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Solved Exercise 2.5

Q.1.Differentiate the following tfrigonometric functions from the first Principle.

i.sin 2x
Solution
Let y = sin 2x
v+ 4y =sin2(x + dx)

= dy=sin2(x + dx) — sin2x

2x+28x+2x | 2x+28x-2x
51n

= 2 cos
4x #2482 . 28x
= 2 cos (¥ sin ()
= 2sindx. cos(2x + 8x) (1)
Dividing both sides by dx and take limit as dx —0

. & .
= lim 2 = lim
Sx—p Ox Sx—0

; . sin &

= 2 lim .cos(2x + &x) lim ——

Sx—=0 Sr—sn Bx

lim &y

lim = 2 lim cos(2x + 6x)
Sx—p Ox Faxr—0

day _

e 2(1) cos 2x

=2cos2x Ans
ji. Tan 3x
Solution

Let y = Tan 3x
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v+ 8y =Tan x (x + éx)
= 8y =Tan 3(x + 6x) —Tan 3x

_ sin3(x+8x) . sin3x
cos 3(x+8x) ~cos3x

__ sin3(x+8x) cos 3x—cos 39x+4x) 5in 3x
cos 3(x+dx)cos3x

Sinfx. o A5 5 i R 0
T 8X  §x—s08%  fx-s0 €O 3(x+6x).C083%  Gx—0 36X
d 3 . 38x
= £y _ = lim m: —
dx  gy-sp Loos 3(x+8x).cos 3x Sx—0 36x
d 3
= _}I =

dx cos 3x.cos 3x

= 3 Sec? 3x Ans

jii.sin 2x + cos 2x
Solution
Let y = sin2x + cos 2x then

= 8y = (sin2(x + 6x) — sin 2x) + cos 2(x + dx) —cos 2x

— 2c0s (ztx;ﬁ'x}) cin (2{x+ix]—2x)

= 2sin (—Z{Ifﬂﬂ) .sin (—2{“5;}_2")

= 2 [(cos(2x + 8x).sin dx — sin(2x + §x) cos 6x)]

j—i = 2[(cos(2x + 8x).sin §x — sin(2x + 8x) cos dx)]

sin 8x
lim % = Iim 2 cos(2x + 6x). lim
dx—0 Ex Sx—=0 dx—0 Ox
sin §x

]lI]‘l 2 cos(2x + 6x0). lim

Sx—0 Sx—n &%

sindx

= [2 {cos(2x + 6x) — lim(2x + Ex)] lim

x—0 Ox
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% = 2(cos 2x — sin2x) X 1 = 2(cos 2x — sin2x)

= 2cos2x — 2sin2x

iv.cos x2
Solution
Let y = cosx?
dx = cos(x + 6x)* — cos x?
2 2 -1
= —7 ein (x+8x) +x sl {x+£;] x
2
— —2¢in (::-ré‘x) i (x+8x ] +8x
" &y " . ) . sinxfx
lim — = — lim 2 X sin(x* + x8x). lim
Sx—0 8x Sx=0 Sx—p Xbx

dy , Zx2

— = —2xsin=—

dx 2
= —2xsinx? Ans

v.Tan’x
Solution
Let y = tan’x
y + 8y = tan®*(x + 8x)
= 8y = tan®(x + 8x) — tan®x

8y = [tan(x + 8x) — tanx][tan(x + dx) + tanx]

_ [sln{x+5xj—sln Il [sin ({x+8x) —-sin x]
“ eo s{x=dx)cosx | [cos(x+8x) COS X
o sin(x=8x) cos x—sin x cos{x+8x)

¥ = cos(x+8x)cosx
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[sin (x+8x) cosx+ cos(x+8x) sinx ]
cos{x+8x) cosx

sin(x+8x-x) sin(xr+8x+x]
- cos({x+dx)cosy cos(x+8%)cosx

sin fx sin(Zx+5x)
= cos 2(x+8x)cos 2x

Dividing by éx and taking limit §x — 0,we have

ay [ sin{2x+dx)
&x Sr—0 Llcos 2(x+6x) cos 2x

: sinfx .. sin{2x+8x)
= lim li
Sx—= 0 &% Fx—q leos 2(x+8x)cos 2x
dy _ sln2x
dx cos Zxcos 2x

2sinx cosx Z2sinx

cos Iy cos 2x oS X

2 sinx 1
cesx cos2x

= 2tan X sec’x

Thus %[tﬂnzx] = 2tan X sec? Ans
vi. tanx
Solution

Let y = tanx
¥+ 8y = /tan (x + 8x)

= 8y =,[tan (x + 8x) — Vtanx

_ ysin(x+dx) _ sinx
- Jeos (x+8x)  Jeosx

Jsln{x +8x)cosx [ cosx(x+8x)sinx

=
o cO% (x+d8x)Veosy
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By rationalizing we get

sin(x+8x)cosx—cos(x+48x)sinx

6}!:{

Jsin (x+&x )W eosx, cos (x+8x)slnx, cos(x +£x}m_~rx}

sin (x+8x—x)

