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Exercise 13.2

Question 1:

Find the derivative of x2 - 2 at x = 10.
Answer 1:

Let f(x) = x> — 2. Accordingly,

£(10+h)- £(10)

FESE=,;
[(10+h) ~2]~(10*-2)

= lim

Sral) l]

1P +2.10h+0 =2-10°+2
= lim

fr-a0 h

. 20h+ I
= lim—

Jral) /7
—h 2 =(?2 =9
Ll_lm(-OJrh) (20+0)=20

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

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

Let f(x) = 99x. Accordingly, f’(lOO+h)— f(lOO)

99(100+ A)—=99(100
= lim ( 2L z) ( )
fr—0) h
. 99% 1004994 -99x100
= lim
=) h
. 994
= [im—
) h
=Iim(99)=99

S
Thus, the derivative of 99x at x = 100 is 99.
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Question 3:

Find the derivative of x at x = 1.

Answer 3: _
1+ h)- (1

Let f(x) = x. Accordingly, £'(1)=1lim f(1+h)-£(1)

h—0 h

1+h)-1
=Iim(—’)—

fi—0 h

. h
=lim—
Ji—0 h

=lim(1)

=0

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

Question 4:
Find the derivative of the following functions from first principle.

(i) x3 - 27 (i) (x-1) (x-2)
(iii) = (iv) ¥4
Answer 4:

(i) Let f(x) = x3 - 27. Accordingly, from the first principle,
f(x+h)-f(x)

f(x)= lim - =
— [(x+h) =27]—(x"-27)
h
lim x*+ 437 h43xh - x°
hr=0 h
s I +3xh+3xh’
fi=+0 h

=lim(/#* +3x" + 3xh)

fi—s0)

=0+3x" +0=3x"

www.tiwariacademy.com

A Free web support in education
—_—

2



www.tiwariacademy.com
www.tiwariacademy.com
www.tiwariacademy.com
www.tiwariacademy.in

Mathematics

www.tiwariacademy.in
(Chapter — 13) (Limits and Derivatives)
(Class XI)

(ii) Let f({x) = (x - 1) (x - 2). Accordingly, from the first principle,

f'(x)=lim flxth)-1(x)

sl h
_lim (x+h=1)(x+h=2)=(x=1)(x-2)
[N h
" (.\'3 +hx=2x+hx+h* =2h—x—h+ 2)—(.‘(" =X =X+ 2)
=lim :
() h
' (h,\'+hx+h: —2/1—/1)
=lim
fr—3() h
. 2hx+h*=3h
= lim———
fr—a() h
=lim(2x+h-3)
=(2x+0-3)
=2x-3

(iii) Let f(.»:):l

>3

Accordingly, from the first principle,
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(x+h)-f(x)

= lim
-0

= lim—
fr—0) l’

=lim-—l—

hail h

fe—

=lim—
fe—0 h

h
| 1

(o) %

h

(x4 h): ]

i x(x+ h):

X=x>=- -2
X (x+h)

~

X (x+h)

—h =2hx ]

3 -h=-2x
=lim| ———
A0 [.\" (x+h) }

_ 0-2x

) (x+0)

2
3
b

f(.r) . r_“ . Accordingly, from the first principle,

x—1

(iv) Let

f(x+h)-f(x)

P
x+h+l x+1
_“m(.\'+h—l .\'—l)

h->0 h

—_— (x=1)(x+h+1)—(x+1)(x+h-1)
D (x=1)(x+h-1)
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i ](.\‘:+h\'+.\'—x—h—I)—(.\'z+hx-x+.\'+h—l)
~ i h (x—1)(x+h-1)
= Iiml— =

=0 f| (x=1)(x+h-1)

~ !.i.'zl{(x—')(—;+ = IJ

=2

s

Question 5:

For the function
\_lui- \_w ‘.:
(x)=——+—+...+—+x+1
j( ) 100 99 2

Prove that f"(1)=100/"(0)

Answer 5:
The given function is
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10y 0y 2
. X x 2.9
X)=—+ +.t—+x+1
/() 100 99 2

d . d|x" x x°
—f(x)=— +—F . —+x+]
dx dx| 100 99 2

: 1% 60 P ) $
i,/'(.\')=i ki PR [ iy PO A i +‘—i'.\')+i(l)
dx de\ 100 ) dxl| 99 dx\ 2 dx dx

