12. Higher Order Derivatives

Exercise 12.1

26. Question

If y = tan~ 1 x, show that (1 + x

Answer

Formula: -

2

L dy d°y
(1)& =¥ aﬂdﬁ = V2

Ld(tan'x) 1
(D dx 1+ x2

(iii) %x“ = nx®?!

(iv) chain rul df  d(wou) dt  dw ds dt
W)chainrtiie 50 = T dt  ‘dx | ds dt dx

Given: -
Y = tan " 1x
Differentiating w.r.t x

dy d (tan X)
dx ~ dx

Using formula(ii)

dy 1
dx 1+ x2

d
$(1+x2)d—i=1

Again Differentiating w.r.t x
Using formula(iii)

dy
2
(l+x)—+2xdX 0

Hence proved.

27. Question

d’y

dy

Ify = {log (x + Vx? + 1)?, show that (1 + %) =2 . x L _ 2.

Answer

Formula: -

L dy *y
(l)ﬁ =¥V ﬂﬂd@ =¥

d(l ogx) 1

X

(i)
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(iii) Ex“ = nx®?!

(tv) chal l d B d(wou) dt B dw ds dt
iv)c ammedx— T & ds dt

Given: -

2
y = [log(x + 41 + xz)}
Differentiating w.r.t x

dy d[log(x + V1 + :x;z)}2
dx dx

Using formula(ii)

dy — 1 2x
=— = 2log(x + 41 + x2). .(1+7)
dx g(x + v ) (x + V1 + x2) 2V1 + x2

Using formula(i)

2log(x + V1 + x2) x + V1 + x2

x +V1+x2 1+ x2
2log(x + V1 + x2)
= =
Y1 V1 + x2

Squaring both sides

[log (x + \,m)

2 =
(v1) 1+ x2

Differentiating w.r.t x
= (1 + x%)yy;, + 2x(y,)* = 4y,
Using formual(iii)
=(1+x%)y, + xy, = 2
Hence proved
28. Question
If y = (tan~1 x)2, then prove that (1 - x2)2 y, + 2x (1 + x3) y; = 2
Answer
Formula: -
2
O = yomdgd = v,
Ui)d(tan‘lx) _ 1
dx 1+ x?

d
(iii) Ex“ = nx®?!

Given: -

Y = (tan ~ 1x)2

Then
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dy d(tan™*x)?
dx dx

Using formula (ii)&(i)
PR\
y, = 2tan"'x E(tan 1x)

1
1+ x2

1

=y, = 2tan"" x.

Again differentiating with respect to x on both the sides,we obtain

(1 + x2)y, + 2xy, = 2 () using formula(i)&(iii)

1+x2
= (1+x*)%y, + 2x(1 + x¥)y, = 2
Hence proved.

29. Question

If y = cot x show thatd;ff:_gvg =0
dx- T dx
Answer
Formula: -
. dy d’y
(1)& =Vyiand—5 =¥,
__d(cotx) ,
(ii) & - cosec’x

d
(iii) Ex“ = nx®?!

(iv) chai l df B d(wou) dt B dw ds dt
iv) c ammedx— T X @@ &

Given: -
Y = cotx
Differentiating w.r.t. x

dy d(cotx)
dx  dx

Using formula (ii)
dy

= -~ = —cosec’x
dx

Differentiating w.r.t x
LY — facosecx( )]
— = —|2cosecx(—Ccosecxco
dx?

Using formual (iii)

d2
= d_x}; = Zcosec?xcotx
dx? dx'y
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d?y dy
ﬁ@ + 2}’& =10

Hence proved.

30. Question

Find d_jf , where y = log X_,: .
4 e—
Answer
Formula: -
d?y
(l)d =¥ aﬂdﬁ = V2
L4
(i) = ae
d
TR DENRS n—1
(iii) dxx nx
Given: -

XE
y = log{

Differentiating w.r.t x

dy 1 1 2

= = . =2X = -

de  X° e? X
ez

Again Differentiating w.r.t x
d?y 2( 1 ) 2
dxz x2) x2
d’y -2

== — = ——
dx? x2

31. Question

If y = €*(sin x + cos x) prove that d;"q _ 1d_" +2v=0-
dx- dx °

Answer
Formula: -

. dy d’y
(1)& =yiand—3 =y,

G -
(i) = ae

d

TR ENPTS | R n—1

(iii) dxx nx

(iv) chai l df B d(wou) dt B dw ds dt
iv) c ammedx— T X @@ &

Given: -
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y = ae’® + be ¥

Differentiating w.r.t x

dy 2% (—x)
el 2ae”* + be'™(-1)
d
SV ae _pex
dx

Differentiating w.r.t x

d?y
— 2X _ X
iz 2ae*(2) — be™(—1)
d?y
—_— = 2x —X
= 2 4ae<* + be

Adding and subtracting be ™ on RHS

d2
d—}g = 4ae®* + 2be”*
d2
= d—}j’-] = 2(ae®™ + be™™) + 2ae** —be™*
¥y, W
dx? d
d’y dy
v

32. Question

If y = € (sin x + cos x) Prove that d;"q _ gd_" +2v =0
dx= dx
Answer
Formula: -
N d*y
() = Viand 5 = ¥
. d(e*) ax
(i) =

d
(iii) Ex“ = nx®?!

(tv) chal l df B d(wou) dt B dw ds dt
iv)c ammedx— T & ds dt

Given: -
y = eX(sinx + cosx)

differentiating w.r.t x

d

d—i = e*(cosx— sinx) + (sinx + cosx)e®
dy . .

= = yte (cosx — sinx)
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Differentiating w.r.t x

¢’y dy
I dx + e*(—sinx — cosx) + (cosx — sinx)e

X

d’y dy
= i — v + (cosx — sinx)e®

Adding and subtracting y on RHS

d’y dy
- ax —y + (cosx—sinx)e* + y—y

d’y _dy
F_zd_-i_ 2y = 0

Hence proved

33. Question

If y = cos 1 x, find d_" in terms of y alone.

dx2
Answer
Formula: -
2
O = yyandg = v,
(li)d(cos‘lx) =
dx V1 + x2

df  d(wou) dt dw ds dt
dx  dt ‘dx  ds dt dx

(iii) chain rule —

Given: -y = cos ~ 1x

Then,

dy d(cos 1x)

dx ~ dx
dy -1
Tax VIt

@y d-(iFe)”

= dx? dx

3
d’y  -L(1-x%)72 d(1-x%)
Tax? 2 Todx

y =cos~1x
=X = COSy

Putting x = cosy in equation(i), we obtain
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d’y —cosy

= -
dx* /(1 —cos?y)3

d’y  —cosy

dx? J/ (sin?y)3

d’y  —cosy

dx2  sindy

d’y —cosy 1

dx? siny “sin?y

d?y
-4 _ 2
= 2 coty.cosec”y

34. Question

-

If v :eﬂ CUS_IX, prove that(l_x")d 3:: _Xg_azv =0
- dx~ dx ’
Answer
Formula: -
. dy d’y
(1)& =¥ aﬂd@ =¥z
. d(logx) 1
(i) dx  x
_d(cos™'x) -1
= = V1 + x2

d
(iii) Ex“ = nx®?!

