Limits and Derivatives

Limit of a Function Using Intuitive Approach

For a function f{x), if for x closes to a implies that f{x) closes to [, then I is called the limit of
function f{x) at a.

lim f(x)=1
l is the limit of function f{x) is written as
to a” or “for x — a (x tends to a), f{x) — [ (f(x) tends to )]

[read as “limit of f{(x) is I, when x tends

If f(x) = x3 - 2, then for x very close to 3, f{x) will be very close to 25. This can be written

lim (x' —=2)=25

as X—3

Example 1: For f(x) = x(a - 3x), find the value of a at which the limits of function f{x)

. So, limiting value of x3 - 2 at x closes to 3 is 25.

when x tends to 4 and when it tends to 5 are the same?

Solution:
It is given that
f(x) =x(a - 3x)

= f(x) = ax - 3x2

The limit of function f{x) when x tends to 4 is calculated as follows:

X |39 3.95 3.99 3.999 4.001 4.01 4.05 4.1
f( | 39a-4 |395a-46 | 3.99a-47 | 3.999a-47. |4.00la- |4.01a-48.24 |3.05a-49 [4.1a-5
X | 5.63 .8075 .7603 976003 48.02400 | 03 2075 0.43
) 3
lirr_: filx)= lirr_!{ux —3x7)=4a-48
The limit of function f{x) when x tends to 5 is calculated as follows:
49 4,95 4.99 4.999 5.001 5.01 5.05 5.1




f( | 49a-7 | 495a-7 [ 499a-7 |4.999a-74. | 5.001a-75.03000 |5.01la-75. |5.05a-76. |51a-7
x | 2.03 3.5075 4.7003 970003 3 3003 5075 8.03
)

]ir'r:u fix)= ”IT;l{-ﬁM'— ¥ )=5a-75

We have to find the particular value of a at which the limits of function f{x)
when x tends to 4 and when it tends to 5 are equal.

I1'n41 fix)= Iinlj'[,r}

= dg
= a=27

48=5a-175

Thus, the limiting values of f{x) = x(a - 3x) when x tends to 4 and 5 are equal for a = 27.

Example 2: Show that the limit value of g(y) = [2y - 5] does not exist when y tends to 2.

Solution: The given function is

g =[2y - 5].

Clearly, g(y) is a greatest integer function

glv)=

Hence,

Where, a is an integer

a-1,fora-1<g(y)<a

a, forasg(y)<a+l

The limit of g(y) when y tends to 2 is calculated as follows:

1.9

1.95

1.99

1.999

2.001

2.01

2.05 2.1

90)

We may observe that




lim g(y)=-2
Left hand limit of the function = *** whereas the right hand limit =

lim g(y)=-1

|

Since the left hand and the right hand limits of the function are not equal, the given
function does not have a limiting value.

lim v(r) = vib)
Example 3: For what real and complex values of b, *—*

o) — (r' - 16)(r* ~16)
(' =12 —1-28)

)

where

Solution:

linl‘l vit)y=vi(h)

We know that if a function v(t) is defined at ¢t = b, then *~ , else not.
. lim v(t) # v(b) . . .
Since " , we need to find the value of b, i.e., t, where v(t) does not exist.

This is only possible, if

(' =102t —1-28)=0

= (=D +r+ 128 -8 +Tt-28)=0
= (=1t +t+ D20t —4)+T(t —4)] =0
= (=1 +r+D)( =2 +7)=0

—=t=1or 4 or — or

2 21
—t=1or 4 or — or _]ihﬁ
2 2
-7 ~1+i3

lim v(¢) = v(h)
So,forb=1,4, 2 asreal values and 2 as the complex values, "

W)= (t* ~16)(t* ~16)

_where (1" =1)(2r" —1-28)

Limit of a Polynomial and a Rational Function



Algebra of Limits

| limf(x)  limg(x)
If fand g are two functions such that both === and exist, then

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

The limit of the sum of two functions is the sum of the limits of the functions.
oA 30 5 E] ] 3

lim t.vf +xt ‘= lim x* +lim x* =4*4+4*=324+8=40

=34 v—4 v—4

For example,

lim [f(x) - g(x)]=lim f{x) - lim g(x)

The limit of the difference between two functions is the difference between the limits of the
functions.

