Chapter 1: Differentiation

EXERCISE 1.1 [PAGES 11 - 13

Exercise 1.1 | Q 1.1 | Page 11

Differentiate the following w.r.t.x: (x3— 2x — 1)°

Method 1 :
Lety = (x° - 2x— 1)°

Putu=x>-2x—-1.Theny = u’
cdy  d

2y _ 4

- S -5

du du(u) Ny
=53 -2x—1)4
and
-::lu_ d{3 2% 1)
d:{_dxx X
=3x2-2x1-0
= 3x2 -2
dy  dy 9 du
T dx  du  dx

= 5(x% — 2x - 1)4(3x% - 2)

= 5(3x% = 2)(x° — 2x — 1)*.
Method 2 :

lety = (x°—2x-1)°

Differentiating w.r.t. x, we get
dy d  ;
= -2 1)
dx dx{ ‘}



d
= 5(z*-22-1)4 x E(;r:3 — 2z —1)
=5 —2x— 1" x (3¢ =2 x1-0)
= 5(3x% - 2)(x> - 2x — 1)%.

Note : Out of the two methods given above, we will use Method 2 for solving the
remaining problems.
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Differentiate the following w.r.t.x: (2:1:% — 323 — 5) :

SOLUTION

Lety = (21‘:% — 3z% — 5)?

Differentiating w.r.t. x,we get

dy _ i(za-;% — 3% — 5)?
dx

&

2:1:%—3m%—5): ( T — %)
-~ (3Ve - 4¥/3) (227 — 323 —5)%
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(CN I SO B CN I N

Differentiate the following w.r.t.x: \/1:2 +4x -7



y=\/w2—|—4m—7[~/—= L ]

2,/x
Differentiating w.r.t. x, we get
d 1 d
Y —(a® + 4z - 7)
dx 2z 4z -7 dx
1 d d d
_ ( 2+ g _7)
W@ Fde—7\dx | dx dx
1
= (22 +4-0)
22 +4r — T
B 2(z + 2)
2va? +4x — 7
B (z+ 2)
Vi +dz —7
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Differentiate the following w.r.t.x \/xﬂ +vVz2+1

Lety:\/mg—l-v;cﬂ—l—l

Differentiating w.r.t. x,we get,

dy d :
—diz—dx($2+ m?+1)2

1 4 d
:E(:BE-F :c?+1) E.—(mﬂ—i—v’m?—l—l)

1 d
- ) [
2\/3324—\!:12?4—1 | dx dx

1 2x + L . d ($2+1)]

2\/&24—\;’:&24—1.- 2Vz? +1 dx




1 1
= |2z + —(Qm—l—[])]
2Wa+ vz +1 L 2vz? +1
1 I x ]
= N2z + ——
Wa2+vai+1 L Va? +1
B 1 _vamg—l—l—I—m]
2Wa2+ v+l | Vai+i
:r,(2x/:r:2—|—1—|—1)

W+ LV + V2 +1
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3

Differentiate the following w.r.t.x:

5#(23:?—73:—5)5

SOLUTION
3

Lety =

'l
5/ (222—T2—5)’

Differentiating w.r.t. x,we get,

g % [2:1:2—?:1:—5)_%
dx Sdz
:% X (—g) (22 — Tz —5)_%_1.%(2m2 — 7z — 5)
= —(22?—7z—5) 7. (2x 22 —Tx1—0)
4z — 7

(222 — Tz — 5)%
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1 5
Differentiate the following w.r.t.x (*u’ 3r —5— —)

v3r—>5H



1 5
Lety = ( /3 —5——)
-2 ( ) V3r—>5
Differentiating w.r.t. x,we get,
ﬂ=i(m_71 )5
dx ) V3z—5
1 ol 1
5 \/ﬁ—i) ._(M—i)
( = e =
4
=5( 3;1:—5—#) ,[i(gm_ﬁ)%_i(gm_m %)
vV3dr —5 dx
4
=5( 3:1:—5—;) X %[3;3—'3)‘2 _(333_5)_(_1)
Vvar—5
1 5 1
=5( 3;1:—5——) X | ———.(3x1—-0)+
v3z —5 Zm 2(3z — 5)>
15 1 i 3 3
O ) +
2( ) V3z —5 2V3z—5  2(3z - 5)7
15 1 Y l13z-5+1
= —|Vv3z—5— )
2 ( 3z —5 (3z — 5)?
15(3z — 4 1 4
= (3z 3(1;#333—5——)_
2(3z — 5)2 V3z —5
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Differentiate the following w.r.t.x: cos(x? + a2)

d
(3x—5) I.E
{3)(1—0]]



Lety = cos{x‘j- + aEJ

Differentiating w.r.t. x,we get,
ﬁl—‘i = % [lclr::-sf.[:,t:2 + ag)]
= — s.i:n(:t:2 + ag). % (;132 + ag)

= —sin(x? + a2).(2x + 0)

= —2¥% 5in{x2 + aEJ.
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Differentiate the following w.rtx: v/ e(3z+2)+5

SOLUTION

| et y =V 3{31+2}+ 5

Differentiating w.r.t. x,we get,
1

o Lo

1 -3 d
_ (3z42) (32+2)
- e +ﬂ f—F +ﬂ
2 [ dx
1 [ d
= .éh”l——mm+m-+4
21/ eB2+2) 1 5 L dx
1 -
- .ah”l@x1+m}
2 E{32+2}| + 5
3E{EE+2]

2v/ e(354+2)+5
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Differentiate the following w.r.tx: log [tan(% )}

SOLUTION



Lety = log [tan(g)]

Differentiating w.r.t. x, we get,

&zl (3))

(5]

~ 1 o T d sz
" tan(Z) see (E)'E(E)
_cs(3) 1 1,
sin(£) cos?(%) 2
~ 1
) 251]1(%)(:05(%)
1
) sin x
= cosec X.
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Differentiate the following w.r.t.x: \/tan NE



Lety = {/tan /=
Differentiating w.r.t. x,we get,
dy d
—_— = — tan+/x
o~ (Ve %)

1 d

= . tan v/ x
24/ tan+/z dx( V)

= = sec’ :,t:.i T
i 24/ tan+/z " ve dx{\/_)

1 1
= x sec’ VI %
24/ tan+/z 2v/x
sec? /T
4\/z+\/tan vz
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Differentiate the following w.r.t.x: cotg[log{xg}]



Lety = cota[log(fj]
Differentiating w.r.t. x,we get,
ﬂ = i [cc:-t(]c:-g :1‘:3)]3
dx dx

=3 [cot (]og mz}] 2. % [cot (log :t:g)]

= 3 cot? [lﬂg(mg)] : [—cosec2 (lc:-g 1:3)] . % (log mg)

= —3 cot? [lﬂg(:ﬂg)] . cosec’ :log(:t:?’)] .3% (log )

= —3 cot? [lng(mg}] . cosec’ :lng(:cg}] 3 x %

—9cosec? [log(z?)|. cot? [log(z*))

£

Exercise 1.1 | Q 2.06 | Page 12

.1
Differentiate the following w.r.tx; 552 =+3

SOLUTION

Lety = 55m3:+3

Differentiating w.r.t. x,we get,
dy & (5sm3 z+g)
dx dx
sl d
= 550°243 o5 _— (sindz + 3
g5 —( )

1 d
= 5Sin e t3 105 [3 sin? z. T (sinz) + 0

_ pein° 43 log5. [3 sin® z cos z]

o |
= 3sin? z cos z. 55 *+2_log 5.
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Differentiate the following w.r.t.x cnsec(\f cos m)

SOLUTION

lety = -::osec(w COS m)

Differentiating w.r.t. x,we get,

dy d
- O [cnsec(\f cOS :1:)]

= —EDSEC(V COs $) . CDt(v Ccos $) i 3 COS T
d

= —cosec(+/cosz). cot(y/cosz). 2\@ (mgm)

= —msec(vms :t:) cnt(\fcc:-s;r) \/m .(—sinz)

sin x. cosec[ﬁcos :1:). cn::-t(w‘cos :t:]
2+/coszx .
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Differentiate the following w.r.t.x: I-:Jg[f:r::rsl[}c3 -5)]

SOLUTION

Lety = iOg[CDS{X3 - 5]
Differentiating w.r.t. x, we get,

d

di I {]c:-g [ccs(m — 5)]}

= cos(;t:'l‘?‘ 5 : di( [ms(:r:g — 5)]

_ m{; - [sin(e? 5], )



= —tan(x° - 5) x (3x2 - 0)

= —3x2tar1(:{3 - 5).
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a2 2
Differentiate the following w.r.tx: e*Si® =-2cos’=

SOLUTION

3sin® r—2cos? =

lety =€
Differentiating w.r.t. x, we get
ﬁ _ i [EE sin® z—2 cos? .1::|
dx dx

€3 sin® z—2 cos? z

d

.E(Ssiﬂzx—EcusE;c)

4 : d d
= glfin’z-200sz. 3— (sinz)® —2— {{:052 :t!)}
dx dx

EE sin® z—2 cos® =

3 x2s8inxr. —(sinx) — 2 x 2cosx. —(cosx
S (sinz) i (cos)]

s’ e-2 008’z [6sinz cosx — 4 cos z(—sinx)]

R S )

= S T208 T (10 5inz cos )
1 G gE

= 5(2sinz cos x). g5 = 200872

. ey T .3
- Ksin 2. Eﬂsm r—2cos z
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Differentiate the following w.r.t.x: cos?[log(x? + 7)]



Lety = CDSEHOQ{}{E + 7)]

Differentiating w.r.t. x, we get

'?l_‘i — %{cos [lﬂg($2 +7)] }2

= 2 cos[log(z* + 7)]. %{cns[]ng(mﬂ +7)]}

= 2 cos [l«:rg(a:2 + 7)] {— 5in[]0g(m2 + '?')] } % [lﬂg($2 + 7)]
1 d

= —2 E.in[]u::ug(m2 + ?]] COS [lt:}g;[:r:2 + 7)] X

= — sin[z l«:rg(:r,2 + 7)] X T (22 + 0) ..[+ 2sinx - cosx = sin2x]

) —2x. sin[Z lt:-g(.'?c2 + 7)]
) 2+ 7
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Differentiate the following w.r.t.x: tan[cos (sinx)]

Let y = tan[cos (sinx)]

Differentiating w.r.t. x, we get

dy d .
e E{ta.n[cos(sm z)|}
= sec?[cos(sin z)]. % [cos(sin x|

d

= sec?[cos(sin z)]. [~ sin(sin z)]. . (sin z)
= —SE“CE[CGS (sinx)] - sin (sinx) - cosx.
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Differentiate the following w.r.t.x: secftan (x* + 4)]

SOLUTION

Let y = sec[tan |[><4 + 4)]

Differentiating w.r.t. x, we get

d d 4
o — 7 {sec[tan(c* + 4)]}
= sec [tan(:r4 + 4}] : tan[tan(m4 + 4)] : % [tan(:lt‘1 + 4)]

= sec [ta]l(:r4 + 4)] : tﬂﬂ[tﬂﬂ(md + 4)] : sec2{$4 + 4). % (m4 + 4)

= sec[tan(x* + 4)]tan[tan(x? + 4)]-sec?(x* + 4).(4x> + 0)
= 3.sec(x* + 4)-secftan(x? + 4)]tan[tan(x* + 4)].
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: : : log|(log z)*~log =*
Differentiate the following w.rtx e ng[{ ogz) —logz ]

SOLUTION

Lat y = Eltz:g [{lug::]lﬂ—lug:rg]

= (logx)? - logx? L el09% =
= (logx)? — 2logx

Differentiating w.r.t. x, we get

dy d

T logz)? — 2log

= % (log z)* — 2% (log x)

d 1
= 210g;r:.£(lc-g:r:} —2 X =



1 2
=2logx x — — —
r T

_ 2logzx 2

£ £
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Differentiate the following w.r.tx: sin 4/ sin vz

SOLUTION

Lety = sin {/ sin vz

Differentiating w.r.t. x, we get

E = i (sin sin \/E)

dx  dx

= cos smﬁ.i(ﬂsiﬂﬁ]

1 d
cos \/ sin V& x A sinyz
2¢/sin/z 94X ( )
cos \/sin+/z

d
- e XGDS\E.E(\/E)
cosm.cosﬁx 1
24/sin/z 2v/z
cos v/sin \/Z. cos /T
INCRVENA
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Differentiate the following w.r.t.x: log [sec (EIE)]



Lety = log [sec (ezﬂn

Differentiating w.r.t. x, we get

ﬂ = iIu::-g; [sec(emz)]
dx dx

) Sec(lezz) dx[ﬂec( )]

]
[y
o
,-—-\
™ =
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Differentiate the following w.r.tx: loge?(logx)

Let y = loge?(logx)

_ log(logx)

) log &2

log(logx)
2loge

_ log(logx) loge =1

2
Differentiating w.r.t. x, we get

dy 1 d




1 1
= wo—
2log x T

1

2z logx’
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Differentiate the following w.r.t.x: [log {log(logx)}]?

SOLUTION

Let y = [log {log(logx)}]®

Differentiating w.r.t. x, we get

d d

Ey = 3 log{log(log z)}?
d

= 2. log{log(log x)} x d—[]og{]ng(lng z) }]
X

1 d
log(logz) dx
1 1 d
: X (
log(logz) logz  dx
1 1 1

= 2.log{log(log x)} x : X —
log(logz) logz =

_, [ logflog(logz)}
- | z.logz. log(log z) |

= 2.log{log(log x)} x [log(log x)]

= 2. log{log(log x)} x log x)
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Differentiate the following w.r.t.x: sin?x?— cos?x?



Lety = sin?x? — cos?x?

Differentiating w.r.t. x, we get

d}’ d[zz 22]

sl T COos &I

dx  dx

= % (Si]:l;t?)g — i (t:u::s.:,t:?)2

= 2sin z°. — {sin :1*:2) — 2cos 2. % (cus 332)

= 2sin z°. cos 4 (mﬂ) — 2cos z2. (—sinz2) 4 (;132)
= 2sin x2 . cos X2 x 2x + 2sinx® . cosx? x 2

= 4x {25inx2 . CDSXE)

= 4x sin(2x%).
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Differentiate the following w.r.t.x: (x2+ 4x + 1)3 + (x3- 5x — 2)*
SOLUTION

Lety = (x° + 4x + 1)° + (x°— 5x - 2)*

Differentiating w.r.t. x, we get

:i dx[(x —|—4.'1:—|—1) +(m—5m—2)}

3 d 4
=—(;122-|—4m-|—1) +£($3—5m—2)
_ 2 ge 9 L3 _a
—3(3: +4$+1) dx(:r: +4x+1) +4(z° — bz E)Idx(x Sz — 2)

=302 +4x+ 1) 2x+4x1+0) + 403 -5%x—-2)%. 3x¢=5x1-0)
= 6(x + 2)02 + 4x + 1)2 + 4(3x% - 5)(x5 — 5x - 2)°.
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Differentiate the following w.r.t.x: (1 + 4x)° (3 + x —x2)2

SOLUTION

Lety = (1 + 4%)° (3 + x —x2)8

Differentiating w.r.t. x, we get

d d

= (1 + 4z)° i(3+$—$2)8 + (3—|—m—3:2)8 i(l—l—ri:r)5
T dx Cdx

= (1+ 4x)° x8(3+x—x2)7.di(3+:c—x2)+ (3+ﬂ:—$2)8><5(1+4m)4.%(1+4m)
X

=81+’ 3 +x—xA L (0+1-20+5(1 +40* B +x-x2%. (0 +4x 1)
= 8(1-2x)(1 + 4323 + x—x9)7 + 20(1 + 40%3 + x - x9)8,.
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£

Differentiate the following w.rtx ———
VT — 3z



vT —3%

Differentiating w.r.t. x, we get

dy _ d ( T )
dx ~ dx\ V7—3z
~.f?—3m%{:r)—:t%(ﬁ?—3m)

2

(7
) VT—3zx1—z X 2{%.%(7—31’.)
7T— 3z
VT—3z—Z—(0-3x1)
T—3x

_ 2(7—3z)+3z
(7 32)?
14 —-6zx+3x
97— 32)%
143z
(7 —32)F
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]
(="~ 5)

Differentiate the following w.r.t.x ——3
(z* + 3)



SOLUTION

-9’

(z3 + 3)°
Differentiating w.rt. x, we get

dy  d[(=*-5)
dx  dx (3 + 3)°

R i 3)%. L (22 —5)° — (2* —5)°. L (2 +3)°
[(mﬂ +3)3]?

(43 x5(=* -5)". £ (2" —5) - (¢*—5)’ x3(z* +3)". & (" +3)

Lety =

(z® + 3)°
5+ 3)°(z? — 5)". (32 — 0) — 3(z* — 5)°(«* + 3)”. (322 + 0)
(23 + 3)°
322 (2% + 3)%(2® — 5)[5(z® + 3) — 3(2® — 5)]

(z® + 3)°
32%(2* — 5)"(52* + 15 — 32° + 15)
) (z* + 3)*
322 (z? — 5)" (22® + 30)
] (2% + 3)*
63:2{;1:2 + 15) (:1:3 — 5)4
) (@t +3)°
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Differentiate the following w.r.t.x: (1 + sin2x)? (1 + cos? x)3



Lety = (1 + sinz:-()2 1+ coszx)3
Differentiating w.r.t. x, we get

dy d

o [(1 —I—sin2 m)2(1 —i—cos?m]g}

= (l—l—sin:2 :1:)2. ; (1—1—{:052 :t:)g—i— (1 —i—cosgw]gvé(l—ksingm)z

dx
= (1 + sin? :I.‘)2 X 3(1 +c0523:]2. %(1 + cosgm) + (1 + cos?:a:)3 X 2(1 + sin? :r:). %(1 + sin?w)
= 3(1 + sin’ m)?(l +0052$)2. |:0+2COS$. %(cos :E):| +2(1 + sin? z)(1+ cos? m)g. 0 + 2sinz. %(Siﬂ x)

= 3(1 + sin2x)2(1 + cos2x)2.[2cosx( — sinx)] + 2(1 + sin2x)(1 + cos2x)3[2sinX .cosX]
= 3(1 + sin?x)?(1 + cos?x)?(— sin2x) + 2(1 + sin2x)(1 + cos?x)3(sin2x)

= sin2x(1 + sin2x)(1 + cos?x)? [~ 3(1 + sin?x) + 2(1 + cos?X)]
= sin2x(1 + sin?x)(1 + cos?X)?(— 3 — 3sin?x + 2 + 2cos?X)

= sin2x(1 + sin2x)(1 + cos?x)?[~ 1 — 3sin?x + 2(1 — sin?x)]
= sin2x(1 + sin?x)(1 + cos?x)?(=1 — 3sin?x + 2 — 2sin?x)
= sin2x(1 + sin?x)(1 + cos?x)?(1 — 5sin?x).
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Differentiate the following w.r.tx: v/cosz + 4/ cos vV



SOLUTION

Lety = v/cosz + \/ms e

Differentiating w.r.t. x, we get

% = -:%{ [wcusm—l— ‘\fmsﬁ\

= %({‘.DS m)% + % (cos \/E)%

1 L 1 =5
= E(cns:ﬂ] ?.E(msm}—l— E(EDS V) .E(CDS V)

1 _ 1 : d
E E.(—smﬂ:] + m X (—smﬁ).a(ﬁ)

_ —sinz sin v/z g 1
2y/cosz  24/cos\/z 2\/z
—sinz siny/z

" 2/e0sz  4yzy/cosyz
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Differentiate the following w.r.t.x: log (sec 3x+ tan 3x)



SOLUTION

Let y = log (sec 3x+ tan 3x)

Differentiating w.r.t. x, we get

— [log(sec 3z + tan 3z)]

(sec 3z + tan 3z)

dy d
dx  dx
~ 1
~ sec3r +tan3z  dx
~ 1
~ sec 3z + tan 3z
~ 1
~ sec3z + tan 3z
1

sec 3x + tan 3x

| dx

P :sec3:r:ta,n3:t %X 3+ sec? 3x x 3]

_ 3sec3z(tan 3z + sec 3x)

sec 3x + tan 3x

= Jsec3x.
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Differentiate the following w.r.t.x:

d d
—(sec3z) + o (tan 3m)]

32 tan 3z. — (3z) + sec’ 3
seCoar tan ok. — | o sec 4
dx

1+ sinze”

1 —sinz’

d
E(3$}

|



SOLUTION

1+sinx
Lety = -
1—sinx
_1+5]ﬂ(%) [“mﬁ_(ﬂ—_x)ﬂ]
1—5111( 180) L 180

Differentiating w.rt. x, we get

dy d 1+ sin(%
dx Cb{ si:n( 1?0

[1- Slﬂ(ﬁ)] e [1+sin(F55)] — [1+sin(F5)]- 5 [1 - sin(355)]
11— sin({5 }2

[1_5”1(18 )] [0+ cos( su) ax (55) — [1 +sin(F5)]. [0 — cos(F5). ddx(gzﬂ)])

[1—sin({5 ]2

(1-sinz’)[(cosz”) x 755 x 1] — (1 +sinz)[(—cosz”) x 455 x 1]

(1 —sinz")?

tegcosz (1 —sinz” +1+sinz”)

(1 —sinz")?
TCOST

© 90(1 —sinz")?
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! t
Differentiate the following w.rt.x: cﬂt( -::-g * ) — log ( C’Dg * )




> . log = ) cot x
ety =co —lo
4 2 4

Differentiating w.r.t. x, we get

- () (5
()] ()]
o (55) 2 (5) - by 2 (55)
o

= —CDEEC2

_x__

X — X (—cosecﬂm)
- col r

)
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Iogﬂ:) 1 2 1

2

cosec
9
+ tan x. cosec .

E?r . e—?z

Differentiate the following w.r.t.x
e?r + g2



p2% _ o2z
Lety = o2 1 p-2r
) o2 _ E%
e + E%
e** —1
et 4]

Differentiating w.r.t. x, we get
dy d fe*—1
dx  dx \etr +1

(e** +1). L (ef* —1) — (e** —1). L (ef* +1)

(et + 1)

) (e** +1)[e*=. L (4z) — 0] — (e** — 1) [e*. L (4z) + 0]
i (e% + 1)

(e +1).e% x4 — (e* —1).e* x4
i (e%= + 1)2

det* (e + 1 — e** +1)
. (e%= +1)°
B 824:
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eve 1

Differentiate the following w.r.tx:
evr — 1



SOLUTION
e‘ﬁ +1

eve — 1
Differentiating w.r.t. x, we get

dy d [e/"+1
dx  dx | evF -1

(9% 1) (o 41) — (97 1) & (o~ 1)

Lety =

(ev% 1)’
_eVE

CVaeF 1)
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Differentiate the following w.r.t.x: log[tan3x.sin*x.(x2 + 7)7]



Let y = log[tan®xsin®x.(x2 + 7)]
= log tan®x + log sinx + log(x® + 7)’

= 3log tanx + 4log sinx + 7log(xZ + 7)

Differentiating w.r.t. x, we get

'?l_‘i — %[ logtanz + 4logsinx + TIDE(mz + 7)]

d d = . d ,
= 3a(log tanz) + 45(10g sinz) + '?E [log(z* +7)]

1 d 1 d
=3 x .—(tanx) + 4 x .—(sinz) + 7 x
tan dx( ) sin dx( )
=3 x secx + 4 x — .cosx + T x
tan sin r? +
COSX 1 14>
=3 X — X + 4 cotx +
sinx coslx 24+ 7
0 4 deott —2F
= co
2sinzcosx 2+ 7
4 deotz + 22
= cot x
sin 2x 27
14x

6cosec2x + 4cot x + .
247
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1—cos3
Differentiate the following w.r.t.x: log (\/ﬂ)

1+ cos3zx




SOLUTION

i ) \/1—(:053:{:
= 1y _—
e S 1+ cos3x

Differentiating w.r.t. x, we get

dy d

o = ax [t (5)

y m(l%) « S [tan(g_;)}

" 1 xseci(gm) d (3:\:)
tan () 2 ) ax\ 2
_ cos(42) 1 3,
5111(3—; cusi(%) 2
= -
25111{%}1305(373)
=3 X —
sin 3
= 3 cosec3x.
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( 1+ cc:-s(
Differentiate the following w.r.t.x \

SOLUTION



Using
Iog(%) =loga-loghb

log a® = b log a

ol ) ()

. [ £l
y:log(l —|—cos(%) 2—lc:)g(l—cus(§))

v = o[ 1+ cos( 2 )|~ J1og | (1 cos( )]

Differentiating w.r.t. x

dy 1 1 d( 5:1:) 1
— = — l‘i—CDS? — =X

dx 2 1+ cos(32) dx

1 9T 3]
:zuTmﬂ%n(sm(z)zzu—c
__ —5sin() 5sin()
4(1+cos(5))  4(1—cos(5))
—5 DT 1 1
) Tsm( 2 )| Trco(®) 1= cos(%)]

2

_—E'E.in(ﬂ) [1 - cc:-s[s—;] + 1+ cos E]

1— cosE(E—; ]

—9 D 2
= —siﬂ(—m) b4 e [ 1 —CDSE

X = sin?

x]
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l—sinzx
Differentiate the following w.r.tx: log (1 / —)
1+sinzx

SOLUTION
Lt 1 1l —sinx
ety =lo _—
V=RV T sing
\/l—sinx 1—sinx
= log : X :
1+sinx 1—sinx

( (1 — sin m]g
= log 5
| s
\ sin” x
(\/ (1— sinm)g
= log 5
cos®
\

(1 — sin;t:)
= log| ———
COS T

( 1 sinx )
= log —
COS T COS T

= log(sec x — tan x)

Differentiating w.r.t. x, we get
dy d
dx dx

[log(secz — tan )]



1 d
= .—(secz — tanz)
secr —tanzx

1
secr —tanx

* (secm tanx — 5&(:2 :t:)