(tv) chal l df B d(wou) dt B dw ds dt
iv)c ammedx— T & ds dt

v(x)

. oo dy : ;
(v)logarithms differentiation w7 @.u (x) + v'(x).loglu(x)]

Given: -

acos 1x

y=e¢
Taking logarithm on both sides we obtain

ldy -1
ydx a\,-"j_—xz

dy  —ay
dx VI —x2

By squaring both sides, wee obtain

o - 2
dx/  1-—x2

2

d
= (1—}42).((1—3 = a’y?
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2

d
= (1—}42)((1—3 = a?y?

Again differentiating both sides with respect to x,we obtain

(@)2 d(1-x*) + (1-x%) d (@)2 _ ,d(y?)
dx/ -’ dx “dx | \dx dx
(dy)2(2)+(1 2)2dyd2y— 2 0y W
=:-dx[ X x].dx.dxz—a.y.dx
dy , &%y ,
=:-—x£+(l—x )@— a‘y
d’y _dy
S-S A S N
=(1-x )d};? de a’y =0

Hence proved

35. Question

bl

If y =500 e?" + 600 e‘?", show that d;"q =49y -

Answer
Formula: -
. dy
(1)& =¥ aﬂd@ =¥z

d(e3x) B
dx

ax

(i)

ae

(iii) Ex“ = nx®?!

(tv) chal l d B d(wou) dt B dw ds dt
iv)c ammedx— T & ds dt

Given: -

y = 500e’* + 600e ~ 7%

dy d(e”™) d(e ™)
el 500. T + 600. o
d d(7x d(—7x
= & = 5009”.2 + 600.e7 ( )
dx dx dx
d
= & = 3500e7* — 4200e 7%
dx
dy T —-Tx
= i 49(500e™ + 600e™7%)
dy

Hence proved.

36. Question
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gl

If x =2 cost-cos2t,y=2sint-sin 2t, findd;};mt:f.
2 o]
Answer
Formula: -
dy °y
i)—— = y,and—— =
()dx Y1 dx2 Y2

d
(i) Ecosx = sinx
d
(iii) Esinx = —COosx
d
: D n—1
(iv) =X nx

\ df d(V»’OU) dt dw ds dt
(v) chainrule — = =

dx dt ‘dx  ds dt'dx
iy X
)par i & _dt
(vi) parameteric forms o © @
dt

Given: -

X = 2cost - cos2t

y = 2sint - sin2t
differentiating w.r.t t

dy

= 2(—sint) — 2(—sin2t)

= _y = 2cost— 2cos2t
dt
Dividing both

dy  2(cost— cos2t)
dx  2(sin2t— sint)

Differentiating w.r.t t

d
d E{ (sin2t — sint)(—sint + 2sin2t) — (cost — cos2t)(2 cos 2t — cost)

= =
dt (sin2t — sint)?

Dividing
d’y  (sin2t— sint)(2sint — sint) — (cost — cos2t)(2cos 2t — cost)
dxz 2(sin2t — sint)3
Putting t = E

d’y 1+ 2 3
= — = = — —

dx? -2 2

37. Question
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|fx=4z2+5,y=622+7z+3,findd3'

B

dx_'

2

Answer

Formula: -

df d(wou) dt dw ds dt
(iii) chain rule — = =

dx dt ‘dx  ds dt dx
iy U
vparameteric forms Y — 4t
(iv) parameteric forms o © @
dt

Given: -
X=4224+5y=622+72+3

Differentiating both w.r.t z

dx 8z + 0
dz_z

dx 12z + 7

=>E= 8z

d
ands &Y _ 12z + 7
dz

differentiating w.r.t z

d(%) . 7(—1)

dz g\z2
Dividing

d?y -7 -7
—= — = =

dx? 8z% x Bz 64z3

38. Question

3 T 2 T T
If y =log (1 + cos x), prove thatﬁ_ d 1 Id_}: 0
dx?  dx? dx
Answer
Formula: -
. dy d’y
(1)& =¥ aﬂd@ =¥z

., d .
(i) Ecosx = sinx

d
iili) —sinx = —cosx
(iii) =
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(iV) &Xn — Ian_l

(v) chai 1 df 3 d(wou) dt 3 dw ds dt
v) chainrule = = —o— - = oo

Given: -
Y = log(1 + cosx)

Differentiating w.r.t x

dy - 1 (—sin)
dx 1 + cosx’ S

dy —sinx
= = ——
dx 1 + cosx

Differentiating w.r.t.x

d?y (1 + cosx)cosx — sinx(—sinx)
dxz (1 + cosx)?
d?y (cosx) + cos?x + sin’x
dxz (1 + cosx)?
d?y 1 + cosx ]
“axz T (1 + cosx)?
d®y 1
= = —
dx? 1 + cosx

Differentiating w.r.t x

= - (e ns)
dx3 (1 + cosx)? X —sinx

d’y ( —sinx ) ( -1 )
z;'dxa_ 1 + cosx x 1 + cosx

d’y  dy d%

dx3  dx dx?2

d3 dy d?

y, dy &y _

dx? * dx dx?

39. Question

If y = sin (log x), prove that - d_ff _Xﬁ +v=0
dx~ dx
Answer
Formula: -
2
y
(D = yiando—5 = ¥
d(lo 1
(i) (logx) 1

d
iii) —cosx = sinx
(iii) =
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iv) —sinx = —cosx
( )dx

(V) EXn — Ian_l

(vi) chal l d B d(wou) dt B dw ds dt
vi) ¢ ammedx— T & ds dt

Given: -

y = sin(logx)
dy 1 1
% cos( ogx)x

dy
=Xgo = cos(logx)

1
2X—+ — = — sin(logx);

d*y dy
2_ ¥ -
=X 2 + de

Hence proved.

40. Question

If vy =3 e™* +2¢°%, prove that d;fi_jﬁ_ﬁv —0-
’ dx= dx

Answer

Formula: -
. dy
(1)& =¥ aﬂd@ =¥z

d(e3x) B
dx

ax

ae

(i)

(iii) Ex“ = nx®?!

Given: -
y = 3e2X 4 23X

dy_

= 6e%* + ge3x
dx

2

d“y

— 23 3
ﬁ@— 12e* + 18e**

Hence

dzy dy 2x ax % Ix 2x 3x
= 355, + 6y = 6(27 + 3e¥) —30(e™ + &%) + 6(3e™ + 2e%¥)

=0

41. Question
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|f}r — (CDT_IX)E , prove that }"3()(2 _1)2 1 ZX(X: + 1)}-‘1 =2.

Answer
L dy ?
(l)ﬁ =¥ ﬂﬂd@ =¥
d -1
ey -1 - =
(ii) dxmt X =T

(iii) %x“ = nx®?!

(iv) chai l df B d(wou) dt B dw ds dt
iv) c ammedx— T X @@ &

Given: -
y = (cot ~ 1x)?

differentiating w.r.t x

dy -1

— =¥ = 2cot™'x ]

ax Ot ot T T x2
—2cot™'x

ot il ey

Differentiating w.r.t x

1
= (1 + x?)y, + 2xy, = 2(1 " x2)

=(1+x*)y, + 2x(1 +x%)y, =2
Hence proved

42. Question

5

% x =1, then show that X(xz ) d-y —(lxz B l)ﬁ 0
d dx

If v =cosec”™

2

Answer

Formula: -

n—1

d n
(111)5}{ = nx

(tv) chal l d B d(wou) dt B dw ds dt
iv)c ammedx— T & ds dt

Given: -
Y = cosec ~ 1x

We know that
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d(cosec™*x) -1
dx [x|vxz—1

Let y = cosec ~ 1x

dy -1

dx  |x[vx2—1

Since x>1,|x| = x

dy -1

dx  xyxZ—1

Differentiating the above function with respect to x

2X
- Jv2
dgy Xz\,—x?— T + VX 1

dx? x2(x2—1)
x2 =
+ VxZ2-1
LYy _Vxr—1 '
dx? x2(x2-1)

d’y x*+x?-1

=
2 3
dx x2(x2—-1)3

d?y 2x%—1

+1

= — =
2 3
dx x2(x2—1)z
Thus
d? 2x2—1
x-S X @
dx? xyx2-1
Similarly
dy —-2x?+1
2x2-1]=- = ——
= [2x ]dX XvVxZ—1
d?y dy 2x*-1  —2x?
-1 o5+ [2xP -1 = +
= x(x )dxz [2x ]dX XWxe—1 xWxZ—1

Hence proved.

