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NCERT Solutions Class 11 Maths Chapter 13

Limits and Derivatives

Question 1:
Evaluate the given limit: 132} -
Solution:
lin} x+3=3+3
=6
Question 2:

) ~ lim (x—~)
Evaluate the given limit: *# 7

Solution:

( 22] [ 22]
lim| x—— [=| 7 ——
X 7 7

Question 3:

* 2
Evaluate the given limit: lrlfil &y

Solution:

limrr® =7 (1)2

=+l

=T

Question 4:
4x+3
. .. lim
Evaluate the given limit: 4 x—2

Solution:

[ 23 4(4)+3
xoh g 4-2

1643
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Question 5:
im x+x +1
Evaluate the given limit: »>-1  x-1

Solution:
fiis 04X +1 B (—l)m +(—1)j +1
=>-1 x—] =14
C1-1+1
-2
|
=——a
2
Question 6:
5
+1) -1
i D 1

Evaluate the given limit: >0 x

Solution:
(x+1)" -1
.. m--——--—-—
It is given that, -0 X
Put x+1=y so that x=y-1

Accordingly,
i (_7c+1)5 -1 (y)5 -1
lim———=lim———
=} X x—l) y_ ]
=5x1*"! |: X T na”":|
x—0 xX—a
=5
+1) -1
P o)l
Hence, 0 x
Question 7:
3zt —x—10

. .., oam
Evaluate the given limit: +>2  x* -4

Solution:
0
At x =2, the value of the given rational function takes the form 0
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2 .
im 3% ;x—10=“m(x 2)(3x+5)
=2 54 o2 (x-2)(x+2)
=Eim@
x-2 (x+2)
_3(2)+5
242
_u
4

Question 8:
- x* -81
Evaluate the given limit: =3 2x* —5x-3

Solution:

0
At x =3, the value of the given rational function takes the form 0

L oatest L (o3)(x3)(x +9)
#3257 =5x=3 =3 (x-3)(2x+1)
 (x+3)(«*+9)

=1
= (2x+1)

(3+3)(3*+9)
S 2(3)+1
_6x18
 6+1
108
7

Question 9:
ax+b
Evaluate the given limit: 0 cx+1

Solution:
limax+b _ a(0)+b
=0 ex+1 C(O)+I

=h
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Question 10:

1
. z2-1
lim—
=1 =

Evaluate the Given limit: z6 -1

Solution:

At z=1, the value of the given function takes the form
1
Put z¢ =x sothat z—>1as x—>1

Accordingly,
1
73 2.
fimZ L = fjm X!
z—l zg_l x—l _x_]_
. ate]
=lim
= x—]
= 2x { flim*— :na"_l:|
X—3a x—a

=2

Question 11:
ax’* +bx+c
. .. lim———.,a+b+c#0
Evaluate the given limit: ! ex” +bx+a
Solution:
ax’ +bx+c a(l)2 +b(1)+c
=lex’ +bx+a (;(l)2 +b(1)+a
=a+b+c
a+b+c
=1 [a+b+c#0]

Question 12:

1 1
__l__
P il

Evaluate the Given limit; -2 x+2

oo
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Solution:

0
At x=-2, the value of the given function takes the form 0

Question 13:

im sin ax
Evaluate the Given limit; 0 px

Solution:
. sinax
li
x—l) bx
0
At x=0, the value of the given function takes the form 0
Now,
. slnax .. singx ax
lim =lim —
x—=0 bx x—0 ax bx
; [Sinax] a
=lim X —
10 ax b
=£lim(smax] [x > 0= ax— 0]
b x=0 ax

_a [ 1m[_yH
b oy
a
b

Question 14:

sin ax

) . lim————,a.,b=0
Evaluate the Given limit:; *-° sin bx
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Solution:

0
At x =0, the value of the given function takes the form 0

Now,

sin ax
) xax
. sinax . ax
lim =lim

x—0 Sin bx B x-»0 Sin bx
= x bx
| sin ax )
a ol ax x>0=ax—>0
=Y —
b i sinbx _andx—)O:>bx—>0
a0 bx

% 1im[s’ny]= 1]
1 oy

Question 15:

— sin(7 —x)
Evaluate the Given limit: *>* 7 (7 —x)
Solution:

It can be seen that ¥ =7 = (7 -x)—>0

Therefore,
i S0 (r-x) »! iy SI (7 —x)
wr g(r-x) wE0-0 g(m—x)
=La [ fjm S =1}
T vl y
o
T
Question 16:
cOS X

m
Evaluate the Given limit: 0 7 —x
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Solution:

. cosx cos0
lim =
g—x m-0

1
T

Question 17:

cos2x—1

. . .. lm
Evaluate the Given limit: =0 cosx—1

lim cos2x—1
Solution 17: =0 cosx—1

0

At x =0, the value of the given function takes the form 0

Now,
1-2sin” x -1

1—2sin* > —1
2

. cos2x-1 ..
IIim————=1lim
x20 cosx—1 x>0

sinx)
3 XX

|: cosx =1—2sin” i}
£
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lim sin® x )
. cos2x-1 ol x?
lim = <
=0 cosx—1
sin® =
a0
2
(lim sinx T
=4 X z [x—>0:>£—>0]
2
sin >
lim——2
x—0 [EJ
2
1 sin y
=4x— Vlim——=1
1 y—0 y
=4
Question 18:
ax+ xcosx
m -——————-
Evaluate the given limit: 0 hbsinx
Solution:
0

At x =0, the value of the given function takes the form 0
Now,

. ax+xcosx .. x(a+cﬂsx)
Iim———————=—lim———=
x>0 hsinx b x>0 sin x
1. x )
=—lim| —— |xlim (@ +cos x)
bx—ro sin x x>
1 1 ;
:—x-—_-th(a+cosx)
b [ smxj x50
Iim——
=0 x
1 o
=—x(a+cos0) [ lim
b x—0
_a+l
b

WWW.CUEMATH.COM

sinx

|



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

Question 19:

Evaluate the Given limit: Llfol PRk

Solution:

limxsecx = lim
x—0 x—»0 COS X

0
cos0
0

1
=0

Question 20:

sin ax+bx

. . lim a,b,a+b=0
Evaluate the Given limit: -0 gx + sin bx

Solution:

0
At x=0, the value of the given function takes the form 0

Now,

sin ax
) ax+bx
. sinax+bx . ax
lim ——— =1lim

=0 gx +sinbx  #0 ax+bx(sinbx]

X

. slnax ) .. )
[!333 - ]x£1gg(ax)+11n:£i)x)

= [ ] [Asx—>0:>ax—>0andbx—>0]

) ) . sinbx
lim ax +1im bx| lim
250 x>0 =0 px

lim ax + lim bx
x—=0 x—=0

lim (ax) +1im bx .
— x—0 ( ) x—0 |:111'I(} s x ]_:|
X x

lim (ax + bx)
—x20 " 007
!glg (ax + bx)

=lim(1)

x>0

=1

Question 21:

Evaluate the Given limit: E‘% (cosec x—cotx)