—secz(secr — tanz)

secr —tanx
= —5eC X.
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o

2
+5
Differentiate the following w.r.tx: log [42” (:E—)

vV2xd —4

|

SOLUTION

2
2 5 2
Lety = log |4%* (L)
v2xd—4

3
2 5 T
= log 4* +log (L)
v2x3 —4

3 2+5
=2zxlog4d + —log(L)
2 Vv2zd —4

= 2xlog4d + % [lﬂg(ﬂ:g -+ 5] 7 l@g(2m3 — 4)%]

3
=2z logd + 5 [log(:t.'? +: 5) — lcnrg[Eat'3 = 4)
Differentiating w.r.t. x, we get

o P Hogl2 o8 — Zloulast—
A [23: log4 + zlng(:r. +5) 410g(2:ﬂ 4)]

£ [log(mz -+ 5)] 2 i []Dg [2:1.'3 — 4)]

d 3
e L= %
S O s 1



3
= (2loc4d 1+ — )
(2log4) x +2Xm2+5dx

3 3
—2logd + ——  _ x(2z2+0)— ——  x(2x3z2—0
G v prs S G Ay P By (2x32°-0)
3 9r?
= 2log4 + * T

22 +5 2(2z% — 4)
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5 3
h—4x)2
Differentiate the following w.rt.x: log ez’ z)
v T7T—6z

o e

e* (5 — 4z)

Lety:lng[ e ]
VvV T—6x

Using
log(A.B) = logA + logB

3 22 (5 — 43‘:)%
y=loge® +log| ———
vV 7T—6z

= log ezg—l—lng{ﬁ - -'-1:{::}%— log (& '?—ﬁﬂ:)

3 1
= 2% loge + E]Dg(ﬁ —4z) — log(7 — 6x2)7

3 1
=z’ + Elog(ﬁ —4z) — glog(? —6z)

Now,
Differentiating w.r.t. x, we get

dy d , 34 1. 8
A S T R R RS S L
E e e




6 2
(5 —4x) N (7 — 6x)
6 2
54z T 7T— 6z
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=2z —

2x

Differentiate the following w.r.t.x:

amﬂz
log
[ (2 —3)’logz ]

SOLUTION

RCDSI
Lety = log
(z2 — 3)*log x

= loga®©* — log(x® - 3)? - log(log x)
= (cos x)(log a) - 3|og{x2 — 3) -log(log x)

Differentiating w.r.t. x, we get

‘?l_if[ = % [(cosz)(loga) — 3log(z* — 3) — log(log )]
d d d
= (loga). E(ccs:ﬂ) — 3E []t:}g;(:r:2 —3)] - E[lﬂg(]ﬂgx]]
1 d 1 d
= (loga)(—sinz) — 3 x 5 3 dx (:t:2 —3) — logz E[lﬂgm)
1 1
= —(sinz)(loga) — 7 3 x (22 —0) — log 7 X —
= —(sinz)(loga) — 6z 1

z2—3 zlogx
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Differentiate the following w.r.tx: y = (25)8:(5%¢*) _ (16)8tanz)



y = (25)1035{5911:.-} o (lﬁ)log,[tan T)

_ 5210g5{5ei::r}| o 421034{’[311:]

_ 5210&[5&1:’*3} o 4210g4{tan'3 z)

= sec?x — tan?x S a":'gax = x|
Ly =1
Differentiating w.r.t. x, we get
dy
1) =0.
I~ dx { ) =

Exercise 1.1 | Q 3.2 | Page 12
4
(2 +2)

Differentiate the following w.r.t.x
vze2+5



4
2
Lety = (m il )

V2 +

Differenhatmg W.T t %, we get
dy _d|(e°+ 2)
dx dJ{ e

/TR A

)“—(:.:2+2)‘*.d—'1( :c2+5)

(m)2

vz2+5x 4(:132 + 2)3. %(mz + 2) -

(m2+2)4>< 2 .4 (2

2_2]‘1
2 z245

2+ 5

VaT+5 x 4(2? +2)°. (22 +0) — =

2 +5
8z (22 + 5) (22 + 2)° — z (> + 2)*

(22 +5)

3:(.1'24—2) [B(m + ) (:L‘ -I—Z)]
(z2+5)7
m(mﬂ—l—Z) (8:1? + 40 — 22 —2)

(22 +5)?
m(mg—i-ﬁ] (Tm —l—38)
(22 +5)*
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A table of values of f, g, f'and g'is given :

X f(x) a(x)

(%)

g'(x)



6 -3
5
—4
If r(x) =f [g(x)] find r' (2).
r() =flg03)]
e = 3
LX) = = flg(z)]
- flg(@)]. ~—
- filg(@)] < [g(a)
= fI[g(z)]. [g/(=)]
= 1'(2) = frg(2)]. &/(2)
= f1(6).g/(2) [ g(x) =6, when x = 2]
=—-4x4 ..[From the table]
= -16.
Exercise 1.1 | Q 4.2 | Page 12
A table of valuesof f, g, f'and g'is given :
X f(x) g(x) f'(x)
2 1 6 -3
4 3 4 5
6 5 2 -4

If R(x) =g[3 + f(x)] find R'(4).



R(x) =g[3 + f(x)]
d
x) = g{gﬁ + f(z)]}

- @[3+ f(@)]. —[3+ f(a)

- g3+ 1(@). 0 + 71(2)
- g3+ f(2)]. fi(x)

SR = g3 + F(4)]. Fr(4)

= g/[3+ 3]. f1(4) L[ f(x) = 3, when x = 4]
= g/(6). f/(4)
=7x5 ..[Frrom the table]
= 35.
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A table of values of f, g, f'and g'is given :

f(X) g(x) f'(x)

X

2 1 6 -3
4 3 4 5
6 5 2 -4

If s(x) =f[9 - f (x)] find s'(4).



s(x) =f[9 - f (x)]
d

S'{X} = E

{f[9 - 11

=119 - f(ﬁ{)]-% [9 - f(x)]

= F9 - 1(x)1.[0 - '(x)]
= - '[9 - f(x)].F (x)

- s'(4) = - '[9 - f(4)].F(4)

-f9-31F4)  ..[~f(x) = 3, when x = 4]
- £(6).F4)

= - (- 4)(5) ..[From the table]

= 20.

Exercise 1.1 | Q 4.4 | Page 12

A table of values of f, g, f'and g' is given :

X f(x) 9(x) () g'(x)
2 1 6 -3 4
4 3 4 5 -6
6 5 2 —4 7

If S(x) =g [g(x)] find S'(6).



SOLUTION

5 =g [gx)]
50 = 5 glg(e)
- erle(a)]. —e(x)]

= gl[g(z)]. g/(z)
= §'(6) = gr[g(6). g/(6)

= g/(2). g/(6) [ g(x) = 2, when x = 6]

=4 x7 ..[From the table]

= 28.

Exercise 1.1 | Q 5 | Page 12

Assume that f1(3) = —1,g/(2) = 5,g(2) = 3 and y = f[g(a:)],then[
y = flg(z)]

LAy _ 4

L~ g

- flg(@)). ~lg(a)

= f1lg(z). g/(z)

&1

= f1g(2)]- g/(2)

= f1(3).g(2)  .[+9(2) =3]
=-1x5 ...(Given)

= -5,
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Fhe) = \/45() + 3g(2), F(1) = 4,8(1) = 3, f1(1) = 3,g/(1) = 4, find bu(1).

Given: f(1) = 4,g(1) = 3, fr(1) = 3,g/(1) =4 ..(1)
Now, h(x) = \/4f(:13) + 3g(z)

) = % [Jﬁlf{:ﬂ) + 3g($)]

S 4f(z) + 35(a)]

2/4f(z) + 3g(z)

- [4f1(z) + 3gi(z)]

1

)

1

2/4f(z) + 3g(z)

N 1

- 2/4f(1) + 3g(0)
1

B 2vV4x4+3x3
1
= *
24/ 25
B 1
el
12

D

~ h() [4f1(1) + 3gr(1)]

X [4x3+3x4] ..[By(1)]

24

¥ 24
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Find the x co-ordinates of all the points on the curve y = sin 2x — 2 sin x, 0 < x < 2T,
where dy/dx = 0.



y=sin2x —2sinx 0 £x<2m
_d}* d

= —(sin2z — 2sinz)

U dx dx

= %(Eiﬂ 2x) — 2%(511:@)

= 2r. —(2x) — 2
cos 2x dx(m) Cos T

= cos?x x 2 — 2 cosx

=2 (2 cos?x — 1) =2 cosx
= 4 cos?x — 2 — 2 cosx
= 4 cos?x — 2 cosx — 2

dy
lf — =0, then 4 cos®x — 2 —2=0
2N COS5™X COSX

~dcos?x—4cosx 2cosx—2=0
mdcosx(cosx—1)+2(cosx—-1)=0
So(cosx—=1)(4 cosx + 2) =

ncosx—1=0ordcosx+2=0

1
LcosX=1lorcosx = ——

;. cosx =cos ()

or
Fi)
COS X = —CO8 —
m
—cos|lm— —
3
cos 2
3
or

m
COs5X = —C03 —
2



(%)
cos|m— —
3

cosdm
= 3 L0 2 x < 2]
2 A
S¥x=0Qorxz=—orazr=—.
3 3
27 4

Xx=0or — or —.
3 3
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Select the appropriate hintfrom the hintbasket and fill up the blank spaces in the
following paragraph. [Activity]:

"Letf (x) =x?>+5 and g (x) =e* + 3 then
flax)] = .......... and g[f(xX)] =..........

Now f'(X) = .......... andg'(x) = .........
The derivative of flg(x)] w. r. t. x interms of fand g is ..........

d
Therefore a[f[g(:r)]] = oo @nd

| e e

The derivative of g[f(x)] w. r. t. x in terms of f and g is

d
Therefore a[ glf(z)]] =

d .
@] s
Hint basket : {f:[g(m)] -glz), 2% + 6e*, 8, g/ f(x)] - fr(z), 2:1:3"2_5, — 26% 2 + 6o + 14, =18 4 3,2z, ez}



SOLUTION

flgx)] = e2* + 6e* + 14
glfed] = e % + 3

f'ix) =2x, g'f(x) =e”

The derivative of flg(x)] w. r. t. x in terms of f and g is fr[g(z)]. g/(z).

. d - 2r T i _
S {le(@)]} = 26 + 6e” and —{flg(x)]}, o = &
The derivative of g[f(x)] w. r. t. x in terms of f and g is g/[ f(x)]. fI(x).

- {alf(@)]} = 267 anc
el f @)}, g = 2"

EXERCISE 1.2 [PAGES 29 - 30

Exercise 1.2 | Q 1.1 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =
f-1(y) in the following:y = Vx



SOLUTION

Y =VY

We have to find the inverse function of y = f(x), i.e. x in terms of v.
From (1),

y* = x

. Yz

wx=f1y) = y?
dx_ d

[
b2
B
—
()
e
—
k.
=

27T

Exercise 1.2 | Q 1.2 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =

f1(y) in the following:y = V 2- Ve



SOLUTION

y=V2—+Ve (1)

We have to find the inverse function of y = f(x), i.e x in terms of y.
From (1),

y=2-vz Vz=2-¢
wx=Q2-yY)?
wx=fy) = 2 -y?)?

= 2(2 - y2).(0 - 2y)
=4y -y?)

:_4¢2—¢E@—2+yﬁ)mmﬂﬂ]

- —ava2-Va
dy 1

dx C%)

1

12— VT

Exercise 1.2 | Q 1.3 | Page 29




Find the derivative of the function y = f(X) using the derivative of the inverse function x =

3
£1(y) in the following:y = ¥ £~ 2

SOLUTION
y=vaz—2 (1)

We have to find the inverse function of y = f(x), i.e x in terms of y.
From (1),
y3 =x-2
LK = y3 + 2
sx=fly) =y +2
dx d
= ._:-}’2 + 0= 3}‘2

_ 3({/’@)2 By (1)]

- 3(z —2)7

Exercise 1.2 | Q 1.4 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =
f-1(y) in the following:y =log(2x — 1)



SOLUTION

y = log(2x — 1) (1)

We have to find the inverse function of y = f(x), i.e x in terms of y.
From (1),

2x—1=1¢&Y

L2x=eY + 1

~x =1y

_ %ehgih—” By (1)]

%(23‘: _1) [ el =

~dy 1

(%)
dy
2
20 — 1

Exercise 1.2 | Q 1.5 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =
f-1(y) in the following:y = 2x + 3



y=2X+ 3 ol 1)
We have to find the inverse function of y = f(x), i.e x in terms of y.
From (1),

2Xx =y—3
y— 3
x= 2 =
2
x = )
_y—3
dx 1 d
d—=——(’y—)
y 2 d
1
=—(1—0
S(1-0)
1
2
_djr_ 1
(%)
dy
1
(2)
= 2.

Exercise 1.2 | Q 1.6 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =
f-1(y) in the following:y = e* — 3



y=e'-3 (1)
We have to find the inverse function of y = f(x), i.e x in terms of y.
From (1),
e* =y +3
- x =logly + 3)
~x =f(y) = logly + 3)
dy

d
e A 3
I d},[ﬂg(er )

- By (1)]

Exercise 1.2 | Q 1.7 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =
f-(y) in the following: y = €23



y = 23 (1)
We have to find the inverse function of y = f(x), i.e x in terms of y.
From (1),
2x—3=logy
~2Xx=logy+3
s x = ()
.
= E(Iog y+ 3)
dx 1
Bt = I Mgy
5 2 dy( gy +3)
1A
-2 (2+9)
2 \y
1
= 5
1
o -[By (1)]
g 1
= ()
dy
_ 1
(3)
= T

Exercise 1.2 | Q 1.8 | Page 29

Find the derivative of the functiony = f(x) using the derivative of the inverse function x =

T
].Dgg ( — )
f=1(y) in the following:y = 2



SOLUTION

y = logﬂ(g) (1)

We have to find the inverse function of y = f(x), i.e x in terms of y.

From (1),

z
2

sy = 2.2Y = v+l

wx =y =29+
Cdx i(2y+1)
dy dy

d
=2 log2. —(y + 1)
dy

= 2¥*1 log 2. (14 0)

= g+l log 2

- 2loea(3)+1 1002 [By (1)]
_ 21‘352{%}"'1052 2_ log 2

_ 2log2{§><2].10g2

= 2199,x log?2
=xlog 2 2 al%9x = X
~dy 1
Cdx (ﬂ)

dy
1

zlog2

Exercise 1.2 | Q 2.1 | Page 29



Find the derivative of the inverse function of the following :y = x?-e*

y = x%e¥

Differentiating w.r.t. x, we get
d}r d 2 r
F a:b:( .e”)

d d
_ a2 z T 2
=& E{E‘ } + e E (iI.‘ )

= x2.e* + X x 2x

= xe* (x + 2)
The derivative of inverse function of y = f(x) is given by

dx 1

d}r ) (d}r)
dx
1

ze*(z +2)

Exercise 1.2 | Q 2.2 | Page 29
Find the derivative of the inverse function of the following :y = x cos x

SOLUTION

Y = X COS X
Differentiating w.r.t. x, we get
dy d
dx ; dx
=x—|(cosx)+cosr— (T

—(cos ) + cos 7 ()
= X(—sinx) + cosx x 1

(z cosz)

= COSX —X sinx
The derivative of inverse function of y = f(x) is given by



dx 1

e
dx
1

cosT — rsinT

Exercise 1.2 | Q 2.3 | Page 29
Find the derivative of the inverse function of the following :y = x - 7%

y = x-7%

Differentiating w.r.t. x, we get
d d

S (@)

d d
— r— (77 T ___
z (7)) + T (z)

=x7*log7 + 7" x 1

= 7x (x log7 + 1)

The derivative of inverse function of y = f(x) is given by
dy 1

= (@)

dx
1

) 7*(zlog 7+ 1)

Exercise 1.2 | Q 2.4 | Page 29
Find the derivative of the inverse function of the following :y = x2 + log x



SOLUTION

y = x2 + log x
Differentiating w.r.t. x, we get

'?l—‘i = %( : + log )
d d
= (z?) + g(lng x)

1
=2r + —
T

22t +1

T
The derivative of inverse function of y = f(x) is given by

dx 1

e

S 2r2+1°

Exercise 1.2 | Q 2.5 | Page 29
Find the derivative of the inverse function of the following :y = x log X



y = X log x
Differentiating w.r.t. x, we get
d d
o = 3 @le)
d d
= xa(log x) + (logz). = (z)
1
=z x — + (logz) x 1
T

=1 + logx
The derivative of inverse function of y = f(x) is given by

dx 1

Yo(#)
dx
1
1+logx

Exercise 1.2 | Q 3.1 | Page 29

Find the derivative of the inverse of the following functions, and also find their value at
the points indicated againstthem.y = x° +2x3 + 3x, atx = 1



y = x> + 2% + 3x

Differentiating w.r.t. x, we get

'jl—‘i = %(mﬁ —|—2:.r:3—|—3;t:)

= S5x* + 2% 3x% + 3% 1

= 5x% + 6x2 + 3

The derivative of inverse function of y = f(x) is given by

dx 1

v @

dx
~ 1
Bzt + 622+ 3

Atx=1 dx
x=1,—
1 d_}r

1
) (5z* + 622 +3)_, .,
) 1
51 +6(1)° + 3
1
546+ 3

1
14
Exercise 1.2 | Q 3.2 | Page 29
Find the derivative of the inverse of the following functions, and also find their value at

the pointsindicated againstthem.y = eX+ 3x + 2



y=e+3x+2
Differentiating w.r.t. x, we get

d
E}T( E+3I+2)

e+ 3x1+0
=e*+3

The derivative of inverse function of y = f(x) is given by

dx 1

e

et + 3
atx =0
x=0, —
dy

Exercise 1.2 | Q 3.3 | Page 29

Find the derivative of the inverse of the following functions, and also find their value at
the pointsindicated againstthem. y = 3x2 + 2logx3



y = 3x% + 2logx’
= 3x% + 6logx

Differentiating w.r.t. x, we get
dy

e E(3m2+610gm)

1
=3 x2x+6 x —
£

6
=6z + —

£L
62" +6
- £

The derivative of inverse function of y = f(x) is given by
dx 1

vo(F)
dx
_ 1
(ﬁzﬂ—ﬁ)
3 £
622+ 6

At 1 dx
x=1,—
3 d}r

(575)
62246 /) . 1

1

6(1)> + 6
1
127
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Find the derivative of the inverse of the following functions, and also find their value at
the pointsindicated againstthem. y = sin(x — 2) + x2

SOLUTION

y = sin(x—2) + x2

Differentiating w.r.t. x, we get

Yy _ 94 rin - 2
dx—dx[sm[m 2) + x|

d . d
= a[sm(:r —2)] + E(mg)

= cos(z — 2). %{:ﬂ —2)+ 2z
= cos(x—2).(1-0) + 2x

= cos(x—2) + 2x

The derivative of inverse function of y = f(x) is given by

dx 1
dy (&)
dx
~ 1
cos(xz — 2) + 2z
., dx
Atx = Z’d_}r

] ( cos(z —12) + 2a] )
1
1

+4

1
1
D

Exercise 1.2 | Q 4 | Page 29
If f(x) = x® + x — 2, find (f-1)'(=2).



SOLUTION

f)=x> +x-2 (1)

Differentiating w.r.t. x, we get
d
fx) = — (2* + 2 -2
0= = )
=3 +1=0

=3x% + 1
We know that

IR |
{f}M—-ﬁ&) (2

From (1), y = f(x) = - 2, when x = 0

- from (2), (FN)'(=2)
1

11(0)
1
(3% + 1), 9
1
3(0) + 1
= 1.

Exercise 1.2 | Q 5.1 | Page 29

Using derivative, prove that: tan ~'

¥+ cot‘1x = —



SOLUTION

Let f(x) = tan ~'x + cot™'x (1)

Differentiating w.r.t. x, we get

f'(x) = % (tan_l r + cot™! ;t:)

:%(tan_lm)+%(mt_lm]
1 1

S 1+22 1422

=0

Since f'(x) = 0, f(x) is a constant function.
Let f(x) = k.

For any value of x, f(x) = k

Letx = 0.

Then f(0) = k (2)

From (1), f(0) = tan™'(0) + cot™1(0)
mw T

=04 — = —
2 2

v By (2)]
:

) =k=—

(x) 5

Hence, tan” % + cot Tx = g ..[By (1)]

Exercise 1.2 | O 5.2 | Page 29

Using derivative, prove that: sec™

X + cosecC

1

w =

Lfor [x] = 1]



Let f(x) = sec”'x + cosec 'x for x| =1 ..(1)

Differentiating w.r.t. x, we get
f(x) = — (sec ! z + cosec 'z
W= )

= i (sec_l :r:) + % (cc:-sec_la:)

dx

1 1
vz —1 zvz?-—-1

=0

Since, f'(x) = 0, f(x) is a constant function.
Let f(x) = k.

For any value of x.f{x) = k, where |x| > 1
Let x = 2.

Then, f(2) = k .(2)
From (1),f(2) = sec1(2) + cosec™1(2)

mw m mw
= — 4+ — = —

3 6 2
k== [By (2)]

2 -

i) = k= —

(x) 5
Hence, sec” X + cosec X = g ..[By (1)]

Exercise 1.2 | Q 6.01 | Page 29

Differentiate the following w.r.t. x : tan—*(log x)



Lety = tan” '(log x)
Differentiating w.r.t. x, we get

d d
E}I = & [ta,n_l(log x)]
1 d
= . — (log x)
1+ (logz)® dx
i 1 1
= 5 X —
1 + (logx) z
1

T [1 + (log :r:)ﬂ} |

Exercise 1.2 | Q 6.02 | Page 29

Differentiate the following w.r.t. x : cosec™ (e7¥)

SOLUTION
Lety = cosec”! (e7¥)
Differentiating w.r.t. x, we get

% = % [cc:-sec_l(e_z)]
-1 d ,
= o (e z)
e %4/ (e‘z)g -1
1 d
= xe T.—(—x)
e Tye 2z —1 dx
= ! ®x —1
) e 2x —1
~ 1
+ -1



EI
v1—ex .

Exercise 1.2 | Q 6.03 | Page 29

Differentiate the following w.r.t. x : cot=(x3)

SOLUTION

Lety = cmt_1{x3]|
Differentiating w.r.t. x, we get

T = oot ()]

dx dx
—1 d
= il G
1+ (23)° dx
—1
= ><3:r:2
1+ 20
~ — 32
1+ ab

Exercise 1.2 | Q 6.04 | Page 29
Differentiate the following w.r.t. x : cot=(4%)

Lety = cot™ (4%
Differentiating w.r.t. x, we get
dy d 14z
T~ @ ot (4]
—1 d
= 7 I (47)
1+ (47)

= — % 4% log4
1+ 422 08

_ 47 log4
144227




Exercise 1.2 | Q 6.05 | Page 29

Differentiate the following w.rt. x: tan ! (\/E]

Llety = tan " (V)

Differentiating w.r.t. x, we get

= el (V2)

dx dx
1 d
- —(Vz
1+ (va)’ ax V?)
1 1
= X
l+z 2z
1

NG

Exercise 1.2 | Q 6.06 | Page 29

. q1f 1+ 22
Differentiate the following w.r.t. x : sin™* ( 5 )




1+ z?
Lety = sin~! (\/ 2 )

Differentiating w.r.t. x, we get

9
o ()
B 1 d \/l—l-:t.'?
B 2" dx 2
1 1 d

— % 1+$2

e

3

V2 1 1 d

= e * . 14—:,132
V2 —1— 22 V2 241+ 22 cbz( )
1 1
= X (0 + 2x)
V1—z? 2v'1 + z2
T

\fl—m“.

Exercise 1.2 | Q 6.07 | Page 29

Differentiate the following w.r.t. x : cos™(1 —x?)



Lety = cos"1{1 —xE]l

Differentiating w.r.t. x, we get

d -1 2
E}; [cc:-s (1 — T )]

= : (1 — mg]

v’Z—mg.

Exercise 1.2 | Q 6.08 | Page 29

bales

Differentiate the following w.r.t. x : sin ! (.'1:



Lety = sin ! (:r:%)

Differentiating w.r.t. x, we get

& w )]

2v1— 23

Exercise 1.2 | Q 6.09 | Page 29

Differentiate the following w.r.t. x : cos3[cos™(x3)]

SOLUTION

Lety = cosg[cos"1{x3}]

= [cos{cos'1x3}]3

= 63)?

= 7

Differentiating w.r.t. x, we get
@

= 05 .

Exercise 1.2 | Q 6.1 | Page 29
Differentiate the following w.r.t. x : sin [5111 (w/_)]



Lety = sin* [sin_l[ﬁ)]
- {sin[sin"(vz)] }*
- (va)*

Differentiating w.r.t. x, we get

dy _d
dj{_dj{(x)
= Z2X.