43. Question

1 . ) /
If x=cos t+log ‘[an:‘}r =sin t, then find the value of — - g —

Answer

Formula: -

2

. dy d7y
(1)& =¥ anddX2 = ¥2
. d .

(i) Ecosx = sinx

d
iili) —sinx = —cosx
(iii) =
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- d 1
(w)&logx =5

d
_ _ 2
(v) dxtanx sec’x

(vi) &Xn = nx"?!

. df d(V»’OU) dt dw ds dt
(v) chainrule — = =

dx dt ‘dx  ds dt'dx
iy X
)par i & _dt
(vi) parameteric forms o © @
dt

Given: -
X = cost + logtang,y = sint

Differentiating with respect to t ,we have

dx it + 1 z(t) 1
— = —sin X sect| =] % —
dt tani 2/ 2
dx o, 1 1 1
= — = —sin X X =
dt (L t72
sin (2) cos? 5
cos(3)
dx int +
= — = —sin _—
dt (T t
2sin (2) cos(3)
dx . 1
= — = —sint + —
dt sint

dx 1 -—sin®t

dt sint
dx cos?t

= — = ,
dt sint
dx

= — = cost.cott
dt

dy

a cost

Now
dy dy dt

Tax  odr dx
d 1

= & = COStXx ———
dx cost. cott
dy

= el tant

We have
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dy

—— = cost
dt

Differentiating with w.r.t t

d?y -
— = —sin
dt?
Att = =
4
d?y _ . (TL') _ 1
i) = —sin(;) = 7
r
d dy
L&y wlay
dx? dx
dt
d?y %(tant)
dxZ ~ cost.cott
d’y  sec’t
= dx2  cost.cott
d’y  sec’t .
= 2 = cogzpSin
d2
=:-d—:2’ = sec*t x sint
Now puttingt = E
d?y B LT (T[) _,
2 t:E_ sectz.sin|7) =
)

44. Question

1 “y
Ifx =asintand vy :a[cos t+log tan_J,find d ¥y,
’ = ~

2 dx?

Answer

Formula: -

2

OF — yamaf =y,
(i) %cosx = sinx

(iii) &sinx = —COsX
(iv)%xn = nx"?!

(v) chai 1 df 3 d(wou) dt 3 dw ds dt
v) chainrule = = —o— - = oo
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d —_—
(vi)parameteric forms d—g = %
dt

Given: -

t
X = atsintandy = a(cost + logtan (E))

dx "
— = acos
dt
d2
— = —asint
dt?
dy nt + 5 t 1
= — = —asin X sec - X —
dt t 272
tan (2)
dy int + 2
= — = —asin
dt (L t
2 sin (2) cos (2)
dy .
— = —asint + acosect
dt
d?y
= —— = —acost— acosectcott
dt?

. dxdy dydx
d°y  drdez  dtdee

W
dt

d?y  acost(—acost — acosectcott) — (—asint + acosect)(—asint)
= — =

dx? (acost)?

d’y  —a’(cos’t + sin’t) —a’cot’t + a?

dx2 a3 cos3t

d’y 1

= =
dx? asin? t cost

45. Question

If x =a(cost+tsint)andy = a (sint-tcost), then find the value of_-q

Answer

Formula: -

2

. dy d7y
(I)E = yl anddX2 = y?
. d .

(ii) g COsX = sinx

N

(iii) T Sinx = —cosx

d
: n _ n—1
(iv) =X nx
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\ df d(V»’OU) dt dw ds dt
(v) chainrule — = =

dx dt ‘dx  ds dt'dx
iy X
Apar - & _dt
(vi) parameteric forms o © @
dt

Given: -

X = a(cost + tsint)andy = a(sint- tcost)

d
a = acost — acost + atsint = atsint
d’y .
= —— = atcost + asint
dt?
dx . .
= T = —asint + atcost + asint = atcost
d?x .
= —— = -—atsint + acost
dt?

. dxdy dydx
d*y  drdez  dt de2

)
dt
d?y  atcost(atcost + asint)— (—atsint + acost)(atsint)
Taxz (acost)?
d’y 1

- = —
dx?2 (atcost)?

Putting t = E

d*y 1 8v
dx? t=§ "~ acos®s.a a

46. Question

03l

= =
W= =

t ,
If x :a[cos t+log tan_J, y = a sin t, evaluate d_{at t:E
2 dx* 3
Answer
Formula: -

2

L dy y
(1)& =V aﬂd@ =¥

. d .
(ii) g COsX = sinx

d
ili) —sinx = —cosx
(iii) =

d
: n _ n—1
(iv) =X nx

(v) chai 1 df 3 d(wou) dt 3 dw ds dt
v) chainrule = = —o— - = oo
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d —_—
(vi)parameteric forms d—g = %
dt

Given: -
X = a(cost + logtan%),y = sint

Differentiating with respect to t ,we have

dx . 1 Lt 1
i —asint + atan% % sec (E) x 2

dx . 1 1 1
i —asint + a - (%) x coszé x 2

cos(})

dx .
i —asint + a—2 o (%) cos(%}
= % = —asint + aﬁ = —asint + acosect

Now find the value of%

dy - )
el acos

d?y -
= —— = —asin
dt?

. dxdy dydx
d*y  drdez  dt de2

= — =

)

dt

d?y  —asint(—asint + acosect)— (—acost— acosectcott)(—acost)
= — =

dx? (acosect — asint)3

d’y  a®(cos’t + sin?t) + a®cot’t— a?
= — =

dx?2 (acosect — asint)?

d?y sint

dx? acos*t

(dzy) Sillg 8v3
=T " acost=
3

dx?
3

47. Question

If X = a (cos 2t + 2t sin 2t) and y = a (sin 2t - 2t cos 2t), then findd;f.
dX_'

Answer

Formula: -
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., dy
(l)ﬁ =¥V ﬂﬂd@ =¥

. d .
(ii) g COsX = sinx

d
ili) —sinx = —cosx
(iii) =

d
: n _ n—1
(iv) =X nx

. df d(V»’OU) dt dw ds dt
(v) chainrule — = =

dx dt ‘dx  ds dt'dx
o W
(vi)parameteric forms d—i = %
dt

Given: -
X = a (cos 2t + 2t sin 2t)

dx

= E = —2asin2t + 2asin2t + 4atco2t = 4atcos2t

and y = a (sin 2t - 2t cos 2t)

dy

= I = 2acos2t— 2acos2t + 4atsin2t = 4atsin?t

dy dt dy sin2t

— % = = tan2t
=>dx dx dt cos2t an

d?y _ d(tan2t)

= dx? dx
dy ,_d(2p
dx? Sec dx
d*y (t)
_v L T

= e 2s 2t d
d’y  sec®2t

= dx2 ~  2a

48. Question

If x=3cott-2cos’t,y =3sint-2sin’t, find d;i
dX_'

Answer

Formula: -

2

. dy d7y
(1)& =¥ anddX2 = ¥2
. d .