kS 30 5 3 5 i

lim [.a‘-‘ —x* | =lim x? —lim x* =42 —42 =32 -8 =24

) L 1t i

y—ad

For example,

lim [f{x).g(x)]=lim f(x).lim g(x)

P J¥ ]

The limit of the product of two functions is the product of the limits of the functions.
L]

lim [xi.,v.l]=lin'|| xé,lin} :r.3 =45x45 =32x8 =256
For example, ™ ' '
. lim f(x)
fim L |
o 2(x) limg(x) limg(x)=0
¥—ba , wh

re Eaa Jv)

The limit of the quotient of the two functions is the quotient of the limits of the functions,
where the denominator is not zero.

z

3 olimx® 4
lim X =i :4__1:% —4
U lim x4
For example, T
lim [k f(x)]=4klim f(x)
Tva i , where k is a constant

The limit of the product of a constant and a function is the product of the constant and the
limit of that function.

i

R T T I T
lim | —x? |=— lim ¥ =—=d? =—=x32 =144
2 } 2 2

y—d

For example,

Limit of a Polynomial Function



plx)= Za,x"
e A function p(x) is said to be a polynomial function if p(x) = 0 or I=0 , where ar € R
and ar # 0 for some whole number r.

lim p(x)= p(a)
e The limit of a polynomial function p(x) at x = a is given by ===

For example, the value of lim 5 {3m3 —Om2n4+9mn? —3n®  —m+n— 80) can be calculated as follows:
m—n+

m—n+3
= m];i?i,g (3 (m*® —3m’n+3mn® —n®) — (m—n) — 80
= m]liaa [S(m —n)? — (m—n) — 80]
- [3(3)3 ~-3) - 80}
=81 — 3— 80
-2

Limit of a Rational Function

plx)= i)
o A function p(x) is said to be a rational function if ") where q(x) and r(x) are
polynomials such that r(x) # 0.
plx)= )
 The limit of a rational function p(x) of the form "(X) atx = q s given by
lim p(x)= gta)
=¥l r‘{a}

i Jr+7
1mn

« Forexample, to find the value of ™ Vx+2

o+ 7 Jed+7 847 15
|||'r|‘ = — = = =
e i e2 ed-1 4-1 3

, we may proceed as follows.

Ll Ll
X —a =l

= Ha

lim
o Forany positive integern, *™ ¥—d

s 4 _
p (+5) -625

il v

o For example, can be calculated as follows.



um{y+5]"—525 _ lim (v+5)' -5
v} v r+E—5 L}:.,.j}_j
=4 5"
=500

Example 1: Find the values of a and b if

Jan+5)-2b(n+4)! _

(a+2b)(n+1)-bin-1)!

{v—>0 shows that y+5 — 5)

=1

1nm _2
b b[ﬁ+5}1+ﬂ{ﬂ+4}|
lim a2 lim, IF:r:_ﬂl
Also, show that * s ¥
Solution:
lim 3a(n+5)!-2b(n+4)! L
We have " b(n+5)+a(n+4)!

_ [3a.n+5)-2b](n+4)!
= lim =-2
s [bin+3)+al(n+4)!

. 3an+15a-2b
= lim— = =2
=i

brn+5h+a

[h 15aq—2b"
nl 3a+ J
— lim n__J_ 5

= ”[b_‘_:!b_'-a)

"
S

]im[Ba + Loa “h]

a0 ,j -?

= ==L

Iim[EH ShﬂxJ

—x] n

3a+0
h+0
= 3a=-2b

)

=a=

a

(a+2bnin+1)-hin-1

We also have

m
s (g —b+1(n+1)—ain-1)!

-1

2

1m =
4" (2a—b+DAn+1)—aln-1) 2

ey



i L@ 280004 ) = BJin =Dt -1
== [(2a-b+Da(n+)-al(n-1) 2

) (a+2bw" +{a+2bw—b —1
= lim s =
s (Qg—b+ D +(2a—-b+1m—-a 2

HJ[MJFH}H (a+2b) b }
] 1 -1

= lim -
”_Hn:[{la—b+l}+{za_b+”—a:| 2
n n

(a+2by b }

lim [l{a+ 2h)+

o n R
|im[{za—b+|1+‘2‘*“r’+”— "} 2
1 1

(LR e

a+2b -1

2a-h+1 2

%‘sz .
= =5 [Using equation (1)]
2x 3 b+l

44 -1
—r =
-7b+3 2
= 8b=Th-3
= h=-3

Substituting the value of b in equation (1), we obtain
a=2

Hence,a=2and b =-3

Now,

e 2h _ 24+2(-3) _
ol ¥ l

-4




[ M - __2
Example 2: Find the value of n, such that 2=b-3 (a—h) ¥ 427" 729
number.