Exercise 1.2 | Q 6.02 | Page 29

Differentiate the following w.r.t. x : cosec™ (e7¥)

SOLUTION

Lety = cosec! (e7¥)

Differentiating w.r.t. x, we get

% = % [cc:-se::_l(e_z)]
—1 d
= ) (e'z)
e T4/ (E‘_E)? —1 dx
= 1 X e * i{—:1*:.')
e Tyvelr—1 dx
= ! x —1
velz—1
~ 1
%= —1



Exercise 1.2 | Q 6.03 | Page 29
Differentiate the following w.r.t. x : cot=(x3)

SOLUTION

Lety = cot‘1{x3]
Differentiating w.r.t. x, we get
dy d ~1¢.3

T ax et (@)

= i G
1+ (23)” dx
—1

= ><3:r:2
1+ 26

~ — 32
1+ 2%

Exercise 1.2 | Q 6.04 | Page 29

Differentiate the following w.r.t. x : cot=(4%)

Lety = cot™ (4%

Differentiating w.r.t. x, we get

dy d P

I~ @ ot (4]

~ —1 d (47)

14 (47)? dx

= Ty Vs
4% log4

144227



Exercise 1.2 | Q 6.05 | Page 29
Differentiate the following w.rt. x: tan ! (ﬁ)

SOLUTION

Lety = tan ' (\/E)

Differentiating w.r.t. x, we get

dy d 1
T dx tan™" (vz)]

_ 1
1+ (va)®
1 1

= X

1+z 2z

1

N

Exercise 1.2 | Q 6.06 | Page 29

.q1f 1+ 22
Differentiate the following w.rt. x : sin™* ( 5 )

SOLUTION

1+ z2
Lety = sin~! (\/ 5 )

Differentiating w.r.t. x, we get

2 (=)
L (
1)

d
2 (va)




d
\/(111“;) L (viee)

V2 1 1 d

= X e . 1—|—:,t:2
V2 —-1-— 22 V2 o 2v1+ 22 dx( )
1 1
= X (0 + 2x)
v1—x? 21 + x?
T

V- 21+

Exercise 1.2 | Q 6.07 | Page 29

Differentiate the following w.r.t. x : cos=1(1 —x?)

SOLUTION

Lety = CDS_1{1 —)(2]

Differentiating w.r.t. x, we get

dy _
E[CDS 1(1—:1.'2)]
. L
\/1— 1—z2)°
= - (0 — 2x)
V1—(1- 222+ z%)
2x
N
2T
2 — x?

2
\HQ—:L'?.




Exercise 1.2 | Q 6.08 | Page 29

[
e

Differentiate the following w.r.t. x : sin—* (:1:

Lety = sin (:1*:%)

Differentiating w.r.t. x, we get

o ()

1 3 3
= — W —I2
V1—z3 2
3/
2v/1— 2%

Exercise 1.2 | Q 6.09 | Page 29
Differentiate the following w.r.t. x : cos3[cos™1(x3)]

SOLUTION

Lety = cosg[cos_1{x3}]

= [CDS{CDS_1 x?’}]3

— {X3}3
Differentiating w.r.t. x, we get
d d
— = —(1)
dx  dz
= 9x5 .
Exercise 1.2 | Q 6.1 | Page 29

Differentiate the following w.r.t. x : sin [5111 (V/_)]



Exercise 1.2 | Q 6.1 | Page 29

Differentiate the following w.r.t. x: sin [5111 (‘/_)]

SOLUTION
Lety = sin® [sin_1 [V/E) ]

- {sin[sin (v2)
- (Va)'

Differentiating w.r.t. x, we get
dy d

= @)

= 2X.

Exercise 1.2 | Q 7.01 | Page 29

Differentiate the following w.r.t. x : cot ! [cut (ezg)}

SOLUTION

Lety = cot [cot (ezg)] e

Differentiating w.r.t. x, we get
dy d (ezﬂ)

dx d:{

oz T 2

-€ . dx [$ )

2

— e X 2
= 2xe’.

Exercise 1.2 |  7.02 | Page 29

Differentiate the following w.rt. x: cosec ! [—
cos

1
(5%)

|



1
Let y = cosec™ ! [—]
cos(h*)

= cosec [sec(5Y)]
-1 T T
= cosec {cosec(g — 5 )}

mw
= — — 5
2

Differentiating w.r.t. x, we get

dy d (ﬂ' _51)

dx  dx \2
d /s« d

- — (=) - —(5°
x(2) &

= 0-5"log5

= —5% log5.

Exercise 1.2 | Q 7.03 | Page 29

1+ coszx
Differentiate the following w.r.t. x : cos™ (\/;)



Lety = cos ' (1;‘ 1+—;D”)
( | 2 osﬂ(ﬁ)\
\" )

C

Heos(3)]
= cos |cos|—
L 2

T
2
Differentiating w.r.t. x, we get

L0

d
E(ﬂﬁ}

|

|
b |~ |~ | =

Exercise 1.2 | Q 7.04 | Page 20

Differentiate the following w.r.t. x : cos™ ( \/

1 — cos(x?)

2

|



Lety = cos™ ( \/1 — cos(@?)

2

—ms—l( 2sin? (%)
~{=E)

mw b

Differentiating w.r.t. x, we get

dy d (m x?
dx  dx\2 2

=) &)

1
=0— — x 2z
2

= — X

Exercise 1.2 | Q@ 7.05 | Page 29

Differentiate the following w.r.t. x: tan™

)

1

1— tan(

)

1+ tau(

xz
2
=z
2

)

|



l—tan[i)]

lety = tan !
= o ll—l-ta,n[)

4 2
Differentiating w.r.t. x, we get

ﬁ_d(ﬂ )

dx dx \4 2
d /7 1 d
L) ke
dx “ 4 2 dx
1
=0——x1
2

1
=5

Exercise 1.2 | Q 7.06 | Page 29

1
Differentiate the following w.rt. x : cosec ™!
4 cos® 2x — 3cos 2x



1
Lety = cosec™ !
4cos®2x — 3cos2x

1
= cnsec_l( ) [ Cos3x = Acosx — 3cosx]

cos b6z

= cosec”| (sechbx)

1 m
= cosec [CDSEC(E — Ei:rn
mw
= — —bzr
2

Differentiating w.r.t. x, we get
d d
a_ 2 (E _ ﬁm)
dx dx \ 2
d ¢m d
- — [(—) —6—
= (3) %@
=0-6x1
= —b.
Exercise 1.2 | Q 7.07 | Page 29

1

1+ GDS(%)

Differentiate the following w.rt. x: tan™

sin(ﬁ)

|



1—|—c05(§)

ﬂn(%)

Lety = tan ™' [

-1

= tan

oo ()]

= tan ! _tan(f — En
L 2 6

w £I

2 6
Differentiatiﬂg w.r.t. x, we get

dy (___

dx  dx ﬁ)
- 4(3)- 3
:U—lxl

6

1
=5

Exercise 1.2 | Q 7.08 | Page 29

Differentiate the following w.rt. x : cot™! (

sin 3x

1+ cos3x

)



sin 3
lety = cot ' | ——M—
1+ cos3zx

el )

1
= cot

[ 3
= cot ! [tan (_:r)]
i 2

1 [ iy 3r
= cot cot| — — —
i 2 2

T 3

2 2
Differentiating w.r.t. x, we get

dy d(w_?.;t:)
dx dx \ 2 2

_ d(ﬂ)_?.dx
S dx \2 2 dx

Exercise 1.2 | Q 7.09 | Page 30

7
Differentiate the following w.rt. x: tan ! &
1+sin7z

SOLUTION



cosTr
lety=tan ! ——
Y ( 1+sin7x )

- [ Siﬂ(% —Tm)
_l—l—cc)s(% —'?:r:)
L [2sn(s - B cos(5 — %)
_ 2cos*( — F)
4] (?r Tm)]
= tan tan| — — —
i 4 2
T 1=z
42

Differentiating w.r.t. x, we get
dy d(m Tz
dx dx\4 2

L) The

Exercise 1.2 | @ 7.1 | Page 30

1+ cosz
Differentiate the following w.r.t. x : tan ™! (p)
l1—coszx



Le-t y - ta]l_] ﬂ
V 1 —coszx

o | S

Differentiate the following w.r.t. x
dy d ( T T )

dx dx \ 2 2
d /7 1 d
L(2)1ie
dx \ 2 2 dx
1
=0—— %1
2

~ 1
2

Exercise 1.2 | Q 7.11 | Page 30

Differentiate the following w.r.t. x : tan—1 (cosec x + cot x)



SOLUTION
Lety = tan™" (cosec x + cot x)
1 1 COS T
= tan - + —
sin sin &

tan-1 1+ cosx
= tan -
sinx

2 cos? (%}

| 2sin(2). cos( %) ]

= tan " mt(gﬂ

= tan

Differentiating w.r.t. x, we get
dy d ( T T )

dx dx\2 2
_d(‘ﬂ') 11:1()
T ax\2/) 2
1
=0——x1
2
o1
-2

Exercise 1.2 | Q 7.12 | Page 30

Differentiate the following w.rt. x : cot ™!




\/l—l—sin [%)—I—\/l—sin (43—3)

Lety = cot ™"

J1+sin (%) - /1-sin (%)
1+ si 4$)
= sin| —
3
4
=l—|—-::+|:|+s(E - —m)
2 3
22::03‘?‘(E — Z—I)
4 3
4 2
\/l—l—sin(?m) = ﬁcos(g — ;)
4
Also, 1 — Eiﬂ(—m)
3
4
=1—nt:4|:|rs(E — _:r)
2 3
= 2sin? E—E
4 3
225'11:12(E —E)
4 3
4 2
\/l—sin(?m) = \/Esin(g — %)

y/1+sin (%) + /1 -sin(¥%)




cos(3 - %) +si(3 - %)
cos(§ — F) —sin(f — F)
1+tan(Z — 2=

= a.n(4 ;) ...{Dividinghycos(E—E)
1~ tan(3 - ¥) £
ta,n%—l-ta,n(‘fz 2_;) T

= [ tan—zl}
T—tan % tan(3 — %) i

ien | X, 2

B ORI

2

Differentiating w.r.t. x, we get

dy d (2z
dx dx \ 3

|~
_———
O

I
Wk | w|e
x
=



Exercise 1.2 | Q 8.1 | Page 30

4sinx + Scosz
Differentiate the following w.r.t. x : sin™? ( )
v41

SOLUTION

45inm—|—5msm)

Lety = Siﬂ_l( VA1
= sin " [(sill z) (%) * (cosz) (%)]

| ( 4 )2 ( 5 )2 16 25
Since, | —=) +|—=) =—+—=1,
V41 VA1 41 41

4 5

= cosoo and —— = sin oo.

Va1 Va1

we can write,

LY = sin”! (sin X cos co + COS X Sin )

= sin”] [sin(x + o0)]
= x + o, where oo is a constant

Differentiating w.r.t. x, we get
dy _ d (z + o0)
dx dx

d d
" T ()
=1+0

= 1.

Exercise 1.2 | Q 8.2 | Page 30

Differentiate the following w.r.t. x : cos ™ 5

1 ( \/gccns;t:— sin;r)



I(ﬁcﬂsm—siﬂx)

Lety = cos™
y 2
V3 1
= 5
= CO8 cosxz)| — | —(sinzx)| —
[( )(2 sine) (3 )
_1( T . 5 ?r) T V3
= CO8 QOB GOS8 — —HIRES — ] .. | os ==,
6 6 6 2
e | w
= COS {cc}s(m—l——)}
6
n
:$+—
6

Differentiating w.r.t. x, we get
dy d ( i ?T)
—_— = —r i
dx dx 6
d d 7o
0+ (3)
1) " ax o
=1+0
= 1;

Exercise 1.2 | Q 8.3 | Page 30

cnsﬁ—l—sinﬁ)

Differentiate the following w.r.t. x : sin—* (
V2



SOLUTION
_ _1(c05ﬁ+siﬂ\/§)
y = sin

V2
= sin ! (Lcos VvV + isiﬂ «./E)
V2 V2

Put,

1 .
—— =sinx
V2

1
—— = cosa
V2
Also

I 2 2
. 2 2. _ 1 1 _
sin“al + cos o = (—) -I—(—) =1
V2 V2

And,
tana = 1
a = tan~ 1

N )
y = sin  (sin o. cos v/ + cos a. sin(z)

= sin ! (sin (a + \/E))

y=a+ ez
y =tan (1) + vz
y=o+Vz

y =tan"'(1) + vz

Differentiating w.r.t. x, we get

dy d
ax dx[tan —i—\/_)

1

2V

1
2T

=0+




Exercise 1.2 | Q 8.4 | Page 30

3cos3r — 45i_n3:r:)

Differentiate the following w.r.t. x : cos™* ( :

Lot 1 3cos3x — 4sin3x
ety = cos
Y 5

- cos™! [(msgx) (%) _ (sin3x}(%)]
Since, (%)2 + (%)2

9 16
=1

o5 25

4

we can write, E = cos oo and E — sin 0o.

~y = cos™(cos3x cosw — sin3x sinco)

= cos™| [cos(3x + o)
= 3x + oo, where oo is a constant

Differentiating w.r.t. x, we get
dy d
dx dx

d d

= 3£(ff)+ E(m}

(3z + o0)

=3x1+0
= 3.

Exercise 1.2 | Q 8.5 | Page 30
1 [ 3cos(e®) + 2sin(e”)

Differentiate the following w.r.t. x : cos™

V13



- ( 3 CGS(E?;LT; sin(e®) )

- cos”? cos(e”). = Si“(ez)%)

9
— 2 _
sin“al + coscao= — + — =1
13

y = cos™ (cos e* . cosa + sin ¥ cosal)

1

y = cos! (cos e* - a)) v Ccos 'x. (cosx) = x

y=e*—a

2
= e = tan ! (—)
3

Differentiating w.r.t. x, we get

ﬂ_i T _t —13
dx  dx \° %3



Exercise 1.2 | Q 8.5 | Page 30
3 cos(e”) + 2sin(e”)

Differentiate the following w.r.t. x : cos ™ [

V13

SOLUTION

Yy = COS

» ( 3 cos(ezi/%z sin(e?) )

= cos™! ((} % * Siﬂ(ez)é)

Put,
3
——— = COSX
v 13
2 .
— = 5inx
3
Also,
9 4
sinfa + cosfa = — + — =1
3 13
And,
sinx
tana = =

y = cos” ' (cos *. cosa + sin *. cosal)

1

y = cos™ ! (cos e* — o)) w Cos 'X. (cosx) = X

y=e -«

2
= e* = tan"! (—)
3

Differentiating w.r.t. x, we get

ﬂ_i T __ ¢ —13
dx  dx \© "o\



Exercise 1.2 | Q 8.6 | Page 30

10
Differentiate the following w.r.t. x : cosec™! :
6 sin(2%) — 8 cos(27)

10
Lety = cosec™? -
6sin(2%) — 8 cos(27)

[ (1)]
- sin ()} 5 ) — {eos@)} (75 )|
vince (%)2+ (%)2 - 13060 N 16040 =

6 8

we can write, _U = cos oo and E = s8in 0C.

-y = sin” [sin(2¥).coseo — cos(2¥).sinoo]

= sin~1[sin(2* — o)]

= 2% — 0o, where o is a constant

Differentiating w.r.t. x, we get

ﬂ:i(gz_m)
dx dx
d d
- (2%) — —
(27~ —(o0)
= 2*log2 - 0

= 2% log2.



Exercise 1.2 | Q 9.01 | Page 30

1 — a2
Differentiate the following w.r.t. x : cos ™!
1+ 2

1 — 2
Lety = cos ! *
1+ 22

Put x = tanB.

Then 6 = tan™'x
1 ( 1 —tan?s )
-y = cos _
1 +tan?e
= cos™ (cos26)
= 20

= 2tan” 'x

Differentiating w.r.t. x, we get
ﬂ = i (2 tan ! ;t:)
dx dx
d
= 2— (tan™"
dx( an :1:)
1

1+ 2
~ 2
1+ 22

=2 X

Exercise 1.2 | Q@ 9.02 | Page 30

2
Differentiate the following w.r.t. x: tan"" ( 1 - 2 )
—



2z
Lety = tan*
1— z?

Put x = tanB.

Then 6 = tan™ 'x

Sy = ta_n_l (ﬂ)
1 — tan?6

= tan”'(tan26)
=20

= 2tan” 'x

Differentiating w.r.t. x, we get

% = % (2 tan ! ;t:)

o 4y
—2dx(ta.ﬂ :t:)

1
1+ z2
2
1422

=2 X

Exercise 1.2 |  9.03 | Page 30

Differentiate the following w.r.t. x : sin™* (

1 — x2

1+ x2

)



SOLUTION

1 — 22
Lety = sin~! *
1+ x2

Put x = tanB.

Then © = tan™ 'x
) _l(l—tanzﬁ)
-y = sin _
1+ tan?e

= sin”1(cos26)

:mn4[mn(g-—mﬂ]

w
= — — 20
2

n ~1
= — —2tan =
2

Differentiating w.r.t. x, we get

ﬂ = i(E —Zta:n_lir:)

dx dx \2
— i(j) _2i(tan_1 m)
dx \ 2 dx
=0—2 x
1+ 2
~ —2
1422

Exercise 1.2 | Q 9.04 | Page 30

Differentiate the following w.rt. x : sin ! (2x vV1-— :1‘.‘2)



Lety = sin™? (va’ 1- m?)

Put x = sinB.

Then 8 = sin”'x
sy =sin? (2 sinﬁ\/l — sin? B)

= sin”1(2sin® cosH)

= sin”!(sin20)
= 26
= 2sin”Tx

Differentiating w.r.t. x, we get
dy d

_ .
dx_dx(zsm m)
L, d
_defsm :r)

1
=2 X ——

1 — x2

2

V1— 22
We can also put x = cos@.

Then 6 = cos™ 1x

ny=sin! (2 cos84/1 — cos? B)

= sin~1(2cosH sind)

= sin”1(sin26)
- 26
= 21:05_1>:

Differentiating w.r.t. x, we get



E = E(chs_ $)
d
= 2E(cos_lm)
—1
=2 X —
vV1—z?
_ —2
v1—z?
dy 2
Hence, — = +——.
dx ,fl _mﬂ

Exercise 1.2 | Q 9.05 | Page 30
Differentiate the following w.r.t. x : cos™(3x — 4x3)

Let y = cos™1(3x — 4x3)
Putx = sin®.

Then 6 = sin~x

=y = cos(3sinb - 4sin30)
= cos1(sin30)

cos 1 [oos (2~ 20)]

— 36

= — 3sin 'z

b | o]

Differentiating w.r.t. x, we get

ﬂ = i(E — 3sin? ;t:)
dx dx \ 2

- o (g) — 3% (sin™' z)



wl—x?.

Exercise 1.2 | O 9.06 | Page 30

et — e °
Differentiate the following w.r.t. x: cos ™' [ ————
E.’E _|_ E—I

e — e "
Lety = cos —_—
et + e T
- 1
e —_—
— cos ! elz
et —I— =3
) 62.1: -1
= COS
e2r 11
Put e* = tan®.

Then 8 = tan~1(e¥)
_1(1::_1112 5 —1 )
.y = COS SE——
tan?e + 1
()
1+ tan®6

= cos™ (- cos26)

= cos™ [cos(mt — 26)]
=m—-20

= 11— 2tan” (&%)

Differentiating w.r.t. x, we get



dx dx
d d
= E(‘ﬁ'} — ZE [ta,n_l(ez]]
0-2x —— L)
1+ (er)® dx
_2 9 -
= e
1+ e
~ 2e”*
1+ e2’

Exercise 1.2 | Q 9.07 | Page 30

Difterentiate the following w.r.t. x: cos™

1—-9F
Llety = cos ( )

(1+97)
1 — (37)?2
1+ (3)° ]
Put 3x = tanb.

Then 8 = tan™1(3%)

1 ( 1 —tan’6 )
Sy = COs —_
Y 1 +tan?e

= cos (cos28)
= 20
= 2tan~1(3%)

Differentiating w.r.t. x, we get

1

-1
= COs

1 (1 o gz)
(1+ 9%)



y_4 [2tan " (37)]

dx dx
= 2i [tan™"(3%)]
dx
1 d
=2 X : 3
1+ (32) ax )
2 x 3% log 3
= 0
1+ 3% .
_ 2.3%log3
C1+3=

Exercise 1.2 | Q 9.08 | Page 30

4::+—é
Differentiate the following w.r.t. x : sin ™' ( 1 — 24 )

SOLUTION

Let sin ! 42:_%
e =
y 1 — 24
AT A3
1+ (22)*

__1( 2.47 )
= 51n
1+ 42«

Put 4* = tanB,
Then B = tan~1(4%)

v = sin-] 2tan®6
Y 1+ tan6

= sin”/(sin20)
- 26




= Dtan™ (4%

Differentiating w.r.t. x, we get
dy _d [2tan1(4%)
dx  dx

d

= 2& [tan™" (47)]

|
4
e
5]
[
(=]
=]
.

1+ 42

Note: The answer can also be written as :

dy 47 47 log 4

dx  1+4%
_ 47%3 . log4
1442

Exercise 1.2 | Q 9.09 | Page 30

Differentiate the following w.r.t. x : sin™* (

1 — 25zx2

1+ 252

)



SOLUTION

1 — 2522
Lety =sin ' (—m)

1+ 25x2
2
1—(5x
= sin~ ! —{ }2
1+ (5x)
Put 5x = tanf.

Then 8 = tan™'(5x)

) _l(l—tangﬂ)
-y = sin _
1+ tan?6
= sin”(cos26)

:ﬂn4[ﬂn(g-—mﬂ]

W
= — — 26
2

= g — 2tan” ' (5z)

Differentiating w.r.t. x, we get
dy d ro
n——=—|= —2tan"!(5 }
dx dx[E an " (52)

= % (g) — 2% [tan™" (5z)|

1 d

=0—2x 1+(5)2. dx(5:r:)

—92

= x5
1+ 2522
—10

1+ 2522
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1—z*
Differentiate the following w.r.t. x : sin™* ( )
1+

3
Put 2 = tan®.

Then 8 = tan™! (x%)

) _l(l—tanzﬂ)
Sy = sin —_
/ 1+ tan?e

sin~1(cos28)

I
|
I
b
[==]

T (2
= — — 2tan (:1’:2)
2
Differentiating w.r.t. x, we get

)

2 (3) -2k o ()]

L+ (1) = ()

baea

=0—2 x

o e



2 3 .
= » —2
1+ 3 2

3y

1+ z3

Exercise 1.2 | Q 9.11 | Page 30

taes

2r
Differentiate the following w.rt. x : tan™! ( n - )
— T

SOLUTION

2r7
Lety = tan !
1—z°

Put :r:% = tanB.
Then 6 = tan " (m?)

Sy = tan_l (ﬂ)
1 — tan?6

= tan~(tan26))

= 20

= 2tan (mﬁ)
Differentiating w.r.t. x, we get

& e (#)

= 2% [tan_l (33%)}




hx\/T

1425
Exercise 1.2 | @ 9.12 | Page 30
]_ —
Differentiate the following w.r.t. x : cot ! ( vz )
1+ =
1 ==4fm
Lety = -::Dt_l( f)
1+ =
1 =4tz 1
= ta,n_l( Ve ) [ cot 'z =tan ' (—)]
1— = x
_ ta,n_l( 1+ vz )
1—1x /=
r+y

a2 b 2B e [ ta,n_l(

= 4 + tan ' (\/E)

Differentiating w.r.t. x, we get

) —tan 'z +tanly
L=—en

dy d @ 4
o~ axlz T (V3]
2 (2 &8
1 d

=0 : VT

e &
. 1
it E

1

T vzt a)
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8x
Differentiate the following w.rt. x: tan™! [ ————
1 — 15z2

SOLUTION

B8z
lety = tan | ————
1 — 1522

- tan [ GG ]

= tan”(5x) + tan~ ' (3x)
Differentiating w.r.t. x, we get
d d
Ey = 3 [tan" (5z) + tan '(3z)]
4 [tan™"(5z)] + 4 [tan™"(3z)]
dx dx

1 d 1 d

- ——(5z) + >

1+ (5z)° dx 1+ (3z)° dx

1 1

— xh4+ — _x3
1+ 25x2 1+ 922
D 3

+ .
1+ 25x2 1+ 922

(3z)

Exercise 1.2 | Q 10.2 | Page 30
1+ 35m?)

Differentiate the following w.r.t. x : cot ™ ( 2
T



1—|—35:r:2)

Lety = cot™!
y ( 2T

- tan~! 2z coot-tw — tan-1 2
= tan _ .| cot T xr = tan —
1+ 35x2 T

- fan’ [ 1 fo}ﬁm} ]

= tan™| (%) — tan™" (5x)

Differentiating w.r.t. x, we get

d d
E}: = & [tan™" (7z) — tan™'(5z)]
d d
- [tan™"(z)] — . [tan™" (5z)]
o dgyo Y Ay
1+ (7)? dx 1+ (5z)? dx
1 1
= ————— x7————= x5
1+ 4922 1+ 2522
7 5

T 144922 1+ 2522

Exercise 1.2 | Q 10.3 | Page 30

Differentiate the following w.r.t. x: tan ! (

SOLUTION
2
Lety = tan_l( VT )
1+ 3z
—1 3*./'/E . \/E

1+ (3vz) (V)

2z

1+ 3x

)



= tan ! (3\/5) — ta,n_l(v@)
Differentiating w.r.t. x, we get
T~ L ftan (V) ~ tan " (V)]
dx dx

d

" {tan_{gﬁ] — % [taﬂ_l (\/E)]

1 d 1 d
_1+GwEf'¢X@¢a 1+ (vz)® dx

1 1 1
X 3 X X
1+ 9z 2/ l+z 2z

(V)

1{3 1]
C2/z L1492 14z

Exercise 1.2 | Q 10.4 | Page 30
2T+ 2
1 3(47)

Differentiate the following w.rt. x : tan™! [

2r 32
Lety = tan ™ _ i |
¥ —3{4%)
J 2t
| 1—3(47) |
1 %5
| 1—3(4F) |
327427
| 1={(3.2% ¢ 27)

=fan

= tan™

shanm

= tan~1(3.2%) + tan~1(2%)



Differentiating w.r.t. x, we get

d d
i = ——[tan™'(3.2°) + tan~'(2")]
d — £ d - F
= 3 [tan™"(3.3z%)] + o [tan™"(27)]
1 d 1 d
= . —(3.27) + - —(2%)
1+(3.27)° dx 1+ (20)° dx
1 1
- x3x2%log2+ x 2% log 2
1+ 9(2%) BT o o8

3 1
= 2% log 2 + :
. [1 +9(2%) 1+2h]

Exercise 1.2 | Q 10.5 | Page 30

2I
Differentiate the following w.r.t. x : tan™! (—)
1+ 22::+l

SOLUTION

Lety = tan * (L)
1+ 222+1
R [ 2.2% — 27 ]
1+ (2.27)(2%)
= tan~1(2.29) - tan™' (2%)
Differentiating w.r.t. x, we get

d.}' d 1 T —1 T
. _ E[1:;11:1 (2.2%) —tan (2 )]

d -1 T d —ligz
= . [ta,n (2.2 )] — E[tﬂﬂ (2 )]
1 d oo 1 d e
14 (229 ax %) 1+ (2)° ax )



1 1
= ———— x2x2%log2 — x 2% log 2
1+ 4(2%) ® 1+ 2% 5
271 2[ 2 ! ]
= O — .
=°11 +4(2%)  1+42%

Exercise 1.2 | Q 10.6 | Page 30

2
a” — b6x
Differentiate the following w.r.t. x : cot ! (5—)
azx

SOLUTION

1 a® — 622
Lety = cot _
har

1 ar 1 (1
= ta —— |...|".-cot " x = tan —
a? — 6z T

— tan ' °
1 _

=tﬂlf§‘é?i(§é)]

3 2
= tan ! (_:1:) + tan ! (_3:)
a a

Differentiating w.r.t. x, we get

ji i{ [tan_l(gj) —I-ta,n_l(m)]

e () )]

( ) ] .[Dividing by a?]