99

On using theorem T(r )=nx' ', we obtain
dx

3 3 ) 99"\N 2--
ij(x)zmm T LR S N
dx : 100 99 2

=x" +x .+ x+1

SL(x)=x"+x" 4 x+]

Atx=0,

r'(0)=1

Atx=1,

S () =P +1"+ +1+1=[1+1+..+1+1] =1x100=100

100 terms

Thus, f/(1)=100x f'(0)

Question 6:

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

Answer 6:
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Let f(x)=x"+ax""+a'x" +..+a" 'x+a"

¥ (/ | ) - " "— "
.'.j'(.\'):—(.\" +ax" ' +a’ X" +..+d" 'x+a )
dx

1/ . - 50 I s d [ 4o o d B
=:,7(.\‘ )+a:17(.\' ')+a :—‘(\ )+...+a ':17(.\')+u =

s d S -
On using theorem -I—.r" =nx""'. we obtain
dx

L(x)=mx"" +a(n-1)x""+a’ (n=2)x"" +..+4a"" +a"(0)

=nx""+a(n=-1)x"+a’ (n=2)x""+..+a""

Question 7:

For some constants a and b, find the derivative of

(i) (x = a) (x = b) (ii) (ax? + b)? (iii) T8
Answer 7: x—b
(i) Let f(x) = (x — a) (x - b)

= f(x)=x"-(a+b)x+ab
S )= -(%(.r: ~(a+b)x+ ab)
d

s d d
— = (.\’ )-(a +l))$(x)+z(ab)

= d n "= =
On using theorem T(\‘ )z nx""'. we obtain
dx

[ (x)=2x—(a+b)+0=2x-a-b
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(i) Let  f(x) =(a.\': +b)'

= [(x)=a’x"+2abx* +b’

Wl )—l—l(u x4 2abx’ + b )-a —1( )*‘2‘”"—( ) 4 (b:)
dx

dx
: d Gl | .
On using theorem T.\' =nx"", we obtain
dx
['(x)=a’ (457)+2ab(2x)+ 57 (0)
=4a’x” +dabx
=dax(ax’ + b)

By quotient rule,

(x-5) (\—a) (x- (:)t/(x—b)

£(x)= —

(\—b) (n- \—a) 1)
(x=b)
=x—b—x+a
(x-b)
_a-b
(x-b)
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Question 8:

n

xX'—a

Find the derivative of
Answer 8:

for some constant a.
X—da

M n

S end ’ |

Letf(x)=

X—a

= (%) _c_/[.\‘" -q" J

dc\ x—a

By quotient rule,

/,,(‘_) _ (-"—cz)l(x" -a” —(.\"' -u”)i.("“’)
o (x—a)’
_ (.\‘—a)(n.\-““ _0)_(_\.». —a”)

R (x—a)’

" n-| [} ’
n"—anx —x" +a”

(x—a)’

Question 9:

Find the derivative of

() 2_\-_% (i) (5x3 + 3x-1) (x - 1)
(iii) x3 (5 + 3x) (iv) x° (3 - 6x79)
) 2 %
(v) x* (3 - 4x7) (vi) ——~—
x+1 3x-1
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Answer 9:
3

i) Let £(x)=2x->
(i) Let f(x)=2x x

dx
=2f{ ‘)_(vl(B}
dx de\ 4
=2-0
=2

(i) LetfF(x)=(GBx*+3x-1)(x-1)
By Leibnitz product rule,

" _ 3 g (_1_ . o i &\ i

1 (x)—(S.\ +3x l)dx(.\ 1)+ (x I)dx( x4 3x-1)
= (5" +3x=1) (1) + (x-1)(5.3x* +3-0)
=(5.\‘3+3.\'—I)+(.\'—I)(IS.\'1+3)
=5x* +3x=1+15x" +3x-15x" =3

=20x" -15x" +6x-4

(iii) Let f(x) = x 3 (5 + 3x)