, Where n is an odd

Solution:

. (a_b)ﬁ'?_gn 5
lim 2= —— = —
a=b-3 (a—b)¥+27" 729

120 _a2n
= |im ek 2

a-b=3 (a-p) 43?729 (@—b-3=a-b- -3

Y20 _ay2n N
= |ibm 3%= ——?gg (Since nis an odd number,[—3) =3 and (-3)¥= -3
a—b—-3 (a— —(=3
lim R e e el
- a-b=-3 (a—b)—(-3) 2
ia—b) (-3 ¥ 729

a —lg‘g-am

(G
(-3 ¥L 729

= 2 _ __2
3(-3)7 729

a4y —arx
lim

Example 3: Evaluate 0 Jo+x" —J9+x

Solution:



Va+x —4+x 0

lim =— form

Hence,

\"4+1:' —d+x
*"" VO+x =0+x

= lim (m_M)‘x I J

S u"9+_r’ —J9+x

; (q‘4+.~r“ —\.I'4+.T}[w.."4+.1"1 + \H+_r] Jo+x +9+x
= lm W o=
i VAd+x 1+ x («."9+_1 —J9+ 1][«;’9 +9+ \)
. [ (443" )= (4+x) ) NI+ x7 +4/9+x ]

S Jar e firx O+x)-(9+x)
i

= lim x(x* = 1) x N9+ x7 +4/9+x
"_'Ijk*"'r“-l‘-."-"" + _4_4__-,: .Y[.Tn_l]'

= lim © L Pex eV
_._,nkx -1 ,JI".1+~.. +4d+x

|Ill'|— 1.,“}+1 +4/9+x
=yt —] b «J4+1 A+ x

-1 343
= - 4
-1 242

bt | T2

Limits of Trigonometric Functions

Let fand g be two real-valued functions with the same domain, such that f{x) < g(x) for

lim £ (x) : limg (x)

all x in the domain of definition. For some q, if both ¢ and -+ exist,
lim lI'I"l X
then Hﬂf( ] g{ ]

For example, we know that x2 < x3, for x€R and x = 1. So, for

limx* <limx’
anya€Randaz=1, o

Two important limits are



gin x

lim =1

=il X

. l=cosx

lim =)
=il X

lim

ﬁsin[%—x]+sin[m+x}

n
£
3

Example 1: Evaluate

Solution

«ﬁsin[%— x]+ sin( T+ x)

= lim

liII}

r—p—
a

BI[H—IJ
3

3n[§-x]

J3cosx—sinx

S N
3

3 1.
2-[“‘;_::051— 2.~;mx]

== -1lim
T ——x—i} K—.'f
3
[sin—cnsx—cos—sinx}
2
=—- lim
3m Z oyl T[_l.
3
sin[E—x]
2. 3
=—- lim —m————=
3
=£;{[
In
2



cos 4x—sin(z +5x]

. Ja+h
lim - =
Example 2:If **" X 2 and
sin[i+5x}—sin[z+3x]
lim = J4b=35a
o X ,then find the value of V34 +2b

Solution:

R T
1 cos4x—s1n(2+5xj 30+ b
lim - =

sl x"' 2

Ja+b . cosdx—cosSx
= = lim =

a—sih x

) [51‘-1—4:{} ) [5.:—41]
2sin sin
2 2

[ RV ]

=3a+b=9
=b=9-3a..(1)

Itis also given that



. o™ - . Fs
sin| —+5x |—sin| —+3x
[4 J [4

lim o :v-—‘lh—ﬁn
x4l X
T . T &
(—+*~r —[—+’+r] | =+ 5x +(—+1TJ
. 4 L d
251N -C0s
2 2
= ydbh=35a =lim
yemi} x

