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EXERCISE 13.2

1. Find the derivative of x>= 2 at x = 10.
Solution:
Letf(x)=x2—-2

From first principle

f(x+h) — f(x)
h

I .
o=
Putx= 10, we get

f(10 +h) — f(10)
h

f'{10) = E_I;%

- [{(10+h)?*—-2] — (102 —2)
lim
— h=0 h

102 4+2x10xh+h*—2—10%2+2

_im h
20h + h?
lim—
h—0 h

_ Eﬂa{zﬂ +h)

=20+0
=20

2. Find the derivative of x at x = 1.
Solution:

Letf (x) =x

Then,
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From first principle

(x) = lim f(x + h)h— f(x)

Letf(x)=x
From first principle

f(x+h) —f(10)
h

I 14
F10 = fim,
Putx =1, we get

f(1+h) —f(1)
h

r) =]

 (1+h)-1
lim——
_ h=0 h

o 1th-1
_#2% h

. h
b

lim1
— h—0

=1

3. Find the derivative of 99x at x = 100.
Solution:
Let f (x) = 99X,

From the first principle,
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f(x+ h) — f(X)
h

T 1
Fi&) =]
Put x = 100, we get

f(100 + h) — f(100)
h

f'{(100) = EE%.

~99(100+h)—99 x 100
lim
— h—o h

99 x 100 +99h — 99 x 100
lim
— h-o0 h

. 99 x h
_n-0 h

lim 99
h—0

=99

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

(i) x*=27

(i) (x-1) (x-2)
(iii) 1/ x2
(iv)yx+1/x-1
Solution:

(i) Let f (x) = x* =27

From the first principle,
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f(x+ h) — f(x)
h

F() =i

- [(x+h)*—27]— (x*-27)
lim
_ h—0 h

~ x*+h*+3x%h + 3xh* — x°
lim
h—=0 h

~ h*+ 3x%h+ 3xh?
lim
h—0 h

Lina{hz +3x% + 3xh)

(iLetf(x)=(x—1) (x—2)
From the first principle,

f(x+h) — f(x)
h

F&) =

(x+h—-1)(xx+h—-2)—(x—1)(x—2)
— h-o h

 hx+hx+h*—2h—h
lim
_ h—o h

B L@%‘(h +2x—3)
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=0+2x-3
=2x -3

(iii) Let f (x) = 1/ x:

From the first principle, we get

f(x+ h) — f(x)

re =i

h

1 1

2 2

) Eﬂé(x-l_hjh X
x? — (x+ h)?

. [K—h — 2%
=(0-2x)/[x2 (x+0)}]
=(-2/%%

(iv) Letf(x)=x+1/x-1

From the first principle, we get
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f(x+h) — f(x)
h

F) =]

x+h+1 x+1

= lim x+h—1 x—1

h—0 h

 (x—1D(&+h+1)-(x+1)Ex+h-1)
_ jim h(x—D(x+h—1)

o 1[(x*+hx+x—x—h—-1)—-(%*+hx+x—x+h—-1)
= loh (x—1)(x+h—-1)

) —2h
T hoh(x— D+ h-1)

-2
= N AT DGEn—D

2
C x-DE-1)
2
(x—1)2
X'.SS ng X:
f(x)=—+—+.. —+x+1
5. For the function 100 99 2
Solution:
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Given function is:

Klll}l} XQ’Q’ XZ

+..—+x+1
100 99 2

f(x) =

By differentiating both sides, we get

Klm]JFXMJF +X2+ +1
100 "99 ¢ T X

d

d
ax ™ = 5

d /x4 /x* d (x*\ d d
) L) L) L L

We know that,

i my n—1
iw{x)—nx

df{) lDDX99+99X99+ +EX+1+U
Tax YT T100 99 2
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) =x7+xP®+-+x+1
Atx =0, we get

ff(0)=0+0+...+0+1

f(0) =1
Atx=1, we get
f(1)=1"+1%+ +1+1=[1+1..+1]100times =1 x 100 =100

Hence, (1) =100 (0)

.n -1 2. 1-2 n-1_, n
6. Find the derivative of X +ax +aX +..+a X+a for some fixed real number a.