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

Solution:
At x=0, the value of the given function takes the form -

Now,
lim(cosec x—cot x) = lJ:m[L - c?s.x]
x>0 =04 81N x S x
—lim [1 —.cosxj
x—0 sInx
(1 - oos:cJ
X
= E‘.‘E W
x
. l—cosx
lim
_ x—l ‘x
T S X
x>0 o
_0 [-.-ﬁml’cosx=0 and Tim
1 x—0 X x—0
=0
Question 22:
. tan2x
lim
X—)E x L E
Evaluate the Given limit: 2
Solution:
= 0
At 2, the value of the given function takes the form 0’
x-Z= x>Z 350
Now, put = 2 50 that i
Therefore,
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lim =lim
x—s%x_z y=0 V
B tan(:r+2y)
=lim 5
i P2 [ tan(n'+2y)=tan2y:|
y=0 y
—lim sin 2y
y=0 yeos2y
_ i sin2y>< 2
=20\ 2y cos2y
=[limsm2y]xlim[ : ] [y=>0=2y—>0]
y=0 2Dy y=0| cos2y
B 0Ly 2 [ Iimsmx=t}
s T cos( =0y
x__
=1lx—
=2
Question 23:

f( ) 2x+3, x=<0
§ . X)=
Find £1_r)%f(x) and lxlgllf(x)’ where B{atlls 430

Solution:

2x+3, x<0
169-4

The given function is 3(x+1), x>0
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Now,

lim f(x)

x)

=Li_l£[2x+3]
=2(0)+3
=3

lim
x=0"

f(x)= E_l}g3(x+l)
=3(0+1)
=3

Hence,
lm f (x) = lm f (x) =l £ (x

Now,

lim £ (x)

x>0

=1xi_t3‘11(x +1)

=3(1+1)
=6

Hence,

lm £ (x) = lim 7 (x) =1im  (x) =

Question 24:

lim £ (x) f (x)={

Find >where

Solution:

f(x)={

The given function is
Now,

]jmf(

x—1" x)ZIxiE}[xz _l]
:]2 =1
=1-1
=0
lim £ (x)

x—=l"

It is observed that

X

=3

6

2.4,

-

xxl1
x>1

x<1
x>1

x* -1,
_x_],

)
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Hence, lxl—rl ( )does not exist.

Question 25:

il
. f(x)={x"
Evaluate }cl—%lf (x), where 0, x=0
Solution:
.
. 0
f(x) x X #
The given function is 0, x=0
Now,
—X . .
hm L f (%)= lim [l q HD[ . ) | When x is negative, |3 = —x
=lim (-1)
=]
e A
g S (x)= i [;
- ]xlj‘j (E] [When x 1s positive, |x| = x]
=1}
=1
It is observed that ,}E? f(x)# hm f(x)
Hence, £1—>0 ( ) does not exist.
Question 26:
i, x=0
_ S(x)=1lx
Find E%f(x)’ where 0, x=0
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Solution:

The given function is 0, x=0

a0

= —x]

=x]

It is observed that 2 (x)= lim £ (x).

Hence, x—)Of ( ) does not exist.

Question 27:
Find £1_r)r51f () wheref x)=|x|-5

Solution:

The given function is ./ (x) =] -5
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lim /(%) = lim (}+|-5)
“lim(x-)
=5-5
=0

lim £ (x) =1lim (|x|-5)

25" x5

-l (-5)

=5-5
=0

Therefore,

im /()= lim /() =0

im f(x)=0

lim
Hence, s

Question 28:
a-bx, x<0
f(x)=14, ¥=]
Suppose b—ax, x>1
Solution:

[whenx >0,|x|= x]

[when x>0,]x = x]

and if lxl—rf} f(x)=s(1) what are possible values of a and 5?

a-bx, x<0

f(x)=14,
The given function is
Therefore,

lim Flx)= lim (a+bx)
=a+b

lim £ (x) =lim (b - ax)

x—1 x

=b-a

f(1)=4
lim f (x) = £ (1)

It is given that 5

F=1

b—ax, x>1
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£(x)=tim £ (x) =tim £ (x) = £ (1

Therefore, Pﬂl
Hence,a+b=4 and b—a=14

On solving these two equations, we obtain

a=0and 6b=4

Thus, the respective possible values of @ and b are 0 and 4.

Question 29:
Let 4,-%-----4, be fixed real numbers and define a function

F(0)= () (x-a)...(x-a,)

. lim f(x X
What is x—m.f( )?For some 4 #d ;-4 compute i-a (x)

Solution:
The given function is f(x)=(x-a)(x-a,)...(x~a,)

lim £ (x)=lim [ (x~a)(x~a)...(v~a,)]
=(a-a)(a-a)..(a4-a,)

lim £ (x)=0

X-a

Now,
lim £ (x) = lim{(v-a)(+~)-..(+~a,)]

=(a-q)(a-a,)...(a~a,)

Thus, i/ (x)=(a-a)(a-a,)...(a~a,)

Question 30:

|ﬂ+L x<0
7(x)=40, x=0
x|-1,  x>1

If

For what value (s) of does ,1rl-133f (x) exists?
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Solution:
}ﬂ+L x<0
If f(x)=10, x=0

The given function is \x| -1, x>1

When a=0

lim £ (x) = lim S (Jx]+1)
=lim(-x+1) [1f x<0,

=0+1
=1

-]

X

tim £ (x) = lim (1 -1)

x—0* x50
=Ei_r)1(}(x—l) [Jffx>0,|x|=x]
=0-1
=—1

Here it is observed that }E%.’f (x) ¥ }E? / (x)

Therefore, £{£13f (x) does not exist at x =a where a=0.

When a<0

lim f (x) = lim (|| +1)

=lim (=x+1) [x<a<0=|x=-x]

=-a+l

lim £ (x) = lim (x| +1)

a—a’ r—a'

=Mn0ﬂ+1) [a<x<0:ﬂﬂ=—x]

X—ril

=—a+1

Here, Eﬁ? ]”(Jc):ﬂ:g+ f(x)=-a+1

Thus, limit of / (x) exists at x=a where a<0
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When a >0

lim S (x)=lim ( x|+1)

=£111;1(x—1) [0<x<a:>|x|=x:|
=a-1
lim /() = lim ([x{ 1)

=lim(x—l) [0<x<a:>|x|=x:|

=a-1

Here, Eﬁ;f(x):}i?f(x)=a—l

Thus, limit of f(*) exists at x=a where a>0

limf(x)

Hence, 5o exists for all a#0.

Question 31:

f(x)=-2_ .
If the function / (x) satisfies e =1 i evaluate 132? ! (x)

Solution:

1m—f(x)_2
It is given that the function S (%) satisfies x* -1
7(x)-2_lim(f(x)-2)
lim—; =X .
>l xt =1 111n(x —l)

(1 ()-2) -l (1)
=1lim(f (x)-2)==(1"~1)
=1im(f(x)-2)=0

= fi:nf(x)—limz =0

x—1 x—1

=

=lim f(x)-2=0

x=1

= lim f (x)=2

x—=1

li =
Hence, xlglf(x) .
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Question 32:
mx’+n, x<0
f(x)=<nx+m, 0<x<1

If n’+m,  x>1 For what integers m and n does both

exists?
Solution:
mx® +n,
f(x)=3nx+m,
It is given that nx’ +m,
Therefore,
: T 2

I 7 (=)= Lp(m” +)

=m (0)2 +n

=n

lirglf(x) = Ll%(nx%—m]
=n(0]+m

=m

Thus, !HEI (x) exists if m=n

Now,

tim 7 () = lim -+ )
=n(l)+m
=m+n

lim f(x) = 1lim (2’ +m)

x—lt x—l
= M(l)3 +m
=m+n

im / (x) = lim  (x)

I
Therefore, .1 1ol

x<0
0<x<1

x>1

=i/ ()

Thus, lxi-IR S (x) exists for any integral value of mand n.
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EXERCISE 13.2

Question 1:
Find the derivative of x* —2 at x =10.