. T 3
sin x-wst i +4J‘J

=2lim
el X

= A
. osiny . T

= 2lim -1un+:05[—+ 4:rJ
) ;'I,

¥ =il

= 4b-5a=2
From (1), we have

4(9-3a)-5a=2

36 -17a=2
17a =34
a=2

Substituting a = 2 in equation (1), we obtain b =3

Now, N3a+2b =5x2+2x3 =116 =4

Derivative of a Function

Suppose fis a real-valued function and a is a point in the domain of definition. If the
i flath) - f(a)

limit " h exists, then it is called the derivative of f at a. The derivative




of fat a is denoted by f(a) .
Fa)y=Ilim ACK: hf: - /(@)

Ti=pld

d
Jr'i'[ f} _[f{x}]
Suppose fis a real-valued function. The derivative of f{denoted by  **/ or d }is

defined by
d . flxth)- f(x)
E[ﬂrﬂ— f(x)=lim .

This definition of derivative is called the first principle of derivative.

:{m_b]m

For example, the derivative of is calculated as follows.

_ . 10
We have ¥ =/ (¥)=(ax=b)"" ,;sins the first principle of derivative, we obtain

d_ Fix)=1lim S(x+h) = f(x)
dx hd h
—lim [a(x+ ) =b]" —(ax—B)"
b=l _rf;r

0
[u{x+h]| -h- [u:r—h}] - Z[u{x +h) = h]" Nax=hY

=lim r=l
oy f

ah
—lim=—. I1mZ[u{ x+=b]""ax=hy

el gy el =il

= ch{ﬁM‘ —hy T ax=hY

= df(ax—h)"" (ax =5 +lax—hV " (ax—b) + . Hax—b)" (ax—h)"]
= 10a{ax— by

Solved Examples

b1

Example 1: Find the derivative of f{x) = cosec? 2x + tan? 4x. Also, find () atx= 0.
Solution:

The derivative of f{x) = cosec? 2x + tan? 4x is calculated as follows.



cosec” 2(x+Hh)+tan’ 4fx+h}—[cc:sec3 2(x)+tan’ 4{.?}]

1) =i ,,;
. :mseczth% 2h)— cnseczzx] +[tan3[4x+ £V —tanﬁdl:rj]
li-i) I
1 1 ]+[shf{4x+4h}_shf4x]
im sin®(2x +2h)  sin®2x cos’(4x+ 4l cos’dx
A0 h
(sin’2x —sin’(2x +2h) wﬁ|+[.'='.i113{4:|.'+ 4h)cos’ 4x — cos’(dx + 4h)sin’ 4x )
— lim sin”2x sin”(2x + 2h) ) cos’4x cos’(4x+4h) J
fr-#il 7]
. [sin2x - sm{:x:rzm][s:inzﬁ sin(2x+ 24))
sl frosin” 2x sinc( 2x + 20
lim [sin(4x + 4/)cosdx — cos(4x + 4h)sindx][sin(4x + 4/h)cosdx + cos(4x + 4h)sindx]
frtl B cos”4x cos”(4x + 4h)
—lim 2eos( 2y + h}sir:{—h} b ?sin{lr + i cos(—h) lim sin(4x -+ 41.1— 41]5i1:n{41‘ +4h+4x)
s ft sin”2x sin~{(2x + 2h) A0 ft cos™4x cos (4x +4h)
_ dlim sin i lim cus[l‘f’-l-ﬂf:l}mf.iri{lr+ hycos(h) Alim sini i) < lim si}n{41‘+ 41”1' + 4x)
i fp b sin” 2x sin (2x+ 2h) it =0 cos 4 cos (dx+4h)
4] c.crsllr Alx sinJEx
sin” 2x cos 4x

8simndx cosdy
=—4cot2x cosec’ 2¥ +—M0 ——
cos dx

= —4cot2x cosec’ 2x +8tan4dyx sec’ 4x

T o T
s
Atx= 0, is given by

f’[f] = —4cﬂt(£] cosec” [E] + Etan[z—nj sec” [E]
L6 3 3 3 3

(2 .
= —dn—x| —= B3y (=2y



Example 2: If y = (ax? + x + b)?, then find the values of a and b,such

ﬁ = 4r1{4_r+3] +2(13x+3)
that ¢ :

Solution:

Itis given that y = (ax? + x + b)?

