NCERT Solutions Class 11 Maths Chapter 13

Limits and Derivatives

Question 1:
Evaluate the given limit: 13—13} -
Solution:
lin; x+3=3+3
=6
Question 2:

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

Solution:

( 22} [ 22]
lim| x—— [=| 7 ——
X 7 '7

Question 3:

' 2
Evaluate the given limit: 1.3331 aE

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



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

Question 5:
x4+ +1
. .. m-——--
Evaluate the given limit: s> x -1

o441 (<1)"+(=1) +1

lim
-1 x—1 =11
C1-1+1
—2
|
=——a
2
Question 6:
5
s (x+1) -1
Evaluate the given limit: -0 %
(x+1)5 -1

L lim
It is given that, -0 x

Put x+1=y sothat x=y-1

Accordingly,
+1)° -1 1
lim & =lim L
] X x—l) y au i
=5x1* {fhmx —a :ndH]
x—+l xX—da
sy
1y -1
lim & =5

Hence, 0 X

Question 7:
3x* —x-10

5

. .. I
Evaluate the given limit: 2 x"—4

0
At x =2, the value of the given rational function takes the form 0’
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=2yt - 2 (x-2)(x+2)
=lim(3x+ 5)
2 (x+2)
3(2)+5
2+2
1
4
Question 8:
=81

oL lim——
Evaluate the given limit: +-3 2x* —5x -3

0
At x =3, the value of the given rational function takes the form 0
_ 1 =81 _ (x—3)(x+3)(x2+9)
lim— =l
3232x% —5x=3 =3 (x-3)(2x+1)

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

. ax+b a(0)+b
lim =
=0 cx+1  ¢(0)+1

=h
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Question 10:

-1

lim
z—1

Evaluate the Given limit:  z¢ —1

0

At z=1, the value of the given function takes the form 0
1

Put z6 =x sothat z—1 as x—1

Accordingly,

Question 11:

2
. ax +bx+c
. .. o lim——— a+b+c#0
Evaluate the given limit: ! ex” +bx+a

ax’ +bx+c _ a(1)’ +b(1)+c
=l ex’ +bx+a c(l)2 +b(1)+a
_a+b+c

a+b+c
=] [a+b+c=0]

Question 12:
1 1
— _I_ S
im X 2
Evaluate the Given limit; -2 x+2
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0
At x=-2, the value of the given function takes the form 0°

Now,

1 1 [2 4 x]
firig 2 = i 5 2%
2 x4+ -2 et 2

Question 13:

i sin ax
Evaluate the Given limit; 0 phx

. sinax
lim
x—l) bx

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

. singx . sinax ax
lim =lim —
x—0 b ) 8 x—0 ax bx

. (sinax) a
=lim R
x—0 ax b

:Elim[sma:c} [x > 0= ax — 0]
b x=0 ax

=% {:um[ﬁny]=q
f) y—=0 };
L
b

Question 14:

sin ax
) . Iim——,a,0#0
Evaluate the Given limit: *-° sin bx
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0
At x =0, the value of the given function takes the form 0

Now

sin ax
. sinax _
lim
=0sinhy 0 [ )

. [ sinax
m -
a x._>0[ ax ] x>0=ax—>0
:—xil
b i sin bx land x > 0= bx—0
x% bx

xl lim[smyJ: l]
l y—0 y

Question 15:

L Sll’l(?l' —JC)

Evaluate the Given limit: >~ 7 (7 - x)

It can be seen that ¥ =7 = (7 —x) >0

Therefore,
fim sm(rr x) 1 .. sin(z—x)
X n T — x) n-(ﬂ-.\‘) >0 ﬂ(ﬂ-_X)
=1 [ lim Y = 1}
n vl y
:l
T
Question 16:
COsXx

) . .. lm
Evaluate the Given limit: 0 7 —x


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

cosx cos0
0

lim
x—0 T—X

T—
1
T

Question 17:
- cos2x—1
Evaluate the Given limit: *—¢ cosx—1

._cos2x—1
him——
0 .cosx—1
0
At x=0, the value of the given function takes the form 0
Now,

. cos2x—1 .. 1-2sin’x-1 . e
111137=11113—x S cosx=1-2sin" —
*= COSJC"-I = l—ZSil'.lz——l 2

sin” x

4 S i
Sin~ —
2

sin“x)
= Ixx

=l
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. [sin®x
lim 5
cos2x—1 _y =0 x
x— =
cosx—1 -
sin” —
lim 2

(]
—faE X 5 [x—>0:>§a—>0]
o X8
$in -
lim—— 2
x—l) EJ
2
2
=4x ]—,, { lim Y
y=0 v
—4
Question 18:
i X XCOS X
Evaluate the given limit: 0  bsinx
9
At x =0, the value of the given function takes the form 0
Now,
._ax+xcosx 1. x(a+cosx)
Ilm————MM=——lm——*~
x>0 hsinx b x>0 sin x
|- X _
=—lim|— ]xllm(a+cosx)
b#=9\sinx) *»
1

=—x xlim(a+cosx)

b : Sil‘l X x—0
lim
x=0 X

:;J»x(cwcos(])

[ lim
x—>0

sinx
X
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Question 19:

Evaluate the Given limit: 1_er0 PRk

limxsecx = lim
x—0 x—l cOosS X

0
" cos0
0
1

=0

Question 20:

sin ax + bx

. .. Iim _ a,b,a+b#0
Evaluate the Given limit: = gx + sin bx

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]

bx

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

= [ ] [Asx—>0:>ax—>0andbx—>0]

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

_ x=0 x—0

lim (ax) +1im bx sin x
[lim 1}

lim ax + lim bx 0y

x—0 x—=0

_ !glg (ax + bx)
!glg (ax + bx)

=lim(1)

x>0

=1

Question 21:

Evaluate the Given limit: o (cosec x—cot x)
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At x =0, the value of the given function takes the form ©—o

Now,

; ; 1 coOS x
lim (cosec x—cot _r) =lm| ———
x>0 =0 sinx Sinx

. (1-cosx
=l _
x=0 Sin x
l-cosx
x
x>0 sin x
X

]jm] —CcosXx
_ x—lh X
.. sinx
lim
x—0 X
0 oo .. l—cosx . sk
= S lim =0 and Iim =
I x—0 x x—0 x
=0
Question 22:
. tan2x
li
—E: T
Evaluate the Given limit: = 2