Solution:
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Given function is:

fix)=x rax™ ra’x" 2 +. . +a"x +a"

By differentiating both sides, we get

d _ _ _
f (%) =&(K“+a}{“'+az};“ 4..+a" 'K+aﬂ)

d d d d d
_ n n—1 2 n—2 s n—1 n
=3 (Kj-hetI (x" 1) +a I (x"2)+--+a I x)+a I (1)

We know that,

i my __ n—1
th{x ) =nx

f{x) = nx™ + a(n-1)x"2 + aZ(n - 2)x™ 3 + ...+ a™1 + a"(0)

f(x) = nx™ + a(n-1)x"2 + a%(n - 2)x" 3 + ... + ™!
7. For some constants a and b, find the derivative of
(i) (x—a) (x = b)
(i) (ax? + b)?
(iiiyx—al/x-b
Solution:

(i) (x—-a) (x=b)
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Letf(x)=(x—a)(x—b)
fx)=x2—(a+b)x+ab

Now, by differentiating both sides, we get

f'{x) = %(xz —(a+b)x+ab)

d d d
_ 2y _ _ —
=3 (x%) i[aerZlI ®+ I (ab)
We know that,
n—1

4 romy _
it(x)—nx

fiix)=2x-(a+h)+0

=2x—a->b

(i) (ax: + b)?
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Let f(x) = (ax*+ b)?
f(x)=a’x*+ 2abx? + b2

By differentiating both sides, we get
f'(x) = i (a%x* + 2abx? + b?)

Ty 4o roa droy, 4o
f'(x) = - x%) + (2ab) - (x*) + - (b%)

We know that,

i ny __ n—1
‘h(x ) =nx

fi{x)=alx4x® +2ab x 2x + 0
= 43¢ + 4abx

=4ax (ax® + b)

(il)x—al/x-hb

Let (x) = 524

(v-2)

By differentiating both sides and using quotient rule, we get
v i X—u
/ (x] dx [x—b]

(v-)(x-a)~(v-a) *(x-b)
(x-5)

_G=5))-(x=a)(1)
=)

1'(x)=
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By further calculation, we get

_x=h-x+a
(x-b)

a—h

“(x-by

x" —a"

8. Find the derivative of % —@ for some constant a.

Solution:

T n

T =

Let f{x)="

X—d

By differentiating both sides and using quotient rule, we get
, ] ﬁi xn _ all
4 (A)_dx[ x—a ]

x— a} %(x” -a" ) -(x” ma”)%(:-—a)

(x-a)

By further calculation, we get

(x—a) (m:‘”'! —[})— (:c” —a")

/(%)=

a
(x-a)
A —anx —x" +d”
= 2
(x—a)
9. Find the derivative of

(i)2x-3/4

(i) B5x*+3x=-1) (x-1)
(iii) x* (5 + 3x)

(iv) x5 (3 — 6x°)

(V) x* (3 —4x?)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

[BYJu's

The Learning App

(vi)(2/x+1)—-x2/3x -1

Solution:

(i)
Tetf(x)=2x-3/4

By differentiating both sides, we get

f'(x) = %(2};—%)

(ii)
Letf(x)=(5x3+3x-1)(x—1)

By differentiating both sides and using the product rule, we get

f'(x) = (5x*+3 —1)3{ —1)+(x- 1)3{5 *+3x+1)
x) = (bx X =& X I LK X

=(bx*+3x—1)x1+(x—1) x {152+ 3)

=(5%% +3x = 1)+ (x = 1)(15x% + 3)

=5x%3+3x-1+15%° +3x-15x2-3

=20x%% - 15%2 + 6x - 4

(iii)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

[BYJu's

The Learning App

Let f(x)=x7 (5 +3x)

By differentiating both sides and using Ieibnitz product rule, we get

. _y i W oy
i (_r]=:r : E{E +3l’]+{5+JX)E[:I 3)

=x7 (0+3)+(5+3x)(-3x7")
By further calculation, we get
=x7(3)+(5+3x)(-3x7)
=3x7 =157 =9z~

==6x" =155

=-3x" (2 +E]
X

—3x7
= 2x+5
. (2x+5)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

[BYJu's

The Learning App

Let f(x) = x° (3 — 6x77)
By differentiating both sides and using Leibnitz product rule, we get

1= oo} )

dx ! e
=x 0-6(-9)x""f+(3-6x7)(5x")
By further calculation, we get

=x' (547 )+ 155" - 30
= S4x7 +15x" =305
= 24x" +15x"

24

3

X

=15x" +

v)

Let () = x* (3 - 4x7°)

By differentiating both sides and using Leibnitz product rule, we get
) d - sy d

S (x)= x“E(B —dx ]+(3—4x )E(x_‘}

=x70-4(-5)x )+ (3- 47 ) (-4)x

By further calculation, we get

=57 (2057 ) +(3- 427 ) 4x7)
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=20 —12x7 + 167"

=36x"" -12x~

12 36
=- st W
X x
(vi)
2
(x) = 2 X
Let x+1 3x-1

By differentiating both sides we get,

f‘{j—d 2 x°
e m\x+1 3x—1

Using quotient rule we get,

{X+1)£{2)—2£(X+1) {3x—1)§{x2)—x2§{3x—1)