(i) Ecosx = sinx

d
iili) —sinx = —cosx
(iii) =
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(V) EXn — Ian_l

(vi) chal l d B d(wou) dt B dw ds dt
vi) ¢ ammedx— T & ds dt

dy
dt

y . dy
(vii) parameteric forms e &
dt
given: -
x=3cott-2cos’t,y=3sint-2sint

differentiating both w.r.t t

dx

— = —3sint— 6 cos?t(—sint)
dt

dx . .

a = —3sint + 6cos” tsint

Andy = 3sint — 2sin®t

differentiating both w.r.t t

v _ 3cost — 6sin? t cost

dt
Now,
dy
dy _ ar
dx  dx
dt

dy cost — 2sin” tcost

dx —sint + 2cos?tsint

dy  cost[1 —2sin?t]
=> _
dx  sint[2cos?t— 1]

d:
= = cott
X

differentiating both w.r.t x

d’y _ d(cotx)
dxz2  dx

49. Question

= —cosec’x

: . d-y X" +y”
Ifx =asint-bcost,y=acost+ bsint, prove that 1 }

2 y
Answer

Formula: -

2

., dy
(l)ﬁ =¥V ﬂﬂd@ =¥
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. d .
(ii) g COsX = sinx

d
ili) —sinx = —cosx
(iii) =

(iV) &Xn — Ian_l

. df d(V»’OU) dt dw ds dt
(v) chainrule — = =

dx dt ‘dx  ds dt'dx
iy X
)par i & _dt
(vi) parameteric forms o © @
dt

Given: -
X = asint - bcost,y = accost + bsint

differentiating both w.r.t t

dx \ d .
i acost + bsnr[,d—l';r = —asint + bcost

dx dy
= — = = — =
@& YT a " F

Dividing both
dy dy dt X

Tax T dt XE oy
Differentiating w.r.t t

dy dx dy)

(&) _ _Y(E)_X(E

dt y2

Putting the value

dy
j(ﬁ) _ ey
dt ye
Dividing them
¢y P +x} & +yY)
dxz yiy y3

Hence proved.

50. Question
. o - - d'y  dy
Find A and B so that y = A sin 3x + Bcos 3x satisfies the equation_-— + 4~ + 3y =10 cos 3x.
dx=  dx
Answer
Formula: -

2

L dy d°y
(1)& =V aﬂd@ =¥

. d .
(i) Ecosx = sinx
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d
ili) —sinx = —cosx
(iii) =

d(wou) dt

d
(iv) chainrule — =

dw ds dt

dx dt ‘dx  ds dt dx

Given: -
y = Asin3x + Bcos3x

differentiating w.r.t x

d
d—i = 3Ax0s3x + 3B(—sin3x)

Again differentiating w.r.t x

—9y + 4(3Acos3x — 3Bsin3x) + 3y

12(Acos3x — bsin3x) — 6(Asin3x + Bcos3x)

=— + — + 3y = (12A—6B)cos3x— (12B + 6A)sin3x

d?y .
i 3A(—sin3x).3 — 3B(cos3x).3
d?y .
=52 = —9(Asin3x + Bcos3x) =
Now adding
d’y = 4dy
ae F o T
d’y  4dy
Fror v A
d’y  4dy
Fror v A
d’y  4dy
dx? dx
But given,
d?y  4dy
e + ey + 3y = 10cos3z

=12A-6B =10

=-(12B+6A)=0

=6A =-12B
=A=-2B
Puttuing A

= 12(—2B) — 63 = 10

= —24B—6B = 10

o 1
ZP T3

A L2

= — ><——= —_

373

AndA = 2B = — =

3 3

51. Question
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d? y dy
dt?

Ify=Ae- kt cos (pt + ¢), prove that = -

Answer

Formula: -

d
iii) —cosx = sinx
(iii) =

od
(iv) g SInx = —cosx

df  d(wou) dt dw ds dt

(v) chain rule

dx = dt ‘dx  ds dtdx
iy X
)par i & _dt
(vi) parameteric forms o © @
dt

Given: -
y = Ae Xcos (pt + ©)

Differentiating w.r.t t

d
d_:‘,: = A(e‘kt(— sin(pt + c).p) + (cos(pt + c))(—re‘kt})
dy _ —kt _ —kt
dt pe " (pt + c) — kAe ™" cos(pt + c)
d
df = —Ape~®sin(pt + ¢) —ky

Differentiating w.r.t t

Lk — 4 y = (. wheren

2= p2 4+ K2,

d2
dtf Apke *sin(pt + ¢) — p®y— 2ky, + ky,
dzy = Apke ®sin(pt + c) — 2ky, — kApe Xsin(pt + ) —k?
dt2 P p p’y — 1 P p ¥
=>@ = —(p? + k%) —Zkﬂ
dt2 P Y~ i
d*y dy
:;F+2kd—+ny— 0

Hence proved

52. Question

-

d-y

If y =x"{a cos (logx) +b sin (logx)}, prove that x* — < . (]

Answer
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Formula: -

. dy d’y
(1)& =V aﬂd@ =¥

. d .

(i) Ecosx = sinx
o4

(iii) Esmx = —COosx

d(logy) 1
dx

(iv)

d
S . R, n—1i
(v) =5 nx
- . d d(wou) dt  dw ds dt
(vi) chainrule — =

dx dt ‘dx  ds dt dx

Given: -
y = x"(acos(logx) + bsin(logx))

=y = ax"cos(logx) + bx"sin(logx)

d
d—i = anx"* cos(logx) — ax™ *sin(logx) + bx" !sinlogx + bx" !coslogx
dy _ 1
== x" 1coslogz(na + b) + x™* sin(logx) (bn—a)
dzy o d ( n—1 (1 )( + b) + n—1 ; (1 )(b ))
= gz = g & cos(logx) (na x® 1sin(logx) (bn—a
d?y
=52 = (na + b)[(n— 1)x* 2 cos(logx) — x™ 2 sin(logx)]
+ (bn—a)[(n— 1)x* Zsin(logx) + x" 2 cos(logx)]
d’y dy
2 _ o 2
X 2 + (1 211)dx + (1 + n%)y

= x" (na + b)[(n - 1) cos(logx) - sin (logx) 1 + (bn - a) X" [(n - 1) sin(logx) + cos(logx)] + (1 - 2n)X" -
lcos(logx)(na + b) + (1 - 2n)X" ~ Lsin(logx)(bn - a) + a(1 + n?)x"cos(logx) + bx™(1 + n?)sin(logx)
d’y dy
2= 4 _ - Ny =
=X dx2+ (1 le)der (1+n9)y=0

53. Question

Ify =a {x+ vx%+ 1}" + b{x - Vx? + 1} ", prove that (x* - 1) d;fi_xﬁ_nf —0-
Answer
Formula: -
L dy d?y
(l)ﬁ =¥V ﬂﬂd@ =¥

(11) &Xn — Ian_l
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df  d(wou) dt dw ds dt
dx  dt ‘dx  ds dt dx