T 0
At~ 2, the value of the given function takes the form 0

x—z— x—)E y—=0
Now, put = 2 50 that 2’

Therefore,
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' [ tan(?r+2y)=tan Zy]
sin 2y

=lm
»=0 peos2y

=lim szyx 2
=20\ 2y cos2y

- limsmzy % lim : [y>0=2y—-0]
y=0 2y y=0| cos2y

' lim

=0 x

tan 2x 2 { . sinx }
= =1

Question 23:
2x+3, x<0

I
Find Llff}f(x) and 1.glllf(x)’ where 3(x+1), x>0

Solution:

The given function is
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Now,

fm (<) =tip[2x+3]
=2(0)+3
=3

lim £ (x)=1lim3(x+1)

x—0° =0
= 3(0+l)
=3
Hence,
lir{r}! f(x)= lirg fix) =lirrdf(x) =3
Now,
lim £ (x) =lim(x+1)
=3(1+1)
=6
Hence,

linl} f(x)= lint'_l f(x)= lirrll_f"(x) =6

Question 24:

Find l,gr? ! ()') >where

. {x’ -1,
The given function is —x~1;
Now,
i/ )= gl 1]
=1’ -1
=1-1
={)

It is observed that 11_1)1;1 f(x) a lxiir? f(x)

x=1

x>1

x<1

x>1


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

Hence, 1}3? /() does not exist.

Question 25:
[
- f)={x 7
Evaluate I.I_IE (=), where 0, x=10
Iil xz0
f(x)=9x"
The given function is 0, x=0
Now,

lim £ (x)=lim {H} = lim (_—xj | When x is negative,

=307 x=30" X x—0 X
=lim (-1
x—0 ( )

=-1

x‘ = —x]

x—0" x—s0 X
= PE%[EJ [When x is positive, x| = x]
=lim(1)
=1

It is observed that 10/ (¥)# lim f(x)

Hence, I}_TE] () does not exist.

Question 26:

Find l.l—IEf (x), where 0, x=0
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£ (%)=

The given function is 0, x=0

!113:1 f(x)= 11m er

:ll—rpu[ij [whenx<0, ‘xl = —x:l

“tim ¥ [

It is observed that 1M/ (")i}*jg’f (x).

Hence, hqof ( ) does not exist.

Question 27:
Find hmf( x) Wheref(x)=|x|_5

The given function is f(x)=[x-5
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B )= ll-5)
“ti(x-9)
=5-5
=0

lim £ (x) =1lim (|x|-5)

x-»5* x-»5*

“lim(x-9)

=5-5
=0

Therefore,
i (<) i (<) =0

lim f(x)=0

Hence, .-

Question 28:
a—bx,
£(x)=14,

b—ax,

Suppose

Dﬂwnx>OJﬂ:xJ

Dﬂwnx>0Jﬂ=X]

x<0

x=1

x>1

and if

a—bx,

(=14

The given function is
Therefore,

lim £ (x) = lim (a+x)

x—1"

=a+b

lim £ (x)=lim (b - ax)

x—=1" x>l

=b-a

£(1)=4

b—an

It is given that hfllf(x) =f(1)

lim £ (x) = £ (1)

x—»

x<0
¥=]

x>1

what are possible values of a and 5?
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lim f(x)=lim f(x)= Eigllf(x) =1(1)

Therefore, .1 PN

Hence,a+b=4 and b—a=14

On solving these two equations, we obtain
a=0 and h=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(x)=(x-a)(x-a,)...(x~aq,)
lim

. lim f(x X
What is .r—m,f( )‘? For some ¢ #4,:%:-- 4, compute e f(x)

The given function is f(x)=(x-a)(x-a,)...(x-aq,)
lim £(x)=lim [(x—a,)(x—az)...(x—a”)]

X—>d) X—dy

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

0

1l

lim f(x)

Now,
lim  (x) = lim[ (x~a)(x~4,)...(x~a,)]
~(a-a)(a-a,)...(a~q,

Thus, lim f(x)=(a-a)(a-a,)..(a-a,)

X—»a

Question 30:
|ﬂ+L x<0
7(x)=40, x=0
If le -1, x>1

For what value (s) of does 1\1_1}51 () exists?
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‘Xl—i—l, x<0
If f(x)=1 0, x=0
The given function is -1, x>1
When a=0

lim /(x) = lim /(]| +1)
:]*.i_;}g(uxﬂ) [1f x<0,|x|==x]
=0+1
=1

i 1 2)= i ()

= E_I)’I{']l(.‘f—l) [Q“x>0,|x|=x}

=]
=-1

Here it 1s observed that Jﬂl J (x) # lim f (x)

10"

Therefore, 11_?3 Y (r) does not exist at x =a where a=0.

When a<0

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

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

=-a+l

lim £ (x) = lim (x| +1)

=Iim(—x+l) [a<x<0z‘x‘=-x:|

X—ril

=-a+l

Hore, i ()= () ==a]

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

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

X=ra xX=ra

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

i )=z (1)
=lim(x-1) [0<x<a=|x=x]
:a__ra

lim f(x)=lim f(x)=a-1

Here, ¥—sa x—a’
Thus, limit of f (x) exists at x=a where a>0

Hence, hmf (x) exists for all a#0.

Question 31:

lim Flx)-2 & lim f(x)
If the function / (x ) satisfies ! x* —1 " evaluate o1 '

. f(x)-2
o 0 (%) sati lim—5
It is given that the function . satisfies 1 x* -1

f(x)-2 lim(f(x)-2)

=TT,

i 21 1_i11;1(x2—~1) i
:blxinrér]l(f(x)—il):frixihr:?(xz-I)
:lxiilll(f(x)_z =;rr(12 -1)

=lim(f(x)-2)=0
=5 le_ryr? f(x)—lxlFIIrIIE =0

= lim f(x)-2=0

=1

= lim f(x)=2

li =7
Hence, - f(x)
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Question 32:
mx’+n, x<0

_f(x)z nx+m, 0<x<1

If n’+m,  x>1 For what integers m and n does both e (x) and l_\-lgll'f (%)
exists?

mx>+n, x<0
f(x)z nx+m, 0<x<1

It is given that nx’+m, x>1

Therefore,

lim f'(x)=lim (mxz + n‘)

=07 x—0
= m({))2 +n
=n

i (3) =t =)
= n({))+m

=m

Thus, \11:3]1 f(x) exists if m=n

Now,

}12{1 Flx)= lx1£r11(nx+ )
=n(l)+m
=m+n

. . 1 3

B Fb=lmips® om)
=n{1)3 +m
=m+n

mf(x)= {il"{}f(.x) =lim f'(x)

li
Therefore, .1 31

Thus, 1}3? /(%) 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.