2 2

a 3 a

x4 =
a2+ 922  a a4+ 422

Ja N 2a
a2 +9x2 a2+ 4x2

Exercise 1.2 | Q 10.7 | Page 30

Differentiate the following w.r.t. x : tan™! (

a—l—btan;t:)

lety = tan~!
Y ( b—atanx

3 +tanz ]

= tan ' -
1-— 3-tanzx

= tan (% ) +tan ' (tan )

=ta,n_1(%) +x

Differentiating w.r.t. x, we get
&~ ax e (5) +a]
I an D T

Exercise 1.2 | Q 10.8 | Page 30

Differentiate the following w.r.t. x : tan™! (

2
W o—
a

a-+ btanx
b—atanzx

D— T

6x2 —hx — 3

)



Letyztan_l( DT )
6x2 —Hr — 3
1l 5—x ]

| 1+ (622 — bz — 4)
[ (22 —1) — (3z —4)
_1—I—[2;1:—|—1](3:E—4)]
= tan"|(2x + 1) —tan” | (3x — 4)

Differentiating w.r.t. x, we get

= tan

1

= tan

d d d
E}I = ax [tan™"(2z + 1)] — o [tan™" (3z — 4)]
1 d 1 d
= 5 (22 +1) — > (3z — 4)
1+ (2z+41)° dx 1+ (3z —4)° dx
1 1
= 7-(2x140)— 7-(3x1-0)
1+ (2 + 1) 1+ (3z —4)
) 2 3
1+ (2z+1)% 1+ (3z—4)°
Exercise 1.2 | Q 10.9 | Page 30
4—z— 222
Differentiate the following w.r.t. x : cot ! ( T )
Sxr + 2



4— 7 — 222
3r+2

= tan .| cot T = tan —
4 — ¢ — 22 T

1l 3z +2
_1—(2m?+m—3)]

[ (22 +3)+(z—1)

_1—(2:1!+3)(:B—1)]

= tan~1(2x + 3) + tan" ' (x = 1)

Differentiating w.r.t. x, we get

Lety = cot ™! (

= tan

1

= tan

d d
E}r -4 [tan™'(2z + 3) + tan ' (z — 1)]
_ 4 [tan~!(2z + 3)] + 4 [tan™" (z — 1)]
dx dx
1 d d
_ (22 +3)+ =@
1+(2$+3)2 dx 1_|_(3;_1)2 dx
1 ]_
_ (2% 140)+ ;- (1-0)
1+ (2z + 3) 1+ (z—1)
9 1
_l_

14+ (22437 1+ (-1

EXERCISE 1.3 [PAGES 39 - 40

Exercise 1.3 | Q 1.1 | Page 39
2
(z+ 1)

(z +2)*(z +3)*

Differentiate the following w.r.t. x:



(z+ 1)
Llety = 3 1
(z+2)"(z+3)
(z +1)*
(x+2)*(z +3)*
= log(x + 1) - log(x + 2)3 - log(x + 3)*
= 2log(x + 1) — 3log(x + 2) — 4log(x + 3)

Then, logy = lﬂg[

]2

Differentiating w.r.t. x, we get

z+3

.%{m—I—B)

1d d d d
1 d d

=2 x —(x+1)—3 x —(x+2)—4x

x+1 dx(x ) x4+ 2 d}((m )

2 3 4
=—.(1+0)— ——.(14+0)— —.(1+0
(140 = —— (14 0) - ——.(1+0)
dy 2 3 4

'.'E:ylm—l—l Cz+2 :L'-I-E]
(z +1)° [ 2 3 4 ]

C(2+2)%z+3)t lz+l z+2 243

Exercise 1.3 | Q 1.2 | Page 39

dr—1

Differentiate the following w.rt. x: ? 5
(2z+3)(5—2x)



i {/ (22+3)(5—2z)*

dr — 1 ?
Then log y = log 5
(2z + 3)(5 — 2x)

1 4r — 1
= —log 5
3 [(23: + 3)(5 — 2z)

- % [1og(4:c —1) —log(2z + 3)(5 - 2"‘“}2]

1 1 2
= E]og(-in: —1) — Elﬂg(?& +3) — Elog{ﬁ — 2x)

Differentiating both sides w.r.t. x, we get

= = 2 log(z — 1) - 5 [log(2z +3)] — =~ _[log(5 — 2¢)

y dx
1 1 1 1 2 1
—§x4 - ':L_((«ir,n—lj——x2 T3 dx(2m+3)——><5 o7 dx(5—2m]
1 1 2

=— 4dx1-0)- — (2%x14+0)— ——— (0—2x1

stz 1) O T 3y BT gy (02X )

dy [ 4 2 1 ]

dx 34z —1) 3(2z+3) 3(5 — 2x)

tz—1 [ 4 2 .4 ]
(2z+3)(5—2z)? [ 3(4z —1) 3(2z+3) 3(5-2z)

Exercise 1.3 | Q 1.3 | Page 39

3
Differentiate the following w.rt. x : (m2 + 3) T sin® 22.2%



3
2

Lety = [1!;‘2 =+ 3) _sin® 22.2

2
Then logy = log [312 + 3) > sin® 22.2%

ES
= log(z? + 3)* +logsin®2z + log 2%

3
= Elﬂg (mg + 3) + 3log(sin 2z) + z2.log 2

Differentiating both sides w.rt. x, we get

o W 1 e, 4
ol [log(z® +3)] —I—3dx[log(51ﬂ2:r)] + log 2. n (z%)

mgig.di[m2+3)+3x

3
C2(z2 +3)°
~ 6x

© 2(22 + 3)

3
= — x ) in 2 log2 x 2
2 sin 27 dx(sm .-1:] s =

(22 4+0) +

d
® cos2x. — (2x) + 2z log 2
sin 2z d:({ } &

+3cot2x x 24 2xlog 2

Cdy
T dx

= 1
+ 6cot 2z + 2z log 2
y[:t:2+3 a ]

3
= (m?—|—3]2.5in3 2$.2”2[ + 6 cot 2I+2x10g2].

¥ 43
Exercise 1.3 | Q 1.4 | Page 39

3
(:t:2 + 2z + 2) :

(v + 3)3(@35 x)”

Differentiate the following w.r.t. x:



3

(z? +2z+2)?
(vZ +3)*(cosz)*
[ (m3+2$+2)% ]
| (vZ+3)(cosa)” |

&
L

= log(mﬁ + 2z + 2) —log(ﬁ + 3)3((:053:]:

lety =

Then log y = log

3
£ E]og(m2 +2x + 2) — 3log{\/5—!— 3) — zlog(cos z)
Differentiating both sides w.r.t. x, we get

= [log(vz +3)] — %[ﬁ:]og(cosw]]

= 24 lug($2+2w+2}] _BE

3 1 : 1 d d d
5 R (z*+2z+2) —3% s (Vz+3) {a: e [log(cos z)] + log(cos x). dx(:z:)
2 X (224251 40— ? x( : )—;EX 1 i(ccnsm)—i—]m (cosm]xl}
2(z2 + 2z + 2) JT+3 2./Z40 cosz dx 8
3(2z + 2) 3 _
= 5 = « 'I'
W 22+2)  2va(vEiI) {a: . (—sinz) + og(cos;c}}
d 3 1 3
Y (z+1) — + ztanz — log(cos z)
dx ?+22+2  2y/z(Vz +3)
9 2
= (27 +22+2)7 3z+1) _ > + ztanz — log(cos x)
(vZ+3) (cosz)” |22 T22+2  2/z(Vz +3)

Exercise 1.3 | 1.5 | Page 39

_ _ _ x°.tan® 4z
Differentiate the following w.rt. x: ————
sin” 3x



Lot %, tan® 4z
ety = ——
sin® 3x
%, tan® 4z
Thenlogy = log —y
sin“”

= logx® + log tan®ax — log sin?3x
= Slogx + 3log (tandx) — 2log (sin3x)

Differentiating both sides w.rt. x, we get

1d d d
Y dx}r = 5— (log =) + 35 log(tan4x)] — 25 [log(sin 3z)]
1 1 d 1 d
=5x —+3 . tandx) — 2 : in 3
“z o tan 4z i:b[( an4z) X sin3z  dx (sin3z)
5 9y  d d
= — +3x x sec”" x. — (dz) — 2 x — x cos 3zx. — (3z)
T tandx dx sin 3z
_3 gt 14 acot3mx3
x sindz  cos?z
= E 24 — 6 cot 3z
T 2sindz. cosdx

d 5 24
-.—F=y——i— - — 6 cot 3x
dx T sin 8x

z®.tan®4z [ 5
= ——— | — + 24cosec8x — 6 cot 3z |.

sin? 3z T

Exercise 1.3 | Q 1.6 | Page 39

Differentiate the following w.r.t. x: !



Lety = 20 '@
Then logy = lug(;r:tan 13) = [ta]l_] :r:) (log z)
Differentiating both sides w.r.t. x, we get

1 d d
v E}r = [[ta]l_l z)(log z)]

d
dx

= (tan ' z). %(lﬂg z) + (log x). (tan~' z)

1 1
= (tan 'z) x — + (log z) x
( ) x - + (logz) x —

d tan~? 1
__y:y[aﬂ ;1:+ ng]

U dx T 1+ z2
i [tan™! 1
— :Bt.aﬂ x an £L + ng .
T 1+ 2

Exercise 1.3 | Q 1.7 | Page 39
Differentiate the following w.r.t. x : (sin x)*

SOLUTION
Let y = (sin x)*

Then log y = log(sin x)* = x.log(sin x)

Differentiating both sides w.r.t. x, we get
1 d d
" E}r = E[.T, log(sin z)]

~ [log(sin )] + log(sinz). =~ ()
z. ——llog(sinz og(sinz). ——(z

1

sin x

d
=z X . —(si + log(si x 1
x = (sinx) + log(sin x)



d 1

S A Y [:r: X ——.cosz + log(sin x)
dx sinx

= (sin x)*[x cotx + log (sinx)].

Exercise 1.3 | Q 1.8 | Page 39

Differentiate the following w.r.t. x : (sin x¥)

SOLUTION
Let y = (sin x*)
d d
Then E}r = — [(sinz")]
d d
g d_i = cos(z”). E(a‘:"] (1)
Letu = x*

Then log u = logx* = x.logx

Differentiating both sides w.r.t. x, we get

i%=a@@ﬂ

= . E(log z) + (log x). % (z)

1
=z x — + (logz) x 1
T

% = u(1 + log z)
- d

Cdx
From (1) and (2), we get

dy
— = Tlzf(1+1 .
cos(z®). z*( ogx)

(@) —2"(1 +logz) .
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Differentiate the following w.rt. x: x® + x* + e* + &°

SOLUTION

Lety = x® + x* + " + ®
Let u = x*

Then log u = logx* = x logx

Differentiating both sides w.r.t. x, we get
1 du d (1 )
w dx  dx BT

d d
= . E(lng x) + (log x). E(:{:)

=x X é + (log z)(1)

du

- u(l +logx) =x*(1 +logx) ..(1)
X

Now,y = x* + u + e* + ef

dy d du d d
Lt = — (@) — + — (&) + — (e

TR TR FE
= ox® 1T £ 5 (1 + logx) + e* + 0 [By (1)]
= ox® 1+ ¥ (1 + log x) + &*
= ex® 1 + ¥ + ¥ (1 + log x).

Exercise 1.3 | Q 2.2 | Page 40

Differentiate the following w.rt. x: = +e*



lety = z° + €%

I
Putu=2z" and v=¢"

£

Theny=u+v

_d}r_du_l_dv )
Tdx dx dx 7

I
Take u = x*

X

~logu=logz®™ =z .logzx

Differentiating both sides w.r.t. x, we get
1 du d ( 2 )
T  \E-logz
d d
=z, —(I + (1 —(z"
z*. ——(logz) + (logz). ——(z*)

et x L 4
=z X — + (log z). T (z°) ..

d
To find — (z°

= (@)
Let w = x*
Then log w = xlogx

Differentiating both sides w.r.t. x, we get

1 do i(a‘,]o z)
W dx  dxo o
d d
=t 2 a(legm) + (log ). E(m)

=:E><i—l-(10g.'1:]><1
x
~do

w(l+ logx)
i(mz) = z*(1 + log x) -(3)
dx

- from (2),



i. du _ T X L + (logz). 2%(1 + log z)

u dx T

du _ ylf X L + (log z). 2" (1 + lﬂgm)]
dx T

= 2% . z” E + (log z). (1 + log ;r:)]

x 1
=z" .:cz.lﬂg;t:[l—i—log.r-l— ] .(4)
xlog x

Also, v = e
dv d , =

T d T
=e* 'E(Ez)

=e”.z"(1 + logx) (5)
From (1),(4) and (5), we get -..[By (3]
dy _

—z" . 2% logz [1 + log z +

dx xlogx

Exercise 1.3 | Q 2.3 | Page 40

Differentiate the following w.r.t. x : (logx)* — (cos x)“°™

SOLUTION

Lety = (log x)* - (cos x)<O%

Put u = (log x)* and v = (cos x)<°™

Theny =u-v
~dy du dv ()
Tdx dx dx 7

Take u = (log x)*
- log u = log(log x)* = xlog(log x)

Differentiating both sides w.r.t. x, we get

+e*.z%(1 +logx).



1 du d

— = E[m.]ag(lﬂg z)]
d
d

log(log z)] + log(log z). %( )

1
=T X gz dx —(log z) + log(log z) x 1
=T X X E + log(log x)
log T
Edm =u + log(log x)]
/ log x
(log ) | ~— @
= (log z)x
5 log =

Also v = (cos x)O

~. log ¢ = log(cos x)°°™ = (cot x).(log cos x)

Differentiating both sides w.r.t. x, we get

1 dv d
v =&~ g |(c0be)-log(cos )

d d
= (cot z). . (log cos z) + (log cos x). o (cot x)

1
= cotx x — (cos ) + (log cosm}(—coseczm)
cos
1
= cotx x X (—sinz) — (cosec z) (log cos z)
cos

d 1
g d—; = U[tanm x (—tanzx) — (cosecza:) (log cos ;1:)]
= —(cos X)“™[1 + (cosec?x)(log cos )]

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

dv

Hr. = (logz)* [é + log(log m)] + (cosz)™ 1+ (ccrsecga:) (logcosz)].
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sinz

Differentiate the following w.r.t. x: % + (log z)

SOLUTION
Lety = % + (log z)

Putu=2z° and v = (logz)

sinx

sinx

Theny=u+v

~dy du N dv ()
Tdx dx dx
Take u = z°

~logu=logz® =e*.logz

Differentiating both sides w.r.t. x, we get
1 du d (71 )
w dx  dx v 8T
d d
—e"—(1 +1 —(e*
e dx(c:-g:r:} ﬂgxdx(e)

= e”. & + (logz)(e”)

du [ez ]
L— =y|— + e logx
dx i
r _e" 1
=—e.x" |—+logzx (2)
T

Also, v = (log x)5'*

= log v = log(log x)3™ = (sin x).(log log x)

Differentiating both sides w.r.t. x, we get

1 dv d

P E[(sin z). (loglog x)]

d d
= (sinx). . (loglogz) + (loglogx). E{Eiﬂ )



= sinx X = . i{]-::g; z) + (loglog x). (cos )
logz dx
v U[smm X L + (cos z)(loglog m)]
dx log x T

sin x

= (log z)™* [ log x + (cos z)(loglog x)] -(2)
T

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

d =] 1 5
E‘? —e".z° [; —i—]ngm] + (lﬂgx)hmr[

sin T

log 2 + (cosz)(loglogx)|.
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Differentiate the following w.r.t. x : e®@™ + (logx)®@"*

SOLUTION
Lety = e®™ + (logx

}ta N

}tEI X

Put u = (logx
= log u = log (log )™ = (tan x).(log log x)

Differentiating both sides w.r.t. x, we get
1 d d
- Eu = E[(tau z). (loglog x)]

d d
= (tan z). E(lﬂg log z) + (loglog x). E(tau x)

= tanx X : di(log z) + (loglog z) (sec® z)
X

log x
= tanz x X L + (loglog z) (sec” z)
logxz =
t
~odu’/dr = u T 4 (log log ) (sec” z)

xlogx



- (log z)"™"* [tan z(2 log z) + (log log ) (sec’ z)

Now, y = e®™ + y
_ dy d ;e du
S el el G e
d du
— tﬂ.]].."'.,._ t + -
e dx( anz) ™

tan

= "% sec? z + (log )" [ + (log log x) (SECE :r:)] .

£ 10g 2T
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Differentiate the following w.rt. x : (sin )™ + (cos x)®™

SOLUTION

tanx + {

Let y = (sin x) cos x)Cot

Put u = (sin x)¥™ and v = (cos x)©°X

Theny=u+v
dy dy N dv
T dx dx  dx

Take u = (sin x)&nx

(1)

)tanx — {

. log u = log(sin x tan x).(log sinx)

Differentiating both sides w.rt. x, we get

1 du d [

u dx  dx
d : : d

= (tanz). —(logsinz) + (logsinz). — (tan x)
dx dx

(tanz)(logsin )]

t d
- 5?]?; : E(sin z) + (logsin ) (E:.ne»::2 z)




sin x

= % cosz + (sec’ z)(logsinz)

sin &

1+ (sec‘j-}:]ll[log sinx)

% =y[1+ (siec2 x)(logsinz)|

= (sin X)B™[1 + (sec®x)(log sinx)]  ..(2)
Also, v = (cos x)O

- log v = log(cos x)°°™ = (cot x).(log cosx)

Differentiating both sides w.r.t. x, we get

1 dv d
Ak ax [(cot z). (log cos z)]

d d
= (cot z). = (log cos z) + (logcos ). o (cot x)
1

Ccos T
1

Ccos T
dv [ 1

=cotx x

I (cosz) + (log cos z). (—cosec’z)

= cot x x x (—sinz) — (cosec’z)(log cos z)

E =1
= —(cos )™ [1 + (cosec?x)(log cosx)] ..(3)
From (1), (2) and (3), we get

d
9 (sinz)™"|

dx

2
r—_ (—tanz) — (cosec*z)(log cos ;E)]

1+ (sec’z)(logsinz)] — (cosz)

cotr [

1+ (cosec’z)(log cos z)].
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Differentiate the following w.rt. x : 105 + z*(10) 4 z10=



Lety = 107 + 2=10) 4 210

F 10 T
Putu=10",v =2z and w= z°
Theny=u+v+w

o dy u+dv+do}
dx dx  dx @ dx

Take, u = 10%
d .
au i(lgz
dx dx

, d
= 10" .log10. a(mz)

d
To find —(z*
o fin dx(:c)
Letz = x*

- logz = logx* = xlogx

Differentiating both sides w.r.t. x, we get

1 ds _ i(;ﬂn z)
z dx dx .
d d
= . E(lng x) + (log x). E(Sﬂ)

=x X % + (log z)(1)

d
d—; = 2(1+ logx)
© (2%) = 2*(1 + loga)
— () == og T
dx 5
dl.l z
o — =107 .log10.z%(1 + log =) ..(2)
dx

Take, v = z="
. logv = log " =z log

Differentiating both sides w.r.t. x, we get



1 dv_ 4 (10gpgy)
v dx dx
d d
= 27, a(log z) + (log z). E(mm)

= 210 x L + (logz) (102)
x

dV 0 0
c— = + 10z 1
= v [;E z log m]
dV 10 g
— =T . 1+ 101 3
i AR ogz)  ..(3)
Also, w = z10%

- log w = log 2’ = 10%.log z

Differentiating both sides w.r.t. x, we get

1 do d
—. — = —(10%.1
w dx dx( 0g2)

d d
= ].DI. a(lﬁgﬂ:} + (].'Dgﬂ:] E(IDI}

1
=10 x — + (logz)(10*.log 10)
x

Jdo ml 10 + 107, (log z)(log 10}1
x

. E 0= T i

Tt 10 [:r +(10g$}[10g10)] ~(4)
From (1),(2).(3) and (4), we get

dy

e 10%%. log 10. 2" (1 + log =) + :Bzm.a:g(l +10logz) + z'**.107
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Differentiate the following w.r.t. x : [(tan :r:)tam]tan:a,t r=—

1
— + (log z)(log 10) | .
x



tanz] tanx

Lety = [(tanz)
= log y = log[(tan m)tmz] tanz
= tanx. log(tanx)@"

= tanx. tanx log(tan x)

= (tanx)?. log(tan x)

Differentiating both sides w.r.t. x, we get
1 d d
v E}r = E[tan:r:}g. log(tanz)

d d
= (tan ;1:)2. E(lﬂg tanz) + (logtanx). E(tan m)2

1
= (tan z)?. x L—
tanx dx

(tanz) + (logtanz) x 2tanz. %(tan z)

.sec’ z + (logtanz) x 2tan zsec’ z

2
= (tan *
( ;1:) tanx

? — y|(tanz) (secz z) + (logtanz)(2 tan z sec’ z)]
X

= [(tanx)BM18™ (tanxsec®x)[1 + 2logtanx]

If x = E, then
4

dy [/ tan7 )\ 0T o T g T iy
= ( 1 ) ] (tan ESEG 1) [1 + 2log tan 1}
_ [(1)1:1. [1 »/5)2] 1+ 2log1]

=1x2x1 [ log 1 =10]
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Find ¥ if vz +y=+a
dx
SOLUTION

Vz+y=+Va
Differentiating both sides w.r.t. x, we get
1 1 dy

+ . =0
2/ 2y dx
1 dy 1
C2/y dx 2/z
Ay _ Yy
" dx T

Exercise 1.3 | Q 3.02 | Page 40
d
Find E}r if 2v/Z + Y /7 = ava

SOLUTION

VT + Yy = ava

2 2 a
R i —|—y2 = a2

Differentiating both sides w.r.t. x, we get

343 4
2 277 dx

dy
dx
~dy — 27

3 idy 3 s
..2.3; 5

Y2
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d
Find E}r ifx+ zy+y=1

SOLUTION

T+rzy+y=1
Differentiating both sides w.r.t. x, we get

1+ = d( )er:"'r 0
o) 4+

2,/ry dx Y dx

14— [ +yx1 erf’r 0

|z — =

oz | dx 7 dx
1 d 1

- [rYy 2 /¥ D _,
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dy
Find —=If x° + x%y + xy° + y° = 81
in X7+ XY+ xy-+y



x3+x2y+xy2+y3:81

Differentiating both sides w.r.t. x, we get
dy d d d 5 dy
2 2 2
3z° +x E—I—ya(m)+ma(y2)—l—y2 ;t:}—|—3ydx 0
2 d}r 2 d}r -0
dx

dy
322 4z +yx2m+mx2ya+y2x1+3y

dy dy 2 zd.‘r’
232+ 2L 42y +2ry— + 1P + 31— =0
* xdx Y mydx Y ydx

d
(m2 + 2xy + 3y2) Ey — —3z° 2xy — y2

~dy (—3:1*:2 + 2zy + yg)
Cdx 22+ 2ey+ 32
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d
Find E}r if z29? — tan ! (v’ 2 + y?) = cot™? (\f r? + yﬂ)

SOLUTION

z2y? — tan™! (x.f x? + yi’) — cot™ ! (1.,;’ z? + yﬂ)
~zly? —tan! (-\f 2 + yﬂ) +cot™! (w’ x? + yg)
xzyg S [ tan 'z +cot ™tz = E}
2 2

Differentiating both sides w.rt. x, we get

d d

2 2 2

. — +y.—z") =0

L) + 4% = (@)

2 dy
STt x 2 +y¥ x2x=0
y]



ZmﬂyE :—2:(3:2
dy

IE =

ol

dx T
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dy
Find — if xe¥ + yve* = 1
dx y
SOLUTION

xe¥ + ye =1

Differentiating both sides w.r.t. x, we get
d d
E(mey) + E(ye”] =0

- X %{:EF) + ev. d;dx(m) + . %{EI} + e”

d d
m.ey£+eyx1+y><ez+ez—y:0

dx

dy
I.I I y - — y_ }(
(e® + ze¥) el —ye

~dy B e + ye*
Cdx e® + xev |’
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d
Find E}r if e*Y = cos(x —vy)

dy
— =0
dx



e*Y = cos(x—vy)

Differentiating both sides w.r.t. x, we get

d d
zty — _sinlr — ). — (1 —
eV, —(z+y) sin(z — y). = (z —y)

z+y(1 n dy) — —sin(z —y). L (z —y)

dx dx
etV 4 ™Y, % = —sin(xz — y) (1 — %)
. [€"7Y — sin(z — y)] y__ sin(zx —y) —e" "
dx
dy sin(z —y) +e"7¥ sin(z —y) +e*7¥
Tdx [Ez_y — sin(x —y}] - sin(z —y) — e=t¥
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d
Find E}r if cos (xy) =x+y

SOLUTION

cos (xy) =x+y
Differentiating both sides w.r.t. x, we get
— sin(zy). di(my) =1+ %
dy
dx

= sin(my] _ + yi( }] 1+ %

[ dy dy
s — si —~ 4yxl|=1+—2
sin(zy) _.-1: - Yy X ]

d d
L—X Si]l(:ty}ay — ysin(zy) = 1 + d—i



d d
—E}r — sin{my)d—i = 1+ ysin(zy)

d
=1+ msiﬂ(;ry)]ay =1+ ysin(zy)

dy —[1 + ysin(zy)]
Cdx 1 + xsin(zy)

Exercise 1.3 |  3.09 | Page 40

d .
Find = if o= ¥ —
dx

e | &

SOLUTION

et = lﬂg(i) [reX=y=x=logy]
Y

~e*Y=logx-logy
Differentiating both sides w.r.t. x, we get

ry d( ) 1 1 dy
eV —(z—y)=————7
dx J r ydx

d 1 1d

e-’»'—’y 1__""ir =____‘?
dx r oy dx

LV _evd 1 1dy
dx T y dx
L e A

Y dx
(l—ye“y)dyzl—mez_y
Y dx T
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Show that o = in the following, where a and p are constants : x".y” = (x + y)12

£
SOLUTION

x?.yS = (x + y}12
- (logx” y?) = log(x + y)12
- logx” + logy® = log(x + y)'2
. Tlogx + 5logy = 12log(x + v)
Differentiating both sides w.r.t. x, we get
1 1 dy 1 d

TX —4+56x—.—=12x — (T +
T y dx T+y dx(x y)
7 5 d 12 d
o2 S .(1+—F)
r y dx T+ Yy dx
7 5] 12 12 d
SANTL A A + -
y dx r+y x+y dx

T

(5 12 \dy 12 T
'(E_m—l—y)dx:m—i—y_g
__5$—|—5y—12y]d3r_12.1:—7m—7y
L oyz+y ldx z(z+y)
_ _ﬁm—Ty]dy_E:r:—Ty
ylz+y) | dx  z(z —v)
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Show that E}r _ 4 in the following, where a and p are constants : xPy* = (x + y)P** p e N
T



xPy? = (x + y)P*4

Taking log

log(xPy®) = log(x + y)P**

logxP + logy® = (p + 4) log(x + y)
plogx+4logy = (p +4)log(x +y)
Differentiating both sides w.r.t. x, we get

d d d
p.—logz +4. —logy= (p+ 4)—log(m + )

dx dx
dy
]_ _ v

z

p  4dy (p—|—4) N p—l—él dy
4 ydx (z+y) (z+y) dx
dy [4 (p—l—-i]]_p—l—-i P

dx |y (z+y) T+y oz

dy '4(fﬂ+y}—y(p+4)] _zpt+4) —pl=+y
dx | y(z +y) z(z + y)

dy _4m+4y—py—4y] _ pr +4x —pxr — py
dx | y(z+y) z(z +y)

dy [4:1‘:—33?;] 4z —py
x
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dy y
Show that —— = = |
ow d

£

— in the following, where a and p are constants : sec

:1*:5—I—y5
xds — 1P



SOLUTION

$5+y5 2

sec|l —— | = a
25 — 9

$5+ 5

5—y5 =sec_1(-:12]:|<

s —

o +y? = ke — ky?