[q"sinlix +8x)cosx+y cos(x +Exjsin_x]1,-'cus (8x)cosx

. & sin{dx
Lim 2 = (5%)

Fi—s0 6% [sin{x+8x )]+, cos(x+8x)siny, cos(x+5x)cosx

1
[ﬁsinxrasx+ur:nsxsinxjxf COSXSINXCosx cosx

1
2./ sinxcosy/cosx

W

L Y secx—[v'mnx

dx  Zysmx
_ secix
= 2vianx
vii. cosvx
solufion

let  y=cosx
¥+ 8y = cosvx + 6x

= 8y = cosvx + 8x — cosyx

. [Wx+dx+vx Vr+dxr—x
= —2sin |/—|sin|———
I z | p)
JXFEx+X] VIFBE +X]|
Sy 5in 5 sin 3
x le[m".t-rﬁx-h.-?j@
 [WEEEE] EEBLEX
by li _'““[ 2 :
ilmE S}I—T..lg Ve+dx+fx adibid Vs dx Jx
2
2%
-‘-‘lﬂ% Vx+8x—x

-2 s 0 when 6x.— n]
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_ —1simx
2 Vr
dy _ —simyx
dx 2T

Q2. Differentiate the following w.r.t the variables involved

ix’secdx
Solution
Let y = x?secdx
L = 4 [x%secdx]
ix dx
= x%2 L [sec4x] + sectx = (x2)
x dx
= x%(secdx + tandx) X 4 + (secdx) x 2x
:—x[xzsec:tx] = 2xsecd X [2xtandx + 1] Ans

ii.tan®0sec?®
Solution

Differentiate w.r.t '9’ we have

2

— 4 2 2
25 = ok [tan®@sec?0]

= sec?( ;—m{mnzlﬂ}] + tan?@ %[’Seczﬂl}

= sec?( 3::1112@;—& (mnﬂ}] + tan’@ [Zsec@:—ﬂ(sec@}

= sec?@ [3tan®*Q ;_a (mnﬂ}l + tan*@[2sec@secOtan(d)

Itan?@sec*® + 2sec@Ptan*®

%(mn%seczﬂ} = sec*@tan’@tan[3sec’® + 2tan’ 0] Ans
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fii.(sin20 — cos30)?
Solution
Let y = (sin20 — cos30)?2

Differentiating w.r.t '8’ we have,

o N2 ra - 2
< [sin20 — cos30)]
= 2[sin2Q — .:'053{?}]:—& (sin2@ — cos3@)
= §[sin2@ — cos30] casZ@(—sinH):—m (30) :_m
(5in20 — cos30)
= 2(sin20 — cos30)[(cos20).2 + (sin30)3]
‘:—; = 2(5in2@ — cos30)[2cos20 + 35in30] Ans
iv.Cos\x + fsinx
Solution
Let ¥ = cosyx +/sinx
dy _ d 1 |
o= H[ms /z + sin fzx]

d ijr ) d f lll,r
=—|cosx 72 —{5in '2x
dx( +dx( }
p 1 =1 1 ., =1
=" —5Iinx f’er "llz +ESIH fzxcnsx

i sinx cosx
- 2 2vsinx

1 fsinvx . cosx
_E( W +wu'sinx) Ans
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Q3. Find Eif

i.y=xcosy ii.x=ysiny

i. v = xcosy
Solution

Differentiating w.r.t. "x" we have

dy _ d
o e [x cosy]
d i
=x E(ms y)+ msya{x)
i i
= x[— sin y;l + cosy
dy

. dy
— = —xsiny — + cos
dx y dx y

dy . dy
== Xs5ny.— = cos
dx T+ }' dx }.P

: dy _
(1+ xsiny) 1 = COsy

dy _ cosy

= Ans
dx 1+xsiny

f—

il. x=ysiny
Solution

Differentiating w.r.t 'x' we have
dy _d .
L (x) = (ysiny)
1= i[sin ) + sin et &
_ydx y yd.t
1 =ycnsyx%+siny:—i

1= (ymsy+siny]%
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= Ans
dx yecosy+siny

=

Q4. Find the derivative w.r.t ‘x’

1+x w o 1+2x
i. ii.sin
1+2x 1+x
I 1+x
"y 1+2x

Solution
1+x
Lety = cosuwhereu = T
dy _ .
. = sinu (1)
= sinu (1)

1+x
1+2x

(

L=z

~ak {1+2x}f—xf1+x]—{1+xj%|[1+2x)
(1#+2x)2

1+x
1+2x

1

2

)