) = CEEE B Bx— D)2

x+1D0)—2(D] [Bx—1(2x)—(x*)x3
(x+1)2 ]_ [ (3x— 1)2

2 6x? — 2x — 3x°
C(x+ 1)2_[ (3x— 1)2 ]

2 x(3x—2)
T xZ+1D2 (3x—1)2

10. Find the derivative of cos x from the first principle.

Solution:
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Letf(x)=cosx
Accordingly, f(x+h)=cos (x+ h)
By first principle, we get

flx+ h) — f(x)
h

r .
F={n
S0, we get

1
= LIH%E [cos(x+ h) — cos(x)]
_1 1[ 5 si (X—i—h-l-x) . (x+h—x)]
=lim | -2sin{———— |sin{———

By further calculation, we get
_n 1[ 5 si (21+h) . (h)]
=lim | =2sin{——sin{7

sin(2)
x lim —=
h=o D

2

2x+h
= lim —sin( )
h—0

2+ 0
= —sin( > ) w1

=-sin(2x/2

= - sin (X)

11. Find the derivative of the following functions.
(i) sin x cos x

(ii) sec x

(iii) 5 sec x + 4 cos x

(iv) cosec x

(v) 3 cot x + 5 cosec x

(vi)5sinx—-6cosx+7
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(vii) 2tan x — 7 sec x
Solution:

(i) sin x cos x
Letf(x)=sinxcosx

Accordingly, from the first principle,

vpr o St )= 1(x)
S'(x)=1lim ;

=l

. sin{x+h)ms{x+h)—sinxc:mx
- .'JI—IEI-! h

= lim ﬁ[zsin (x+#)cos(x+h)—2sinxcos x]

N )

= !Jl_i}l':ﬂ[sm 2(x +h}—smh]

1[ 2x+2hH+2x . 2J:+2h—2x]
2cos .

=lim gin
2

h—lh 2}?

By further calculation, we get

. 1[ dx+2h | 2}:}
= lim—| cos sin—
2 2

Ny ﬁ 2
=lim %[cns{zx +hr)sin i |
= limcos(2x+#).lim Sing;
Ml f—pit l||‘]|
=cos(2x+0).1
=¢os 2y
(ii) sec x
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Letf(x)=secx

=]/cosx

By differentiating both sides, we get

09~ 5 o

Using quotient rule, we get

d d
cnsxa(lj — la{ms:{)

Fx) = cosZx

cosXx X 0 — (—sinx)

c0sZx
We get
sinx
~ cosZx
_ sinx 1

"~ cosX  COSX

=fanxsecx

(i) 5 sec x + 4 cos x
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Letf(x)=5secx+4cosx

By differentiating both sides, we get
() =~ (5secx + 4
X) = secX+ 4 cosx)
By further calculation, we get
d d
= 5E(SEEX) + 4E(EDSX)

= 5secxtanx + 4 x (—sinx)

=Ssecxtan¥x-4sinx
(iv) cosec x

Letf(x)=cosecx
Accordingly f{x + h) = cosec (x + h)
By first principle, we get

filx +h)— f(x)
h

69 =i

. cosedxth)l—cosecx
=lim
h—0 h

eV

h—oh ‘\sin{x+h) sinx

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

[BYJu's

The Learning App

=lim =
h—oh

_ 1 g a[zeeoF sl ";‘“J]

[si n x—sin[x+h}]

sinxsin{x+h}

sinxh=gh gsin(x+h}

1 lim 1 Ecus{zx;-hj sin(_?hJ]

" sinxhosph sin{x+h}

By further calculation, we get

e

=— 111 —
sinxh—poh (gjsin(x+h}

) | o)

= — lim m
sin x h—0o h h—po sin(x+h}
z
zx+0
.1 cos(%5)
sin x sin(x+0)
1 COSX
= — ,

sinx sinx

= -COosec ¥ cot X

(v) 3 cot x + 5 cosec x
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Letf(x)=3cotx+ 5cosecx

f'{x) =3 (cot x)' + 5 (cosec x)’

Let fi (x) =cot x,

Accordingly fj {(x + h)=cot (x + h)
By using first principle, we get

fix+h)-£x)

fi(x) = lim
1{ ) 0 h
. cotix+h)—cotx
=lim ——
h—o0
. 1 {cos{x+h} cosx
= llm—( - —— )
h=oh \sin(x+h} sinx

By further calculation, we get

= lim 1 (sinx cos{x+h}—cosx sin(x-l—h})

h=oh sin x gifp (x+h)