Letf(x)=x2—2

Accordingly,
£(10) = tim £ (10+h)- £(10)

) h
[(10+h) -2]~(10°-2)

= lim

=) h

o T0F 421058 -2-10°+2
=1lim

fi—s) h

. 20h+ K
=lim

f—0) ;‘7
= lim (20+h)

h—0

=20+0
=20

Thus, the derivative of x* -2 at x=10 is 20.

Question 2:
Find the derivative of 99x at x =100.

Let /(x)=99x

Accordingly,
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oo (1004 k) £(100)
r(100)-p 70021

i 99(100+4)=99(100)

h—0 h

. 99%100+992—99x100

=lim

h—0 h

99h

=lim—
h—0 h

—1im(99)

h—0

=96

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

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

Let /(x)=x

Accordingly,
7= timZ0H2)=7 ()

h—0 h

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

Gy (x-1)(x-2)

1

(iii) x°
x+1
(iv) x-1
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(i) Let /(x)=x"~27

Accordingly, from the first principle

. x+h)-flx
f,(x)zlmf( ; f(x)
) [(x+ ) -27]~(x"-27)
= Iimm
=0 h
<l X+ 0 +3x°h+3xh” —x
=0 h
= 1im I +3x°h+3xh’
h—0
= !rri_r:;l(;‘:3 +3x2h+3xh3)
=0+3x"+0
=3x?

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

Accordingly, from the first principle
fr(x) — llm -f(x+ h;_f(x)

A0

B lim{x+h—1)(x+h -2)~(x~1)(x-2)
A0 h

_ (xg+hx—2x+hx+1f—2h—x—h+2)—():2—2x—x+2)
=lim
h—( h
. 2hx+h*-3h

:lim(2x+h-3)

B0

=2x-3

" 1
i) Let 7=

Accordingly, from the first principle
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(o L) (%)
f(x)_k_r’ra h
L A
)
h—0 h

_ x4+l

vy Let 7 =35
Accordingly, from the first principle
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g/ (FHR) =1 (%)

f'(x) h—0 h
(x+h+1__:c+l]
. x+h-1 x-1
=lim
= h
; l_(x—l)(x-kk+1)—-(x+])(x+h—l)
=lim—
h-0 Jy i (x~ 1)(x+h~])
", G ) N
=liml (x thetx—x—h 1) (x +hx—x+x-h 1)
h—0 Jp (x=1)(x+h-1)
il -2
_;c—>0h_(x—1)(x+h—l)

:lim{ = :|
ol (x=1)(x+h-1)

-2

T (-1)(x-1)

Question 5:
For the function
100 99 2

f(x)zx— X

X
+—F.+—+x+]1
100 99 2

Prove that f’(l) =1 OOf’(U)

J'CHJO x99 2
TR 1
The given function is (%)= TR
100 o
if(x) AR x +—+x+1
dx dx 100 99 2
d d(x" d(x d
— = i ol & +—l
) dx[](}(}} [99] a(x(zJ ARy
i(xn ) s m:f—l

On using theorem dx "we obtain
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99 9%
if(x)zmox +99x +...+2—x+1+0
dx 100 99 2

=x7 +x® +.  +x+1

r _ 99 98
Therefore, f (x)—x s g i S +x+1

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

L(O)=1"+1"+...+1+1
=[1+1+....+1+1]
—1x100
=100/"(0)

100 rerms

Thus, f'(1)=1004"(0)
Question 6:

n=2

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

Letf(x) =g +a" A Rd e

%f{x} = %(x” +ax™ gt +...+a”"x+a”]

Yoo wr(x ) L )

i(x"):nxf"',
On using theorem dx we obtain
f'{x)= nx"'+a(n-1)x"7* +a’(n —2)3«7”'3 +...+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 (r—a)(x=b)
(11) (ax2+b)2
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() Let /(x)=(x—a)(x-b)
Therefore,

f(;x:):x3 —(a+b)x+ab

= %[f —(a+b)x+ab]

=i(x2)—(a+b]j—i(x)+§(ab)

dx

= (x" ) =nx""

On using theorem dx " we obtain

f(x)=2x—(a+b)+0
=2x—a-h

: o
(i) Let /(x)=(ax"+b)
Therefore,
F(x)=a’x"+2abx* +b’
= %(azf +2abx’ +b3)

=a i(x4)+2.arb%(xz)+%b2

dx

d n |
. —|x" )=nmx"", .
On using theorem a{x( ) we obtain

f(x) =g’ (4.3:3 ) - 2ab(2x) +b (0)
=4a’x’ +4abx

= 4£1x(ax2 +b]

i _x—a
i) Let 7T 3 5

Therefore,
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7= {2

By quotient rule
(3-8) 5 (x-a)~(x-a)  (-8)
] (x-b)
_ (x=b)(1)—(x—a)(1)
(x-b)
:x—b—x+a
(x=by

__a-b

(x-b)

/(%)

Question 8:

Find the derivative of x—a  for some constant a.

n n

x"—a
Let f(x) - x—a
, 3 i x!l _aﬂ
f(x)= dx[ X~ J
By quotient rule,
(x—a)i(x" —a")—(x“ —a”)i(x—a)
fr(x) = 22 2 &
(x-a)
(x—a)[nx”" —0) —(x" —a")
) (x—a)’
_nx" —am™ - x"+a"
(x—a)’
Question 9:
Find the derivative of
3
2x——

(i) 4
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(5% +3x—1)(x-1)
x_3(5 +3x)

2 (3-6x7)

x5 (3—4x'5)

2 x’

(ii)
(iii)
(iv)
(v)