1 |1+2x (14+2x)(1) = (1%+x)={(2)
T 2Zaf 14x (1+2x)2
du _ 1 [1+2x g M1
dx 2+ 1+2x {1+2x)2
3
=5I————————?—
VIFx(1+2x) /2
d dy du
Now X = =
d du dx
; -1
=sInux

_—
2yV14+x(1+2x) /2

_ sinu
T
2 T+x{1+2x)7/2

: www.perfect24u.com
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sin

142x Ans

PERTHI: T
2Tx(1+2x) 2

= 1+2x
in.sim
+x
Solution
dy d . [1+2x
@ _ _(sm )
dr  dx 1+x
1+2% d 1+2%
= 08 —= l
1+% dx 14x
1+2%  1[1+2x
=S54 2| 14x

d d
e (1+x}ﬂ{1+?_x,1—-[1+zxja|[l+x}
(1+x)2

1 [ L+2x} 1+2x
= —|c0s f ’
2 1+4+x 14+x
(1+x)(2)=(1+2x)(1)
(=x)

1+2x 1l
x 3,-"
1+x I+ Zx(1+x) /2

jl+2x
ﬂ__‘l-" _ cos ﬂ_1+x Ans

= Ay
dx 21+ 2x(1+x) f2

1
= —Ccos
2

Q5. Differentiate

i. sin xw.rt. cotx

Solution
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Let ¥ =sinx and u = cotx
dy _ d ; du i
s (sin x), = P (cosx)
d du
2 = cosx, — = —cosec? x
dx ix
= S il AL = & = sinx
dit cosectx du
d dx d
Now 2 &£ by chain rule
du du
i 5
2 = (cos x)(—sin%x)
du
= —(cosx sin® x) Ans
ii. sin® xw.r.t.cos* x
Solution
Let y=sin xand u = cos*x
. d d 4
we shall find — (u) = — cos* X
dx dx
3 d
= 4cos x — (c0s)x
dx
and y ='giny
B B e D 2 .
and e (sinx)-.4 cos x* x(—sinx)
dut .
— = —4ros® X sinx
dx
du A
— = —4cos® Xsinx
dx

=2 (sinx i} (sin x)

— = 25in X cos X —
dx

dy dx _ -1
du  4cos?*xsinx

dx _ dy dx
die dx du
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-1

= 2sin X cosy X ——
4ros? xsinx

-1

= Zeos? x
d -1
400 — ~L cpc2y Ans
du 2

Qé.Iftany(1 + tanx) = 1 — tan x, show that %’ =-1

|

dx

Solution

tany(l+tanx)= 1—tanx

Diff. w.r.t x
SECZ}’:—i (1 +tanx) + tan y(sec? x) = sec? x

(1+ tan®*y)(1+ tan x}j—i =sec? x(a + tany y)

i 2
[1 + (1 m“) ] (14 tan )2 = sec?x
1+tanx dx

[1 " 1—tan.t| [+ ¢ 1—tanxl
e | gl lem—"r

[lﬂrmzx-rztan x+1-Ztanx+tan®x

1+ tanx

(1+tanx)? ( + }
dy 7_|1+tanx+l-tanx
o — —SeC X |
dx 1+tanx

2{ 1+ tan? x)d

1+tanx dx 1+tanx

[Zsecz x] dy _ 2sec’x

1+tanx) dx 1+tanx

d
= =

-1 Ans
dx
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Q7. y=+ytanx + Vtanx + Jtanx + ....c0
Prove that (2y — 1) j—i = sec’ x

Solution

y = Jtanx+(\ftanx+m.....m)

y2=taﬂx+\ftaﬂx+ ,,,,,, o
yi=tanx+y
Differentiating w.r.t. 'x'

d d
2y—= = sec x + —
dx dx

dy dy 2
Eyﬂ 1y = Sectx

= (2y — 1):—1 =sec’x Ans

Q8.if x = acos*0y = b sin®*0

show that a :t—y+ btan @ == @
Solution
x = acos*@

Differentiating wr.t. '8" we have

dx_i 3
M—c&(ams @)

= 3acos*@(—sin®)

X _ 3ac0s20 sing
dae

dg 1

dr  3acos®@sing

Now y = bsin® @
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dif f.w.r.t.® we have

ay _ 2 b sin®
e ‘m{b sin*@)
= b(3sin? 0. cos @)

= 3b sin® @.cos O

-1

— i 2
3b sin® @.cos @ X R

dy

b
dx _Emnﬂ

d
a=—p tan @
dx

dy _
=’“H+ btan® =0 Ans

Q9. Find <2 if x = a(cost + sint)
y =a(sint —tcost)
Solution
x=a(cost —sint).......... (1)
y =a(sint — tcost).......... (2)

Diff.(1) wir.t t both sides

% = afcost — (cost — tsint)]
= acost —cost + tsint]
= at sint.