:u{x+h}: +|[:|.'+.W:ﬂ}+f:r:|2 —[ux" +:|;+h:|:
ﬂ&' f=el} _||'?
L a(x+h)Y +(x+h)+b—(ax’ +_r+h}][w{_r+h}3 +{r+M)+b+(ax’ +_1:+h}]

= lim =
JH—pdb _1'-||
_ [a{lﬂf +h) +h][m{x+ WY +i(x+h+h+(a’ +x+ h]]
= lim
e Y] _]'ir
= lim h[m{ Ze+h)+ I] «lim [m[.'r+ Y +(x+hy+b+(ax’ +x+ h}:l
Y] T A}

={(2av+ )= 2{ax” + x+h)
=4a’* " + 6ax’ +(dah+2)x +2b
= A (Ax+ 3+ 213x+3) =4’ +6ax’ + (dab+2)x+2b

= da’ v +6a’ +(dab+ D x+2h=16x" +12x° + 265 +6

Comparing the coefficients of x3, x2, x, and the constant terms of the above expression, we
obtain

da” =16, 6a=12, 4ah+2=26 and 2h=6
=a=42_ a=2h=3and h=3
—=ag=2and h=3

. [ax+h
Example 3: What is the derivative of y with respect to x, if cx—d 5

Solution:

- [ax+b
Itis given that cx—d




dv J av+b
=>—=—
av del Vo —d

alx+m+h _\/axH}
. clx+h)y—d cx—d
= lim

1=l h
. \,f[u(.r +h)+b)(cx—d) —‘j[rt X+ —=d][ax + ]
hsb hletx+ ) —d[ex —d]

(.J[fr{.r+ hy+h)lex—d) - .Ulr[{_'[.‘s'+ f)=d|[ax + h])x
; (..f[f.-{x+ hy+hllex=d)+ \l'l[c'fx +h)=d)[ax+h] )
S (et +m=dlex—d])(Jlatx + b+ blex—d) + e+ i —dfax +])

—lim [a x4+ + bllcx —d ) —[cix + ) —d o + D]

et Fr[J[d,H y—d][ex— cf]J[J[m[.r +h)+bl(cx—d) + \."[r.'[.r + )y —d][ax +h]]

I hlalcx —d)— clax + b))
=lim— .
= fletr+ )= d][ex- cf]][.,j[a{.r +h+bl(cx—d) +Jfe(x+h) —cf][.n;r_r+h]]
B alex —dy—clax+h)
[,f[u =i |[cx =] }(,j{ ax+h)cv—d) + ..J[{L'_r— o Wax +h])
_ —{cacd + be)
HNev=d }J{ ax+h)ce—d)

Derivatives of Trigonometric and Polynomial Functions

Derivatives of Trigonometric Functions and Standard Formulas

d .
—(sinx)=cosx
air{ )

d :
—(cosx)==smx

d

_{xn}z HJ.'"_I
X
i{x? y=7x =Tx"
For example, ¥
d
Ley=0
dt( )

, where C is a constant

Algebra of Derivatives



If fand g are two functions such that their derivatives are defined in a common domain,
then

d d d
L )+ 8] = f(x)+—-g(x)

This means that the derivative of the sum of two functions is the sum of the derivatives of

the functions.
di 2 2V d( ) d(32) 53+ 33 52 31
— | xi+x? |l=—| X [+— ¥ |==x! +—x? ==y +—y!
e e idx 2 2 2 2

d d d
E[_ﬂrl ~glx)]= o Fx)= me}

For example,

This means that the derivative of the difference between two functions is the difference
between the derivatives of the function.

sinx—x’

) d . d 3 | |
— =—(sinx)——| x* [=cosx——x' =cosx——x"
For example o 3 3

X Py 3

d RS . N
alﬂxl-ginﬂ = flx)g(x)+ f(x). m g(x)

This is known as the product rule of derivative.

For

example,

d 7 .ol . L 5 .
—(x'cosx)=—(x hcosx+ix ) h{cus.‘r}=3x' COSX+ X (—sinx)=3x"Ccosx—x sinx
oy ‘X L

d o
i[ﬂx}]: o f{x].g{x}—f[:x},{k a(x)

d
2 —_ 0
dx [g{:r]] , where @+% gx)=

This is known as the quotient rule of derivative.