(viy x+1 3x-1

i) Let f(x)= (5)&"3 +3x— I)(x—l)
By Leibnitz product rule,
L(x)=(5% +3x—l)%(x— |)+(x-1)%(5x'-‘ +3x-1)
= (55" +3x-1)(1)+ (x—1)(5.3x* +3-0)
=(5x" +3x 1)+ (x-1)(15x* +3)
=5x"+3x—1+15x" +3x—-15x" -3
=20x" —15x* +6x—4

iy Let f/(%)=x"(5+3x)
By Leibnitz product rule,
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Flg)=« %(&L 3x)+(5+3x)%(x_—3)

0+3)+(5+3x)(-3x7"")

-3 (

7 (3)+(5+3x)(-3x7)
3x7 —15x7 -9x~
=—6x"—15x"

X
X

(iv) Let f(x)=x (3_6x_g)
By Leibnitz product rule,
f’(x):xj%(3—6x'9)+(3—6x'9)%[f)
=x°{0-6(-9)x""} +(3-6x7")(5x")
=x°(5457°)+15x" =30~

=24x" +15x"
=15x*+ ﬁ
&

m  Let f(x)=x*(3-4x7)
By Leibnitz product rule,
1 —4 d -3 e d —4
f (x)zx E(Bwﬁlx )+(3—4x )E(X )
=x*{0-4(-5) 2"} + (3 4x%) (—4)x
=x7 (2027 ) +(3- 427 ) (—4x7)
=20x7" -12x7 +16x7"

=36x"" -12x7
_12 36

g e
x: Xm

2
vi) Let f(x)—m_&r—l

()2 d( 2 )4 x
! (x)_dx[erlJ dx{Sx—l]
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By quotient rule,

—_— (“U%(Z)—Z%(xﬂ) _ (3x—l)d%(x2)—f:—x(3x—l)
| (‘”[)3 (Erx—]):l

(m)(o)2(1)H(3x1)(zx)f(3)]

(x+1)’ (3x-1)°

__2 {6)5 —2x—3x3w
(JHI)2 (3:{—1)2

-2 : _1(3);—2)
(x+1) (3x—l)2

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

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

f'(x)=lim it s i)

h
i cos [x+k) —Cos (x) ]
A0 h
=lim

cos xcosh—sin xsinfi—cos x
R0 h

i —cosx(l—cosh) ~sinxsinh}
= l1m

Lzl h h
. (1-cosh . . (sinh
=—cosx|lim —sinx| hm
h—0 h fr—0 h
= —cos x(0)—sinx(1) { lim 2= _ 6 g 1im S22 - 1]
fi—0 h =0 &
=——giny

Question 11:

Find the derivative of following functions:
(i) $in xcos x

(ii) secx

(i) Ssecx+4cosx

(iv) coseCx
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(v) 3cotx+35cosecx

(vij Ssinx—6cosx+7
(vij 2tanx—Tsecx

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

f'(x):},ifg f (x+hz_«f (x)
B 1msin(x+.fqi)q'.:n:)s,(erh)—sinxc:n:)sx
_H—’U h

= }Ti_l;rgzl—h[Zsin(x+h)cos(x+ h)—2sinxcos x}

= Llr)r[}ﬁ [sin 2(x+ h) —sin 2x]

o 2x+2h+2x . 2x+2h-2x
= lim—| 2cos .sin
B0 2h h

4x+2h . 217}
LS —

e

:limL 2¢cos
fi—30 Zh
o .
=L1_12}; cos(2x+h]smh:|

sin /A

f'(x)=limcos(2x +h).lim

h—0 h—0
=cos(2x+h).1

=cos2x

(ii) 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 —
k=0 Jy oosxcos(x+h)
_—2sin X+x+h “in x—x—h
= Jim—
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]+4hm [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} [ cosx(0) - sinx( )J
. [h} . [2x+h]
sin| — sin
5 . 20 . 2 -
= Jdim Jim —dsinx
cosx A—0 [ﬁ] w0 cos(x+h)
2
= > .Smx.l—4sinx
COSX COSX

=5secxtan x— 4sinx

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

(o) =g LR =S (x)
f'(x)=lim .

f—0

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

1 1 1

=lm—| — :
=0 _Sm (x+ h) Sin X:’

1 _sinx—sin(x+h)}

i->0 | sinxsin (X+h)

[x+x+h) .[x—x—h}
2cos .sin
1 2 2

0 fy sin xsin (x+h)
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7/(x) = lim~ Zcos[zx;kj'sm['_zh}

450 Jy sin xsin (X+h)

fzze(3)
Sl

=lim

h—0 sinxsin(x+h)
. (—h
sin| —
—enc| 2XTh [ 2)
== sin| —
. 2 : 2
lim lim

20 Sinxsiu(x+h) ';’..,U (k]

[ —cosx ]l
sinxsinx )’

= —C0ScC xcot x

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

s f(x+h)=f(x)
f'(x)=1lim 5

=lim l[:3(:0t(,vc~i-h)+ 5 cosec(x +h)—3cotx—5 cosec x]

=3lim %[cot (x+h)-cotx [+5 lilil,rg%[cosec(x +h)-cosec x]

Now,

D)


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

limi[cot (r +h) —cot x] =lm—

1|cos(x+h) cosx
h=0 Jy h-0 f1| sin (x - h) sinx

1| sin(x—x—h) |
=lm—| ——
70 | sinxsin(x +h)

1| sin(-h)
=lm—| — =
50 fp| sin xsin (x+h)

. —sinh .. 1
=Iim Jim| — :
w0 ko ho0| sinxsin(x+h)

1 —1 .
=—].— - =———=—Ccosec’x
sin xsm(x+0) sin’ x

1 w1 !
LIL%Z[COSGC(H h)—cosec x] :lfgrc}%_sin(er ) - sinx}

=lim—| — -
h=0 | sinxsin (x+ h)

i {x+x+h} \ {—h]
2¢cos sin| —
1 2 2

1 _sinx—sin(er h)}

=lim— - -
h=0 smxs1n(x+h)
I 2x+hY . (—h
2co8) ——— |.sin| —
.1 2 2
=lim— - -
h=0 s1nxsm(x+h)

sin _—h
cos 2x+ h 2
) 2
=lim - -
h—0 sin xsm(x+ h)

(2x+h] . [h]
—cos sin| —

) 2 ) 2

=lim

=0 sinxsin(x+h) "0 {ﬁj

2
:[ —Ccos x J'l
sinxsinx
=—cosec xcotx
From (1), (2) and (3), we obtain

f"(x)=-3 cosec’x -5 cosec xcot x

il 2)
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(vi) Let f(x) =5sinx—6¢cosx+7
Accordingly, from the first principle,
x+h)-f(x)
h

J'(x)=1lim /{

h—0

:Lig;n%[isin(x+h)—6<:os(x+h)+7—SSinx+6cosx—?]