By Leibnitz product rule,
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i d g
Flx)=x~ ;\‘ (5+3x)+(5+3x) = (x7)
X2 (0+3)+(5+3x)(-3x7")
X (3)#(5+3x)(-3x71)
=3x7 =15x" =9x~
=—6x" -15x""

=—3x 3(2+§)
x

-3
=K (2x+3)

(iv) Let f (x) = x> (3 - 6x79)
By Leibnitz product rule,

Fx)=x L (3-6x")+ (3-6") L ()

dx dx
=x*10-6(-9)x""} +(3-6x7")(5x")

=x*(54x7"")+15x" - 30x7*
=54x7F +15x* =30x~°

=24x7" +15x

5
=15x*+ v"?

X
(v) Let f(x) = x* (3 -4x7%)

By Leibnitz product rule,
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f(x)=x *;h(3 ~4x)+(3-4x )éE(A4)

X {0-4(=5)x 1 (34t (-4

X7 (20x)+(3-4x

(o)

=20x7"" —12xF +16x7"
=36x"" —12x"*
_ L2 36
T a0
2 i
(vi) Let f (x) = —Tl—'h'—l

.\'2
3x 1

d

al

dx

d

i

dx

2

x+1

J

/(%)=

By quotient rule,

e (x+I)“'[i_(2)—?.:((l-‘/\‘(.\'+l) |: n—l) (x*)-=x d (n—l)
(x+1) (_n—l)
[ xn(0)-2( ()] {(sx—l)(z\) (+)6 )}
| (1) (3x-1)
=2 [ 6x* —2x—3x°
C(xsl) | (Gx-1) ]

3x°

(x+1)

=9

2% ]

| (3x-1)
_.\‘(3.\‘—2)

(x+ I):

(3x-1)°
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Question 10:

Find the derivative of cos x from first principle.

Answer 10:
Let f (x) = cos x. Accordingly, from the first principle,

f(x+h)-f(x)

“ &y
x)=lim
/ ( ) h—=0 h
. cos(x+h)-cosx
=lim :
Jieal) h
— [ cos xcos i —sinxsinh—cos \'
= f=—l) h
| —cosx(l-cosh)—sinxsinh
=lim
b=l h
| =cosx(I-cosh) smumh
=lim
i) h

. l—cosh
=—cosx| lim———— |=sinxlim
h—s1 h fr—0 h

. . ) —cos/ . )
=—cosx(0)-sinx(1) [l,'m : Llos '~ 0 and lim S"; A
fretl ’ b s} ’
=-sInx
wf'(x)=-sinx

Question 11:

Find the derivative of the following functions:

(i) sin x cos x (i) sec x (iii) 5 sec x + 4 cos x
(iv) cosec x (v) 3cot x + 5cosec x (vi) 5sin x - 6cos x + 7

(vii) 2tan x - 7sec x
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Answer 11:
(i) Letf(x) = sin x cos x.

Accordingly, from the first principle,

f'(x)=lim

=)

f(x+h)—f(x)
h

sin(x+h)cos(x+h)—sinxcosx

= lim
= h

= lim [2 sin(x+#)cos(x+/4)—2sin xcos .\']

h—) 2 7

=lim L[sin 2(x+h)—sin 2.\']

-1 2,1

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

h—0 2h 2 2

] dx+2h . 2h
= lim—| cos sin—

h—=0 2 2

=lim 1 cos(2x+ h)sin h]

h—sl) h

sinh

=lim cos(2x+/h).lim
1—) i

i) ’
=cos(2x+0).1

=CO0S2x

(ii) Let f(x) = sec x. Accordingly, from the first principle,
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x+h)-f(x
f()-hm,( )=1(x)
h—0 /)
. sec{x+/h)—secx
=lim ( )
h—0 h
. | |
=lm— -
=0 h| cos(x+h) cosx
i ] cosx —cos(x+/)
= lim—
w0 f| cosxcos(x+h)
[ s [XEx+h) . (x=x=h)
=2sin| ——— [sin |
o 2 )2 )
= dim—
cosx i fi cos(x+/)
[ s (2x+h\ . (A
-2sin| =——— |sin| ==
b 1 2 L2
= dim— .
cosx 0 fp cos(x+h)
M
\ sin| —
g"[—r+'](2]
£\
2 ) {1 ’
. 2/
— lim -
cosx /0 cos(x+h)
[ 7\ +h]
= hm ! Ilm T
cosx 1, (h) i cos(x+h)
5
| 4 sinx
COSX COSX
=secxtanx
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(iii) Let f (x) = 5 sec x + 4 cos x. Accordingly, from the first principle,

