o« Inx "x xlnx

. 4 ‘ I
e a {('“ Inv) } ooy

XAMPLE 2.

1
Differentiate e Jdnx,
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1
et Y = 1—. ]nx
dv. _d (1 1
then o dr(x l“‘) x deMx)+ Inx T; (1 )
211 —1
T xx +Inx. x2 :x%—ié--lnx =;1E (1-Inx)
EXAMPLE 3. '
Differentiate : [ In (x + 3) ]2.
Solution. o
Let y =[Inw+3)]2
dy
then e = ‘—[{ln (1+3)}?]
=2In(x+3). [1n(x+3)]=2ln(x+3).*’1*”-:[l(JC+3)
“dx x+ 3 dx
1 21n(t+3)
- 0 . . o e
—“ln(‘l+3)'x+,3'1— <+ 3
EXAMPLE 4. 2 \ ( 5 5
Differentiate : ln(x3+2)(x2+3) n ('\/\ ‘\*L)*-L h( N "*g

Solution.
Let y = In(3+2)x2+3)
= Inx3+2)+ In(x?+3)

¢y C%[ln (S+2) ] + -a% [in G2+ 3)]

— —

dx J
1 1 e
= g,92 dx(13+2) 243 dx(l +3)
1 1 3x® + _2x
- 3+2(3x2)+ +3'(2x)=x3+2 x2+3
A k | |
\ \ \ )
EXERCISE - 1.6
e te the following :
_ Differentiate the follo -
1 2l . 1 A\ (ii) . In Nx + V1inx
| x o (iv) xln(4-27)

—e———— \\.'_' ..’-

(n‘l);ln m ,\ o i' y ¥ l | .
: oot of the following

: ccorential coefficien
Find the diffe . b iatanx

In ( secx +tan x)

o

(i) Incosx

(iv)
(iii) sin (In tan x) .
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n. [t 1S denoted by |

. the < .
he inverse process of differentiation 18 called Integr Q\S |

q
or example, ;-I (¥2) = 29y = J. (2x)dx = X
: dx

, lowing formulas for inte
rom the above formulas of derivatives, we have the fol Eratie :

0o 1 ) (aib')‘*l
J My = T . 2. } (ax +b)tdx = a(n + 1)
n + 1 o

Sin x dl

r dxX = Sirl.l'
= — COS X 4. cos x d

o . 3L = e
S’ v dy =tanx 6. cosec?xdx = —cotx

sec x 8. cosec x cot x dx = — cosecx

"‘ (/l s ‘.,l'

1 -
10. - dx = Inx

- -

J

[ J
J seextanx ax = se |
J
J

ax + 1)' dx = . In (ax + b)
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We g
make Hulmlllnhnn T

honw
apphicable, Yt ane of the above mentioned formulas becomes !

EXAMPLES,

1. '- s DYy X+ 1)1 (v 1y

|
|

J (24 1) |
l) &
2. .,«‘\ o du
T4 l‘“ - j " | Put %% wou, then 2xdx = du
= Inu = In2ys 1)
1
3. N du
J"(u - .\-)d‘l = ““.f ¥ [ Pat a-x = u, then ~dx = du or dx = ~du|
J = ~lnu:~ln(u )
1
4. —————dx = (a - x)=3 (a - x)-3+1 _ (a - x)2 o1
(@ - x)3 j a - x)dx = =EDE3E D B 2 © 2a - x)?
5. _[ sin 2x dx,
Put 2=y, then 2 = ¥ ‘
y, t - = 2dx = dy
1 . ly 1 1
fsxn .[Sl".)'-(éyzizjsilly(lyz ;(—cosy)=—-1-2cosy —éc032x
f sec? 2x dx. |
| dy , ‘
Put 2x=y, thcn2="'l—; = 2dx=dy
, d 1 , 1
J. sec? 2x dx = _[ secy. -2‘2' = QI sectydy = o (tany) = —-12 tan 2x
s Vapour Pressure Depends on Temperature. We have
b _ AHy 0
dT ~ TVy ‘
If the vapour is s treated as an ideal gas, then
RT
Substituting the value of VV in equation(2), we ;,et

= RT? or ' T = RT2

If we assume that AHy remairis constant over a moderate temperature range. With

approximation, integration of Eq.(3) gives, using
24

; dx . X2
4 Inx and cj. 2 c cJ. x%x = ¢
%

1 1 |

C
+ 1 Cx !
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