= 5!1_13*{1% sin(x + h)—sinx}—ﬁlhim%[cos(x+ h)—cosx]

o xth+x) . (x+h—x . | cosxcosh—sinxsink—cosx
=51m(1£ 2cos ) sin —6lim p

=5liml zcos[2x+h]‘sm(%] _6hm{—cosx(l—00;h)—sm xsmh}

Fiad

h

. [ h
sm[ ] o
- l-cosh
J’rr(a"ﬂ)=51iml cos[2x+h]. [ 2 ]t’)lim[ cosx(h Cog )_SlnxSlni'?}

30

. (h
ot sal) KN
= 5{]im COS[MH lim 2 —6{—005 x[lim 1_COShJ—sin x(lim—smhﬂ
k 2 - 0 R a0 Jy

=5cosx.l—6[(—cosx).(0)—sin x.]}

=5cosx+68inx

(vii) Let /(x)=2tanx-7secx.
Accordingly, from the first principle,
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f'(x):limf(

h—0

:hml[

h—=0 |

x+h)—f(x)
h

2tan(x+h)—7seo(x+h)—2tanx+7secx]

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

~2lim+ Sm(ﬁh}—smx}ﬂiml{ SN }
COS(

h—0 h

1

=2lm—
h—=0 J

25in(2x
—2{lim(smh] ! }ﬂiml

a=0 h

_cos(x+h) COS X x+h) cosXx

—7lim—
h=0 h

7cosxsin(x+ h)fsinxcos(x+ h)} 1 {cosxcos(x+ h)}

cosxcos(x+h) cosxcos(x+ h)

C(x+x+hY . (x—x-h
oo —2s81n sin
1 sinx+hA—x o1 2 2
—7lim—

h0 fp cosxcos(x+h)

e

h0 f cos xcos (x+ k)

_cosxcos(x+h)

h jcosxcos(x+h)

=2 [hm
h—0

=2x1x1

. (h] . (2x+h]
_ sin| — sin
sinh Y| .. 1 ) 2 ) 2
} lim -7 llm——=2 || lim
h =0 cos xcos (x+h) h—0 [E] =0 cos xcos ( x+ h)
2

1 sin x
7K
COS XCOS X COSXCOSY

2z
=2sec” x—Tsecxtanx
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MISCELLANEOUS EXERCISE

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

1 —x
Giy (—x)°

(iii) sin (x + l)

(iv) Cos(x _%J

(i) Letf(x)=-x
Accordingly, f(x+h)=—(x+h)

By first principle,
vE f(x+h)—f(x)
FiEl= I h
= lim _(x+ h)_(_x)
f=l) h
. —x-h+x
=lim
hi—) h
= lim_—h
h—0 h
=lim (—1)
J1—=0

(ii) Let f(x)=(=)" = [m—lx-] . _‘r_l

f(x+h)=
Accordingly,
By first principle,
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J'(x)=lim

Ji—0

= Iiml_ -1 _(—_1]
I h _(X-l-h) 3

o
=lim—

JJ—}(]h“W
_ 1
S0 x(x+h)
=%
- Xk

I

3
X

(iii) Let f(i")=sin(x+1)

Accordingly, _f(x+h) = sin(x+h+ l)

By first principle,
S (%) =limf(x+h2_f(x)

h—0

=liml sin(x+h+1)—sin(x+l)]

=0 Jp

b0 fy

2

.1 x+hA+1+x+1) .
=lim—|2cos| —4———— |sin

1 2x+h+2\ . (h
=lim=|2cos| == "2 | sin| —
A0 fp ) 5

= hm cOS
h—0

sin E
2x+h+2 )
2 [hj
2

! (h]

sin| —

- 2x+h+2) . 2
=11mcos(Tj.hm

=0 an (h]
2 _
2

[2x+0+2]
=Cos — 1

=cos(x+1)

T
(v) Let” (x)_COS['x?]

2

[Ambgﬂ

[ lim sin x =1}
-0 X
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F(x+h) =cos[x+h —Ej
Accordingly, 8

By first principle,
£ ()= tim LRI )
-0 1

1 ' T B 2
=lim— cos{tz——]—cos(x——]
k-—>Uhu 8 8

T T

. (x+h— +x—8] LN
= lim—| —2sin sin 8 8
h—mh 2 2

) T
; 2x+h—— ;
=Iimi —2sin| —— 4 ‘sin(éj
2 2

Vo sin(E]
4 2

h—0 3 (}1]
2

| ]l
Dy sin| _ .\
—lim| —sin| ——4 || lim [Ash —>0= 2 0]
-0 2 g_,f, [}_1] 2
I 2
2x+0-2
= —gin| —&—%. | }
P

—sin

I

w4

|
|3
b S

Question 2:
Find the derivative of the following function (it is to be understood that a is fixed non-zero

constant): (x+a)

Let /(x)=(x+a)

Accordingly, S(x+h)=x+h+a
By first principle,
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f(x+h) f(x)

f'(x)= Lim

x+h+a—x—a

=lim

' (hJ
=lim| —

h-s0\ |
=limgl)
=1

Question 3:
Find the derivative of the following functions (it is to be understood that 7. ¢, " and s are fixed

px+ q)( + s]
non-zero constants): X

10

By Leibnitz product rule,

7 (x)= (px+q( )+[i+sj PX+q)

X
¥
—+s]

~(peeq) ()4 Zesp

X

a3}

S
X X X

(px+q) X +s +

O
).Q

-
= 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)(cx+d)

Let /'(x)=(ax+b)(cx+d)’
By Leibnitz product rule,
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f'(x) :(ax+b)j_x{cx -+-d)2 +(r:x+a’)2 £(f:m-H'))

dx
s (m: +b)%(czx2 + 2cdx? +d2)+(cx+ d)z %(CH + f))
- (C{x-l—b)|:%(02x2)+%(2L‘dX)+%(dz):| +(f;x+-:7')2 [%(ax)Jr%(b)J