()= /‘(.\'+h)—./'(.\')

u—t" }2
i SSec(.\'+h)+4cos(.\'+h)-—[iscc.\'+4cos.\']
=lim
h— h
sec(x+h)—secx cos(x+h)—cosx
=351 ll'ﬂ[ ( ) ] 1[ {x ) ‘:I
Ji—0 I7 h-"{l I,
- 1 1 1
=5lim— - +-“ll'l'l—|:COS(\ +h)- COS\]
=0 h| cos(x+h) cosx b0 hy
cosx—cos(x+h
=Sliml ( ) 4hm—[cosxcosh sin xsin /1 ~cos x|
=0 k| cosxcos(x+Ah) >0 h
: (.\‘+.\‘+h\ ' ”.\‘—.\'—h]
—2sin — ‘sm|~ —
. 2 . 2
lim — +-H1m—[ cosx(l—cosh)— sm\smh]
coS X =0 Jp cos(x+h) =0 h
: [2.\'+h} . h)
" =2sin| ——— sm| =
5 o i 2 )N 2J : (l—cos/r) sinh
= Jdim— +4| —cosxlim ~——= —gin x lim ——
cosx 0 h cos(x+h) =0 h W0 h
— sm[’—’]—
(7\ +h ‘) 2
sin
.\ 2 ) h
. 2 ;
= dim = +4|(—cosx).(0)—(sinx).I
cosx 0 cos(x+h) [( )-(0)=( ) ]
: ’2.\‘+h] . (h
= sin sm[ j,
=——|lim = lim — |[—4sinx
cosx [0 cos(x+h) 0 h
2
o CTX l 4sinx
COSX COSX

=S5secxtanx.—4sinx
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(iv) Let f (x) = cosec x. Accordingly, from the first principle,

fx+h)-f(x)
h

f'(x)=lim
f'(x)=lim l[cosec(.\' +h)—cosec.\']
: hvonh
5 1 1
=lim—| — -
w0 | sin(x+7) sm.\']

' sinx—sin (x+4)
| sin(x+A)sinx

(x+x+h) . (x—x—-h)
i st [P et

= | —

= lim—

)

2cos

~

\ - / - J

= lim— : .
0 fy sin(x+/)sinx

= (2x+hY. ( A
|| 2¢08| = sin| — =
=lim— T A

0 fy sin(x+/1)sinx

=lim - - 4
=0 sin(x+A)sinx
( 2x+h)) o 1O
~Cos| ——— sin| —
I . 2 I 2
=lim lim .
0l sin (x4 A)sinx | 7, [/7 \I
B 2
\ / -/
_( —COS X \l
\sinxsin.\'J'
= —cosecx cot ¥
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(v) Letf (x) = 3cot x + 5cosec x.

Accordingly, from the first principle,

f(x+h)-f(x)

"(x)=lim-
7()=tim D)
i 3cot(x+h)+ Scosec(x+h)—3cot x - Scosec x
= lir
h—) I,

1 o1 o )
= 3L|_|11I;[cot(.\ +h)—cot x:|+ Slim Z[cosec(.\ + h)—cosec x]

Now. lim % cot(x+ h)—cot \]

=lim—

l-cos(x+h) COoS X
=0 p| sin(x+#4) sinx

=lim - —
h=0 fy sinxsin(x+ /)

] -cns(.\'+ h)sin x —cos xsin (x+ h)]

";. Xx=x—-} i
=Iirn1 M
hah _Sm .\'Sln(—\'+ h)

sin(—h)

#=0 | sinxsin (x+ h)_

. sinh . |
=—| lim—— [.| lim— s
O b= §in x-sin (\ + h)_

| - i
=—].— - =——— =—cosec’x ik
sinx-sin(x+0) sin"x

19

)
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o A
lim = [cosec (x+h)- cosec\']
i 7