(1 +ky? = (k- 1)x5

Y k-1
5 k+1
E—1)\7
.Ez — , a constant
T (."vc—l—l)
Differentiating both sides w.r.t. x, we get
w(3)=0
dx \z/
d d
T %—y.ﬁ(:r)
=0
22
dy
r— —yx1=0
dx Yy
y_y
Codx T

Alternative Method :

5 5
sec(mﬁ——i_yﬁ) = a2
" —y
5 5
T+
m5——§5 =sec la® =k ..(Say)

a0+ YR = ke = ky?
A1+ ky? = (k= 1)



v k-1
it (1)
T E+1

E—1

.'.5:k'5 h k= — —
y %7, where P

Differentiating both sides w.r.t. x, we get

54—: = k' x 5x4
Yy X 5x

4

dby _,, =

dx y?

dy (k—-1)\ z*

dx \k+1) 4

o 4

y £
= X — By (1
= [By (1)]
dy ¥y

dx T
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dy Yy . 3 32 — 4y2 5
Show that — = — in the following, where a and p are constants :tan™ | ——— | = a
dx =z 322 + 4y?

SOLUTION

3x? — 49
tan [ ——————= ) = a
( 3z2 + 432 )

_ 3z2 — 4y?
3z 4 4g?
o 3% — dy? = 3kx? + Aky?
o (dk + 4)y? = (3 - 3k)x?
¥ 3-3k

T2 4k+4

= tana? = k ..[Say)




Y |3 — 3k
T2 = , a constant
T 4k + 4

Differentiating both sides w.r.t. x, we get
d ry
2(2)-0
dx \z
dy _, d

£

=0

by _y

i -
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d 7z* + byt
Show that Ey _ in the following, where a and p are constants : cos ! (—y —tan la
T

SOLUTION

[ Tz* + 5y B 1
Ccos — | =tan a
Tz* — byt

7zt + byt
u = cog{tan_‘] a) = b
Tzt — byt

Tx* + 5yt .
Tx* — byt

7x* + 5y = b(7x* - 5y
7x* + 5y* = 7hx? - 5by?
Sy% + Shy® = 7hx* — 7x*

5y3(1 + b) = 7x*(b -1)



byt b—1

724 1+5b
yt T(b—1)
e o :{

xt  5(1+D)

4
vy o_
; = c...(1)
-

Differentiating both sides w.r.t. x, we get

d
4.y3d—i = 4%
dy c.4z®
dx  4yp
dy e z?
dx
d}’ yd 3
dv_y
dx =z
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Show that . — ¥ i1 the following, wh d tants - 1o 2"~y 20
ow dl — — — In e TolHowing, wnere a an dare Cconstants . _—— =



20 .20
L =y
log| ————— | =20

g(mzn+yzn)

20 yﬂﬂ
e ==k  _(Say)

= x20 20 — 20 4 |20

s+ k}y‘m = kx?V + kym

xr

_ y?’ 11—k
22 1+k
Y 1—k\™
== — , a constant
T 1+ k
Differentiating both sides w.r.t. x, we get
d
(%) -0
dx \ x
d d
J:Ei Y. 5 (T)
=0
72
dy
r— —yx1=0
dx y
dy
r—— =
dx Yy
dy _y
dx T
Exercise 1.3 | Q 4.7 | Page 40
dy Y Ea
Show that — = — in the following, where a and p are constants: e+ = g

€I




= —y7

ez =3

T _ o7
XY oga
STyt 7

axl =yl =k + ky?

S+ ky = (1-kx

_ Y’ 1—k

2T 1+ k

Show that — = — in the following, where a and p are constants : sin

T 1+ k
Differentiating both sides w.r.t. x, we get
d
4 (%)<
dx \ z
d d
_ Tar — Y a5 (T)
) =0
T
dy
r— —yx1=0
= Y
dy
r— =
dx }l'
by _v
dx T
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dy g
€I

o

.[Say)

1—k\7T
E = (—) , a constant

(

25— o
z? + 3




: mg_yg _ .3
sm| —/——— | =4
z? + ¢

] 2

:r —
~ 2 —sina®=b
z* + y*

] 3

:E —_—

Yy -b

:1:3+y3

x> -y = b0 + )
x> —y? = bx® + by?
x> — by = by3 + y3

x3(1-b) =y3(b + 1)

¥ 10

y3 = of

Differentiating both sides w.r.t. x, we get

dy
32— = c.3x2
Y dx

..from(1)
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d
If log (x + y) = log(xy) + p, where p is a constant, then prove that Y

SOLUTION

log (x +y) = log(xy) + p
~log(x +y) =logx + logy + p
Differentiating both sides w.r.t. x, we get

1 d 1 1 dy
rry ety -

S0 w)
1+ ==
r+y dx

1 1

Exercise 1.3 | Q 5.02 | Page 40

Py d 9922
If log,q ( ZE n 33) — 2, show thatay = — lﬂfya




3 3
r — Yy B
]Dgln($3+y3) =2

- 23 — 43

234 Y

2% =y = 110%° + 100y>

= 101y® = - 99x%°

3. 799 8

101

Differentiating both sides w.r.t. x, we get

dy —99

dx 101
99z

1012

=102 = 100

Sy

3y2 x 32

s dy?dx =
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4 d 122°
If log, (H) = 2,s]:u::-w1:]:1::11:.::b::’r = 13;.

SOLUTION

¥ + y4 = 25x% - 25,},4
26yt = 24x°

Differentiating both sides w.r.t. x, we get



dx dx
d
26.45°. = — 24.4. 2
dx
267, W _ 2423
dx
dy. 242°
dx  26y°
dx B 12°
dx 1343
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X W+ dy oz
If e* + e¥ = e**Y, then show that — = —e¥ ™",
dx
I - (1)
Differentiating both sides w.r.t. x, we get
dy d
e +e¥. — ="V, —(z+
= o (T TY)
dy dy
et el — ="V |14+ —
oo (1)
dy dy
net et —— ="V f "V =
dx dx
dy
. (Ey _ €:+y)_ — eTHY_oF
dx

~dy et Y — e

Cdx e¥ — eTty



e’ +e¥ —e”

= ..[By (1
P [By (1)]
e¥

"

= — e/
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5 _ .0 d 4
If sin~ ! (u) = E,shnw 1;]1E|,1:—}r _
6 dx

z® + y° 3yt
(25— -
sin” | ——— | = —
z° + 6
z’ — 1 T 1
. ——— =s8in — = —
x® + 6
L 2% - 2}:*5 = x> + }r5
23 =x°

Differentiating both sides w.r.t. x, we get
d
3 x 5yt —= =5x%

dx
_ dy B xt
Cdx 3yt
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dy log x
(1+ logz)? |

If x¥ = e*Y, then show that



x/ = e

- log xy = log ¥
-y logx = (x - y)log e

~ylogx=x-y [ loge=1]

-y + ylogx = x ~y(1 + logx) = x
T

YT TT log =

cdy  d T
dx  dx \ 1+logz

(L+logz). & (z) — L (1+logz)

(1 +logz)?
(1+logz).l—z(0+ <)
) (1 —|—1~::-g:1:.')2
1+logxe —1
) (1 +logz)?
~ log
i (1+logz)? .

Exercise 1.3 | Q 5.07 | Page 40

dy sinx

Ify = \/cnsm + \/ccrsw + vcosz + ...00, then show that = :
dx 1— 2y

SOLUTION

y = \/cosx+ \/cc:-sa:—l— x/cosm—l—...oo

~y?=cosz + \/cosm + vcosz + ...00

Lyl =cosx+y

Differentiating both sides w.r.t. x, we get



Fy—— = — g] —
Y sinx +

d
(1 — Zy)—y = sinx
dx

dy sinx

" dx 1—2y

Exercise 1.3 | Q 5.08 | Page 40

Ity = \/logm +logz + v/log & + ...00, show that

SOLUTION

y = \/lﬂgx +logz + \/logz + ...c0
'3-’2 =logx + \/]Dg:r + \/lc:-g:r:—l- .00

~y?=logx+y

Differentiating both sides w.r.t. x, we get
d 1 d

20y ¥ — =+ ¥

dx T dx

dy 1
sy —1)== = =
(2y )dX "

dy 1

Cax z(2y — 1)

Exercise 1.3 | Q 5.09 | Page 40
= d 2
Ify =2 , show that y L

dy

1

dx  z(1—logy).

dx z(2y —1)



s a ]
T
y=4=&

- logy = log (:ﬂrz-. )

P

=logz® .logzx

~logy=ylogx (1)
Differentiating both sides w.rt. x, we get

1 d d d
Ei =y.a(]u:)g:r:)+(lt::-g;:r:}£3r
1 dy

1 dy
—— =1y x — + (I —
t dx Y T (ng)dx

Y dx x

_ (l—ylngm)dy oy

Y dx T
Cdy y?
Cdx 2(1—ylogx)
d
v [By (1)]
dx  z(1-— ylog)

Exercise 1.3 | Q 5.1 | Page 40

d log y)?
If e¥ = y*, then show that Y _ (log y) .
dx logy — 1




ef = %

. log e¥ = log y*

~yloge=xlogy

~y=xlogy [ loge=1] ..(1)
Differentiating both sides w.r.t. x, we get

d d d
Ey =z (logy) + (logy). —— ()
dy 1 dy
— =z x —.— +(1 x 1
xSy & (logy)
dy z dy
— =——+1
dx y dx o5y

. (1_E)£:|ng
y J dx

y—x\dy |
= |O
» 1 gy

. dy _ ylogy
Cdx y— &

1
- YO8y -[By (1)

y— (lczy)

Cdy _ (logy)®
dx logy—1

Alternative Method :

ey = yx

. log ey = log yx

~yloge=xlogy

~y=xlogy [ loge=1]
y

logy

B



Differentiating both sides w.r.t. x, we get

dx d Y
dy dy \logy

_ (logy)- 47 (y) — y- 5y (logy)

(logy)”
1
) (logy) x 1 —y x m
(logy)®

_logy—1

(logy)”
dy 1 (logy)’
dx (E) logy—1°

dy

EXERCISE 1.4 [PAGES 48 - 49

Exercise 1.4 | Q 1.1 | Page 48
d

Find & if x = at?, y = 2at
dx

SOLUTION

X = at?, y = 2at

Differentiating x and y w.r.t. x, we get

ax d at2 2
= ax 2t = 2at

and
d}r d

dt Cdt
=ZJax1="2a

—(2at) = 2(1—(1;)



Exercise 1.4 | Q 1.2 | Page 48

d
Find E}r ifx =acotB y="bcosecB

SOLUTION

acotB,y=Dbcosect

Differentiating x and y w.r.t. x, we get

d d
&= a—(cot8) = a(—cosec?B)
de de

~ —cosec?®

and

% — b%(cosecﬁ) = b(- cosec 8 cot 6)

= —bcosecB cotB

(&)
~dy \d&)  —bcosect

Cdx dx —acosec28
s

cot B

b
a cosech
b

cosB

= X % 8in B

sin 6

a
(2)
— | cosB.
a



Exercise 1.4 | Q@ 1.3 | Page 48

d
Find E}r if:x=va2+m2y= ]-::-g(a2 + mz)

x=val+miy= ]t:rg(a2 + mg)
Differentiating x and y w.r.t. x, we get

X _ L (Ve m)

dm dm
1 d

- 21.-“a?_|_m?. dm

(ag + mg)

m

Va2 + m?

1
= x (0 4 2m) =
2v/ a? + m?
and

dy = dill [l«:»g(.sa;2 + mg)]

dm

:ag—l—m?'dm(a —I—m)
1 2m
=——— x(04+2m) = ———
a? + m? ( ) a? + m?2




Exercise 1.4 | Q 1.4 | Page 48

dy
Find ——, if : x = sinB, v = tan®
1N | X 5N }_." dan
SOLUTION

X = sinB, y = tanB

Differentiating x and y w.r.t. x, we get

dx
de
and
dy
ds

= —(sin6) = cosB
de(sm} cos

d
— —(tan®) = sec?8

%)

d
dy (d_g
(%)

dx

sec? g

cosf

= sec”.
Exercise 1.4 | Q 1.5 | Page 48

d
Find E}r if :x=a(1-cos8),y =b(0-sinb)



x = a(1 —cosf), y = b(0 - sinb)

Differentiating x and y w.r.t. x, we get

dx d
— =a—(1 — cos6)
de

do

—a[l0-(-sinB)] =asinB
and

& _ bi(ﬁ — sin )
de de

= b(1 - cos 8)

dy
~dy ds

=)
b(1 — cos 8)

a sin 6
. of 8
b % sin (5)
ax2sin(%)c05(%)
()= (3)
=| — | tan| — |.
a 2

Exercise 1.4 | 1.6 | Page 48

dy 1 1
Find —,if:x=(t+ — |,y=a|t+ — |, wherea>0,a#1,t#0.
dx ( t) / ( t)




. by
W = —_ = (1 P
¢ )Y ¢

Differentiating x and y w.r.t. x, we get

d« d (t—i— 1)ﬂ
dt  dt t

and
d d 1
a ]

) a(t+1) loga. (1- %)
Ca(t+ )T (- )
at*7.loga. (t+ %)

e (t+1)"

(1)



241
yloga.( - )

= -[By (1)]
ax

y[t2 + 1) loga

axt

Exercise 1.4 | Q 1.7 | Page 48

d 2t
Find E}r,if:m = cc:-s_l( ),yz Eec_l(vl—l—tﬂ)

1+¢2
r = cos ! 2t y = sec‘l(v 1+ ti)
1+¢2 )’
Put t = tanf.

Then 8 =tan™'t.
L3 2tan6 1 5
S X = COos ————— | Y —88C 1+ tan“®
1+ tan?6
- x = cos !(sin 26),y = sec™! ( sec? El)
— -1 n L 4
X = COS [EDS(E —2{-})],3;—59(: (sec )
“X= = —20,y=8
. 2 :‘y_
e 4 - 1
K= E—Ztan t,y=tan ¢

Differentiating x and y w.r.t. x, we get

dx_ d(?r) 2d(t _lt)
dt  dt \2 g
=0 —2 %

142
_ —2
14 12

and



1
2
Exercise 1.4 | 1.8 | Page 48

dy —1 (443 af VI t?
Find —, if: @ = cos™ ~ (4t — 3t),y = tan — .

dx ( )y t
SOLUTION

Vv1-—t2
T = c03_1(4t3 — 3t),y — tan ! (f)
Putt = cosB.
Then® = cos™t.
- X = cos (4cos>B —3cosh),
1 ( 1 — cos? B)
y = tan
cos 6
sin 6

» x=cos (cos36),y = ta]l_l(
cosf

) — tan ' (tane)

~x=30andy=0



~x=3cos 'tandy = cos 't

Differentiating x and y w.r.t. x, we get
dx d

-1
E = 3E (cc:-s )
= 3 o _—1
vV1—12
_ —3
VvV1—12
and
dy d 4
E E(cos t)
_ —1
VvV1—12

~ 1
-3
Alternative Method :
V1 —t2
X = cos™| {4’[3 -3, t= tan ! (T)

Putt = cosB.

Then x = cos™ | (4cos>8 — 3cosh),



- 1 — cos?8
= tan
y cos 6

1n 6
~x =cos | (cos38),y = tan? ( s ) = tan ' (tan)
cos B
~x=38y=0
SX =3y
1
= —I
yd ’ 1 d
y
o= =——x)
dx 3 dx
= — x1
3
1
.

Exercise 1.4 | Q 2.1 | Page 48

d
Find & if : x = cosec?B, y = cot>0 at 0= il
dx 6
SOLUTION

x = cosec?8, y = cot?8

Differentiating x and y w.rt. 8, we get

dx d 9

— = —(cosec)” = 2cosect. — (cosech)
de  ds de

= 2cosecB(- cosecO coth)

= — 2cosec? cotd

and
ﬁ = i(cot 3)3 — 3cot?s. i (cot 6)
de de de

= Jcot2f.(—cosech)

= —3cot?B.cosec?d



dy
_dy ds —3 cot? 6. cosc?8

Cdx (E) —2cosec?8. cot 8
ds

3
= —cot B

2
. (dy)

dx ab8==

3 T

= —cot —
6

33
==

Exercise 1.4 | Q 2.2 | Page 48

dy T
Find — if: x = acos?’@, -~ asin"Bath=—

dx y 3
SOLUTION

a cos>8,y = asin®0

Differentiating x and y w.r.t. 8, we get
dx d

— =a— (cos®)®

de de

d
= a x 3cos® 0. — (cos )
d#

= 3a cos2B(— sinf)

= — 3a cos%8 sinf

and

d d

= a— (sin6)’
de dse



d
= a x 3sin®6. — (sin 6)
de

= 3a sin0 cosh

dy (%)
()

3asin® cos 6

—3acos?0sing

= — tanB

_ (d:r)
dy at 69—

= —tan —
3

—V3.

Exercise 1.4 | Q 2.3 | Page 48

d
Find—}rif:x:t2+t+1,y:sin(
dx

7t

7t
) —|—cos(—)att= 1
2 2



x=t2+t+1 —(E) (—
= Yy = sin 5 + cos

Differentiating x and y w.r.t. t, we get

dx d , .,
— = — |t t+1
il Gl
= 2t+1+0=2t+1
and
dy d | . t
1t T Sln:rr
it d
= cos| —
2 ) dt

2).[

iy

2

)

el (3)]

°(

m|§+_

) (%)

7t iy
=cos| — x—xl—sm x — %1
(3) ( )73




Exercise 1.4 | Q 2.4 | Page 48

rind X i )= 2 cott 4 cos 2t v = 2 sint—sin 2tatt= &
g — IT. X = Co Cos , = SINT—5IN d = —
dx y 4
SOLUTION

2cott+cos2ty=2sint-sinZt

Differentiating x and y w.r.t. t, we get

X _ 94 5 cost + cos2t)
dt = d_t COs COos

= 2%(c05t] + %{:cos 2t)

= 2(—sint) + (—sin 2t). %(%]

=Z2sint—-sin2tx2x1
=—-2sint-2sin 2t

and

dy d
E? ~ - (2sint - sin2t)

d d
- 92— (sint) — — (sin 2t
” (sint) ” (sin 2t)

2cost 2, 2 (2t)
= ACO51T — COs .
dt

=2cost—cos2tx2x1
=Z2cost—2cos 2t



dy
~dy dt

Cdx ﬂ)
dt

2cost — 2cos 2t

—2s8int — 2sin 2t

cost — cos 2t

—sint — sin 2t

COS - — COS &
—sin ¢ —sin §
-L 1
1

142

_ 1 +1—\/§
1+vV2 1-+2
(1-v2)
=1-V2

Exercise 1.4 | Q 2.5 | Page 48

Find Y 06 = t + 26in (t), y = 3t () at t =
mna — IT. X = SN ATTL, = — COS5 (TIT) a = —
dx y 2



x =t + 2sin (mt), y = 3t — cos (mt)

Differentiating x and y w.rt. t, we get
dx

d
e d—[t + 2sin(nt)]
0+

ST [51ﬂ(7rt}]

d
=1+ 2 x cos(nt). E(ﬁﬂ
=1+ 2cos(mt) xmx1

=1+ 2m cos (mt)

and
dy d
d—i — —[3t — cos(t)

=3 % 1— [—sin(nt)]. %(m)

=3 +sin(m)xmx1

= 3 + 1t sin (i)

d
o dy (d_{)
& (F)
3 + wsin(nt)

) 1 + 27 cos(wt)

. (dy)
dz at t—1

3 +sin(F)
1+ 2?TCDS(%)
3+mxl
" 1+ 27(0)
=3+ .




Exercise 1.4 | Q 3.1 | Page 48

d
If x = a\/s.ecﬂ —tanf,y = ﬂ,\/SEEB + tan 6, show 1:]:1::11:5'1’;r

SOLUTION

X = a\/secEl —tanf,y = a\//secﬂ—l—ta]lﬁ

T
n— = \/secEl —tansg, y = a\/52c3+ta]18
a

1132
s secH —tanb = — (1)
a?
o
secH + tan o = — wl(2)
a
Adding (1) and (2), we get
2 2
_ Y
2secO = pe} + 2

~ z2 + y2

a2

z? + yﬂ
2a?

Subtracting (1) from (2), we get

2 2
Yy _r
2tan8—§ ﬂ.2

- sech =



y' —a’

s tanB =
2a?

- sec?f - tan?0 = 1 gives,
(57) - (%) -

a? 2a?
2 02+ Y22 - (2 - D)2 = 4a
s[4+ 2x2y2 + y4} - {y’j“ - 2:{23:2 + x%) = 4a%
- AxPy? = 4at
-~ x%y? = a*

Differentiating both sides w.r.t. x, we get
d d
2 2 3
. — — =0
2t (") +v' - (&)
d
- 22 x 23;5jrr 4 Y62 X 22 = 0

d
2:1:23;':1—1 = -2xy?

Ay _ v

S -

Exercise 1.4 | Q 3.2 | Page 48

. d
If x = e5N3L y = e953t then show that &

X = esinSt y= @cos3t
- |og X = |OgeS|n3t' Iogy: |OgeCOS3t

~ log x = (sin 3t)(log e), log y = (cos 3t)(log e)
~logx =sin 3t, logy =cos 3t...(1) ... [ loge =1]

Differentiating both sides w.r.t. t, we get

ylogx
zlogy




Lodx_ 9 Gnst 3t. L (3t)
—.— = —(sin = cos 3t. —
x dt dt dt
= cos 3tx3 =3 cos 3t
and
1 d d d
—.— = —(cos 3t) = — sin 3t. — (3t)
y dt dt dx
=—s5in3tx3 =23 cos 3t
& 3pcosat and . — 3ysin3t
— = 3rcos3t and — = —3ysin
dt dt Y
dx
o dy (@)
' g dx
dx (F)
_ —3ysin 3t
3xcosdt
. —ysidt
~ rcos3t
—ylog x
- 2 =7 -[By (1)]
xlogy
Exercise 1.4 | Q 3.3 | Page 48
t+1 1—1t d
If x = L,y= —  then show that y* — & 0.
t—1 t+1 dx
SOLUTION
t+1 1—t
XK= —— Y= ——
t—1 t+1
1 —1
“Y T Ay T e
1
LY = ——
T

soxy = =1 (1)
Differentiating both sides w.r.t. t, we get



Exercise 1.4 | Q 3.4 | Page 48

Ifx=a CDSST, =3 singt, show that — = —(
Y dx

SOLUTION

X = a cos t, y=a sin>t

Differentiating x and y w.r.t. t, we get

d d d
d—f = aa(cos t}3 = a.3(c05t)ga(cost)

= BaCGSEt(— sint) = —3a cos?t sint

and
L a 4 (sint)®
dt dt

d

2 .