Solution:
Letf(x)=x"-2

Accordingly,

f(10+h)-£(10)
h
) lhill(}[(mm)2 —i]—(lo2 -2}

10°42.10h+7*-2-10*+2

f'(10) =lim

Thus, the derivative of x* -2 at x=10 is 20.
Question 2:
Find the derivative of 99x at x=100.

Solution:
Let f(x)=99x

Accordingly,
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7/100) =i
_ i 99(100+4)-99(100)
h—0 h

. 99x100+99h2—-99x100
=lim
A0 h
99h

=lim—
=0 |

- (%)
=99

£(100+ 1) - £(100)
h

Thus, the derivative of 99x at x =100 is 99.

Question 3:
Find the derivative of x at x=1.

Solution:

Let f(x)=x

Accordingly,

- L0100

i (1+4)-1
h=0 h

. h
=lim—
=0k

=lim(1)

h—0
=

Thus, the derivative of x at x=1 is 1.

Question 4:

Find the derivative of the following functions from first principle.

(i) x-27
i) (r—1)(x-2)
1

(i) x>
x4l
(iv) x-1
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Solution:

i) Let /(x)=x-27

Accordingly, from the first principle

vy y f(x+h)-f(x)
CEa
[(x+ ) -27]~(x"-27)
=lim
=0 h
. X+ R +3x%h+3xh =X
=lim
=0 h
K +3x°h+3xH
=1lim
M 1
=lim(h*+3x’h+3xh")
h—0)
=0+4+3x*+0
=3x?

(i) Let /(x)=(x-1)(x-2)

Accordingly, from the first principle
vy S(x+h)=f(x)
f'(x¥)=lim .
_ lim(x+h—l)(x+h—2)—(x~1)(x—2)

h—0 h

. (x2+hx—2x+hx+h2—2h—x—h+2)—(x2—2x—x+2)
=lim

h—{ h
2hx+h*—3h

=lim
h—0

= lim(2x+h—3)

h—0

=2x-3

1
iy Let 77

Accordingly, from the first principle
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()= )
1
g ) ¥
h—0 h

~lim-| S22
et Ep

y [ —h-2x }
=lm| ———
h=0| x*(x+h)

_ 0-2x
x*(x +0)°
=

x3

x+1

vy Let )71

Accordingly, from the first principle
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f'(x) =1imf(x+h)—f(x)

h—0 h
(x+h+1_x+l]
=lim x+h-1 x-1
h—0 h
[ (=) (x+h+1) = (x+1)(x+h-1)
=lim—
w00 (x=1)(x+h-1)
=]jml—(x2+hx+x—x—h—l)—(xz +hx—x+x-h-1)
el (x=1)(x+h-1)
1| -2
= lim—
Hh_(x—l)(ﬂh—l)]

Question 5:
For the function

100 x99 x2

X
f(x)~ﬁ+¥+...+?+x+l

Prove that f'(l) = 100f’(0)

Solution:

100 99 2

X X X
=ittt |
=155t )

100 99 2
if(x)zi R R TGP,
dx dx| 100 99 2

4 f(x)=%[%J+%[%}+...+%{§}+%(x)+%(l)

The given function is

d i n-1
) —(x")=mx"", _
On using theorem dx ( ) we obtain

WWW.CUEMATH.COM

|



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

d
Ef(x)

100x”  99x™ 2x
= + +ioat—=+1+0
100 99 2

=x” +x®P 4. +x+1
f 99 98
Therefore,f(x)—x +x ot x+1

At x=0,
f'(0)=1

At x=1,

L (D)=1"+1"+...+1+1
=[1+1+....+1+1]
=1x100
=100£"(0)

100 terms

Thus, f’(l):lOOf’(O)
Question 6:

Find the derivative of x" +ax" "' +a’x"* +...4+a" 'x+a" for some fixed real number a.

Solution:

Let/(x)=x"+ax"" +a’x"* +..+a"'x+a"

%f(x) %( a4+ a e+ a")

= %(x” ) + a%(x”" )+ 1::;21:(x"‘2 )+ wta™ %(x] +a" %(1)

d it n-1
) —(x")=mx"", .
On using theorem dx( ) we obtain

F(x)=mx""+a(n-1)x"*+a’(n-2)x"> +...+a"" +a" (0)
Thus, f(x)=mx""+a(n-1)x""+a’(n-2)x"" +...+a""

Question 7:
For some constants a and b, find the derivative of

G (y—a)(x-b)
iy (e +b)
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X—d
(i) x—b

Solution:

G) Let f(x)=(x—a)(x-b)

Therefore,
f(x)=x"-(a+b)x+ab

=%[x2 —(a+b)x+ab]
& &, d
=E[x ]—(a+b)a(x)+z(ab)

d ¥ n—l
On using theorem d_x(x e, we obtain

f(x)=2x—(a+b)+0
=2x—a-h

2
(i) Let /(x)=(ax’+0)
Therefore,
F(x)=a’x"+2abx* +b’
= %(azx4 +2abx” + bz)
4 d 2 2
=4 —(x )+2abg(x )+Zb
i(xn) = nxn—l
On using theorem dx ” we obtain
f(x)=a’ (4x3 )+ 2ab(2x)+5%(0)
=4a’x" + 4abx

=4ax(ax2+b)

xX—a
i) Let 7)1

Therefore,
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r)-{ =)

By quotient rule

x—b ] x—a)—(x—a &, x—b
1 A=) 260
(x-b)

: (x=b)(1)—(x—a)()
(x-b)
zx—b—x+a
(x=0)
_ a-b
(x-b)

Question 8:
X =T
Find the derivative of x—a  for some constant a.

Solution:

, _i x"—a"
f(x)_dx( Xl ]

By quotient rule,
(x—a)i(x"—a”)—(x”—a")i(x—a)
dx dx
P
_(x—a)(nx""’—ﬂ)—(x”—a")

) (x—a)
_m’ —anx™ -x"+a"

(x—a)

r(x)=

Question 9:
Find the derivative of

2x—z
(i) 4
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(5x3 +3x—1)(x—1)
27 (5+3x)
x (3— 6x"9)
x5 (3 4%~ )

2 x’

(vi) x+1 3x-1

(ii)
(iii)
(iv)
v)

Solution:
3
(i) Let f(x)=2x_1
e s, 8
7(x) =2 26-3]

d d (3
=250-%(3)
=2-0
=2

i) Let f(x)= (5x3 +3x— 1)(x—l)
By Leibnitz product rule,

/(%) =(5x3 +3x—1)%(x—1)+(x—l)%(Sx3i +3x—1)
=(5x* +3x-1)(1)+(x-1)(5.3%* +3-0)
=(5x" +3x—1)+(x—1)(15x* +3)

=5x +3x—-1+15x +3x—15x> -3
=20x° —15x* +6x—4

iy Let f(x)=x7(5+3x)
By Leibnitz product rule,
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f'(x):x*%(5+3x)+(5+3x)%(x~3)
=27 (043)+(5+3x)(-3x™")
=x7(3)+(5 +3x)(—3x'4)
=3x7-15x* -9x7