(iii) chain rule —
Given: -

,I'_ n ,I'_ —n
y=a [x+ VX2 + 1} + b[x—\;xz + 1}

d}’ 2 n—1 2 —1
—X=na{x+x + 1} 1+ x(x* + 1)z

-n-—1 1
—nb [x—vxz + 1} [1—}{[}{2 - 1)‘5]

dy nalx + x2 + 1}® N nb{x + x? + 1}™

dx V2 + 1 V2 4+ 1
xdy nx
& v r 1
1
d?y nx dy . VX2 + 1—x*(x* + 1)z
=>dx2_‘fx2+1dx y x2 + 1
d?y n?x? 1

+
xz  xz2+1 Y (x2 + 1)vxz2 + 1

?y  n’x*(VxF + 1) +x%y n?x*(VxE + 1) +y

=>x-1)— =

dx? X2 + 1Wx2 + 1 X2 + 1(\,m
Now

d?y y
= (xz—l)@ + P

’x*(VxZ + 1) + x%y n?x2(Vx2 + 1) +y 0
(x2+ Dvx2 + 1 x2+ D(HVxZ + 1) Y

1 A. Question

Find the second order derivatives of each of the following functions:

x3 + tan x
Answer

Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. ==& d d_( )
:{ X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- & (uv) = P&y
dx dx dx

VvApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given, y = X3 + tan x
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We have to find dy
dx=

As d_zl" — i (E)
dx? dx “dx

So lets first find ? and differentiate it again.
X

. dy

_d .3 _ 83y, 8
Folaiem (x* + tanx) = = (x )+dx (tanx)

.. d — 2 d -1
A t n X) = X _ n — n
[ dx( an x) = sec &dx (x™) = nx" 1]

= 3x% +sec?x

. d

~F = 3%2 + sec?x
dx

Differentiating again with respect to x :

d d}’ d 3 5 d 5 d ,
E(E) =& ( 3x° + sec x)—ﬁ[?}x )+E(sec X)
d?y

— = 6X+ 2secxsecxtanx

dx?

dz dz dt
—=—x—1

[ differentiated sec?x using chain rule, lett =secxand z = 2.

Tdx  dt " dx

d?y )
— =6Xx+ 2sec xXxtanx
dx?

1 B. Question
Find the second order derivatives of each of the following functions:
sin (log x)

Answer

vBasic Idea: Second order derivative is nothing but derivative of derivative i.e.j_zi'= di(?)
X X X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- % (uv) = P&y
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given, y = sin ( log x )

We have to find dy
dx=

As d_zl" — i(ﬂ
dx? dx “dx

So lets first find dy/dx and differentiate it again.

Ldy d o
T (sin(logx))
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differentiating sin (logx) using the chain rule,

let, t=logxandy =sint

Lody  dy  dt i :

s = — = w —[using chain rule
dx dtxdx[ 9 ]

dy 1

— = Ccost X —

dx X

dy

1r..d =189 (o _
o= cos(logx) x ; [ - (log x) = » & - (sinx) = cosx]

Differentiating again with respect to x :

d (dy) _d 1 1

dx\dx/ dx (cos(logx) x)

d’y | _1+ 1 1 (]
i cos(logx) x % X < (—sin (logx))

[ using product rule of differentiation]

-1 1
=% cos(logx) — e sin (logx)

d’y -1 .

Fr i gcos(logx) — 5in (logx)

1 C. Question

Find the second order derivatives of each of the following functions:
log (sin x)

Answer

vBasic Idea: Second order derivative is nothing but derivative of derivative i.e.j_zi'= di(?
X X X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:
df dv dt
—_— = —
dx dt dx

vVProduct rule of differentiation- % (uv) = P&y
dx dx dx

Apart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given, y = log (sin x)

We have to find Ly
dx=

As d_zl" — i (E)
dx? dx “dx

So lets first find dy/dx and differentiate it again.
Ldy _ d .
T I (log(sinx))

differentiating sin (logx) using cthe hain rule,

let, t=sinxandy =logt
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dy dy  dt . . .
R A - [using chain rule]
X

dx dt
d 1
—y = COSX X —
dx t

. d =189 (o _
[ Elogx— - & - (sinx) = cosxl]

dy cosx
— = ——=cotx
dx sinx

Differentiating again with respect to x:
d (dy d
- = t
(@) s (o)

dx

a2 d
Y _ _cosecy [ —cotx = —cosec?x]
dx? dx

2
ey

= —cosec?x
dx?

1 D. Question

Find the second order derivatives of each of the following functions:
eX sin 5x

Answer

VBasic Idea: Second order derivative is nothing but derivative of derivative i.e. =< — = d_( )
dx X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_adr
ax _dt . dx

VProduct rule of d|fferent|at|on- — (uv) = u— +v ?

Apart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let's solve now:
Given, y = eX sin 5x

We have to find Ly

dx®

dZ
As ZE( )

’
dx2

So lets first find dy/dx and differentiate it again.

Ldy o od o
dx—dx(e sin 5x)

Let u = e* and v = sin 5x
As,y = uv
. Using product rule of differentiation:

dy dv+ du
dx dx de
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. dy

d d
—_ X J 3 X
polall e (sinbx) + sin Sx_e

dy .
— = be*cosbx + e*sinbx
dx

od o, . d
[~ = (sinax) = acosax, where a is any constant &Eex = e¥]

Again differentiating w.r.t x:

d(dy)—d(sx 5x + e* sin 5x)
dx \dx dx e CosoX T e" 51Nl oX

d d .
=% (5e*cosbx) + E(e sin 5x)

Again using the product rule :

TV _ oo (ginsw) + sinsx-ex + 5ex- (cos5x) + cos 5x—- (5e*

- % (sinbx) + sin X8 e dx[cos X) + cos de[: e*)

2 ood : :

% = 5e* cos5x — 25e* sin5x + e*sin 5x + 5e*cos 5x [* a(cos ax) = —asinax, a is any constant]
d*y . ‘o

ke 10e*cos5x — 24e™sin 5x

1 E. Question

Find the second order derivatives of each of the following functions:

e%% cos 3x

Answer

VvBasic Idea: Second order derivative is nothing but derivative of derivative i.e. =2 — d (dl"

.{Z

)

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_adr
ax _dt . dx

VProduct rule of d|fferent|at|on- — (uv) = u— +v ?

Apart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:
Given, y = e%% cos 3x

We have to find Ly
dx2

as, &y _ & vy

' E dx “dx
So lets first find dy/dx and differentiate it again.

. dy

d
= (e®* cos 3x)

Let u = e®% and v = cos 3x

As,y = uv
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. Using product rule of differentiation:

dy dv N du
dx dx dx
LAy pexd 4 ex
poill e (cos3x) + cos 3x e
d . .. d : . d
d—y = —3esin 3x + 6e°*cos3x[ - - (cosax) = —asinax,a is any constant &d— e = ae*]
X X X

Again differentiating w.r.t x:

d sd d
= (d_i) =3 (—3e%%sin 3x + 6e%* cos 3x)

_d 3e%*sin 3 +dé‘Sx 3
_dx( e“*sin 3x) dx[:e cos 3x)

Again using the product rule :

&y = —3&"”i (sin3x) —351113xieﬁx+ Geﬁxi(cos 3x) + cos 3X£ (6e°%)
dx? dx dx dx dx

d?y

reie —9e%% cos 3x — 18e%*sin 3x — 18e%*sin 3x + 36e%*cos 3x

d2

d—}g = 27e%%cos3x — 36e%*sin3x

1 F. Question
Find the second order derivatives of each of the following functions:
x3 log x

Answer

vBasic Idea: Second order derivative is nothing but derivative of derivative i.e.j_zi'= di(?)
X X X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- % (uv) = P&y
dx dx dx

Apart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’'s solve now:
Given, y = x3 log x

We have to find Ly
dx2

As ﬁ' — i (E)
dx? dx “dx

So lets first find dy/dx and differentiate it again.