= a.3 t) — t
a.3(sint) ” (sin t)
= 3a sint. cost

dy (%)
)

dx (%



3asin®tcost

—3acos?tsint

sint
= — (1)
cost
Now, x = a cos-t
T
cosg’t = —
a
1
T\
sLcost= (—)
a
y = asin®t
- sin’t = Y
a
y 1
3
coa?’t = (—)
a
¥
d 1
< from (1), =X — _ ¥
b 4
a3

s =

(%)
T
Alternative Method :

X = a cos°t, y=a sint

T
-~ cos t = —,51]13t = —
a a



. cost = (E)?,Sint = (E)T
a a

- cos’t + sin’t = 1 gives

(5 )

2 2 2
L3 4 y: =as

[ [

Differentiating both sides w.rit. t, we get

— T — e

3 37 ax
—y3 —_— — —I 3
3 dx 3

Exercise 1.4 | 3.5 | Page 48
d 3
If x = 2cost + 3), y = 3sin*t + 3), show that & J i

SOLUTION

X = 2c054(t +3)y= 3sint + 3)

. cos'(t+3) = g,sin4(t +3) = %

s cos (t +3) = 1f§,sin2(t+3) = 1!%

cosz(t+ 3) + sin? t+3)="1

i i

Differentiating x and y w.rt. t, we get



1 d
;@E;Ufj+:FE£hf) 0
L1t 1 1 dy
V2 o2/ V3 o2yy &
1 dy 1

VN R
by V3V
Codx ‘/_\/_

Exercise 1.4 | 3.6 | Page 48

If x = log(1 + t9), y = t — tan”'t,show that

x =log(1 +t9),y =t—tan"'t
Differentiating x and y w.r.t. t, we get

dx d 9
T d [lﬂg(l—l-t)]
1 d
_1+t?'dt( t)
:1+t2 x (0 + 2t)
2t

1+ t2
and

d}* d

d 1
rralen —(t) — Ty (tan t)




Now, x = log (1 + t9)
1+ t% = e

R

s t=4et—1

dy et — 1

dx 2

Exercise 1.4 | Q 3.7 | Page 48

If x = sin”1(eh), y = v/ 1 — e2t show thatsinz +

dy
— -0
dx



x = sin"'(el), y = /1 — e2t

Differentiating x and y w.r.t. t, we get

X fsin ()]

dt  dt
1 d ,,
= e
— = ()
- 1 X g2 = ¢
V1 —elt | V1— e
and
d d
Fria e CARS)
B 1 d -
via al )
:%.x(ﬂ—eﬁXZ]
2v'1 — et
o2
dy
Cdy _ ( t)
dx (&)
e
()
( le—rs'z‘:)
:—et
= —sinXx L x = sinT1(eh)]
.-.sinw+%=0



Exercise 1.4 | 3.8 | Page 48

2bt 1— ¢t dy b2y
fx=——,y=a ,show that— = ———.
“Tire Y (1—|—t2) dx alr
SOLUTION
2bt (1 t2
X ——, Y =
1+ t2 Y 1+ 2
Put t = tang.

2tan® 1—¢2
Thenx=b| —— |, y=a| ————
1+ tans® 1+ tan?8

.x =bsin 208,y = acos 20

. E = sin 26, g _ = cos 26

b a

( ) ( ) = 5in%20 + cos%26
P

|fferent|at|ng x and y w.rt. y, we get
i X 2$d—x + i X 2y =0
b2 dy a2
- 2xdx —2y
b2y T a2

dx b2y

dy  a’z

Exercise 1.4 | O 4.1 | Page 49

Differentiate x sin x w.r.t. tan x.



Let u = xsinx and v = tan x.

u
Then we want to find —

dv
Differentiating u and v w.r.t. x, we get
du d (zsinz)
— = —(xsinzx
dx  dx

d . . d
= m—x(smm} + (sinz). E(a‘:)

=xcosxX + (sinx) x1

=X COSX + 5iNnX

and
d d
E‘v = E{tan:c) = sec’x
Cdu (&)
. = —

v (&)
_rcosx+sinx

sec? r -

Exercise 1.4 | Q 4.2 | Page 49

2x 1 — 2
Differentiate sin " w.r.t.cos !
1+ 2 1+ 2

SOLUTION

2x
let u = sin™! and
1+ 2

W o= COS5
1+ 2

Then we want to find —u.
dv




Put x = tanB.

Then 8 = tan 'x.

.1 2tano
u = sin _
1+ tan®6

= sin”!(sin28)
= 26

= 2tan” 'x

du d
" I = 2 I (ta,]l_l :r:)
1
1+ z2
2

1+ 2

=2 X

[ 1—tan’s
Also, v = cos S ——

1+ tan?6
= cos '(cos 26)
= 26

= 2 tan" 'x
dv d 1
s — =2—(tan
i~ la (fan )
1
1+ 2

~ 2
14+ z2

=2 x




= 1.
Alternative Method :

2 1 — 2
letu = sin " < and v = cos * T
14 x2 14 22

u
Then we want to find —

dv
Put x = tan8.
2tant
Then u = sin™* _cany
1+ tanéb
= sin” (sin20)
= 20
and

L ( 1—tan’6 )
vV = COS —_—
1+ tan?e
= cos™! (cos26)
= 20

ATIERY,
Differentiating both sides w.r.t. v, we get
du 1
dv

Exercise 1.4 | @ 4.3 | Page 49

1
Differentiate tan ! (L) w.r.t.sec ! (—) )
1;’1 _ 3:2 2$2 —1



T
Lletu = ta,n_l(

4 1
v=sec | —— .
2r2 — 1

V1 — a2

) and

u
Then we want to find —.

dv
Put x = cosB.

Then® = cos 'x.

U tan-] ( cosf

tan- cos
= tan
sin 6

l—cc:-s?Ei)

vV1—z?

A 1
v=sec [ ——
2x2 — 1

= cr:3p5_1|{2>("_i -1)
= cos (2 cos28 - 1)

= cos™ 1 (cos26)



Exercise 1.4 | Q 4.4 | Page 49

) _ 1 1— z2 1
Differentiate cos 5 Jw-T. t.tan " x.
1+ =
SOLUTION
1 — x2
letu = cos ! and v = tan 'z,
1+ x2

Then we want to find E
dv

Put x = tanB.
Then = tan™ x.
i ( 1 — tan® e)
5. U = COS -
1+ tan?6

= cos (cos26)
= 20



1

sou = 2tan” 'x
du d 1
S— = 2. — (tan
dx 1 (fan 7)
=2 X L
1+ z2
~ 2
1+ 22
Also, v =tan~Tx
d d
—V = —(ta.]l_l ;1:) =
dx dx
dy
du dx
- dwv
v (&)

Exercise 1.4 | O 4.5 | Page 49

Differentiate 3* w.r.t. log,3.

1
1+ 2




Letu = 3*and v = log,3.

du
Then we want to find —.
dv
Differentiating u and v w.r.t. x, we get

du d _.
- ()
dv dx
= 3*log3
and
dv d
— = —1 3

o d (lc:-g3)
dx \ logx

d
- log 3. — (1 -1
0g3. —(logz)

- (log 3)(~1)(log 2) 2. < (log2)
—log 3

 (logz)’
—log3

1
Wo—
I

z(logz)?

~du (

S dv (

)
)

= |&E

3*. log3
[ —log3 ]
z(log z)*

= — x(log x)2.3%,




Exercise 1.4 | O 4.6 | Page 49

, 1 COS T 3
Differentiate tan ——— |w.r.t.sec” " x.
1+ sinzx
SOLUTION
COS T
letu=tan '| ———— | and v = sec ' .
l+sinzx

Then we want to find —u.
dv

Differentiate u and v w.r.t. x, we get

du d tan- ) cOS
x  dx | T 1+sinz

cCoOs T Si]l(% — .'I:)

1-|-5111I 1+c05(%_£)
_ 2sin(% — §)-cos(Z — £)
21:052(%—%)
(T E
—a,n(4 2)
du d 1
o = o e tan( - 5)
_i(E_E)
Cdx \4 2
_dymy _1d
‘@(4) 2 )
:U—lxl
2
1
2
and
E=i(sat:‘c_1:r:)
dx dx



Exercise 1.4 | Q 4.7 | Page 49

Differentiate x* w.r.t. x5,

SOLUTION

Let u = x* and v = x5
du

Then we want to find —.
dx

Take, u = x*
- log ulogxx = x log x
Differentiating both sides w.r.t. x, we get
1 du d
v dx  dx
d d
=xz—(logz) + (logz). —(z)
dx dx

(zlogx)

1
=z x — +(logz) x 1
T

Jdu u(l + log z)
dx
= x*(1 + log x)
sinx

Also, v = x



sin¥ — (

- log v = logx sin x)(log x)

Differentiating both sides w.r.t. x, we get

1 dv d

o dx — ax leinz)(logz)]

= (sin ). E{log x) + (log x). E[sinm)

(sinz) x é + (log z)(cos )

f_ﬁ" . U[ST +log :E)(cnsm)}
_ gsine F“:’ + (lﬂgx}(cnsx}}
Cdu ()

& (&)

z*(1+ log x)
goinz [HE 4 (Jog z)(cosz)]
z(l+logz) x x

80z (sin x + z cos . log x|

1+ logz). p=tl—sinz
B g

sine + xcosx.logx
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Differentiate tan ' (
T

2xv'1 — x2

'1./1+:1:2—1) _1(
w.r.t tan

1— 2x2



SOLUTION

Let ta,n—l('lﬂz_l)
2T u =

T
and

_1(2:5131—:52)
v = tan .

1 — 2z2

Then we want to find ot
dv

u—tau—l(ﬂﬂz_l)

H

Put x = tang.

Then® = tan™ x

and

V1++4z2—1 v/1+tan?e —1

T tan 6

sech— 1

tan 6



CH |

cosd

sing
cosd

1 —cosb

sin 6

2sin?( 5 )
2sin(§) cos(5)

3|

du lcl(t _1)
— = ——(tan "z
dx 2 dx
1 1
= — X
2 1+ x2
1

2(1 + z2)

1— 222

v—tan_l(zx 1—;1*:2)

Put x = sinB.

Then® = sin”'x
and
2xv1 — x2

1 — 2x2




25inﬁ\/1 — sin%6

1 — 2sin’e
2sinfcosH
1 — 2sin’e
sin 26

cos 20
= tan26

-~ v = tan ' (tan26)
= 26

= 2sin”!

_ dv
U odx

X

= 2 -::]i: (sin_l m]

9 1 B 2
Vi-Z V&

v (@)

dx ()

=2

B 1 y v1—x?
- 2(1+ 2?) 2
 V1-—2?

41+ 2?)
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Find the second order derivatives of the following : 2z”

SOLUTION
2
Lety:2$5—4:c3——2—9
x
dy d 2
Then —— = —(22° —42® — = — 9
dx dx(m TR )

d, g, . d d, , d
=2 (%) — 4 (2") =2 (=7") = - (9)

= 2 x5 —4x3x%-2(-2)x> -0

= 10x* — 12x + 43

and
dgy d 4 2 -3
d d d
=10—(z*) — 12— (¢*) +4—(a*
dx(m) dx(m) dx(w )
= 10 x 4x° — 12 x 2x + 4(-3)x7*
12
= 402* — 242 — —.
:1:4
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Find the second order derivatives of the following : e2% . tan x

2
3
—d2' - S5 -9



SOLUTION

Lety = e®* . tan x

Then % == % (eh.tan :r:)

d d
BT 2z
= ¢**, — (tanz) + tan z. o (e*)

= e’* x sec’ z + tanz x €%, d—(2:r)
X

2

= 2% sec?

x + e2X tanx x 2

= e2¥ (sec?x + 2tan x)

and
2

% = di [eh (se-::2 T+ 2tan m)]
T X

= i 2 2 i 2z
= e .dx(sec :E—l-?tan:c}—i—(sec :t:—l-Ztanm) I (e )

2r d
dx

dx

= e2X(2sex . sec x tanx + 2sec?x) + 2eXX(sec?x + 2tanx)

2}{ + SE'CE

= 2eX(sec?x tanx + sec X + 2tanx)
= 2eXX[sec®x(tanx + 1) + 1 + tan®x + 2tanx]
= 2eP[sec?x(1 + tanx) + (1 + tanx)?]

= 2eX[(1 + tanx) (sec?x + 1 + tanx)]

= 2e2X[(1 + tanx) (1 + tan®x + 1 + tanx)]

= 2e2X(1 + tanx) (2 + tanx + tan2x).

d
= 2| —(secz)® + EE{tanm)] i (SECE.T + 2tanz) x e

2z

d

dx

d
= e“"[2secx. —(seczx) + 2 sec’ ﬂ:] i (Eecgm + 2taalx]e2E x 2

(2z)
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Find the second order derivatives of the following : e**. cos 5x

SOLUTION

Lety = e, cos 5x
d d
Then vy _ 2 (e‘iz. cos 5:1*:)

dx dx

d d
= e**, e (cos 5z) + cos 5z. o (e*)

= e*z. (— sin bz). i(ﬁm) + cos 5z x e'*. i(ﬁlm]
dx dx

4

= — e sin5xx5+e™cos5xx4

= &% (4 cos 5% — 5 sin 5x)

and
2

% = % [643 (4 cos bz — 5sin 5:1:)]
T

d
= ¢**— (4 cos 5z — 5sin5z) + (4 cos 5z — 5sin bz). 5(4:1:)

d d d
— Arry s . . . 4r
= e""[4 — sinbz). — (5z) — 5 cos hz. e (5z) | + (4dcosbx — 5sinbzx) x e™. —(4x)

= ™ [~ 4 5in5x x 5— 5 cos5x x 5] + (4 cos 5x — 5 sin 5x)e™ x 4
= 94}((— 20 sin 5% —25 cos 5x + 16 cos 5x —sin 5%)

= ™ (= 9 cos 5x — 40 sin 5x)

= —e*™ (9 cos 5x + 40 sin 5x).
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Find the second order derivatives of the following : x3.logx



SOLUTION

Lety = x*.logx
dy d , 4
Then, Fele E( log .'1:)

d d
= xga(log x) + (log x). e (z°)

1
= 2° x — + (logz) x 3z
T

= x% + 3x° log x

= x2(1 + 3 log x)

and

d? d

d—g = & [:1:2(1 + 3logx)]
T

d
= :EE.E(I +3logz) + (1 + 3logx) x 2z
1
21132(0—1-3 X —) + (1 +3logz) x 2z
x

= 3x + 2x + 6x log x
= 5x + 6x log x
= x(5 + 6 log ).
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Find the second order derivatives of the following :log(logx)



SOLUTION

Let y = log(logx)

d d
Then E}r = E[log(log )]
1 d
= . —(1
logx dx (log )

1 ><1— 1
" logx =z  xlogx

and

d*y d -1
E = E ($ ]Dg $)

= (—1)(xlog m)_g. %(m]og x)

~ —1
(zlogz) L
—1

I 1
= —. ;t:}{——l—(logm]xl]
(zlogz)” L z

x ;{ (logz) + (log x). %{m}]

~ 14logz
(zlog :E)EI
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. dy . .
Find F of the following : x = a(8 —sin 8), y = a(1 —cos B)
T



x=a(@-sin@),y= a(l-cos0)

Differentiating x and y w.r.t. 8,, we get

dx d )
= a— (6 — sin8)
dse

de

= a(1 - cos 6)

and

dy = a—/ (1 — cos 6)
de de

= a[0 — (- sin 0]
=asin®

dy
~dy ds

I
|
]
o
¥ ]
g
]
28]

Il
|
Q
Q
o
@
8
2]
b | @
\“_‘_—#"
X
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. dgy . 2
Find F of the following : x = 2at<, y = 4at
T

SOLUTION

x = 2at?, y = 4at

Differentiating x and y w.r.t. t, we get
dx d

= Z2ax 2t = 4at (1)
and
dy d

_ 9 (4at
& qc Aat)




d , 4 dt
- Ly
dt dx
1
_ —2
=1(t) " x —
(4)
1 1
= — X —— .[By (1
5 e By (1)
1
dat3
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. d%y . ) .2 m
Find — of the following : x = sinB, y = sin"B at B = —
dz 2

X = sing, y = sin~6
Differentiating x and y w.r.t. 8, we get

d d

d—}g — E(sinﬂ) = cosB (1)
and

d d

= _ = (sin6)®

de de

= 3(sin6)*. % (sin8)

— 3sin2f.cosH

 dy (%)
)

_ 3 sin? 6 cos 6

coso
= 35in°0



and
d? d
. 3 (
dz? dx

sin B)E

d de
= 3— (sin6)® x —
de dx

3><2'Bd('&}><
= sInb—— 1 sln
de

= 6sinf.cosf x

cosf
= Hsind

(%)
dz® / aie o

. mw
= 6sin —

=6 x1
= 6.
Alternative Method :
x = sinB, y = sin®B
Ly =X

dx

d?y d

= 3% X
= e

dy d
S — = E(Iﬂg) = 3}{2

1

(%)

If 8 = E,thena,':sin =2 2
2 2

()
 \ dz? ate — X

By (1)]



6(1)
6
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2

d
Find 9 of the following:x =acos0,y=bsin0ato = .
dz? 4

SOLUTION

x=acosB y=bsind

Dlfferentiating x and y w.r.t. 6, we get

dx d
— = —(acosb)
de de

= a%(cos 6)
= al-sin B)
=—asinf (1)

and

& _d (bsin 6)
d# de

d
= ba (sin 8)

= bcosB
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2

d
If x = at® and y = 2at, then show that myd—g +a = 0.
T



x = at® and y = 2at (1)

Differentiating x and y w.rt. t, we get
dx d

— — — (at?
a — @ @)
d
- a— (¢
a—(t)
=ax .t
= 2at -(2)
and
dy _ i(23,1:}
dt dt
d
= 2a— |t
a ()
=Z2ax
=2a
dy
dy (E)
~ [dx
dx  (F)
_ 2a B 1
C 2at
and
d’y _d (1
de2  dx \ ¢
d dt
- t_l o
dt( ) dx
IR
_( ) . {E)
dt
—1 1
- = x — -[By ()]



i
(at?)(2at) x a

..[By (1)]
Xy
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-1 d2 d
Ify = ™™ % show that (1+ Iﬂ)d—; + (22 — m]EF = 0.

SOLUTION

1
}f:Emtan T

(1)
dy d

R _(Emta:ll 1:)
dx dx

_ emtan 1::' d;‘:'{[m tﬂ.ﬂ_l m)

1 1
:Emtan Ime

1+ 2
L1+ m?)% = my -[By (1)]
Differentiaitng again w.r.t. x, we get
(1—1—:1:2).%(%) + %.%(1+m?) =m%
- (1 +m?)j—3 + %{DJF 2z) = m Iy



2
(1 = $2)ﬂ 42 d_y = md—y

dr? dx dx

d’y dy
o (1422 (22 — =)
(1+z )d:r:ﬂ + (22 — m)
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Ifx = cos t,y = e™ show that (1—m2)— —z— —m'y=0

SOLUTION
X =cost,y=em

~t=cosIxandy = ™™ ® (1)

L dy _ i(emm lx)
dx dx

2
(-2 (L) =me2
(1-a)(52) -y
Differentiating again w.r.t. x, we get
L) A (W) () A ey d s
-5 () + (&) o) =m0

2
(1_m?)_2ﬁ_ﬁ+ dy (0 — 2z) = m? x zyﬁ
dx Jg? dx dx

d
Cancelling ZE}F throughtout, we get



2
(1—:1‘:2) (dia:g —mji —mzy
d d
(1— 2)%—md—i—m2y:0
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d?
If y = x + tan x, show that cos” z. d—g —2y+ 2z =0.
T

SOLUTION

y =X + tan x

d d
d_i = £($+tan;r]
2

=1+ secx

and

d2 d

d—;; = E(l +EEE$)2
= %(]] + %(SEE z)?

= Z2sec¥.secxtan x

= 2 sec?x tan x

d?
- cos’x. —E — 2y + 2z

dx
= cos’ z(2sec’ztanz) — 2(z + tanz) + 2z

5 2
= cos“ T X

g X tanx — 2 — 2tanx + 2z
COS“ I

=2 tan x - 2 tan x

d?
- cos® z. A 2y +2x = 0.
dx?
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If y = e®sin(bx), show that y, — 2ay; + (a + b2y = 0.
SOLUTION

y = e®sin(bx) (1)

% = %[eu.sin(b:r}]

d d
= eaz. E[Si]l(bﬂ:]] + Siﬂ(b:}?). E(Euz)
= e™ b—db —I—'bx“—d
= e". cos(bx). d_x( x) + sin(bzx) x e I (azx)

= e®™ cos(bx)xb + e . sin(bx)xa
- yq = e™[b cos (bx) + asin (bx)] ..(2)
Differentiating again w.r.t. x, we get

d d
% — sz[e‘”{b cos(bz) + asin(bz)}]
X

ar d . . d a
= e"™. E[b cos(bx) + asin(bx)] + [bcos(bz) + asin(bx)]. e (e"z)

= ™. |b{—sin(bx)}. %(bm) + acos(bzx). % (bz)| + [becos(bx) + asin(bz)| x ™. % (ax)

= e[~ bsin(bx)xb + a cos (bx) x b} + [b cos (bx) + a sin (bx)e® x a
= e@ [-bZsin (bx) + ab cos (bx) + asin (bx)]
sy = e [-b2sin (bx) + 2ab cos (bx) + aZsin (bx)] ...(3)

y2 - 2ayq + (a2 + bz)y

= o3 [ bZsin (bx) + 2ab cos (bx) + aZsin (bx)] — 2a.e¥[b cos (bx) + a sin (bx)] + (a2 + b2)e? sin (bx) .[By (1), (2) and
(3)]

= @@ [— b%sin bx + 2ab cos (bx) + a%sin (bx) — 2ab cos (bx) — 2asin (bx) + a%sin (bx) + b%sin (bx)]

=™ x 0

Lyo —2ayy + (@ + b2y = 0.
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7z® — 5y d?
If sec! (u) =m,show—y = 0.

7 + 513 dz’
15 ( TS — 5y3 )
geC | ———— | =i
T3 + by
7z —5
;.—&g} =secm =k ..(Say)
=

= Tx3 = 5y3 = T + Sky?
- (5k + 5)y® = (7 - 7k)x?
¥ 7Tk

T—FkY\?
e _ ( ) = p, where p is a constant
T
-
T




dx T
d?y _d (y)
dr2 dx \=z
d
T Y (@)
= o
z(L) —yx1
= = [By (1)
Y-y
72
Tz
d
Note : & E.*ﬁﬁ.*]ueneE = p.
T  ,
d
Pl A p, where p is a constant.
dx
d2y d
dr dx
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f2y=vz+1+ vz — l,showthatd{xg—ﬂyz + dxy, -y = 0.

2y=vz+1+vz—1 (1)
Differentiating both sides w.r.t. x, x we get

a2 () ()

1 q+ro+—L (-0
2vxr+1 2/ — 1



d 1 1
2 y

= +
dx 2yz+1 2yz+1

Vz+l+vz+1
2vVe+1.v/z—1
2
- By (1)]
2v/x2 — 1
—d
2 $2—1E}r:

- 4(z* - 1). (%)2 = y?

Differentiating both sides w.r.t. x, we get
1@ - 1) L (W) (W) Dy gy, W
dx \ dz de ) dx dx
d}r dZy dy dy
Azt —-1).2— A(2x) = 2
{m ) ' dx? " (dm) (2z) = y(da’

d
Cancelling ZE‘Y on both sides, we get

d? d
4(:1.' —l)ﬁ—kél E‘Y—y

d*y dy
4(z? —1)—2 + 42— —y=0
(= )dmﬂ Tax Y

- A2 - Tys + dxy—y = 0.
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d? d
-

Ify = log (m +vz2+ ag) m, show that (z2 + a
y ( ?) — trgy

SOLUTION

=0.



y= ]0g(a¢—|— r? + aﬂ)

= mlug(:t: + V2 + ag)

dy d [
e B o | (a:—l— :EE—I—aE)}
ax 7
" 1 d( i 2 . 2)
= m : T T2 +a
z+ Va2 +a? dx
m [ 1 d
e+vVzi+a? | 2Va?+a? d&x
m i 1
= x |1+ .(23:4—0)]
4+ vzl +a? i 2v/ z2 + a?
B m ” vzt +at+z
z+ va?+a? Vada
dy m
dx vz2 + a?
dy
2 +a2— =m
5 dx

) 2 2 dy 2_ 2
(m —|—a) _d =m
T

Differentiating both sides w.rt. x, we get

d [dy\® [dy\? d d
2 oy @ [ ay i T o B A S
(:r:-i—a).dx(dx)—k(dx).dx( +a?) = < (m?)

dy d [/ dy dy 2

2, 2

2 . — 2 0)=20
(z° +a”) x = dx(d:c)+(d:1:) x (2z + 0)




d
Cancelling 2% throughtout, we get

2
(:1*:2 - e:mﬂ)ﬂ + mﬁdm = 0.
dz? /
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2

d
If y = sin (m cos™'x), then show that (1 — :.!:2) J_ x T +m

dx?

SOLUTION

y = sin (m cos_1x]

- sin”] y=m cos™ 1 x
Differentiating both sides w.r.t. x, we get

1 d 1
J =1Mm x

Ji—p dx Viea?