=—6x7 —15x7"

(iv) Let f(x)=5"(3-6x7)
By Leibnitz product rule,
. d P gy @
f (x)=xsa(3—6x ")+(3-6x 9)56-(3:5)
=3 {0—6(—9)x_9_'}+(3—6x‘9)(5x4)
= x°(54x7°) +15x - 305~

=24x7 +15x"
= 15x"+2—§
X

v Let/ (x)=x" (3—436_5)

By Leibnitz product rule,

Fi(3) =5 (345 )+ (3-4x7) ()
=x*{0-4(-5) "} +(3-4x)(-4)x
=27 (2057 ) +(3- 457 )(—4x7)
=20x" -12x7° +16x7"
=36x7"" -12x7"

1236
¥

2

2 x
(vi) Let AC) et p v

re=5 ) A
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By quotient rule,

1(x)= () £@)-25() | |G- E()-r £ 05
(X + l)2 (3): 3 1)2
:(x+1)(0)—2(l)]_[(3x—1)(2x)_xz(3)]
G41) (3x-1)
_ 2 _6x1—21_3x2
() | (-l
-2 x(3x_2)

(x+1)  (3x-1)’

Question 10:
Find the derivative of cosx from first principle.

Solution:

Let /(x)=cosx,
Accordingly, from the first principle,

f'(x)=1imwx_)
B0 h

i cos(x+h)—cos(x)]

h—0 h

. 'c05xcosh—sinxsinh—c03x]
=lim

Aol h

) "—-cosx(l—cosh)—sinxsink]
=lim

h—0 h h

. (1-cosh . . (sink
=—cosx| lim —sinx|lim| —
h—0 h A0 h

=—cos x(0)—sinx(1)

. T=cosh __sinh
[ lim—2% — 0 and lim 2t =1
hi—=0) =0k

=—giny

Question 11:
Find the derivative of following functions:

()  sinxcosx

(ii) secx

(i)  Ssecx+4cosx
(v) cosecx
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(v 3cotx+5cosecx

(viy Ssinx—6cosx+7
(viij 2tanx—T7secx

Solution:

(i) Let/ (x) =Ssinxcosx
Accordingly, from the first principle,
P PRTR b il )

-0 h

s sin(x+ ) cos(x +h)—sin xcos x

h—0 h

= Iim;—h[Zsin(x+h)cos(x+ h)—2sinxcos x]

h—0

= }!iiré%[sinZ(erh)—sin 2x ]

o1 2x+2h+2x . 2x+2h-2x
= lim—| 2cos .sin

h-0 2h 2 h
| 4x+2h . 2h
=lim—| 2¢cos .sin—

0 2h

= £i_1}3%[cos (2x+h)sinh |

sin A

7'(x) =£i_1300s (2x+A).lim

h—0
=cos(2x+h).1

=cos2x

(i) Let/ (x)=secx Accordingly, from the first principle,
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) =lm =
) seo(x+h)—seox
= lim
h—0 h
. 1[ 1 1
=lim — -
h=0 | cos(x+ k) cosx]
: l_cosx—cos(x+h)
=lim —
h=0 oosxcos(x+h)
[ pgin[ EEEHA o (3 h
= Jdim —
cosx =0 f cos (x+h)
I . (2x+hY . (—h
—2sin| —— |sin| —
1 1 2 2
= Jim —
cosx m0 cos(x+ h)

. (h . 2x+h

sin| — sin

| 2/ .. 2

= Jim Jim

cos x ko0 ﬁ hs0 oos(x+h)
2

_ 1 .llsinx

CosXx COSsX

=secxtanx

(iii) Let f(x)=5secx+4cosx
Accordingly, from the first principle,
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o flx+h)-f(x)
)=t
4 5sec(x+h]+4cos(x+h)f[5secx+4cosx]
_;Eg h
. [sec(x+h)—secx]+4 . [cos(erh)—cosx]
&30 h 2—0 h
| 1 1 | } }
=5lim— — +411m—[cosxcosh—s1nxsmh—cosx]
#=0 fr| cos(x+h} cosx =0 fy
—2sin M sin j
5 1 2 2 _ (l-cosx} . . sinh
=— lim— +4| —coslim~——— —sinxlim ——
cosx =0 cos(x+h) 50 h 30

sin j
. [2x+h 2
sin

, T

— 1 +4 - 0} —si 1
COS X Pt cos(x+h} [ £ x (0) -sin )J
. [h} . [2x+h]
sin| — sin
5 . 20 . 2 -
= Jdim Jim —dsinx
cosx A—0 [ﬁ] "0 cos(x+h)
2
= > .Smx.l—4sinx
COSX COSX

=5secxtan x—4sinx

(iv) Let S (x)=cosec x.
Accordingly, from the first principle,
(o)=L EI )

f—0

s Ul
=1lim—[ cosec (x +h)—cosec x|
h>0

1 1 1

=lm—| — ;
=0 _Sm (x+ h) Sin X:’
[ sin x—sin(x+ h)}

1
; i sin xsin (x + h)

[x+x+h) .[x—x—h}
2cos .sin
1 2 2

0 fy sin xsin (x+h)
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£(x)=timL 2cos 53" Jsin[ 5

-0 sinxsin(x+#)

o[ ZEE Si"(_?h]
e

hex) sinxsin(x+h)

lim

20 sinxsin(x+/) 'gﬁo [E]
2
X J
{L‘Sx] .
sinxsinxy
= —C0SeC xcot x

(v) Let f(JE) =3cotx+ 5 cosec x.
Accordingly, from the first principle

=Tt f(x+h)—f(x}

f'(x)=lim -
= L@’%%[Smt(x+h)+5 cosec(x +h)—3cotx—5 cosec x]
=3lim %[cot(x +h)-cot x| +51}£13%[cosec(x +h)- cosec x |
Now,

WWW.CUEMATH.COM
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Li_rg%[cot(x+h)

lim

lim ;[cosec (x+h)—cosec x]

—colx | = ]Jml
h-0 h

[ cos (x+h) _cosx

_sin(x—l—h) sinx
[ sin(x—x—h) i
_sinxsin(x+h)
sin (—h)

_sinxsin(x+h)_

—sinh

|

Jdim

h—0

e Een

1

sin xsin(x +A)
-1

|

= —cosec’x

sin xsin (x +0) " sin?