=(ax+b)(2c3x+2cd)+(cx+d)3 a
= 24:'(4:;::‘ﬂ‘))(C}c‘Jm:@’)+a(cx+cfa.’)2

Question 5:

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

ax+b

Let =
etf (x) ex+d
By quotient rule,

d d
i (cx+d)g(ax+b)—(ax+b)£(ar+d]
(ex+d)°
_(ex+d)(a)-(ax+b)(c)
- (cx-i—d]z
_acx+ad —acx—bc
- (cx+d)2
_ad-bc
(ex+d)

/(%)

Question 6:

Find the derivative of the following functions:  x

l+i x+1
X _ X _ X _x+l
I(X)_i__l_ x—1 _x—l,
Let X % where x#0

By quotient rule
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(x—l)i(x+])—(x+l);;(x—l)

1(3)= -
_=D()-(+1)()
(x-1)

== x=1
=W,x¢0,1

,x=0.1

%2001

Question 7:

Find the derivative of the following function (it is to be understood that @,b,¢ are fixed non-
1

zero constants): ax’ +bx+c

1
ax’ +bx+c

Letf (%)=

By quotient rule,

(ax® +af;uc+c)%(l]—%(afxZ +bx+c)

(af + bx + 0)2

_ (ax” +bx+c)(0)—(2ax+b)

f(x)=

(ax3 + bx+c);l
_ —(2ax +b)

{ax2 +bx+c)2

Question 8:
Find the derivative of the following function (it is to be understood that 4.0, p,q.r are fixed
ax+b

2
non-zero constants): px° +qgx+r

(x): ax+b

Let pxz +gx+r


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

By quotient rule,

2 a! Cf 2
d +gx+r)— ‘|‘b = +b = + + 7
| _'{ ) (‘Ux qx ) (a.x ) (ax : ) (})x gqx )

(px2 +qx+r)h

(pw2 +gx + r)(a)—(ax+b)(2px+q)
(px2 +gx+ r)2

_apx” +aqx +ar — agx — 2bpx — bq — 2apx’

]

(pf +gx+ r)“
_ —apx® —2bpx +ar—bg

( pxt+gx + r]z

Question 9:
Find the derivative of the following function (it is to be understood that @, b, p,¢.7 are fixed

px’+qgx+r
non-zero constants):  ax+b

2
N DPX tgx+r
Let /(%) ax+b
By quotient rule,

(ax+b) i-(pxz +gx+ r)—(p)«f2 +gx+ r)g; (ax+b)
({'.‘Jchb)2
(ax+b)(2px+g)—(px2 +gx+r)(a)
(mc+b)2
2apx® + aqx + 2bpx + bg — apx’ — agx — ar
B (ax+b)2

_ apx® + 2bpx + bq— ar
(ax+?‘9).2

£

Question 10:

Find the derivative of the following function (it is to be understood that 4. ? are fixed non-zero
a

+COs X

2

constants): x* x’
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= a(—4x’5) *b(—2x4) + (-5m x) [ E(x”) =nx"" and %(coa x) =—sin x}

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

1(x) = {4 -2)
&R Zo=a (<o
—4 %xé_lj{zfi"]
2

Question 12:
Find the derivative of the following functions (it is to be understood that @0 are fixed non-

zero constants and 7 is integer): (ax+b)

"

Let /(x)=(ax+b)

Accordingly, / (x+h)={a(x+h)+b}" =(ax+ah+b)’
By first principle,
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(s L
. (ax+ah+b) —(ax+b)
_EE% h
n ah 4
by |1 — b
e )[Uﬁb] (ax+)
h—0 h
_(aerb)nLirr%; {lJrn( ahb]+n(n21)[ ahb]:”}ll (Usingbinomialtheorem)
- ax+ ax+

o (Terms containing higher degree of h)

0 (ax b)) 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

(ax+ b)’ (ex+d)

m

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

Let _f(x):(ar+b)” (cx +a’)m
By Leibnitz product rule,
' _ J?E‘ , " § mi n
I (x)-u(ax+h) dx(ax+d) +(cx+d) dx(ax+!)) (l)
Now,
Let /i (¥)=(cx+d)

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

n
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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)

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

—(ex+d)" lim| 7 +m(m_l)czh+...
R {( }

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

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

B mc(cx+ d)m
a (cx+ d)
:mc(chrd)m_l
i(cx+af)m = J’nr:(«t:x+d)m_I i 2)
Hence, dx :
d n-1
b = ! (3
Similarly, dx (ax+ ) galey (3)

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

f'(x)=(ax+b)’ {mc(chrd]m '}+(cx+d)m {na(ax+b)”"'l}
:(ax+b)”"| (cx+d) m [mc wc+h)-—na(cx+dﬂ

Question 14:
Find the derivative of the following function (it is to be understood that « is fixed non-zero

constant); S (x+a)

Let /(x)=sin(x+a)
Accordingly, / (x+h)=sin(x+h+a)
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By first principle,

_ . flx+h)—flx
f (x)z}}gg ( ]3 ( )
—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+h 2
=lim—| 2cos| ——M— —
heoh 2
- ﬁ C
) (2x+2a+hj 2
=lim—| cos
=0 f h
3)
sin(ﬁj
=limco Zx+2a+h lim N2 Ash—>0:>ﬁ—>0
h—0 2 290 ﬁ 2
2
=cos(2x+2aj><l { hmsmle}
x—0 x
=cos(x+a)

Find the derivative of the following function: cosec xcot x

Let / (x)=cosecxcotx
By Leibnitz product rule,

f"(x)=cosec x(cot x) +cot x(cosec x) (1)

Now,
Let fj(r) =cotx

Accordingly, /i (x+h)=cot(x+h)
By first principle,
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f(x-t—h)—f(x)

f’(x) = lhlng =
i cot(x+h)—cot(_r)
- EEE h
1 cos(x+h) COS X
=lim—| — -
/] Slfl(.’C‘i‘h) sinx

—

manlll sin xcos(x+ h)—cns xsin (x+ h]J

h=0 J sin xsin (x + h)

.1 sin(x-x-h)
=lim—| — ;
=0 il sin xsin (x +h)

_ 1 hml[ sin(—h)]

sin x 40 f sin(x+h)
-1 (.. sinh}|.. 1
=— lim lim——
sinx\ =0 A h=0 sm(x+h}

-1 :