Differentiating both sides w.r.t. x, we get

2 2
(I—IE).di(%) +(%)di 1—x2)=[]—m2
X T T X

dy d% dy\’ dy
(1= 2L o =2 ) = —omiy—
(1-2%)-2 d? T’(dm ™Y ax

d
Cancelling ZE}F throughtout, we get

d
Cdx

2y:[].

()



(1—3:2) —m—y+my 0.
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If y = log (log 2x), show that xy; + yq (1 + xy4) = 0.

SOLUTION
= log (log 2x)
dy d
o — = —|log(log 2
% — ax los(log2z))
1 d
= log 2
log2x ~ dx ax 108 22)
1 1
= . 2
log2x 8 2x dx{ z)
1 1
= X x 2
log2x 2z
o dy 1
“dx  zlog2zx
d 1
- (log2z). > = — (1)
dx T

Differentiating both sides w.r.t. x, we get
d [dx dy d d
log2z). — | — | + —. —(log2x) = —
(log m)Eb[(dy) (log 22) = —
d dy 1 d
S (22) =
dr?  dx 2z dx 2

- (log 2z).



dogae. & aldy 1o &
- (log 2z). o + [{:logﬁm]. dx] [(log2m). dx] By (1)]

T
Dividing throughout by log 2x, we get

d?y_l_ dy 2_ 1 dy
dx? de ) =z dx
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d? 80
If x2 + bxy + y‘z = 10, show that J _

dz®  (3z+y)"

x2 + bxy + y2 =10 (1)
Differentiating both sides w.r.t. x, we get

dy d dy
2z +6|z—— +y. —(z)| +2y===0
x [:r] Y~ (3‘»)] Y3

dy dy
L2r+4+6r— +6yx14+2y— =0
dx 4 ydx



d
s (6z + Zy)ay =— 2%~ by

L9y —2(z+3y) :_(m+3y)

dx 2(3z+y) 3z +y

Cdy d ($+3y)

dz2  dx \ 3z +uy
_ [Bz 4y 4 (2 +3y) — (2 +3y)- (32 +)
(3z + )’

-(3$+y)(1+3ﬁ‘—,1’?’) —($+3y)(3+%)

(3z +y)°
(Bz+y) L 3z +y 3z +y
1] 3z +y— 3z — 9y
:——3m+y|:—3$+y( )+ m+3y(
3z +y)° L ( B ) 3z +y ( )
. ;? 8y + ($+3y)(8$)]
(3z+1y)" L 3r+y
__ 1 _(Sy(3$+y)+(m+3y)8m)]
(3z +9)° L 3z +y
_ 24ay + 8y° + 827 + 24zy
(32 + y)°
B 8x2 + 48zy + 8y°
3z +y)*
8(:!:2 + 6zy + yg)
(3z +y)*
8(10
:# «[By (1)]

3z +y)°*

-[By (2)]

9z +3y—x — 3y
3z +y



S dly 80
Cdz? 3z +y)t
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d2 - T
|fX:ﬂSint_bCGSt,}r':aCGSt+bSiﬂt,ShGWthat—y = — gy :

dz2 Y

SOLUTION

x=asint—-bcosty=acost+bsint

Differentiating x and y w.rt. t, we get

dx d | d
T aa(sm t) — ba{cos t)

—acost—b(-sint)

—acost+bsint

and

d d d

& a— (cost) — b—(sint)
dt dx dt

=al-sint) + bcost

——asint+bcost

dy
~dy (E)
: ~ rdx
dx ()
—asint + beost

acost + bsint
~ asint — bcost
__(a,mst—l—bsint)
cdy @

i —E (1)




_ d2y z? + 92
dz? 3}'2
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Find the n™" derivative of the following : (ax + b)™

SOLUTION

Lety = (ax + b)™
dy d

Then E = E(am + b)

d
= m(az + b)™ . E(am +b)

= miax+b)™ T x(@x1+0)

= am(ax + b)™!

d? d
Y _ 2 [am(am + b)m_l}
dz’ dx

= ami(am +b)" !
dx



= am(m — 1)(az + b)™ °. E(am +b)

= am(m - 1)(ax + b)™2 x(@ax 1+ 0)
= a’m(m —1) (ax + b)™?

d? d d
d—;; = E agm(m — l)a(ﬂ-ﬁ + b)m—ﬂ

d
= a*m(m — 1)——(az + )™ 2

:ammp—nmy—mmx+mm4§§mm+m

=aZmm-1)m-2@x+b™3x{@ax1+0)

= a°m(m - 1)(m - 2)(ax + b)™>

In general, the nth order derivative is given by
d"y
dz"
Case (i) :if m > 0, m > n, then

dy (a".m(m —1)(m —2)...(m —n+1)(m — n)...3.2.1)

=a"m(m —1)(m — 2) .(m—n + 1)(ax + b)y™™"

X +b m—n
dx" (m—mn)(m—n—1)..3.2.1 (az +b)
2 Tl- ! + b m—mn
I..dy:(ﬂ mi(az ) ),Ifm>0,m>n.
dz™ (m —mn)!

Case (ii) : if m > 0 and m < n, then its mth order derivative is a constant and every derivatives after mth order are
zero.

. d'y
 da™

Case (iii) : If m > 0, m = n, then

=0,ifm>0,m=n.

d™y
dzx"

=a".nn—1)(n—2)...(n—n+1)(az+0)" "

= a"n(n-1n-2)..1.(ax + b)?
. d"y
C dz™

zan.nLifm=0m=n.
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1
Find the n'M derivative of the following : —
T
SOLUTION
1
Lety = —
T
Then E — i i
dx dx \ =
22
_(=n
=03
dy d [ 1
dz? dx x?
d o
)
= (- 12X
B (_1}2.1'2
= :1‘:3
_(-1)%2!
=




d , _
= (-1)%. 2l— (™)
= (-1)2. 21.(- 3)x*

(—1)* x 3.2!
4

(—1)°. 3!

:1:4

In general, the n™™ order derivative is given by

dy  (—1)". n!

dx" pntl

Exercise 1.5 | Q 4.03 | Page 60

Find the nt" derivative of the following : e®*P

SOLUTION
Lety = ad%+h
dy d Y
Then — = — (™
== )

d
= eaz+b_ E(QI + b}

= e » (ax 1+ 0)

— zo8%*D
d?y d azr+h
)

d
- a. — +b
a dx(am )



= ae®™ ™ x (a x1+0)

== aE eax+b

dg d ar—+
E _ E[ 2 _b]
N aﬂ% (Eaz—b)

= a%e® Dy ax1+0)

e

In genaral, the nth order derivative is given by
d"y

dxz™

n

—an eax+b_

Exercise 1.5 | Q 4.04 | Page 60

Find the nth derivative of the following : aP**4

SOLUTION

Let y = aP**4
dy d

Then — = abc
= a6 T

d
— gP*te] Pooma
a oga = (px + q)
d? d
Al [p loga. apz*"i’]
dmz 'I'.']J{

= ploga. % (apz"'g)



d
= ploga.a® "% loga. T (pz +q)

=ploga.a™.loga x (p x 1+ 0)
= p?. (loga)?. a?*+4
d* d
£y At
T
A, 1 2 d pr+q
=p- (loga)”. ——(a"")
= p2. (log a)?. a?* 9. log a. % (pz + q)
= p°. (l«:nga:}ﬂ.~':t‘1""1"";r x(px1+0)

- p. (log a)”. a?* ¥

In general, the nth order derivative is given by
d™y
dz"

=p". (loga)". a? ™.

Exercise 1.5 |  4.05 | Page 60

Find the n™ derivative of the following : log (ax + b)

Let y = log (ax + b)

d d
Theniza[lng(am—l—b}]
1 d
= ) b
ar + b dx(am+ )
1
— 1+0
am_i_bx(ax +0)
B a
Cax+b




5 (;;):)2 % (@ X 1+0)
_ (~1)a

(az + b)*
d*y . d (—1)'a?
dz*  dx {ﬂ$+b)?

= (-1)'a2. %(arx +b)?

= (—1)'a?. (—=2)(az + b) . et (az + b)

dx
_ (_(z:';fg x (@ x 1+ 0)
_ (—1)-2.21a°
i (a:r+b]3

In general, the n™™ order derivative is given by
dy (—1)" . (n—1)la"
dz® (az + b)"

Exercise 1.5 | Q 4.06 | Page 60

Find the n'" derivative of the following : cos x



Lety = cos x
dy d

Then — = cos x)

& 2

_B (cosz)

dx

=—(—-sinx)

= s5in X

3'rr+
=cos| — +x
2

In general, the n'" order derivative is given by

d"y ('m-r N )
=cos| — + .
dz" 2

Exercise 1.5 | Q 4.07 | Page 60

Find the nt" derivative of the following : sin (ax + b)

SOLUTION



Let y = sin (ax + b)
d d
Then E}r = E[sin(ax +b)]
d
= cos(az + b). = (ax + b)

=cosfax+b)x(ax1+0)

= asin[% + (az + b]}

d
] = E[a cos(ax + b)]
T

= a% [cos(az + b)]

= a[—sin(az + b)]. di (az +b)
X

—sin{ax+ b)]x(ax1+0)

= al
= a2 . sin[T + (ax + b)]

2
= a®.sin {?ﬂ + (ax + b)]

3
% = % [—a®sin(az + b)]
= —azi [sin(az + b)]
= = ,

d
= —a?.cos(az +b). E(am + b)

2

=—a-.cosfax+b)x(ax1+0)

3
= a*.sin [; + (az —i—b)]



In general, the n'™" order derivative is given by

dﬂ-
dazg =a".sin {? + (ax + b]} .

Exercise 1.5 | Q 4.08 | Page 60

Find the nth derivative of the following : cos (3 — 2x)

Lety = cos (3 — 2x)
d d
Then E}r = E[c05(3 —2zx)]

= cos(3 —2x). %(S—Qm]

=cos(3 - 2x)x(ax1+0)
w

= a cos [E + (S—Zm)}

d? d
d—::; = E[a cos(3 —2z)|

= a%[ms('& —2z)]

= a[— cos(3 —2z)]. % (3 -2z)
=a[l—-cos(3 —2¥)]x(ax1+0)
= a2, cos[m + (3 — 2x]]

2
= a®. cos [?ﬂ +(3 —23:]]



3
% = % [—aﬂ cos(azx + b)]
T

d
2
= —a"— 3-2
Ll [cos( x)]
= —a’. cos(3 —2z) i(?. —2zx)
- " dx
= — a2, cos(3 —2x)x(ax1+0)
3
= a®. cos [?ﬂ +(3 —2:{:]]
In general, the n'™" order derivative is given by

d™y n nmw
Ton = (—2) c05[7 + (3 — 2m)]

Exercise 1.5 | O 4.09 | Page 60

Find the n'" derivative of the following : log (2x + 3)

Lety = log (2x + 3)

d d
Then E}r = —[log(2x + 3)]

Qg
_2334—3-(1)( *

! X (ax1+0)
= T
2r + 3

il
2%+ 3

dgy_ d a
de2  dx \ 2z +3

d
= RE(EI + 3}_1




= a(—1)(2z + 3) 2. {%{(23: + 3)
_ % % (ax1+0)
__(Ela

(2z + 3)*
(-1)'a’

dy d
(2 + 3)°

dz? dx

= (—-1)'a®. %(21‘: +3)7°

(—1)'a2. (—2)(2z + 3) . 4 (2z + 3)

dx
_ (—(g:;ﬁ % (@ x 1+ 0)
_ (—1)-2.21a°
(2 +3)°

In general, the n™ order derivative is given by
dry  (—1)"'(n—1)12"
dz? (2z + 3)" '

Exercise 1.5 | Q 4.1 | Page 60
1

Find the n'P derivative of the following :
3r—95




Let y =
y 3r—5

d d
Then o = —(3x — 5)
dx dx

= —1(3z — 5) % %(33: — 5)

o X (3x1—0)
(13

(32 —5)?

£y d| (=1)3
dz?  dx (3z — 5)*

= (—1)33%(33: —5)72

5 , |

= (-1)7'.3.(-2)(3z — 5) 3.5(3«3—5)
2

-~ E;ml}_g)f x (3 x 1—0)

dy d [(-1)21.32
dz* dx| (3z —5)°

d
i1} 91.32, — (3 5)

= (—1)%.21.32. (-3)(3z — 5)™*. %(31: —5)

(-1 x 32! x 32
(3z — 5)*

X (3x1—-0)



(-1’ x 31 x3®

(3z — 5)*
In general, the nth order derivative is goven by
d™y (—1)". nl.3"

dxr™ (31: . 5)ﬂ+1 I

Exercise 1.5 | O 4.11 | Page 60

Find the n' derivative of the following : y = e®* . cos (bx + ¢)

SOLUTION

y = e cos (bx + ¢)
~dy B d

A = i [€". cos[bzx + ¢)]

ar d d axr
=e™. [cos(bx + ¢)] + cos(bz + c). o (")
= ", [ sin(bx + ¢)] i(bm + ¢) + cos(bz + ¢). e** i(am)
- L] " - "

=—eMsin(bx+x(bx1+0) +ecos(bx + )xax1

= e [a cos (bx + ¢) — b sin (bx + ¢)]

b
= e \/a? + 02| —2_cos(bz +¢) — ———sin(b
e a“ + { a2+bﬂc05(m—l—c*) = bgsm(ﬂ?+c)]

a b
let ———— =cosr and ——— =sinz
va?+ b? va?+ b?
Then tan co = —
a

Sooo = tan —
a



dy

e e™. v a? + b%[cos co. cos(bx + ¢) — sin co. sin(bz + )]
x

=7 ¥ +b2) .cos(bz + ¢+ z)

d? d 1
d_;; = — [e“z. (a® + b%) 2. cos(bz + c + oc)}
L d
2 2 ar
= (a2 +b%) 7. —[e**. cos(bz + c +
(a ) [€°T. cos(bz + ¢ + 00)]

1 d d

= (a? +%)” [e®. —{cos(bz + ¢ + 00)} + cos(bz + ¢ + 00). — (™

(a ) l dx{ms( z + ¢+ 00) } + cos(bx + ¢ + 00) dx(e )
o 2 2 % ax . d ar d
= (a® +b%)7 |e .{—sm(b$+c+oo)}.a(b:r+c+oo}+cos(bw+c+oo).e 'E(M:J
:(a2+bﬂ)%[—e“rsiu{bx+c+m)><{bx1+D+U}+cos(bm+c+oo}.e““xa.xl]
=e*. (a® + bg)é[a cos(bx + ¢ + oo) — bsin(bz + ¢ + 0)]

az 2 2\ 73 a b :
=e™. (a*+b 3.\Ka2+b2[7cos(bm+c+m)=7sm{bm+c+oe)1

( ) va? + b va? + b?
2
= (ag £ bg) ? [cos 0o. cos(bz + ¢ + oo) — sin oo. sin(bx + ¢ + oo)
2, 12\3

= . (a® + b°) 2. cos(bz + ¢ + oo + c0)

3
= e*. (a® + b%)?. cos(bz + ¢ + 200)

Similarly.
d? 3
—3; =gk, (a2 4 bg] *.cos(bx + ¢ + 300)
dir
In general, the n'M order derivative is given by
d™y 5
AT + b*) 2. cos(bx + ¢ + noo
Y e (a4 17)’ )
(b
Where « = tan —
a
d" 2 b
7 :E =8 (aﬂ—l—bﬂ)z.coslbm—l—c—l—ntan_l(—)}
dx a
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2x

Find the n™" derivative of the following :y = e®* . cos (6x + 7)

y = e cos (6x + 7)
dy d

A = A [e™. cos(6x + T)]

LI e d d axr
= e, E[cus{ﬁm + 7)] + cos(6x + 7). E[e )
: d d
= e [~ sin(6z + 7)]. — (6 + 7) + cos(6x + 7). ™. —(ax)
dx dx

= —esin(bx+ 7)x(bx1+0)+ ePcos(bx + 7)xax 1

= e™ [a cos (6x + 7) — b sin (6x + 7)]

b
= e™. v/ a?+ b? {Lms(ﬁx +7) — ——sin(6z + 7)

Va2 + b? va? + b?

a b
let ———— = cosx and ——— =sinzx
va?+b? va? + b?
Then tanco = —
a

b
LS. oo o= ta_n_l (—)
L

d
E}r = €"*. v a? + b?[cos 0o. cos(bz + ¢) — sin co. sin(bz + )]

= e, (a® + bg)%. cos(6z + 7 + z)

2
% = % [e‘“". (a® + 62)%.{:03[633 + 7+ oo)]
2



= (a® + %) T %[e‘”.cos(ﬁm 47 o]

i d d
= (a? + 8%)? {e“’. —{cos(6x + 7 + o00) } + cos(b6x + 7 + 00). — (%)
dx dx

i d d
= (:12 + bz) = le“. {—sin(6z + 7 + 00)}. d—(ﬁ:r: + 7+ 00) + cos(6x + 7+ 00). e™. d—[a:r}}
x X

= (a® + %) ®[—e"* sin(6z + T+ 00) x (b x 1+ 0+ 0) + cos(6z + 7 + 00).e™ x a x 1]

=e™. (a® + bg)%[a cos(6z + 7+ oo) — bsin(6z + 7 + 00)]

ar 2 2\ 7 a b :
= e™. (a +b)E.xfaﬂ—kbzl—cos(ﬁw—l—'?—l—oo}:—sm(ﬁw—k?—i—m}]
va:+ b? va2+ b2

2

= €. (a® + b*) ? [cos co. cos(6z + 7 + oc) — sin 00. sin(6z + 7 + o)
2

= e™. (a® + b*)?. cos(6z + 7 + co + o)

2
]

= e™. (a* + b*)*. cos(6z + 7+ 200)

Similarly.
d* 2
—:g =i ({L2 4 bg) *.cos(6z + 7 + 300)
dz
In general, the n order derivative is given by
d" n
i = e, (a® +b%) *. cos(6z + 7 + noo),
dx
()
Where co = tan =
a
d" 3
- d:r%: — %, (10)™. cos [ﬁm +7+ntan’ (E)]

MISCELLANEOUS EXERCISE 1 [PAGES 61 - 63

Miscellaneous Exercise 1 | O 1| Page 61

Choose the correct option from the given alternatives:

Let f(1) = 3, fr(1) = —%,g(l) = —4 and g/(1) = —g. The derivative of \/[f(a:)]z + [g(z)] wrt xatx = 1is




29

5
T
3
31
I
29
15
29
5
[Hint : ety = / [£(2))® + [g(=)]”
dy 1
Then = J[2f(z). fr(z) + 2g(x). g/(x)]
® i@ + o)
(£) 1 [24(1). £1(1) + 29(1). gr(1)]
it Sl + )P

_ ﬁ 9 [2(3)(—%) +z(—4)(—§) _ %]

Miscellaneous Exercise 1| Q 2 | Page 62

Choose the correct option from the given alternatives :

d
If y = sec (tan ~'x), then d—y atx = 1, is equal to
X

<. | e
:hm'l‘ -



SOLUTION

1
V2
dy -1 —1 1
Hint: — = sec|tan " x).tan(tan ") x
[Hin dx [ ) ( ) 1+ x2
d 1
(—y) = sec(ta,n_l 1} ®x 1 x
dz | 4. 1 1+ 12
T 1 1 1
=8eC — X — = W o— = ——
4 2 2 NG

Miscellaneous Exercise 1 | Q 3 | Page 62

Choose the correct option from the given alternatives:

4:1:+l
If f(x) = sin~! ( : ) which of the following is not the derivative of f(x)?

1+ 24
2.4% . log4

1+42%
47+ log 2

1+ 4%
47+ log 4

1+ 44
22[”13.10g2

1+ 24=

SOLUTION

4= 1 ]og 4
1+ 4%

[Hint : Put 4% = tan®. Then® = tan™'(4%)

2tan®
-~ f(x) = sin ! (i)
1+ tan6



= sin”'(sin26)
= 20
= 2tan™1(4%)
1
LX) =2 x — X 41" log4
1+ (4%)
_ 2.4% . log4
1+ 42=

247 2l]og2
1442
47+ log?2
C 144%

{22)I+1. log 2

1+ 24=
22[“ Ylog2

IR

.. (@)

..(b)

Miscellaneous Exercise 1 | Q 4 | Page 62

Choose the correct option from the given alternatives :

dy
If ¥ = v* then — = ...
¥ = y¥ en ——
z(xlogy — y)

y(ylogz — x)
y(xlogy —y)

z(ylogx — x)

y°(1 —logz)
z%(1 — logy)
y(1 —logz)

z(1 —logy)



y(zlogy —y)
z(ylogz — x)

x=y* ylogx=xlogy

1 d 1d
.'.yxg—l—(lﬂgﬂ:}i:mxad—i + logy
) z\dy Y
Sologe — — | — =logy — —

y ) dx x
(ylogz—z\dy xlogy—y
) Y dx T

Cdy _ y(zlogy —y)
“dx z(ylogx —x)

Miscellaneous Exercise 1| Q 5 | Page 62

Choose the correct option from the given alternatives :



2 — 42
V11— x2

[Hint:y = sir1|[2sir"|"1

X)

Put x = sinB. Then® = sin~Tx

Sy = sin208
" dy = dy P ds = 2co820 X —
dx do dx V1 — 72

2(1 — 2sin®e) 2—43:?]
V1—2z? Vi—z2

Miscellaneous Exercise 1 | O & | Page 62

Choose the correct option from the given alternatives :

1-— d
fy = tan ' * + sin |2 tan ™" * 1;]1+en—'1,r = s
1+ + /1 — -.'1:2 1+=x dx

eyl e
L le| B
| o]

SRS



1—2x
21 — x2

T 1—x
yzta,n_l( )—|—5i_11 2tan ! 1;
1+ +v1— z2

Put x = cos B. Then 8 = cos™'x

-4 cos B 1—c056
. y="1an + sin Eta:u
1+ 4/1—cos?6 1"‘“‘355

i )

2 cosz(

m|m

1 cos 2
= Lan = s SlanT
1+ siné

)

.  (E o
= tan! sm( 2 } -+ sin [2 tan! (tan E)]
EX: cns( 3) 2

2 sin(1
il

b2 | e

e
|
|
S
3
¥
¥
| 5
|
bo| @
e
_|_
.
=
-
]
x
\h""'\—n—.—"""IH




1 T

21 — x? V11— z?
~ 1—2x
21 —z2

Miscellaneous Exercise 1| Q 7 | Page 62

Choose the correct option from the given alternatives :

If v is a function of x and log (x + y) = 2xy, then the value of y'(0) = .......

2

0

-1

1

1

[Hint: log(x + y) = 2xy (1)
1 dy dy

" N1+ ) =22— +2
X+y ( dx) T dx Y

1 d 1

( —2:3)—?:23;—

r+y dx X+y

dy 2y(zt+y) -1
Tdx 1-2z(z+y)
If x = 0, then from (1),
logy =0 =log 1

Ly =1

oo @2o+1)—-1)
YO =T 00+ _1]'
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Choose the correct option from the given alternatives :

If g is the inverse of function f and f'(x) = , then the value of g'(x) is equal to :

1+ x
7

1
1+ [g(z)]"
1+ [g()]’
7x5

SOLUTION

1+ x

1+ [g()]’

[Hint : Since g is the inverse of f, 1) = g(x)
= A7) = flg] = x

- Fla@). - lol@)] =

= Flg] x ') = 1

o 1 1
. g'(x) = —f-'[g(m)] , where f1(x) —
2 g'®) =1+ [gx)"].

Miscellaneous Exercise 1| Q 9 | Page 62

Choose the correct option from the given alternatives :

fzv/y+1+yve+1=0 and x # y?then'?l—ii = s
1
(1+ )
1

)

(1+a)



(1 + x)2
£

_:r—l—l

SOLUTION

B 1
(1+z)°

[Hint:zy/y—1=—yva+1

SXoy + 1) =yix + 1)

2 - 2 + 42

2 2—y? = xy? — Xy

2 X0y + X

Sy +y) = —xylx-y)

Jexzy] 1)

Dlfferentiating both sides w.r.t. x, we get

LKA Y = —xy
dy dy
1+ — = — —
dx xdx y
dy
(1 — =—1-
(+mhﬁ y
dy
1+ x)—
( I)l:b[

=—(1+x01 +vy)
=—(T+x+y+uxy

== (1-xy +xy)

= — 1

o dy 1
Cdx (1+2)?]

-[By (1)]



Miscellaneous Exercise 1| Q 10 | Page 62

Choose the correct option from the given alternatives :

a—x d
fy tan* (\/ ),where—a < X < a, then &
a+ x dx

SOLUTION
1

2V a2 — x2

[Hint : Put x =a cos 8].

Miscellaneous Exercise 1| Q 11 | Page 63

Choose the correct option from the given alternatives :

d?
If x = a(cosB + 0 sinB), y = a(sinB@ — 8 cosB), then (—g) = e
o

dz

J—

82




a(cos6 + Bsinb — cos8)

a(—sin® + 6cosd + sinf)

af sin 6

af cost
= tant

and

= seczﬁ *
afbcosB
1
= —. sec3 6
af

(ﬂ) = : (EEE E
dz” Jae-z  a(f) N 4

()

T
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Choose the correct option from the given alternatives :

dy . dy
Ify = acos(logz) and A + B—— + C =0, then the values of A, B, C are
dz? dx
X2, — X, —y
X%, X, y
X2, X, —y
X2, X, y
X%, X, Y
[Hint:y = a cos (log x) ..(1)
d 1
P A a[—sin(logz)] x —
dx T
dy
s r— = —asin(l
T a sin(log x)
dy d 1
md—;; + d—i = —acos(logz) x =
dy  dy
Rl AR A .[By (1
T A Y [By (1)]
d? d
L2250 p e y=0
dzx dx
d? d
Comparing this with Ad—y? + Bd—y +C=0,wegetA=x%B=xC=y.
T X

MISCELLANEOUS EXERCISE 1 [PAGES 63 - 64



Miscellaneous Exercise 1| Q 1| Page 63

Solve the following :
fx) ==, for—-2<x<0

=2%x for0€x<?2

18 — =
= for2 <x<7

gix)=6-3x,for0sx<?2

2z — 4
= 3 for2 «<x <7

Let u (x) = fl[g(x)], v(x) = g[f(x)] and w(x) = g[g(x)]. Find each derivative atx = 1, if it
existsi.e. findu'(1), v' (1) and w'(1). If it doesn't exist, then explain why?