2(x)



For example,

d d [ sin x ]
—(tanx) = —

i

v dy | cosx

:_{sin x).cos x —sinx. T {cos x)

_ dx dx
(cos x)

OS5 X.C0SX—Ssinx(—sinx)

- cos” x

~cos’ x+sin’ x

© cosx

o

- CUS-: X

=sec” x

d il
— [k f(x)]=k— f(x)
dx dx , where k is a constant

This means that the derivative of the product of a constant and a function is the product of
that constant and the derivative of that function.
For example,

d . o
—(sin2x)=—I(2sin x.cos x)
dx ( ) dx

i
2 SINX.COSX
& ( )

1. :
= 2(':—{5m X).cos x +sin x.i (cos x}]
dx elx

= 2[cos x.cos x +sin x.(—sin x)]
=2(cos” x—sin” x)
=2cos2x

Derivative of a Polynomial Function

plx)= Z ax’
A function p(x) is said to be a polynomial function if p(x) = 0 or =0 , where ar € R
and ar # 0 for some whole number r.
plx)=>Y ax’
The derivative of a polynomial function =0 is given by

al = re|
4 )= 3 rax



Solved Examples

-1
1 2
yz[ %+ seczx—l] +(1+x)"
Example 1: If cos ot , then show
ﬁ —n(l+x)" =cos2x
that d¥
Solution:
We have

-1
3
¥ =[ m+‘d5&:ﬁ'—l} +{1+x)"

| —cos2y

v 5 !
cos” X ] ~ !
=| | —— +4ftan’x -I—Z"CI,JEJ
\ sIm- X Py

— — -7 — 2 -
={cotx+tanx) " +| I +nx+ nn—1) X+ mn—1)n—2) X +—H{H D..2 x"! +—”{'ll'i D 'l_r"
21 3! (=1 !

i I + '
COSX  SINX min=1) ma=1in-2 =12 I N
= ——+ +| 1+ nmx + x4 (7~ 14 )+ t—1) P ¥ |

L SINX  CcosX 21 3! {(n=1 mnl

A

{2 2 ! \
sin” X+ Ccos” X min—11 + ma—1in-2) =12 =111
=|—| + e+ L }:r+ ( { ;1-3,,_4.—;‘-”‘4_—{ ) e |

L SINXCOsX 31 {n—D il

/
=1 4 - =-2) 4 ~1)...2 ~1)...

=sinx.cosx+| l+nav+ An-1) X+ nn=1fn=2) X +M_r"" + M.T"

l 3! (=1} il
Hence,

: - . - -2y . -1).2 ~1)...
”i: i{sinx.cns_t‘}+i 1+n_r+”(” ”_r' +m”r L) }x" +—”[” 1) ! +—‘l’“:“I D ]x"
dv oy oy 21 3 (n—=1! Il
Now,

d . d . . d
— (8N X.co8x)=—I(8inx).cosx +5inx.—(Cos x)
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= COS X.CO05 X+ 5in x(—sin x)

=cos’ x—sin’ x

=cos2x
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Hence,
Q=c052x+ n(l+ x)"
Y
= cos?x=ﬁ—n(l+x}"
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Example 2: Find dx if X(sinx—cosx)
Solution:
_ 2 +3+tanx  2x +3+tanx
x(sinx—cosx) (xsinx—xcosx)
ﬁ_ 2y +3+tan x)' {xsin .t—rcus.r]—{lr? +3+tan x){xsinxy—xcosx) 1)

dx (x¥sinx=xcosx)”
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Now,
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dlx
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el dx v\ cosx

d . . o
—(s8InXx).cosx—smMx.—{Cosx)
=2x7x" +0+ £ = by

cos” X
COSX.Co5x —5in x.(—sin x)

=14x" +

.

cos” x

ldx®+ cos” x +sin” x

= Los rrsin A
cos” x

=14x" +sec’ x

) i .
(xsinxy—xcosx) =—(xsinx—xcosx)
X

= i {rsinx)— i (xcosx)
Y dx

= %{.‘r).{sin X)+x ;—i (sinx) —[%{x} (cosx)+x %{ms r}] [y =u'v+uv]

=8in X+ xcos x =[cos x + x(=sin x)]
=(l+x)simx+(x—Ijcosx

On substituting all the values in equation (1), we obtain

dy  (2x" +3+tanx)' (xsinx—xcosx)—(2x +3+tanx)(xsinx—xcosx)’

d (xsinx—xcosx)
(4 +sec” x).(xsin X —xcosx)—(2x" +3+tanx).[(1+ x)sinx+(x—1)cos x]

x*(sinx—cosx)