1

(2)

X

1

= liml =
h—0 f

zlim1

_sin(x+ h) sin x

_sinx—sin(er h)

|

|

=0 h| sinxsin(x+ h)
i {x+x+h} } {—h]
2¢cos sin| —
| 2
=lim— - -
k=0 fy smxs1n(x+h)

=lim—

i [2x+h] ) [
2¢co8) ——— |.sIn
1 2

—h

2

J

h—0

2x+ h

sin xsin(x+ h)

2

2

h

5

) 2
=lim - -
h—0 sin xsm(x+ h)
( 25+ h ] ) [ h ]
—cos sin| —
=lim lim

=0 sinxsin(x+h) "0 (

—COs X

[ I

=—cosec xcotx

sin xsin x

From (1), (2) and (3), we obtain

f'(x)

-3 cosec’x — 5 cosec xcot x
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(vi)

Let /(x)=

Ssinx—6cosx+7

Accordingly, from the first principle,

/'(x)=1lim

h—0

=lim
B0

/(

x+h)-f(x)
h

%[Ssin(x+h)—6cos(x+h)+7—Ssinx+6cosx—7]

. X, ) o
:SLJ_lEE[sm[x+h)—smx]—6llwrgg|:cos[x+h)—cosx]
1 xth+x) . (x+h—x . | cosxcosh—sinxsink—cosx
=5lim—| 2cos sin —6lim
h—0 2 2 B0 h
s 1[2005[2x+h}sm(£ﬂ_Gl]_m{—cosx(l—cosh]—smxsmh}
hoo 2 2 k0 h
- 1- h i i
f’(x):Slkinil)- cos[zx;k]. hz —61}%[ cos x(1—cos )_smx;mh}
[5]
sin[ﬁ]
=5[limcos[2x+hﬂ Eimi2 —6[—cosx(1imw)—sinx[limwﬂ
B0 B0 h 70 H0

2

=5cosx.1-6[(—cosx).(0)—sin x.1]

=5cosx+68inx

(vii) Let f(x)=2tanx—7secx.
Accordingly, from the first principle,
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(=i L A ()
f'(x)=1lim P

h—0

—limL[Qtan(x+h)—7sec(x+h)—2tanx+7secx]

h—0

= 2Li2’é%[tan(x+ h)—tanx]—7£i£>ré%[sec(x+ h)—secx]

~2lim+ Sm(ﬁh}—smx}ﬂiml{ SN }
COS(

"HOh_cos(erh) COS X h=0 h x+h) cosXx

:ZZIiml cosxsm(JC+ h)—smxcos(x+ h)}_7 iml{cosxcos(x+ h)}

fHOhi cosxcos(x+h) h—0 ]y cosxcos(x+h)
C(x+x+hY . (x—x-h
oo —2s81n sin
| sinx+hA—x o1 2 2
=2lm— —7lim—
hﬂoh_cosxcos(anh) h0 fp cosxcos(x+h)

25in(2xJr hjsin (_—h]
—2{lim(smh] ! }ﬂiml 2

h jcosxcos(x+h) h0 f cos xcos(x+ k)

.t h C(2x+h
) h 1 SN 5 SN 2
- z[hm . }{lim } 7| lim lim

ho0 h =0 cos xcos (x+h) 0 (h =0 cos xcos ( x+ h)
2
_Mxllm[smj
COS X COS X COSXCOSX

2z
=2sec” x—Tsecxtanx
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MISCELLANEOUS EXERCISE

Question 1:
Find the derivative of the following functions from first principle:

i) -x
Giy (—%)"
(iif) Sin(x+ 1)
n

(iv) cos[x _EJ
Solution:
() Let f(¥)=-x

Accordingly, f(x+h)=—(x+h)

By first principle,
i e f(x+h)-f(x)
f'(x)= E;l-*mo h
()~ ()
h—0 h
. —x-h+x
=lim
h—0) h
=lim—
h—0 h
=lim (—1)

(i) Let —x) X
-1
f (x + h) =
Accordingly, (x+h)
By first principle,

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

(o) =t LG
=|iml_ -1 _(‘_1)
’?—>Uh_(x+h) X
=liml ~x+(x+h)J
0| x(x+h)
=1l !
=0 x(x+h)
o E
= 1

(i) Let /(x)=sin(x+1)

Accordingly, S (x+h)=sin(x+h+1)

By first principle,
f’(x)=limf(x+h2_f(x)

h—0

=£i£13% sin(x+h+1)—sin(x+l)]

. 1{ [x+h+l+x+1). (
=lim—| 2cos| ————  |[sin
b0 fy )
.1 2x+h+2Y . (h
=lim—=| 2cos| —— |.sin| —
h0 Jp 2 2
sin E
. [2x+h+2] 2
=lim| cos
h—0 2 h
[QJ

sin E
. 2x+h+2) . (2)
=lim cos T dim

h—0 E—)O (h]
2 -
2

T
(iv) Let f(x)_cos[x_§]

x+h+1-x-1
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f(x+ k)=cos[x+h—%)

Accordingly,
By first principle,
vy o S (TR f(x)
S (x)=lim h
1 T T
=lm— cos[x+k——]—cos(x——]]
k—»oh_ 8 8
. [x+h—£+x—£] LN
= il | 2 B Bys 8 8
.‘r—»th 2 2
I Ve
1 ‘ 2x+h—— . [hj
=lim—| -2sin sin| —
R0 | 2
[ . (h
2x+h—— Sln(g]
J'(x)=lim| —sin - (k]
| g N D
i . (A
2x+h-" Sm[EJ h
=lim| —sin Jim [Ash—0=——0]
30 2 2*0 [E] 2
B / 2
/
2x+0-%
= —gin| —————|.1
)
\
T
= —sin| x——
\ 8J

Question 2:

Find the derivative of the following function (it is to be understood that a is fixed non-zero

constant):

Solution:

(x+a)

Let /(x)=(x+a)

Accordingly,

f(x+h)=x+h+a

By first principle,
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—llm(l]

A0
=1

Question 3:

Find the derivative of the following functions (it is to be understood that 7. 4,7 and s are fixed

px+q) ( + 3)
non-zero constants): X

Solution:

Let f(x)= (Px+q( }

By Leibnitz product rule,

7 (x)= (px+q)[ J+[£+S](px+q

z(px+g)(rx"+s)+(£+s (p)

-

=(px+q)(_m—z)+[£+s] p

sl o)

W L oY
X X X
qr
= ps—?

Question 4:

Find the derivative of the following function (it is to be understood that @, b, ¢, d are fixed non-

zero constants): (ax+b)(ex+d)

Solution:
Let /' (x)=(ax+b)(cr+d)
By Leibnitz product rule,
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£(3) = (@ +8) L (ex+d) +(ex+d)' = (ax+)

d d
s (a:»:+b);(c*’x2 + 2cdx? +d2)+(cx +d)2 E(ax+b)

:(mw)[%(czxz)+%(zm)+%(dﬂ+(cx+d)2 [%(M)Jr%(b)}

= (ax+ b](2c2x +20d)+(cx+d)2 a
= 2;3(:.1':c+!.‘;!)(CJL'Jma')+c:r.{cx+at’)2

Question 5:

Find the derivative of the following functions (it is to be understood that @,b,c,d are fixed

ax+b
non-zero constants): cx+d

Solution:
ax+b
Let/ (x) T ex+d
By quotient rule,
(ex+d) L (ax+b)~(ax+5) L (cx+d)
fr(x) = afx - dx
(ex+d)
~ (cx+ d)(a)—(ax+b)(c)
(r.:_af+‘:i')2
_ acx + ad —acx — be
(cx+d)2
_ad-bhc
(ex+d)
Question 6:

Find the derivative of the following functions:
Solution:

1_|_l x_+1
. x_ x =Jc+1
f(x)— _l_x__l T
Let X % where x#0

By quotient rule
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x—1 i x+1)—(x+1 i x—1
gy DTt
(x-1)

(D)~ )()
(x-1)

,Xx#0,1

X£01

Question 7:

Find the derivative of the following function (it is to be understood that @b, ¢ are fixed non-
-
zero constants): ax” +bx+c

Solution:

Letf (x) = ——

ax’ +bx+c

By quotient rule,

ax* +bx+c L] 1 . ax* +bx+c
P U s

(ax2 +bx + c)2

_ (ax® +bx+c)(0)-(2ax+b)