Ldy

d
= (x*logx)

Let u = x3 and v = log x
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As,y = uv

.. Using product rule of differentiation:
dy dv+ du

dx udx de

R A 4 .3
= X dx(logx)+logxdxx

3

dy ) X
e 3x logx+¥

[ % (logx) = % and% (x™) = nx"1]

Again differentiating w.r.t x:
d (dy d 5 5
E(E) _me logx +x7)

_d 3x°1 +d :

Again using the product rule :
d?y

d 2 2 d 2
Feci 3logx—x"+3x"—logx +——x

dx dx dx

[ % (logx) = % and% (x™) = nx™ 1]

Y _ ogxt X1 g
ez = 6xlogx+— X
d2

y_
i 6xlogx + bx

1 G. Question

Find the second order derivatives of each of the following functions:

tan'! x

Answer

Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. Ly _ i(ﬂ)
dx?  dx “dx

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv dt

—_— =% —

dx dt dx

vProduct rule of differentiation- < (uv) = n& oy du
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’'s solve now:
Given, y = tan 1 x

We have to find Ly
dx2
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=

So lets first find dy/dx and differentiate it again.

dx?

1

]

A8 b & ran ] x) =
o= 4 (tan x) [ . (tan X)

dx 1+x%
. dy 1 ..d -1 1
S = S —(tan ™ x) =

dx 1+x% [ dx( ) 1+xz]

Differentiating again with respect to x :
d (dy) d 1
dx\dx/ dx "1+ xz)

Differentiating ﬁ using chain rule,
X

lett=1+x2andz = 1/t

o4z _ de >< — [ from chain rule of differentiation]
dx dt

.dz -1 _ %o d ooy n—-1
= @ X2X= 1+3‘2[ dx[x)—nx ]

. dzy_ 2x
du2 (1+x2)2

1 H. Question
Find the second order derivatives of each of the following functions:
X COS X

Answer

VvBasic Idea: Second order derivative is nothing but derivative of derivative i.e. =2 — d (dl"

.{Z

)

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_adr
ax _dt . dx

VProduct rule of d|fferent|at|on- — (uv) = u— +v ?

Apart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given, y = X Cos X

We have to find 2y
dx=

sSy_ 4 (@

dx

So lets first find dy/dx and differentiate it again.

cdy _ 4
T (xcosx)

Let u = x and v = cos X
As,y = uv

.. Using product rule of differentiation:
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&
”dx
dy

— = —Xsinx+ cosx
dx

d d
=X (cosx) + COSX—X

g I 4 romy n-1
[ <, (cosx) = —sinx and — (x™) = nx"]

Again differentiating w.r.t x:

d rdy d .
= (E) =& (—xsinx + cosx)

_d (—xsinx) + d
= 3 (~xsinx) + - cosx

Again using the product rule :

ey d_ d g d
dx? = XdXSIIIX SlIlex X dXCOSX

N i i — i ny _—_ n—-1
[ -, (sinx) = cosx and —(x") = nx ]

d’y . .
— = —XcosX—sinx —sinx
dx?

d?y .

— = —XcosX—2sinx

dx?

1 I. Question
Find the second order derivatives of each of the following functions:
log (log x)

Answer

vBasic Idea: Second order derivative is nothing but derivative of derivative i.e.j_zi'= di(?
X X X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:
df dv dt
—_— = —
dx dt dx

vProduct rule of differentiation- % (uv) = P&y
dx dx dx

Apart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given,y =log (log x )

We have to find dy
dx=

2
As, &v_ 4 cdy
dx® dx (dx)

So lets first find dy/dx and differentiate it again.
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dy  d
T (loglogx)

Lety =logtandt=log x
Using chain rule of differentiation:

dy dy adt

dx  dt  dx
1

1 _ .. d _1
xx_xlogx['a(lc’gx)_x]

Ldy 1
Tdx ot

Again differentiating w.r.t x:

d
As,ZE = uxv
dx

1
Whereu =-and v =
x logx

. using product rule of differentiation:

d’y dv_l_ du
ax? - Mdx | Vdx

LAy _1d (1 1 d 1 i ind (L

Sl (log:\-:) + g 2 (x) [ use chain rule to find - (logx) ]

d_z}'_ — 1 — 1 o4 _1 d ny __ n—1

= Fea = 1ogx[ . E(logx) =3 anda(x ) = nx®1]
d?y 1 1

Cdx? x2(logx)? xZlogx

2. Question

-

If y=e™ cos x, show that : d_"q =2 * sin x.
dX_'
Answer
Basic idea:
vSecond order derivative is nothing but derivative of derivative i.e. Ly _ i(ﬂ)
dx® dx “dx

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- % (uv) = P&y
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:
Given,
y=e™* cos x

TO prove :
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Clearly from the expression to be proved we can easily observe that we need to just find the second
derivative of given function.

Given, y = e-X cos x

We have to find Ly
dx2

As d’y
'dxz_a( )

So lets first find dy/dx and differentiate it again.

. dy i —-x
T dx(e COSX)

Let u = e and v = cos x
As, y = u*v

.. using product rule of differentiation:

dy dv du
—=u—+v—
dx dx dx
. dy _x d dy _.
S =p*—(cosx)+ cosx—e’
dx dx( ) dx
dy s _
— = —a *ginx — e *cosx
dx
d d
“—(cosx)=—sinx& —e ¥ = —p7F
[ dx( ) dx ]

Again differentiating w.r.t x:

d (dy) 4 ey x )
Tx\gx) — gl ¢ sinx—eTcosx
— —XK oj d —X

_dx( e *sinx) dx[:e COSX)

Again using the product rule :

@ = —e‘“i (sinx) — sinxie‘x — e ¥—(cosx) — cos Xi (e™)
dx? dx dx dx dx

de —x —X a3 =X a3 —X

Fre i cosx +e *sinx +e ¥ sinx + e ¥ cosx

..od _ . d _w_ _-x

[ - (cosx) = —sinx, —e™¥ = —e™7]

¢y

Frche 2e”*sinx ....proved

3. Question

If y = x + tan x, show that: coszxd_fi_gv _2x=0

Answer

Basic idea:
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vSecond order derivative is nothing but derivative of derivative i.e. 2_23: = di(?)
X X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_adr
ax _dt . dx

vProduct rule of differentiation- < (uv) = n& oy du
dx dx dx

VvApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given,y = x+ tan x ..... equation 1
As we have to prove: cosz;,{'d_zl'r —2y+2x=0
dx?

We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find d%y
dx?

As@'zi(ﬂ
d. dx “d

%2 X

So lets first find dy/dx and differentiate it again.

. dy d d d .. d _ 2 d _
== — = — — S —(tan X) = sec® X & — (%) = n-1
5 = 3 (X Ftanx) = —(x) + —(tanx) [ —( ) — (x") = nx"]
=1+sec?x

d
=1 +sec?x

dx

Differentiating again with respect to x :
d (dy d 5 d d 5
E(E) =& (1+sec’x) —£(1)+£(sec X)

d?y
— =0+ 2secxsecxtanx
dx?