_11.., 1 sin(x—x—h) )
_%-}—I;r(]i h (sinx sin{x+th)

lim 1 [ sin{—h} ]

—1/sinx h—=oh Lsin(x+h}

1 (Hmsinh)(lim 1 )
sinx \hspo h h—osin(x+h}

. 1 1
o sinx sin{x+0)
_ 1
sin® x
= - cosec? x
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Let 7 (x) = cosec X,
Accordingly f (x + h) = cosec (x + h)

By using first principle, we get

fLbx+h) -
h

509 =

. cosedx+hl-cosecx
=lim
h—0 h

—1'1111—( : 1)
h=oh \sin{x+h) sinx

. 1 [sinx—sin{x+h}
=lim = [—

h—oh |l sinxsin(x+h)

By further calculation, we get

_ 1 l]_ml Ecos(xﬂ;-l-hjsin(x_!;_hjl

sinxh—ph sin{x+h}

o sinxh_mﬁ sin{x+h}

L[

i, [

—lim B
sinx h—0 (E sin{x+h)}

S

co s{zx;hj

1
= — lim x lim
sinx h—=0 h h—=o sin{x+h)}
z
zx+o
-1 cos(*5-)
sin x sin{x+0}
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1 COSX
X

gsinx sinx

= -C0Sec X cot X

Now, substitute the value of {cot x)’ and (cosec x)’ in I’(x), we get
f'(x) =3 (cot x)' +5 (cosec x)’

(%) = 3 x (-cosec? x) + 5 x (-cosec X cot X)

(%) = -3cosec? x - Scosec X cot X

(vi)5sinx—6cosx+7

Letf(X)=5sinx—6¢cosx+7

Accordingly, from the first principle,

YLD f[x+h)—f(:r]
f{_x]—llm p

h—d

= Eljm%[55in{x+ﬁr}-—6ms(x+h}+?~—55inx+6¢ﬂ$x—?]

=lim ll:i {Sin {:r + h]— sin :r} —G{C{)S[I + h} —=C08 T}:I

=i Iy

=5 Li_r:}%[gin{xvh fr) —sinx |-6 Iﬁ1_r}1;| %[ms{x+ fr} —C08 x:|

By further calculation, we get

1 x+h+x) . (x+h-x . cOSxCOSh—sihxsinfi—cosy
=5lim—| 2¢cos 3in =Glim
Jmnh 2 2 =) h

=0 fy f

=5 Iimi[lcns[h;hJsiH g}_ﬁlifﬂ [—cos x(1-cos#)—sinxsink
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Now, we get

o s
2

=5lim| cos

h—l

. h
[2x+h}5mg _ {"EQSI[IHCGSFI}_Sin.TSillfF

_h
_ sin —
=5[Iimcns[h+hﬂ lim—2 Hﬁ{{ cnm}[hml —cosk
il 2 E—:l||.| ﬁ fr—ll f;
2

=5cos x.1-6[ (—cos x).(0)—sin x.1]

=5c05x+065Inxy
(vii) 2 tan x — 7 sec x
Letf(x)=2tanx—7secXx

Accordingly, from the first principle,

i {).)—Iml f(x+h}—j'{1]

Ji—sih f

1
= [nl_]HE 2 tan {1 +h]~?sec[1 +h]—2tm1.‘r-la?sec,1:|

= [im%—[l{tan(:«- + /1) —tan 1} - ?{sec{x + i) - sec 1}]

fi—e0

_7!:_]33;[1-&"(1 J’r —tanx ?I[rll_l;%; se:c(x + h}—sem:l

By further calculation, we get

=2Iiml SlI‘l[I+f?]_5m1 — Tlim [ 1 1
it ccrs[1+fr] COSX hi- >“h ms{llfr) COsXx
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s Iiml sln [I + f:r) Cos X —5In J.‘cas[x +J’r] _4 |i1‘nl Cos Jr-cas[:f + !’?)
-t Gmsx:us[rvh h] s cas).‘cc:sl[_\‘ -H'?}
o ¥+x+hy . (x—x-h
1| sin{x+h-x) | e U i O
=2lim— - —7hm— = =
0 fi| cosxcos(x+h) | 0l cosxcos(x+4)
Now, we get

= Zlin{[
Tr—=

=21

o [21‘4—1’;] . [ hj

, =2z sin| ——

3in f7 | 1 2 2
—7hm—

h Jcosxcos(x+h) | o0 f cosxcos(x+h)

J

=

ok e 2x+h
fr][_ I b 2

|

l 510 %
7| —
COSXCOSY COSXCOs Y

3
=2sec” x—Tsecxtan x
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