=—— 1>/ lim—

sIN X h—0 sm(x +0)
-1

2
Sl X

= —cosec’x

Therefore, (ot x) =—cosec’x ..(2)

Now,
Let /> (x] = CcOSec x

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

By first principle,
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Lo (x+h)- £, (x)

£ (x)=lim >
= LI_I’TS —[cosec(x +h) —cosec(x)]

o1 1 1
=lim— -
h(sin(x+h) sinx}

h—0

]{ﬂnx—sm(x+h)J

=l sinxsin (x+4)

h—0 h

[x+x+h) i [x—x—h]
2cos sin
1 1 2 2

:—1. —
sinxf}mh sin (x +h)

I 2x+hY . (—h
2005( ]sm —J
' | ] 2 2
£ (x)= (

=—lim— —
sin x #0 k4 sin (x+h)

: [h] [2x+h]
—sin| = | cos
l 1 2 2

= lim —

sinx #0 h [h) sin (x+h)

[2x+h]
cos

. 2

lim

2
h] 70 sin (x+h)

sin E
-1 2

=——1Iim
§in x k-0 (
2
(2x+0}
cos
=] 1 2

Csinx sin(x+0)

-1 cosx

sinx sinx

=—C0Sec x. cotx

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

From (1), (2) and (3)
S'(x)=cosec x(— coseczx)Jrcotx(— cosec x cot x)

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

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

; COS X
Let /(%)= 1+sinx
By quotient rule,

; d d :
(1+sin x)a(cos x)—(cosx)a(Hsmx)

(%)=

-
2

(L+sinx)

_ (1+sinx)(—sinx)—(cosx)(cosx)

(l +sin x)2

—sin x —sin® x —cos” x

(1+sin x)2

—Sin x — (sin2 X+ cos’ x)

(1+sin Jt:)2
_ —sinx—1
- (1+sin ):)2
_ —(l-sinx)
- (1+sin x}3
-1

B (1+sin .vc)2

Question 17:
sin x + cos x
Find the derivative of the following function: sinx—cosx

(x)= sin x+cos x
Let "
By quotient rule,

Sin x —Ccos x
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(sinx—cos x)%(sin X +cos x)—(sin x + cos x}%(sinx— cosx)

CE

(sinx —cos ﬂc)n

B (sin X—COS x)(cosx—sin x)—(sin X +cos x)(cos X+ s x)

(sinx—cos x)2

—(sin X —cosx)‘ — (sin X+ Cos x)L

(sinx—cos x)z

—[sin2 X+c0s” x—2sinxcos x +sin’ x + cos® x + 2sin x cos x:l

(sin X —Cos :Jc)2
-[1+1]
(sinx—cosx)’
-2

(sinx —cos Jc)2

Question 18:
secx—1
Find the derivative of the following function: secx+1

1
— 1
.(x)zsecx—l _cosx _l-cosx
secx +1 1 o l+cosx
Let COS X

By quotient rule,
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(1+cosx)jx(l—cosx)—(l—cosx);x(l+cosx)

4 (x)— (1+cosx)2

B (1+cosx)(sin x)—(l—cosx)(—sin x)
- (l+cosx)2
_SIN X+ COS XSIN X +Sin X — SIn XCOS X
- (1+005x)2
_ 2sinx
- (1+cosx)2
_ 2sinx
- 2

[t+es)

sec x
_ 2sinx
- (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

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

Let y=sin"x
Accordingly, for n=1, y =sinx
dy -
— =COS8X, Le.,, —SINX=C05X
Therefore, dx dx

For n:2,y:sin2x
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. i(sinxsin x)
dx dx

= (sin x)’ (Sin x) +sin x{sin x)’ [By Leibnitz product rulc]
= COS X S1N X + 81N X COS X

=2sinxcos x el k)
For rz=3,y:Sin3x

% = % (Sin xsin’ x)

. f - - . ' - .
= (sinx) sin’ x +sin x(sm2 x] [By Leibnitz product rule]
= cosxsin’ x+sinx(2sinxcosx)  [using (1)]
= cosxsin’ x +sin’ x cos x

=3sin’ xcosx

(n-1)

—(Sin” x) =pnsin XCOSX

We assert that dx

Let our assertion be true for n =%

d -k . (;(_|}
—|(sin" x)=k bl 2
i.e., (‘ilﬂ I) s XCOSX ( )

Consider,

% (sin"” x) = %(sin xsin x)

=(sin x)’ sin® x +sin x(sin"' x)’ [By Leibnitz product rule]
=cosxsin* x +sin x(k sin*™ xcos x) [using (2)]

.k & ik
=cosxsin” x+ksin® xcosx

=(k +1)sin* xcosx
Thus, our assertion is true for n =k +1

Y s (n-1)
—-(Sm X)ZnSlll FXCOSX

Hence, by mathematical induction, dx
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Question 20:

Find the derivative of the following functions (it is to be understood that 4,b,¢,d are fixed
a+bsinx
non-zero constants): c¢+d cosx

a+bsinx

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

N (o . ad :
_(c+dc05).)dx(a‘bsm,1) (a+bsmx)dx(c+dcosx)

r'(x)=

_(c+dcosx)(bcosx)—(a+bsinx)(—dsin x)

(c+dcos x):

(c +d cos Jc)2

chcos x + bd cos® x + ad sin x +bd sin* x

(c+dcos x]2

. “ » ]
bccos x + ad sin x+bd(cos“ X+sin” x)

(c+dcos Jc)2

_ bccosx+adsinx+bd

(c +d cos x)2

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

i B sin (x+ a)
Let S (x)= cosx
By quotient rule,

cosx% [sin(x+a)]-sin(x+ a)%cosx

(%)= cos’ x
s [sin(x+a) | -sin(x+ a)i (—sinx)
dx dx

- ()

2
CcOs™ x
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Let &(x)=sin( x+a)

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

By first principle,
(o) =g S ) -2 (%)
()= £

=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

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

Iix)= cos® x
~ cos(x+a—x)
 cosix
_ cosa
a Cﬂgz X

Question 22:

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

Let f(X)= x4(5sinx—3(:osx)
By product rule,
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N . d . : d, .
= x* % (5sinx—3 Ssin x—3cos x) -
S'(x)=x"—(5sinx—3cos x)+(5sin x—3cos x)—(x*)