[ differentiated sec2x using chain rule, lett = sec x and z = £ .- % = % X ? ]
X X

2

d .
d_'\-_"f = 259(2 XtaAnx -ooveeeens equation 2

. ) 2
As we got an expression for the second order, as we need cos?x term with %
X

Multiply both sides of equation 1 with cos?x:

.. we have,

a2 .
COSQXd—_:.; =2cos?xsec?xtanx [ Ccos x X sec x = 1]

2

¥

2

CO8“X—— = 2tanx
dx?

From equation 1:
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2

tanx =y - X. cos xd—sz":Z(y—x)

. cos?xSY 2y +2x=0....proved
dx?

4. Question

If y = x3 log x, prove that == de E
d* x
Answer
Basic idea:
vSecond order derivative is nothing but derivative of derivative i.e. ==& dx E( )

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- & (uv) = P&y
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

As we have to prove : &Y _ 6
dx* X

We notice a third order derivative in the expression to be proved so first take the step to find the third order

derivative.
Given, y = X3 log x

Let’s find - dy
dx*

déy _dd(d% d(dfdfdy

dx* d\'[: dx@’  dxdx (d‘(z) dx (dx (dx (d‘()))
So lets first find dy/dx and differentiate it again.
. d}r

T —(x log x)

differentiating using product rule:

dy .d d .
i EIOEXJF logxﬁx
dy x3 5

i ;+3x logx

[ (x") = nx"* & = (log x) =]

dy .
i (1+ 3logx)

Again differentiating using product rule:
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d?y d d
Y 2 2
-5 g (1+3logx) + (1 + BIOgX)d X

Ty _ ® r(1+3l 2
2o X ><x ( 0gX) X 2%

[ (x") = nx"* & = (log x) = 7]

2

Y s+l
dxg_x( ng)

Again differentiating using product rule:

Ty 9 5+ 6logx) + (5 + 6logx) S
dxg - de( ng) ( ng) dXX

dgy 6
Frche x>< + (5+ 6logx)

[ (x") = nx"* & = (log x) =]

dgy_ 11 + 6l
i 0gx

Again differentiating w.r.t x :

d*y 6
dx* x

..proved

5. Question

If y = log (sin x), prove that: d_i = 2COS X cose3 x

Answer

Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. ==& — d_( )
dx X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_adr
ax _dt . dx

vProduct rule of d|fferent|at|on— — (uv) = u— +v ?

VvApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

3.
d
As we have to prove: — 2 _ 7cos x cose> x

We notice a third order derivative in the expression to be proved so first take the step to find the third order
derivative.

Given, y = log (sin x)
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Let’s find - Py
dx3

Py _ d(dy) _d d(dy
As E T dx (dxz) T dx (dx (dx))
So lets first find dy/dx and differentiate it again.

Ldy i .
T (log(sinx))

differentiating sin (logx) using the chain rule,

let, t=sinxandy =logt

.. dy dy  dt : :

s = = =2 w —[using chain rule
dx dt X dx [ 9 ]

dy 1

— = COSX X —

dx t

-4 =19 (i _
[ Elogx— - & - (sinx) = cosxl

dy cosx
— = ——=cotx
dx sinx

Differentiating again with respect to x :

d (dy) . d ;
dx\dx/ dx (cotx)

2
d vy 5
—- = —cosec®x
dx?
) d 2
[ —cotx = —cosec?x]
dx
2
d vy 5
—- = —cosec’x
dx?

Differentiating again with respect to x:

d (d%y B d .
e _dx[: COSec-x)

. . d
using the chain rule and L. Cosecx= —cosec xcotx
X

d3y

ek —2cosec X(—cosec xcotx)

COSX .
= 2cosec?x cotx = 2 cosec®x — [ " cot X = cos x/sin X]
SINX

d3y .
» —— = 2c05ec?XCOSX .......proved
dx3

6. Question

Ify =2 sin x + 3 cos X, showthat:d;fi_‘r.- =0
Answer
Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. Py _ i(E)
dx2 dx “dx
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VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two

functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx
du

vProduct rule of differentiation- (uv) = 04y
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,

trigonometric etc..
Let’s solve now:

Given, y = 2sin X+ 3€0S X ..... equation 1

Ld%y
As we have to prove '@_’_ y=0.

We notice a second-order derivative in the expression to be proved so first take the step to find the second

order derivative.

Let’s find 4y
dx?

As ﬁ' — i(ﬂ)
dx? dx “dx

So lets first find dy/dx and differentiate it again.

N _ 29 o 4
= = 5. (2sinx + 3cosx) = 2 (sinx) + 3 (cosx)
(oL (sin x) = cosx &L (cosx) = —sinx]

dx dx

=2cosXx— 3sinx

. d .
~ 2 = 2cosx—3sinx
dx

Differentiating again with respect to x :

d(dy)_d(z 3si )_Zd 3d ,
Tx\dx) = gx L 2C0sx —3sinx) = cosx— 3 o sinx
d?y

— = —2sinXx — 3 cosx
dx?

From equation 1 we have :
y = 2 sin X + 3 €cos x

dx®

= —(2sinx+3cosx) = -y

. d?y

ax®

+y =0 ....proved
7. Question

2.’ 2 —
Ify = ngX,show that dy _2logx 3.

X dx~ X

Answer

Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. 2_23: - di(?)
X X
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VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- % (uv) = P&y
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:

Given, y = €% equation 1
X

z _
As we have to prove :%’ _ Zlogx=3
X

%2

We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

As ﬁ' — i (E)
dx? dx “dx

So, lets first find dy/dx and differentiate it again.
As y is the product of two functions u and v
Letu =logxandv=1/x

Using product rule of differentiation:

d( ) = dv_l_ du
oV T T

i =E i my __ n—1
[ dx[:|Og X) j_:&dx(x )=nx""1]

dy 1

& TNt
dy 1

ax ~xe (17 1og®

Again using the product rule to findg :
X

d?y d1 14d

E = [:1— IOgX)EE‘F ;&(1— IOgX)

i =E i ny __ n—1
[ dx(|09 X) 3‘&dx(}x{ ) =nx""1]

2 _
o4y 2lex=3  proved
dx® x?

8. Question
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2. 4
Ifx=asec6,y=btane,provethatd_{:_ 13 :
dx? a_-.}l.i

Answer

Idea of parametric form of differentiation:

Ify =f(0) and x = g(0) i.e. y is a function of 6 and x is also some other function of 6.

Then dy/d6 = f'(0) and dx/d6 = g’'(8)

dy

We can write : ? =
X

de
Given,
x=asecH...... equation 1
y=btan®...... equation 2

to prove : ¥ — _2*
p tdw? az},a'

We notice a second order derivative in the expression to be proved so first take the step to find the second

order derivative.

Let’s find d%y
dx?

2
As, &¥_ 4 cdy
dx® dx (dx)

So, lets first find dy/dx using parametric form and differentiate it again.

dx d .