SOLUTION

~ui(e) = ——{flg(z)}

d
= frlg(z)]. g[g(m)]
= flgx)] x g'(x)
~u'(1) = flgM xg'(1)

- F(3)x g'(1) (1)
Lrg) =6-3x% 0 £x £ 2]
18 — =
Now, f(x) = for2 < x <7

andg(x) =6-3x, for0 <x <2

1 1
S x) = E(D_ 1) = —E,fDrZ <x<7
andg'(x) =0-3(1)=-3,for0O<x<?2
1
= f1(3) = 1 and g/(1) =-3
=~ from (1),



Now, v(x) = g[f(x)]

Vi) = —{g[f($)]}

- glf(@)) = [f(@)

= g'[f(] x f'(x)
SV (1) = g x (%)
= g'(2) x (1) -(2)
L) = 2%, 0 € x £ 2]

Now, g(x) =6-3x,for0<x <2

2r — 4
= for2 <x <7

g"(x) =0- 3;(1——3for0{x52
2
and g'(x) = —(2.‘:{1—0) 3,for2{x£?

~ Lg'(2) # Rg'(2)

. g'(2) does not exist
. from (2),

v'(1) does not exist

Also, w(x) = g[g(x]]
Lw'(X) = —{9'[ (=)}
9()]

&\m

= gf[g(x)].
=g'lax)] x g'(x)
~wi(1) =gTg(N)] x g'(x)
=g'(3) x g'(1) -(3)
g =6-3x 0 <x < 2]

Now, g(x) = 6 -3x, for0 < x < 2
_2r—4

—

for2 <x<7




g =0-3x1=-3for0<x<?2
1 2
andg'{x]zE(2><1—{1}=E,for25x£?

. g(3) = ; and g/(1) =-3

- from (3),
2
w'(1) = E(—3) =-2

3
Hence, u'(1) = 1 v'(1) does not exist and w'(1) = - 2.

Miscellaneous Exercise 1| Q 2 | Page 63
Solve the following :

The values of f(x), g(x), f'(x) and g'(x) are given in the following table :

X f(x) 9(x) f(x) fg'(x)
-1 3 2 -3 4
2 2 -1 -5 —4

Match the following :

A Group - Function B Group - Derivative
(A)%[f(g(m))]atw -1 1. - 16
(Bj%[g( f(z) — D]tz — 1 2. 20
O 1(f(z) ~ 3)latz = 2 3. 20
O lg(g(e)atz = 2 5. 12



SOLUTION

A (o))

- fi(g(z). 5 (o(=))
= F'(g()) xg'(x)

d
g fle(@)]atx = -1

=flg=1xg'(=1)

=f2)xg'(-1) ..[vgx =2 whenx=-1]
=-5x4

=-20

8) ~[o(f(z) ~ 1)

(()—1)——U@I—H
= g'(fx) = 1) x ['(x) - 0]
d

i —[gf(x) — 1] atx =—1

(f= 1= 1 xx (1)

=4
=g'(3-1)xf(=1) ..[f(x) 33, when x = — 1]

=g'(2)xf(=1)
= (=4)(=3)
=12
d
O —[f(f(z) - 3)]

d
- (f(@) — 3). —[f(a) - 3
= f(f(x) = 3) x [f'() - 0]



d
—f(f(@) ~ B)] at =2
X
= f'(f(2) - 3) x f'(2)
=f2-3)xf(2) .[- fx) =2 whenx=2]
= f'(- 1) x f'(2)
= (=3)-5)
=15

) lo(9())

- g(g(z). ~lo(a)
= g'(g(x)) x g'(x)

= lg(g(z)Jatx =2
X
=g'(g(2)) x g'(2)
=g'-Ncg'@ .[ gk =-1atx=2]
= 4(- 4)
=-16
Hence, (A) —3, (B) = 5, (C) — 4, (D) — 1.
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Suppose that the functions fand g and their derivatives with respect to x have the
following valuesatx =0 and x = 1:

X f(x) g(x) f')x) g'(x)
0 1 5 l
3
1 3 -4 1 .
3 3



(i) The derivative of flg(x)] w.rt.xatx =0 s ......
(i) The derivative of g[f(x)] wrt.xatx = 0is ...

d -2 .
(iii) The value of o [:r:m - f(:r:)] ] -

z=1

(iv) The derivative of f{(x + g(x))] wrt. xatx =01s ...

SOLUTION

o d
() - {flg(=)]}

- filg(@)). ~l9(a)
= frlg(z)]zg/(z)

-~ {fla@)]} atx =0

= f1]9(0)]zgr(0)
= f1(1)zg(0) g = 1atx =0]

[

(i) —A9lf()]}

- glf(@)). ()
- glf(@)z 1)

%{f[g(m)]} atx=0



= g/(1)z f1(0) ) = 1atx = 0]

8
= _E ® D
40
-3

d 2
(iii) = [:r:w + f(I)]
:2hm+fw”4-£ﬂm + f(z)]
= 2[mm—|- f(.':c]] X [11];1: + fi(z)]

- [m+ﬂm [ )+ﬁuﬂ

= { —2 )3 X ll{H— (—%)] L fx) =3 atx = 1]
1+3

-2 29
64 3
29
o

) < Lf(z + g(@))

- fi(@ + 9(z)). <[z + g()
= fi(z + g(z)) x [1 + g/(z)]

A L)

= f1(0+ g(0))z[1 + g/(0)]
= fr(1).[1+g7(0)]  ..[gl)=1atx=0]
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1—=x
Differentiate the following w.rt. x : sin [2 tan~! ( ) ]
1+

SOLUTION

l1—x
Lety = sin [21::1.1:1_1( )
1+x

Put x = cosf. Thenf = cos 'x and

,n'l—:r_ 1 — cosH
l—I—:r_ 1+ cosB

251u2(%
9 9
2 cos (5

I
n.—F
gm
m|c::-
"



Il

3

|

—

| |

&

i
A
b | @
S
|

1
Sy = sin {2 X Ecos_l :1:]

1

sin (cos™ 'x)
% = E[sin(cos—lm)]

d

cos(ms_l x) E {cos_l ;t:)

—1

vV1—z?

—&

Vi—z2

T x
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l1+z
Differentiate the following w.r.t. x: sin’ [cnt_l ( 1 )
-

SOLUTION




ety = sin” | cot
l1—=x

Put x = cosf. ThenB = cos 'x and

l—I—:t.' l—I—cnsB
l—cn::-SE}
e
E
E
2

I
.:-:
Q
=+

58]
m|¢-

[l
o
]
[l
P
| @
\'\-—-F"f,

I

o

]

-

L
|
o

=

=t
o
Lo | @
\"'\-_-F"f

1
O - L=
Sy s111 (ZCGS m)
dy d 1. .. X
% sin| —cos £
dx  dx 2

- 1 T d 1 1§
=2sin| —cos " |. —sin| —cos " T
2 dx o,



I

[ ]

[# 2]

[

=
o,

|

]

]

7]

L

]
—

-

o

o
o,
b | =

=

=

[#x]

L

&
—

E
o

| =

]

]

¥ 5]

L

]
S

1 1 d
:sin{Z(Ecos_l x)] * E E(CGS 1$)
1 —1
= Si]l(CDS_l :r) p G —
Vv 1— z2

I
&,
=]

—_—
El
=

L
—

|

=
b2

o

>
|
'—I:

I-—_l
a
(=]

(i)
AR
=

I
&,
=]

iR
—

|
=

[

]

—1
V1—22 X ——
241 — a2

1

2
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ﬁ(3—’1—’))

Differentiate the following w.r.t. x: tan !
1—3x

SOLUTION
V(3 — ) )

Lety = tan '
1—3z

[Nl

1—3x
Put v/z = tan 6. Thenf = taﬂ_l(ﬁ)

; _1(3ta,nﬁ—tan35)
= Tan
y 1 — 3tan?e

= tan”! (tan36)
= 36



=3ta.11_1(\/E)

T =3 [tan!(va)]
1 d

=3 14_(‘/5)2.‘11(1/5)

3 1

RETE S 2/T

3
2vz(1+z)
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M—m)

Differentiate the following w.r.t. x : cos ™! ( 5

SOLUTION

Lety = cos™ ! (

2

\fl—l—m—v’l—m)

Put x = cosB. Thenf = cos 'x and

(./m-m)

2

(«.,,-’14—(:055—«.,;1—(:056)
2

\2022(5) —y/25m%(§)

b |




cs(3) - in(3)

V2

IR CRHIE

B T
= C08 —.C08 — — 8in —.sin
2 2

4

B " T
2 4
1 1 T
—cos8 T+ —

4
~dy 1 d d(w)

E EE COS m)—l—

1 —1

W1 —=z2
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T
Differentiate the following w.rt. x: tan ! ——— ] + cot™!
1+ 622

1— 10zx2

Tr

)



Lety = tan™! :.r: + cot ! L - 102"
aty = S S ——
y 1+ 6x2 Tz

- tan~! - -1 T o1 a1
= tan + cot . |mcot T x = tan
1+ 622 1 — 102 T

-tan [ 1 im(;) (2;:) ] e [ 1 Em(f;)zém) ]

= tan~13x —tan™12x + tan~15x + tan~ ' 2x

tan 13x + tan 15x

dy

e [ta]l_l 3z + tan 5;13]
X

d d
= — (tan ' 3z) + — (tan" ' 5z

= (tan32) + —(tan" 52)

1 d 1 d

= 5 (3x) + 5 (bx)

1+ (3z)° dx 1+ (5z)* dx
= — ®XJIX1+ —— xDdx1

1+ 9zx2 1+ 25zx2

3 H

+ .
1+ 92 1+ 252
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V1+x2 42
vV1+z2—z

Differentiate the following w.r.t. x: tan ! \/



Lety = tan—

1 \/m—l—m-l

Put x = tanB. Thenf = tan™'x

vVitazlt+z v/1+ tan26 + tane

V1i+z2—z v/1+tan?6 — tano
sect + tan®
sect - tand

(@) + ()
(@) - (&)

1+ siné

1 —sin6

l—cos(%—kﬂ

1 +EDS(% + 6

)
)
2sin (% + %)
)

2 cos? (

t-.‘u|r1|




=3

=~ 3

[al
H‘E‘
—
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fvy+z+ wy—m:c,showthat?—‘i _ Y Ly

T 2
VYT I/ Yy—T=cC
Differentiating both sides w.r.t. x, we get
1 d (y+ ) + 1 d ( )=0
. T . —x) =
2/y+z dx Y 2y —z dx J

s ler) =)

" . +1)+ . —1)=0

y—l—g: dx Yy— dx

_ 1 dy_l_ 1 N 1 dy 1 B
Ttz A JyFz Vioz & iz

1 1 )d}r 1 1
+ — —
(ﬁy—i—:r: Vy—z /) dx Vy—x VYt T

0



Vy—=z+Vytaldy Jyfrt+Vy-=

”[x/erm-x/y—m dx  Jy—az.yta

dy  Jytzt+Jy—=

Cdx Syt ay-z

_VytztVy—z Jytztyy-a
VyteztVy—z Jytz—\y—=z

(775 v5==)

(y+z) - (y — =)
ytzty—z—2/y+tz.Jy—=
yt+tr—y+z

2y — 24/ % — x2
2

2y 2y

- 2x 2x

_ Y Y’ — =’
T 12
y _y ¥
dx T 2 '
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d
fz+4/1— 42+ yV 1— x2 =1, then show that Ey




zyV/1—yP2+yy1—z?=1
cyVl—z? a1 -2 =1

Differentiating both sides w.rt. x, we get

y.i(M)+ 1—m2.£+x.i(\/1—7y2)+ l—yg.i(m]:

dx dx dx
1 d
X l—mg—l—\,fl—mﬂ—-i—a:x — )+ /192 x1=0
2v1— z? d-X ) 24/1—y? dX( )
oy dy
- U—2:r)+1fl—m9 x({]—2y—)+w1—y2:0
2V1 — 22 dX 2 1—92 dx
—_ﬂw+ T A S S Ay
V1—z? dx 1y dx
Xy dy Xy
g 1— 22— — = — /1y
( NI )dx Vv1—z?
_ V1 — z2. \/l—y —ay | dy my—«/l—:r:z.\/l—;gr2
C]_X v1— p2
dy —1
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d sin’(a +
If xsin(a+y) +sina.cos(a+y)=0, then show that Y _ ( y) :
dx sin a

xsin(a+y)+sina.cos(a+y)=0 (1)

Differentiating w.r.t. X, we get



m%{sin(a + y)] + sin(a + y). é(m} + (sina). é [cos(a+ y)] =0

d

sz cos(a + y). %(a +y) +sin(e + y) x 1 + (sina) [~ sin(a + y)]. E(a +y)=0

soxcos(a+y). | 0+ L + sin(a + y) — sina.sin(a + y) ( 0 + L R 0
dx dx

c.xcos(a+ y)d—y + sin(a + y) — sin a. sin(a + y)ﬁ =0
dx dx
. sina.sin(a + y)—y — z cos(a + y}—}r = sin(a + y)
dx dx
- dy _ .
.. [sina.sin(a + y) — x cos(a + y)] e sin(a + y)
x
_dy sin(a + y)
"dx  sina.sin(a + y) — zcos(a + y)
From (1),
— sin a. cos(a + y)
T =
sin(a + y)
dy sin(a + y)
" dx o sin a.cos{a+y)

sin a. sin(a + y) + .cos(a+y)

sin{a-+y)

sin®(a + ¥)

sina.sin?(a + y) + sin a. cos?(a + y)
sin(a + y)
sina[sinz{a + y) + cos?(a + y)]

dy si_nz{a +v)

T dx sin a
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d in*(a +
If siny = x sin (a + y), then show that y_ = [_:a y) :
dx sin a




siny = xsin(a +vy)
sz=—19 )
sin(a + y)

Differentiating (i) w.r.t.x,

sin(a + y). (<Lsiny) — siny. (Lsin(a + y))
sin’(a + y)

d d
= sin(a + y).cosy — i sin y. cos(a + y). e sin?(a + y)]
T T

d
= d—[sin(a + y). cosy — siny. cos(a + y)] = sin®(a + y)
z

d
= d—i[sin{a +y—y)| = sin’ (a+ y)

dy  sin’(a+ )
— —
dx sin a

Hence proved.
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z d _
If £ = ev, then show that y_*°9
dx rlogx
SOLUTION
T =ev
T
. — =logx (1)
Y
T
LY = 1
ogx




_ (log x). %(m) — . %(lﬂg:ﬂ)
(log 2)

(logz) x 1 —x x =

(log )’
- logz—1
~ (logz)(log )

-1
-.[By (1]]

] (£) (tog)
T —y
rlogz
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d? dy\ * &
If v = f(x) is a differentiable function of x, then show that —f = —( i ) i 3;
dy dr dx

SOLUTION

If y = f(x) is a differentiable function of x such that inverse function x = f-1(y) exists, then

j: = (%) ,where{j—‘i # 0
_ d’z d [dx
@ dy (dy)
d 1
5| (#)



_l(g)g%(%) - (rrly)

dr
_(ﬁ)‘*‘ &y (@)
dx Cdz? \dz
.ﬁ__(@)‘g dy
dy? dr )  dz?
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H

v 21
Differentiate tan ! ( e ) w.r.t.tan \/

SOLUTION

» ta,n—l(‘“J”:z_l)
ety =

T
and
[ 22v1 — 22
v = tan .
1— 2z2
u
Then we want to find —
dv
_1(1f1+;r:2—1)
u = tan
T

Put x = tan®.

Then® = tan~ ! x

and

V14422 —1 v/1+tan?6 —1

T tanB

2z 1 + x2

1 — 22



1 6 3] 1 -
S U =tan tan| — = — = —tan =
2 2 2

du 1 d 1
e G Rl ¥
T ol
1 :
i
2 1+ x2
~ 1
- 2(1+22)
il Byl —a?
v=tan
1— 2z2

Put x = sinB.



Then® = sin”'x

and
2xv1 — x?
1 — 22

2521]1!‘3\/1 — sin? g

1 — 2sin8
~ 28in 6 cos B

1 —2sin?6

sin 26

cos 26
= tan28

- v = tan”(tan28)

=26

= 2sin”'x

dv =2 d (sin_l m)
dx dx

1 2

=2 X

V1—z? V1 —z?
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_ _ Vi+zi+zx
Differentiate log w.r.t. cos (log x).
Vit z2—x
SOLUTION
vit+z2+x
Lety = log and v = cos (log x)
Vi+z?2—=zx
u
Then we want to find —.
dv

o= log Vita?+z vitaltaz
Vitz2—z Vi+tazl+z

[(erm)?

[ 1+ 2% — 2?2 J

= log

ZZIGg( 1—|—:132+m)

du d
. — 2
'dx_gd}:[]ﬂg( 1+ —I—;t:)]
2 d
= : 1+z2+=x
Vitz2+z dx( )
= 2 { ! d(1+m2)+1]
Vitz2+z L2vV1+a2 dx



2 2T
_ | +1]
v1i+z2+z |:21.x’1+$2
2 T
==Y
1+x22+ 2 1+ x2
2(:1.'+ x/1+m2)
(ViTa?+2)vita
~ 2
V14 x?
dv d

= E[ms{log )]

— sin(log z) % (log x)

[— sin(log )] x i

~ —sin(log z)

- £I
Cdu (&)
v (&)
Cdu (&)
v (F)

( 2

A

- [{—sin[logz]]l]
—2r

v/1+ z2. sin(log x) |
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x/1+:s2—1)wng_lf\/1+ﬂ+m2\
e et W )

Differentiate tan ! (

SOLUTION

letu = tan! 1+22 -1 andy=¢05_1(\/1+ 1+$2\
T \ 2v'1 + z2 }

u
Then we want to find —

dv’
Put s = tanB. Thenf = tan™'x.

V1+tz?2—1

I

_y/1+tan?6—1
tan®

Also,

sech — 1

tan o

1
cosd

sin g
Cos &

~ 1 — coso

sin 6



. of 8
2sin (g)
25iﬂ(%).c05(

3]
tan| —
(2)
and

1+v1+ 22
2v1+ 2?

1+ +/1+tan26
21/1 + tan®6

1+ secH

2sechH

1+ L

Ccosg

1+ cost
2

af B
2 cos (5)

2

C{]EE ji
(3)
‘/1+m (E')
. = CO5| —
2v1+ 22

3| @

)

2

=tan [tan(g)] and v = cos™’ {ﬂ“?’(%))]
cu=(3) ana 0= (2)



~u=—tan 'z and v = —tan 'z
2 2

Differentiating u and v w.r.t. x, we get

2(1+27)

1
2(1+z7)

1 1

1
Remark : u = Eta,]l_ r and v = Eta,n_ T

LU =Y
du d (v) = 1
So—/— = —|v) = L.
dv dv
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d%y a’b?

If y% = a?cos®x + b%sin?x, show that y +

d$2 y3



2 _ 220082 2

cos?x + b2sin?x (1)

y

Differentiating both sides w.r.t. x, we get
d d d

EyE}r = REE (cosz)* + bﬂa(sin z)’
2

d
= a” x 2cos . E(ﬂns z) + b x 2sinz. Tda:(sina:)

= a2x2c05x{—5in:{j + b? x 2 sin x cos x
= (b% - a%) sin2x
dy (3512—.':!;2

dx ) sin 2z ..(2)

Differentiating again w.r.t. x, we get

d [dy dy dy b — a? d .
— () . 2
Y dx(d:r:)—i_ dx  dx ( > ax 12 22)
&y — + 4y P | cos2z x 2

= COSs 4.0

2 2
yd 5+ (%) = (bg—ag) cos 2x

dx
d2 dy\’
yg?; —l—yz(ﬁ) =y2(bz —az) cos 2z

d’y dy\’
. __iapae g B
Iyd&: y(b a)msZm yﬂ(dm)

d*y dy \’
Lyt y?'@ = y*(b* — a?) cos 2z — (E) +y*

= (a2c0s2x + b2sin2x)(b2 - a?)(cos2x — sin?x) — [(b? — a?)sin x cosx]? + (a?cos?x +
b2sin2x)2 ...[By (1) and (2)]



= (a2b%cos?x — a*cos2x + b?sin?x — a2b?sin2x) x (cos2x —sin2x) — (b*sin2xcos2x +
asin2xcos?x — 2a2b?sin?x cos?x) + (a*cos*x + bsin4x + b4sin4x + 2a2b?sin?x cos?x)

= a2b2cos4dx — a2b?sin2xcos2x — a*cos*x + a*sin2xcos2x + b4sin2xcos?x — b*sin2xcos?x —
atsin2xcos2x + 2a2b2sin2xcos2x + a*cos*x + b4x + b*sin4x + 2a2b2sin?xcos2x

= a?b?cos?x + 2a%b?sin?xcos?x + a?b?sin*x
= a?b? (sin%x + 2sin?x cos?x + cos?x)

d?
Lyt ygd—g =a’b? [+ sin® + cos?x = 1]
T

dgy)
- — a2
Sy ly+ —5 | =a‘b
( dz’

N d?y a’b?
Sy =
dz? Y

3
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d d
If log y = log (sin x) — x2, show that 29 g Sy (4m2 + 3]y = 0.
da? dx

SOLUTION

log y = log (sin x) — x*
) 3
- log y = log(sin z)—log e*

sin &
IDg}r=log( - )
EI‘

sin x
‘}J’ = "
E..E
" e"z,y = sinx (1)
Differentiating both sides w.rt. x, we get
2 djf d 2 d
et . — 4y —e" = —(sinz
dx ¥ dx ax )
» d d
e +y e* —(:t:?] = COS X



L2 dy

ser —+ e” ><2:r:cosx
dx 9-
2 dy + 2 Cos X
S — T =
dx Y

Dlifferentiating again w.r.t. x, we get

2 d d}* d}.’ d 2 d
< S pory) + (S 42 (I):—
e ( - :ry) ( T my) e ™ (cos z)

o [ d2y d d d
i E +2($E}r +y>'< 1)] + (d—i +2$y).€;’:2.£{$2) = —5in X

d? d d
. es —y—|—2x—}r-|—y] b (—F—I—Z;I:y).e"‘?x?:c:—ginx

| dz? dx dx
2 [ d?y d d
e _E + Zmi + 2y + Zmi + 4x y}
= —e% .y By (1)]
d’y dy
B 4:1.‘— + 4.’1! B B =
2 o y+y=-y
dﬂ

dy
& E —I—éler—I— (4z® +3)y = 0.

Miscellaneous Exercise 1| Q 7.3 | Page 64

d2 dy\*
Ifx:acozﬂ,y:bsiﬂe,showthatagly y—l—( y)]—l—bﬂzﬂ.

SOLUTION

x=acosO y=bsin0
Differentiating x and y w.rt. 8, we get

dx d
_ = —_ B = — g = —gj s
T ﬂdﬁ (cos®) = a(-sinB) sing ..(1)

and



b b 2
2 b sin 6. (——)CDSEGEH—I— {(——) catﬁ} ] + b2
a? a

r bﬂ 2

b
2 ——Emseczﬁ + —En':u::d:2 B] + b2

a a

b?

= a? (——) (cnsecgﬁ — cot? EJ) + b?

ﬂlz
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If y = A cos (log x) + B sin (log x), show that x2y? + xy1 +y = 0.

SOLUTION

y = A cos (log x) + B sin (log %) (1)
Differentiating both sides w.r.t. x, we get

% = A% [cos(log z)] + Bd;dx [sin(log )]

d d
= A[—sin(log z)]. —(lc:-g x) + B cos(log x). = (log x)
X

= A sin(logz) x —B cos(log z) x 1
T

( ) d}r d () = _ﬁ% [sin(log z)] + B%[cos(lﬂg x))
dy

d d
dm:; + d_ = —A cos(log x). —X(lﬂg z) + B[ sin(log z)]. E(]C‘g z)

1 1
S Xys +yq = —Acos(logz) x i Bsin(logz) x =
xzyz + xyq = — [A cos (log x) + B sin (log x)] ...[By (1)]
xzyg +xy1+y=0.
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If y = Ae™ + Be"*, show thaty2 — (m + n)y1 + mny = 0.



SOLUTION

y = Ae™ + Be™
Differentiating w.r.t. x, we get

dy d d
L — A—(e™) + B—(e™*
] o (€™) + B——(e™)

d d
= Ae™. e (mzx) + Be™. E(nm)

= Ae™ m + Be™ . n
= yq = mAe™ + nBe™ .(2)

Differentiating again w.r.t. x, we get
d d
=mA— (™) + nB—(e"*

2= A= (e") + B (")

d d
= mAe™. — (mz) + nBe™. — (nzx

—(ma) — (n2)
= mAe™ . m + nBe™ . n
oYy = m2Ae™ + nBeM .(3)
Lo — (M + n)yq + mny = (M2Ae™ + n?Be™) — (m + n)(mAe™ + nBe™) + mn(Ae™ + Ba™) ..[By (1), (2), (3)]
= m2Ae™ + n?Be™ — m2Ae™ — mnBe™* — n?Be™ + mnAe™ + mnBe™

=0
Sy —(m + n)y; + mny = 0.