(au:2 +!’:vc+c)2
_ —(2ax +b)

(a.x2 +b.wc+c)2

Question 8:

Find the derivative of the following function (it is to be understood that @, b, p, 4.7 are fixed
ax+b

non-zero constants): px’ +gx+r

Solution:

Let f(x):

ax+b
px’ +gx+r
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By quotient rule,

(punrI +gx +?)%(ax+b)—(ax+b)%(px2 +qx+r)

f(x)= ;
( x> Hgx+ r)
~ (er2 +gx +r)(a)—(ax+b)(2px+q)
) ( PX*+gx+ r)2
_apx® +aqx +ar — aqx — 2bpx — bq — 2apx’
B ( pxt+gx+ a»-)2
_ —apx® —2bpx +ar—bg
B ( px>+qx+ r]2
Question 9:
Find the derivative of the following function (it is to be understood that @, b, p, 4.7 are fixed
px’+gx+r

non-zero constants):  ax+h

Solution:
2
pxHgx+r

Let /(%)= ax+b
By quotient rule,

d d
(ax+b)a(px2 +qx+r)—(px2 +gx+ r)a(ax +b)

(mr+b)2
(4:avc+1:a)(24,t:mc+g)—(pwc2 +qx+r)(a)
B (ax+b)’
_ 2apx® + aqx + 2bpx + bg — apx’ — agx — ar
(mc+l:!)2

_ apx’ +2bpx +bg—ar

(av;\c+af‘;)2

I'(x)=

Question 10:
Find the derivative of the following function (it is to be understood that 4, ¥ are fixed non-zero

a b
T +COS X
constants): x* x
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Solution:

a b
Let f(x)—F—x—2+cosx

rio-22) 4[5} s

d o @ d
:aa(x ")—ba(x 2)+E(cosx)

:a(—4x'5)_b(—2x_3)+(—smx) |:'I' di(xn):
p
= +2—b~~—3inx
SR

Question 11:
Find the derivative of the following function: 4Jx -2

Solution:

Let f(x)=4\/;—2
f’(x)=%(4\f§—2)

Question 12:

nx"" and i(c-:)s x)

Find the derivative of the following functions (it is to be understood that 4. are fixed non-

zero constants and # is integer): (ax “'b)

Solution:
Let /(x)=(ax+b)’

Accordingly, J (x+h)={a(x+h)+b}" =(ax+ah+b)’
By first principle,
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f(x+h)—f(x)

=t )
. (ax+aht+b) —(ax+b)
_EE% h
n ﬂh §
by |1 - b
e )[Uﬁb] (ax+)
h—0 h

B 2
:(c;'.wb)nlirnl {lJrn( an }Ln(nl)[ ah ]‘F}l] (Usingbinomialtheorem)

o (Terms containing higher degree of h)

(wea bV lim n{n-1)a’h
_(ax b) !‘H{(aerb) 2(ax+b) ..... ]
_(ax+b){(;fb)+0]
:na(aerb)n

ax+b
:na(aerb)”_l

Question 13:
Find the derivative of the following functions (it is to be understood that @, b,¢,d are fixed

non-zero constants and m and n are integers): (ax+b)" (cx+d)

Solution:

Let /(x)=(ax+b)" (ex+d)"
By Leibnitz product rule,

£ = (@ +b) L(ex+a) +(exrd)" L(avrb) ()
Now,

Let /i (¥)=(ex+d)"

Accordingly, /i (x+h)=(cx+ch+d)"
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4

1+

MJ !

h
_ me. 1 { m(m—1) K Jm }
=(cx+d) lim—| |1+ : +o. ] -1

Cx+d 2 (Cx+d z

mch +m( ) 2h2
h=0 f (cx+d) 2(cx+d)

—(ex+d)" lim| 7 +m(m_l)czh+...
R {( }

=0 cx+d) 2(cx+d)2

= (cx+ d)m Lc;fd) + 0}

7mc(cx+d)m
a (cx+d)
:mc(chrd)m_l
- (2
Hence, dx( ex+d)" =me(ex+d) (2)
d - n—1
Similarly, dr (ax+b) =na(ax+b) see3)

Therefore, from (1), (2) and (3), we obtain

f'(x)=(ax+b)’ {mC(Cx+ d)m_1}+(cx +d)" {na(ax—kb)"_l}
=(ax )n '(c +d [mc(ax+b)+na Cx+d)]

Question 14:

...( Terms containing higher degree of h)}

Find the derivative of the following function (it is to be understood that a is fixed non-zero

constant); S (x+a)

Solution:
Let f(x) =sin (x+ a)

Accordingly, S (x+h)=sin(x+h+a)
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By first principle,
(g L) = f(x)
f(x)—}glg 4
—lim sm(x+h+a)—s1n(x+a)
h—0
1 [x+h+a+x+aJ (x+h+a x— aﬂ
=1lim—| 2cos
h—>0h
1] (2x+2a+hj (hj
=1lim—| 2cos —
heoh 2
- ﬁ N
) (2x+2a+hj 2
=lim—| cos
=0 f h
3)
sin(ﬁj
=limco Zx+2a+h lim _\2) Ash—>0:>ﬁ—>0
h—0 2 290 ﬁ 2
2
=cos(2x+2aj><l { hmsmle}
x—0 x
=cos(x+a)

Question 15:
Find the derivative of the following function: cosec xcot x

Solution:

Let / (I) =cosec xcotx
By Leibnitz product rule,

S'(x)=cosec x(cot x)r +cot x(cosec x)’ (1)

Now,

Let /i (x)=cotx

Accordingly, /i (x+#)=cot(x+h)
By first principle,
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oy S(x+h)-f(x)
f(x)_kﬂ %
limcot(x+h)—oot(x)
h—s0 h
I(COS(x-I—h)_cosx]

h=0 f sin(x+h) sin x

1 sinxcos(x+h)—cosxsi11[x+h)J

ﬁ—>°h\ sinxsin(x+h)

1{ sin(x—x-h) J

h=0 sinxsin(x+ h)

1 .. 1| sin(-h)
= lim—| —
sinx 70 /1| sin (x +h)
-1 (.. sinh)l.. 1
=— lim lim————
sinx\ 50 h )| »=0sin(x+h)

-1 ’ 1
sinx =0 sin(x +O)
1

sin’ x
= —cosecx

Therefore, (cotx) =-cosec’x wl(2)

Now,
Let J»(x)=cosecx

Accordingly, /> (x+#)=cosec(x+h)

By first principle,
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5 (x)—hm (x+h) fz(x)

h—0 h

—hl_l;r(! [cosec(x+h) cosec(x)]

o1 1 1
=lim— —
h[sin(x+h) sinx}

1{sinx—sin(x+h)}

sinxsin (x+4)

[x+x+h). [x—x—hj
2cos sin
1 .. 1 2 2

——lim—
sinx 40 A sin (x +h)

I 2x+hY . (-h
| 12003( > Jsm[7J
£ (x)=——lim—

sinx "0 h sin (x+h)

[k 2x+h
—sin| — | cos
1 .. 1 2 2
—lim — :
sinx #0 h (ﬁ) sm(x + h)
i 2
. h] 2x+hJ
sin cos
-1 .. 2 2
=——1Iim lim
sinx A>0 [ h) A0 sm(x+h)
2
[2x+0]
cos
-1 2
e, | o—
sinx  sin(x+0)