; | |
=lm—| — -
o0 il sin{x+/) sinx
—
1| sinx—sin(x+h)
=hm—

0 | sin(x 4+ h)sinx

-,, [.\'+.\'+h) . (."—.\'—li)
2cos -sin
2 2

—Iiml
i fy sin(x+/A)sinx
P,‘ [Z.H-/z] : ( h}
2cos sin| —
—Iiml 2 s
- fp sin(x+ /1) sin x
sin g
o (”x+h) *,‘,;,,
h
| H
=hm =

0 sin(x+/)sinx

( 2x+ hj ( ]
—COS sin
2
I
2

=lim| — . Jim
fi—0 sm(.\'+h)sm.\ ’:.u (

h
2
—COSX ) |
sinxsiny )

= —cosecx cot X 243}

From (1), (2), and (3), we obtain
f"(x)=-3cosec’x —Scosec xcot x
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(vi) Let f (x) = 5sin x — 6¢cos x + 7. Accordingly, from the first principle,

)t =1 )

h—0 h

=lim ll [Ssin(x+h)—6cos(x+h)+7 ~5sinx+6C0sx— 7:|
1

fieal)

i AT s fain (+ : fo , OBA
=lim Z[)-lsm (x+h)=sinx}—6{cos(x+h)-cos xj]

—5lim sin(x+h)—sin.\']~6[iml|:cos(x+h)—cosx]

h=0 h=0 h

it ] x+h+x) . (x+h—-x . cosxcosh—sinxsinfi—cosx
=5lim-—| 2cos sin —-61m :

Jreall h "_) 2 bl h

izl 2x+h) . h .| —cosx(l—cosh)-sinxsinh
=5lim—| 2cos sin— |[—6lim

h=0 2 2 Jr—0) h

sin 4

o i 2x+h 5 | —cosx(1-cosh) sinxsinh
=51lim| cos —= |—6lim -

) 2 h =0 h h

2
sin A

- I 2x+h I il . 1—=cosh . . (sinh

=35| limcos lim— = -6/ (~cosx)| lim —sinxlim| ——
Jr—l) 2 [z_,'l /'] .h-w h hi— h

Y2

=5cosx.1 —6[(—cosxv).(0)—sin x: l]

=5cosx+6sinx

(vii) Let f (x) = 2 tan x — 7 sec x. Accordingly, from the first principle,
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(Chapter — 13) (Limits and Derivatives)

(Class XI)
£(x)=limLEH1)=7G)

h=0 /)

-—Lu.l'll—’[”tan(uh) 7sec(x+h)-2tanx+ 7§€C\J

= lth' ;]; [2 {tan(.\' +h)~tan .\‘} -7 {sec(.\' + ) —sec \}:l

fﬂ—[tan x+h)—tan 1] 71,’113‘1)1—,[sec \+h) secx]

xX+h In x ;
Dy )-S'"‘}-ﬂ.ml[ L - }

"0 h| cos(x+/) cosx 0 fi| cos(x+h) cosx

>0 h cosxcos(x+/h) w0 fi| cosxcos(x+h)

_sin(.\‘ +h)cosx —sinxcos(x+ h)}_ . ]iml|:cos.\‘ ~cos(x+ h):|
= '.\‘+.\'+h) ((x=x—h)

—2sin sin
)

. 1| sin(x+h-x) 1
=2lim— —T7hm—
0 fi| cosxcos(x+h) | ok cosxcos(x+h)
: ”\+h
e ~2sin | ‘
| [sinhk | | \
=2lim|| —7lim—
ol h ) cosxcos(x+h) b0 fy cos.\cos(.\+h)
( h . [ 2x+h
; sin — sin| =
o .. sinh 1 : 2 \ 2
=2| m lim 7| lm lim
o0 h )| 20 cos xcos(x+ ) "o B || 750 cosxcos(x+h)
- o)
\ 2
I sinx |
=2l — 7l —
COS X COS X | COSXCOSX

bl
=2sec” Xx—Tsecxtanx
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