= x* [S%(sinx)—B%(cosx)]—r (5sinx—3cos x]%(x“)
= x'[ Scosx—3(-sinx) |+ (5sinx—3cosx)(4x")

=x’[5xcosx+3xsinx+20sinx —12cos x|

Question 23:
Find the derivative of the following functions (it is to be understood that % &:¢: @, p, ¢, and s

2
. x°+ ])cosx
are fixed non-zero constants and m and n are integers): (

Let /(%)= (x2 + l)cosx
By product rule,

fi(x)= (x2 + l)%(cc‘sx)+cosx%(x2 e 1)
= (xz T 1)(—5in x)+cos x(2x)

=—x’sinx—sinx+2xcos x

Question 24:
Find the derivative of the following function (it is to be understood that 4, P, ¢ are fixed non-

zero constants): (ax® +sinx)(p+qgcosx)

Let f(x) = (ax2 +sin x)(p + g cos x)
By product rule,

f'(x): (m:2 +sinx)%(p +q cos x) +(p1%](:0536)%(mc2 +sin x)
= (i::a.x2 +sinx)(—qsin x)+(p+qcosx)(2ax+cosx)

= —qrzv,inx(mc2 +sin x)+(p+qcosx)(2ax+ cosx)

Question 25:

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

S'(x)=(x+cos x)%(x— tan x)+(x— tan x)%(ﬁcosx)

:(x+cosx){%(x)—»i(tanx)}+(x~—tan #y{1—si)

dx

=(x+cosx)[l—di(tanx}}+(x—tan x)(1-sinx) ol 1)
x

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

1 1 1
cosx cos(x+0)

_ 1
cos” x
=sec’x (2)

Therefore, from (1) and (2), we obtain
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Six)= (x+cosx)(l —sec’ x)+ (x—tanx)(1-sinx)
:(x+cos.vc)(—t.=,m2 x)+(x—tan x)(1-sinx)

=—tan’ x(x+cosx)+(x—tanx)(1—sinx)

Question 26:

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

" 4x+5sinx
flx) =i

Let - T 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)

_ (3x+7cosx)[4+SCosx]—(4x+SSin x)[3—7sin x]

- (3Jc+7cosx)2

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

- (3x +7 cos x)2

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

- (3x+7v::v0sx)2
35+ 15xcosx+28cosx+28xsinx—15sin x
= 2
(3x+7cosx)

Question 27:

2 A
X COS| -
(4j

Find the derivative of the following function:  sinx
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oo 7
X COs| —
_\4)

Let /(x)= sin x
By quotient rule,
[ o ey sl
sinx—(x?)—x” = (sinx)
LY n dx dx
f(x)—cos[4] sin’ x

e [5] sinx(2x) - x° (cosx)}

4 sin’ x

xcos%[Zsin X—XCOS x]

qin’ x

Question 28:
X

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

X

Let f(x)—

_1+tanx

(1+Ianx)£(.r)—(x)%(1+tanx)

7=

(l+tanx)2

d
I+tanx)—x—(1+t
_( +tan x) xdx( +tan.x)

- (1)

(1+tan Jr)2

Let g(x)=1+tanx

Accordingly, &(x+h)=1+tan(x+h)
By first principle,
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g'(x)=lim .
=hm|i1+tan(x+k)—1—tanx}
Bl h
: 1_si11(x+h) sin x
=lim— —
h=>0 h“oos(x-f-h) cosx

5 1_sin(x+h)cosx—sinxcos(x+h)
=lim—
h0 fy cos xcos(x +h)

1l sin(x+}1—x) ]
=hm—
h>0 | _c,os(erh) COSX |

1 sin h
=lm—
h0 J cos(erh)cosx

. osimmhy| . 1
=| lim lim
>0 -0 cos(x + h) COS X

1
2
cos’ x
1
cos’ x
=sec’x ol 2)

=1x

From (1) and (2), we obtain

_ l+tanx—xsec’ x

(1+ta11x)2

f'(x)

Question 29:

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

Let J(x)=(x+secx)(x—tanx)
By product rule,

/(%) ={x+secx)%(x— tan x)+(x — tan x)%(:ﬁ secx)
={x+secx)[%(x)—%tanx}+(x—tanx)[%(x)+%secx}

=(x+secx) [] ~ 2 tan x]+(x—tan x)[l L x}
dx dx
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Let fJ(X) =tanx, f, (\*) =secx

Accordingly, Sfi(x+h)=tan(x+h), f,(x+h)=sec(x+h)
R e
zgm|:tan(x+]i;z)—tan x}

zliml_sin(x+h) B sinx]

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

| [ sin (x+h)cosx—sin XCOs (x+h)
=lim—
h—0 f cos(x+h)cosx

1 sin (x+/—x) ]
=lim—
=0 f cos(x+h)cosx_

o1 sin A
=lim—
h>0 oos(x+h)cosx_

. sink[ . 1
=| lim lim
=0 h A0 cos(x+h)cosx

=1x !

_ 1

=sec’x (2)
- L)

=lim

=0

(sec(x E h)—secx}

h

=lim— I .
"0 h\ cos(x+h) cosx

1 {cosx—cos(x+‘ !1)}

=lim—
cos(x+h)cosx

=0 }1
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I {x+x+hY . (x-x-h
1 1—2sm 5 .81n 2
"(x) = lim —
fz() cosx -0 f cos(x+h)
. (2x+hY . (-h
—2sin sin| —
1 .1 2 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 2 ﬁ—)O (hj
2

2
=secy .
lim cos (x + h)
h—0
sin x.1
=SecX.
COS X
=secxtan x

—(secx)=secxtanx
Therefore, dx( )

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

F'(x)= (x+se0x)(1 —sec’ x)+(x- tan x ) (1+sec x tan x )

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

> X
Let / (l)“ sin” x
By quotient rule,
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_f"(x)= dax

- 2
sin”” x

. —sin" x =nsin"" xcosx
It can be easily shown that dx

Therefore,

sin” x—x—x—sin" x

f’( x) _ dx dx

sin®” x

sin” x.1— x(n sin”! xcos x)

sin™ x
sin""' x(sin x— nx cos x)

sin” x
_ SINX—AxXCOSX

s+l

sm X
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