-1 cosx

sinx sinx
=—consec x.cot x

Therefore, (cosec x) = cosec x.cotx ...(3)

From (1), (2) and (3)
S'(x)=cosec x(~ ccseczx) +cot x(— cosec xcot x)

=—cosec’x —cot’ x cosec x
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Question 16:

cos x
Find the derivative of the following function: 1+sinx

Solution:

COS X
Let f(x) " 1+sinx

By quotient rule,

(1+sin x)%(cos x) - (cosx)%(lﬂ» sin x)

/(x)= (1+sinx)’
~ (1+sinx)(—sinx)—(cosx)(cosx)
- (1+sinx)’
—sin x —sin® x —cos” x
(1+sin x)2

—sinx— (sin2 X +cos’ x)
" 2
(1 +sin x)

—sinx—1

(l+sin :c)2
_ —(I-sinx)
= (1+sin x}z
3 -1
- (1+sin x)2

Question 17:
Sin x +Cos x
Find the derivative of the following function: sinx—cosx

Solution:

Let / (x) SIn X —Cos X
By quotient rule,

_ sinx+cosx
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s 7 . iia
(smx—cosx)a(smx+cos x)—(smx+ cos x)a(smx—cosx)

19

(sinx —cos x)2

B (sin X —COs x) (cos x—sin x) - (sin X +cos x) (cos x+sin x)

{sin X —Cos x)2

—(sinx—cos x)2 = (sin X+ cos Jc)2

(sin X—Cos x)2

—[sin2 X+c0s> x—2sinxcos x +sin’ x+coszx+25inxcosx:|

(sin X —COs x)2
-[1+1]
(sinx—cos x)2
-2

(sinx— cﬂsx)2

=

Question 18:
secx—1

Find the derivative of the following function: secx+1

Solution:

1
secx—1 -1 1—cosx
(x) = _cosx  _

Csecx+1 1 +1 lteosx
Let COS X
By quotient rule,
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(1+cosx)jx(l—cosx)—(l—cosx);x(l+cosx)

S'(x)=

(1+cos x)2

B (1+cosx)(sin x)—(l—cosx)(—sin x)

(l+cos x)2

$1n X + COS X Sin X + Sin X — SIN X COS X

(1+005x)2

2sin x

(1 +cos x)2

2sin x

2
S
sSecx

2sin x

(secx+1)2
sec” x

_ 2sin xsec’ x

- (secx+1)2

sin x

2

SeC X
COS X

(secx+1)2

2secxtan x

(secx+ 1)2

Question 19:

Find the derivative of the following function (it is to be understood that » is integer): sin” x

Solution:
Let y=sin"x
Accordingly, for n=1, y=sinx

Therefore, dx

For n=2, y=sin’ x

dy : :
—— =COsX, ie., —sinx=cosx
dx
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% = %(sm xsinx)
= (sin x)' (sinx)+sin x(sin x)r [By Leibnitz product rule]
= COS.XSIN X +SiN X COS X

= 2sinx cos x vl 1)

For n=3, y=sin’ x

% = %(sin xsin’ x)

= (sinx) sin® x +sin x(sin’ x)F [By Leibnitz product rule]
= cosxsin® x +sinx (2sin xcos x) [using (1)]

= cos xsin’® x +sin® xcos x
=3sin? xcos x
[1:—1)

—(sin" x) =nsin

XCOS X
We assert that dx

Let our assertion be true for n=+%

di. (k1)
— =k (1
. (sm x) sin™ xcos x (2)

Consider,

-gx»(sin"“ x) = %(Sm xsin® x)

= (sinx) sin* x+sin x(sin" x)' [By Leibnitz product rule]
= cos xsin® x +sin x (k sin“™ xcos x) [using (2)]

-k ok
=cosxsin” x+ksin” xcosx

=(k +1)sin* xcosx

Thus, our assertion is true for n=k+1

(n-1)

& Py .
—(sm x)=nsm XCOsSX

Hence, by mathematical induction, dx
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Question 20:

Find the derivative of the following functions (it is to be understood that @, b,¢,d are fixed
a+bsinx
non-zero constants): ¢+d cosx

Solution:

Let /(%)= c+dcosx
By quotient rule,

a+bsinx

d ; ; d
c+dcosx)—(a+bsinx)—(a+bsinx)—(c+dcosx
ey A g errbain) (o bsind) g (o e

(c+dcos Jc:)2
_(c+dcos x)(bcos x)—(a+bsin x)(~d sin x)
(c+d cos Jc)2

_ chcosx+bd cos’ x+ad sin x+bd sin” x
= 3
(c+dcosx)

becosx+adsinx+bd (1::0:\;2 x +sin’ x)

- (e+dcos x}2

_ bccosx+adsin x+bd

(c+dcosx)’

Question 21:
Find the derivative of the following functions (it is to be understood that a is fixed non-zero

sin(x+a)
constant): cosx

Solution:

sin (x + a)

Let / (x) - cos X

By quotient rule,

dr . ; d
cosxg[sm (x+ a)] —sin (x+ a)a COS X

()= cos’ x
cosxi[sin (x+a)]-sin(x+ a)i(— sin x)
dx dx

= - crld)

CcOs™ x
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Let &(x)=sin( x+a)

Accordingly, &(x+h)=sin(x+h+ a)

By first principle,
g (x + h) -g (x)
h

g'(x)=lim

h—0

=lhi£%% sin(x+h+a)—sin(x+a)]

| x+h+a+x+a) . (x+h+a—-x—-a
=lim—| 2cos sin
h—>0 B 2 2

1 [2x+2a+h] . (h]
=lim—| 2cos| ——— |.sin| —
h—>0h 2 2

2x+2a+h Sin(hJ h
=1imcos[M]hm< 2 {Ash—>0:>——>0}
h—=0 h h—0 (h) 2
2

2x+2a . sinh
= | cos x1 lim =1
2 h—0 h

=cos(x+a) ...(2)

From (1) and (2), we obtain

cosxcos(x+a)+sinxsin(x+a)

fx)= cos’ x
_cos(x+a-x)
© cos’x
_ cosa
cos’ x

Question 22:

Find the derivative of the following function: x* (Ssinx—3cosx)

Solution:
Let f(x) =x (5sinx—3cos x)
By product rule,
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Fl) =t i(SSirlJr—?we:)s x)+(5sin x—3cosx)i(x4)
R dx

=x* [5%(5&1:‘:)—3%(cosx)]+(55inx—3c;os x)%(x“)

= x'[ Scosx—3(-sinx) |+ (5sinx—3cosx)(4x")

= x'[5xcos x +3xsinx+20sin x —12cos x|

Question 23:

Find the derivative of the following functions (it is to be understood that
(x2 + l) cos x

a,b,c,d, p,q,rands

are fixed non-zero constants and m and n are integers):

Solution:
Let /(%)= (xz + 1) cos x
By product rule,

Fix)=(? +1)%(cosx)+cosx%(x2 +1)
= (,\:2 +1)(—sin x)+cos x(2x)

=_—x’sinx—sinx+2xcosx

Question 24:
Find the derivative of the following function (it is to be understood that @, P, ¢ are fixed non-

zero constants): (ax® +sinx)(p+gcosx)