Diff.{1) wu.r.t

dx

= o a(—sint + cost)
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d d dt
and _}’= _j'l 1 A
dx dt dx

AR SILE a(cost-sinl)
d Esin ¢
Now XL=_"02F Ans
dx cos t—sint
Q10.Differentiate w.r.t 'x’
i.cos 1%
a
Solution
Let y= cas*lg
Diff. w.r.t x
d d _
el pps1Z
dx dx ]
. 1 i(ﬁ)
i ~Z dx \a
1-(%)
_ 1 2 §
- 1
= a2 x* a
l:lE
L
Vai-x2 a
— 1 .A.
= g ng

fil.cot™12
a
Solution

Let ¥y =cot™?! z—
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Diff w.r.t. x

d—}l = : =
dx 1+[§} 145 @

Ans

aag /T -

ili.— sin~! E)
i
Solution

1 P ]
Let =— gin~1 -
a x

= — Ans

iv.sin™ 141 — x2

Solution

Let y = sin” V1 + x2


https://www.perfect24u.com/
https://www.perfect24u.com/

More Notes, Books Fbise Visit Now: www.perfect24u.com

Diff w.r.t. x

. F 2ty 3
dr dx 1-x
1-(v1-x2)

- ; ; _Ex
T V1s1447 Fv1—x2 ( )
D _(-2x)
Az 2(vV1-x2)
e
T 2(xnW1-x2
=
=T Ang

x2+1)

xZ-1

v.sec‘l(

Solution

Let y=xec (Izﬂ)

xi-1

Diff wort. x

1 d fxlsd
= = —

2.
2241 {12+1)2_1 sl
x¥: 1 X2 1

x® -1 Izr[r*—:l]—n{xzﬂ}
(x2-1)2

= 2 z 2 2
r2+1J[r )2 [x2 1)
(x= Cx)

(x2-1)*
(x2+1)/(x2+1)2 =(x2=1) 2

2.1'3—2.1'—2.1‘2—2::}
(x2-1)2

—4x

_-(x2+1}fx‘+2x3+1—x‘+2x2—1

DR o
T [x2-1)V4a?

—4x
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s i
vi.cot™! [—I)

1-x?
Solution
Let y = cot™?! (:iz)
Diff.w.r.t. x
A" aavala)

1+(5)

1 [2{1—.1:2]—(—2_1:){2le
(1-x%)? |

1+ﬁ7“1
{1 x°)

(1-x2)° [2—2x2+4-.1:2'|
(1-x2)2+4x2 | (1-x%2 |

—-(2x2%2)
1+x%-2ri+4x2

_ —of2x?+2)
1+2x24x

_ —2(x%+1)
T (x2+1)2

=2
= Ans
14x2

4 f1-22
vii.cos™? ( )
1+x2

Solution

Let y = cos™! C:i)
Diff.w.r.t. x
dy _ -1 d (1—1*2)

= —
dx I’ 5,2 dX 1+x?
1_(1 x )

J 1+4x2

. -1 =2Zr(1+x%)=2x(1-%7)]

- |'(1+r.2]2 (1 x2)2 (1+x2)2
I [ S

k| {1+x<)
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_ (1+x3) [—2x—2x3—2x+213]
T o (1xh) (1+x2)2
4x -4x ]

Yit+x¥4zxi-1-z%pox? (1+x232)

4x
|.=
JaxrE[14x2)

2

X dx) Ans

QlLif == tan™* G) show that i—: =2

Solution
¥ _ -1(¥
= xian (2
Diff w.r.t. x

o .
ay _ i[""“m 1 (z)]
dx dx x

ay _ ~1(l)
M-ixtan +

X

P 5]2] dx (;)

-1¥ _'r"z ¥ I';-:
- a K
tan + 2.2 x 2

=£+L

dy
— x—| from above
x  x+y? [}' yx] i

2

dy _ ¥ xy x dy

dx  x @ wf+y? _xliy? dx

dy " (x2+y?)+xy
dx x(xi4+yT)

145
x24y2
[1+12+y2+x2 dy _ [.1r2+_1.r2+.:|f2
x4y Jdx x(xZ+y?)

(Zrz-ryi)d_}' - [.ti-l'}rz'f:xz
x24y2 J dx x(x2+y7)
dy ¥

= — == Ans
dx X
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Q12. If y = tan(ptan'x)show that
A+x)y, —-p(A+y") =0
Solution
y = tan (ptan'x)
Diff. w.r.t x

£ 0 =3
- rijr[t.?m (ptan™"x)] ..iciovins (1)
Y= secz(pmn‘l).i[pmnﬂx}

1
1+x2

=1+ tan®*(ptan~'x).p
From(1)
A+ 2y, =p(1+y7)
1+ x)y, ==p(1+yH) =0

Hence proved.
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