Solution:
Let f(x)= ({M2 +$inx)(p +gcosx)
By product rule,

f(x)= (ax2 +Sinx)%(p +qcosx)+(p+qcosx)%(ax2 +sin x)
= (.sw:x:2 +sinx)(—q sinx)+(p +gcosx)(2ax +cos x)

= —q‘sin.ﬁc(icvc2 +sin x)+(p+qcosx)(2ax+cosx)

Question 25:

Find the derivative of the following function: (x+cosx)(x—tanx)
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Solution:
Let f(x) = (x+cosx)(x— tan x)
By product rule,

S(x)= (x+cosx)%(x—tan x)+(x—tanx)%(x+cosx)
= (x+cosx)[%(x)—%(tan x)}-(x— tan x ) (1—sin x)

=(x+cosx)[1—%(tanx)j|+(x—tanx)(l—sinx) (1)

Let &(x)=tanx

Accordingly, &(x+ h) = tan (x+h)

By first principle,
, L g(x+h)—g(x)
€ (- £
_lim tan (x+h)—tan(x)
h—0 h

=lim—
>0 _cos(x+h) COS X

1 _sin(x+h) B Sinx]

=lim—
>0 cosxcos(x+h)

1 1 _sin(x+h—x)}

1 [ sin (x+h)cosx—sinxcos(x+h)}

= lim—
cosx o0 h cos(x+h)

1.1_ sinh}

cosx o0 h _cos(x+h)

1 . sinhlyl .. 1
= lim lim———
cosx\ =0 J h—=0 ¢og (x + h)

1 1 1
Ccosx cos(x+0)

|
cos” x

=sec’x (2)

Therefore, from (1) and (2), we obtain
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f'(x)= (x+cosx)(l —sec? x)+ (x—tanx)(1-sinx)
:(x+cosx)(—tan3 x)+(x—tanx)(1-sinx)

=—tan’ x(x+cosx)+(x—tanx)(1—sinx)

Find the derivative of the following functions (it is to be understood that 4,5, ¢, d, p,¢,r and s
4x+5sinx
are fixed non-zero constants and m and n are integers): 3x + 7 cos x

(x)— 4x+5sinx
Let - 3x+7cosx

By quotient rule,

(3x+7cosx);x(4x+53in x)—(4x+SSin x);x(3x+7cosx)

J'(x)=

(3x +7cos x)2

(3x+7cosx)|:4jx(x)+5;x(sin x)}—(4x+5sin x)[3;x(x)+75x(cosx)}

(3x+7cosx)2
3x+7cosx)|4+5cosx|—(dx+5sinx}|3—7Tsin x
( i 1-( ) ]

- (3Jc+7cosx)2

12x +15xcosx+28cosx—12x+28xsin x—15sin x+35(cos2 X +sin’ x)

B (3x + 7 cos x)2

15xcosx+28cosx+28xsin x—15 sinx+35(cos2 X+sin’ x)

(3x+ 7v::0sx)2
3 35+ 15xcosx+28cosx+28xsinx—15sin x

(3x + 7 cos x)2

2 A
X COS| -
(4j

Find the derivative of the following function:  sinx
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Solution:

Pk )

Let - Sinx
By quotient rule,

sin xi(xz )‘ x? %(Sin x)

S'(x)=cos [%] dx

. [Ej sinx(2x) - x* (cosx)]

4 sin® x

sin® x

xcos%[Zsinx~xm5x]

qin® x

Question 28:
X

Find the derivative of the following function: 1+ tan x

Solution:

1+tanx
(l+tanx)%(x)_(x)%(l+tanx)

(1+t811x)2

S(x)=

) (1+tanx)—x%(l+tanx)

B (1)

(1+t¢'al'1_>c)2

Let &(x)=1+tanx

Accordingly, &(x+h)=1+tan(x+#)
By first principle,
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g(x-i—h)—g(x)

g'(x)=lim h
=h,m|:l+tan(x:+h)—1—tanxi|
B0 h
. l_sin(x+h) Sin x
=lim— -
h*°h_oos(x+h) COS X

. 1_si11(x+h)cosx—smxcos(x+h)
=lim—
h>0 J cosxcos(x +h)

1l sin(x+h—x) )
=lim—
h>0 | _cos(x+h)oosx_

1 sinh ]
h0 fy _oos(x+h)oosx_

[ . sin h) . 1
=| hm lim
h0 f B0 cos(x 4 h)cos x

=1x

cos® x
_d

T cosix

=sec’x ek 2)

From (1) and (2), we obtain

, 1+ tan x — xsec” x
f'(x)= -
(1+tanx)

Question 29:

Find the derivative of the following function: (x+secx)(x—tanx)

Solution:
Let / (x)=(x+secx)(x—tanx)
By product rule,

f(x)={x+secx}%{x—tanx)+(x—tan x)%(x+secx)
d d d d
=(x+ secx}[a(x) ~—tan x] +(x—tanx)|:—a§(x) +Esech

=(x+secx)|l——tanx |+(x—tanx})| 1+ —secx
d d
dx dx
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Let /i (x)=tanx, f,(x)=secx

Accordingly, /i (x+h)=tan(x+h), f,(x+h)=sec(x+h)

ﬂ(x)zm(f(ﬂh;_f(x)]
zgﬂ[tan(x+]l;z)—tanx}

=1iml_sin(x+h) _ sinx]

h=>0 h cos(x+h) COS X

1 [ sin (x+h)cosx—sin Xcos (x+h)

=lim—

IHOh_ cos(x+h)cosx
=liml sin(x+h—x)
fHOh_cos(x+h)cosx_

i 1_ sin A |
=lim—

k%Oh_oos(x+h)cosx_

[. sinh] . 1
=| lim lim

=0 h h—>0cos(x+h)cosx

1

=1

><coszx
1

cos” x
=Sec,2x ...(2)

£ (x)=1lim

hs0

(f;(ﬁhg-f;(x)]

[sec(x+h)—sech

h

1 1 1
= lim— =
=0 | cos(x+h) cosx

|

. 1{
=lim—
.&-mh

cosx—cos(x+h)
cos(x+h)cosx
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.(x+x+h] .[x—x—h
1 | —-2sm .81n
"(x) = lim —
fz( ) cosx -0 f cos(x+h)
(2x+hY . (=h
—2sin sin| —
1 .1 2
= lim —
cosx =0 f cos (x +h)
sin E |
: [2x+h] 2
sin
: 2
= lim
COs x A=0 cos(x+h)
)
sin| —
.. [ 2x+h . [2]
lim sin lim
h—0 ﬁeo h
5 il
(QJ
=secy
limcos(x+h)
h—0
sin x.1
=SecX.
COS X
=secxtan x

Therefore, dx

(secx)=secxtanx

From (1), (2) and (3), we obtain

f(x)= (Jc+s.ec34:)(1—sec2 x)+(x—tanx)(l+secxtanx)

Question 30:

Find the derivative of the following functions (it is to be understood that » is integer): sin” x

Solution:

Let fx)= sin” x

By quotient rule,

X
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. d o
sin xax—xasm X
'
xX)=
f( ) Sin2nx

—sin" x=nsin"" xcosx

It can be easily shown that dx

Therefore,
o i il " SR
sin” x— x—x—sin”" x
(%)= e

sin” x

sin” x.l—x(nsin"" xcosx)

sin® x
. n_l .
sin”"! x(sin x— nx cos x)

sin? x
_ sinx—nxcosx
sin™! x
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