= _= —asecBtanB ..... equation 3
16~ 3 5ec 0 =asecBtan® q
Similarly,%= bsec?d ...... equation 4

.od d
[ —secx = secxtanx,—tanx = sec?x]
X

dx
d
_dy_%_ bsec’8 b 0
Tdx S_E " asecBtan® acosec

Differentiating again w.r.t x :

d (dy)_ d b 0
dx \dx —dx(acosec )
dzl.r

Y _ _EiosecBcotf 2 .....equation 5 [ using chain rule]
dx® a dx

From equation 3:

dx 0 tan 6
— = asecuotan
do
.de 1

dx  asecBtan®

Putting the value in equation 5 :

Y _ P sechoots
dxz ~  a OseCP Ot cecotan0
d?y —b

dx?  aZtan3@
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From equation 1:

y=btan0
dz}l'_ —hb _ hd
S aE T BE T a2y -e-Pproved.

b2
9. Question

If x =a (cos 8 + 6 sin 6), y=a (sin 6 - 6 cos 6) prove that

d2x . d?y (si d’y  sec?®
- = - —~ _— 3(sin® + B cosB) and —= = ——,
5z — a(cos8-Osinb),—Z=a == =
Answer

Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. =2 — d_( )
:{ X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv_dt
dx dt - dx

vProduct rule of differentiation- & (uv) = P&y
dx dx dx

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

The idea of parametric form of differentiation:
If y =f(0) and x = g(0), i.e. y is a function of 8 and x is also some other function of 6.
Then dy/d6 = f'(0) and dx/d6 = g'(8)

dy
We can write : ? = 42
X

de
Given,
X =a (cos B8 + 0sin0) ...... equation 1
y=a(sin6-06cos9)...... equation 2

to prove :

2

@ = a(cosb -6 sinB)

ii) :Tj]; =3 (sin 6 + 6 cosB)

111) d_z}r . sec?@
dx? a8

We notice a second order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

As ﬁ' — i (E)
dx? dx “dx

X 4 o (cos0+ Bsind
kT dea(cos sin B)
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= a(—sin® + B cosB + sinf)
[ differentiated using product rule for 8sin® ]
=afcosh ..eqn 4

Again differentiating w.r.t 8 using product rule:-

X a(~6sind + cost

0z a(—0sinf + cosB)

% = a(cos0 — BsinB) ....proved (i)

Similarly,

8 (sn6—Bc0sH) = a-rsind — a (Bcoshd
de—dea(sm cos )—adesm ade( cosB)

= acosb + aBsin® —acosB

% = 30SiN0 e, equation 5

Again differentiating w.r.t 8 using product rule:-

dzx_ BcosB+ sinB

102~ a(BcosO + sinB)

. d?x . 5

i a(sin® + 6 cosB) ... proved (ii)
dy

T

r= 42

ds
Using equation 4 and 5 :

dy aBsinb

= —— =1tanb
dx abcosB

2
As Ly _ 4 dy

x2 dx “dx

. again differentiating w.r.t x :-

d?y
E = &ta no

de . . .
= secEBd— [using chain rule]

X

,.dx de 1
' de abcos@ => dx  aBcos8

Putting a value in the above equation-

We have:

d2

axz sec®0 x abcosH

d?y  sec®®
=Z- proved (iii)

10. Question

i

If y = e cosx, prove that d—‘f‘ =2e* COS[X +
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Answer

Basic idea:

vSecond order derivative is nothing but derivative of derivative i.e. ==& d d_( )
:{ X

VThe idea of chain rule of differentiation: If f is any real-valued function which is the composition of two
functions u and v, i.e. f = v(u(x)). For the sake of simplicity just assume t = u(x)

Then f = v(t). By chain rule, we can write the derivative of f w.r.t to x as:

df dv dt
dx  dr " dx
vProduct rule of dlfferentlatlon— — (uv) = u— +v ?

VApart from these remember the derivatives of some important functions like exponential, logarithmic,
trigonometric etc..

Let’s solve now:
Given,

y=eX cos X

TO prove :

d?y T
P X —
i 2e*cos (x+ 2)

Clearly from the expression to be proved we can easily observe that we need to just find the second
derivative of given function.

Given, y = € cos x

We have to find Ly
dx2

As ﬁ' — i (E)
dx? dx “dx

So lets first find dy/dx and differentiate it again.

. d}f
d'{

(excos X)
dx
Let u = eX and v = cos x
As, y = u*v

. Using product rule of differentiation:

dy dv+ du
dx dx dx
LAy xd dy x
polall e (cosx) + cos xJ e
d . . d . d
Y — _e¥sinx +e*cosx[ v < (cosx) = —sinx & —e* = e¥]
dx dx dx

Again differentiating w.r.t x:

dyy, d
o (dx) E(—e sinx + e*cosx)

. d .
=% (—e*sinx) + i (e*cosx)

Again using the product rule :
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dy  d o4 . d
= —e (sinx) —sinx—e*+e dx[cosx) cosxdx(e)

dx? dx dx

dzy X X o3 X o3 X

qxz = € cosx—esinx — e’ sinx+ e*cosx
L.od _ . d _w_ _-x

[ - (cosx) = —sinx, —e™¥ = —e™7]

d2y .

o= = —2e*sinx [v -sin x = cos (x + 1/2)]
X

Y percosxt ) d

— = —2e*cos(Xx+ =) ....prove

dx? 2 P

11. Question

2. 4
Ifx=acose,y=bsine,showthatd—}q:_ b

dx? af},i

Answer

Idea of parametric form of differentiation:

If y =f(0) and x = g(0) i.e. y is a function of 8 and x is also some other function of 6.
Then dy/d6 = f’(8) and dx/d6 = g’(6)

dy

We can write : ? =2
X

de
Given,
X=acos0.... equation 1
y=bsin®.... equation 2

to prove : ¥ — _2*
p tdw? az},a'

We notice a second order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find d%y
dx?

As d_zl" — i (E)
dx? dx “dx

So, lets first find dy/dx using parametric form and differentiate it again.

dx d .
=_4 = —asinB ..... equation 3
rARPTE cosB asin® q

Similarly, % =hcos g ...... equation 4

[ %cosx = - sinxtanx,%sinx = COSX
dy
dy gg  bcos® b ‘6
Tdx  dx  asin® 2
do

Differentiating again w.r.t x :
d (dy) ~d_ b ‘0
dx \dx/ dx( — )
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2 .
4y = ECOSECE ﬂ? ..... equation 5
x

. . d
[ using chain rule and S cotx = —cosec?x]
X

From equation 3:

dx no

-~ = — dslII

de

Lde -1
dx  asin®

Putting the value in equation 5 :

d’y b 24 1
dx2 a cosec asin®
d?y —b

dx2 aZsin®8

From equation 1:

y =bsin6
dy -b b*
AT 3R T T gzgE e proved.
b3

12. Question

If x = a (1 - cos36), y = asin 36, Prove that L =

dx=~ 27a

Answer

Idea of parametric form of differentiation:

Ify =f(0) and x = g(0) i.e. y is a function of 6 and x is also some other function of 6.

Then dy/d6 = f'(8) and dx/d6 = g'(©)

gy

We can write : ? = 42
X plu—
ds

Given,

x =a(1-cos36).... equation 1
y=asin3o, ... equation 2

to prove : % = %at 8= E.

We notice a second order derivative in the expression to be proved so first take the step to find the second

order derivative.
Let’s find 4y
dx?

As d_zl" = 4 (E)
dx? dx “dx

So, lets first find dy/dx using parametric form and differentiate it again.

% = diaa (1 - cos®8) = 3acos?Bsin O .....equation 3 [using chain rule]
Similarly,

@ﬁ, www.studentbro.in



= agasin® = in’ equation 4
w6 — agasin® 6 = 3asin“6cosb ... q

d . a |
[ —cosx = —sinx & —cosx = sinx]

dx dx

d

dy % 3 asin’0 cosHO e
T T dX T 2 acneZfein g @i

dx  dx 3acos20sin 8

de

Differentiating again w.r.t x :

d (dy) d tan6

dx \dx _dx(an )

d—zl'r = sect I:-}—a ..... equation 5

dx
[ using chain rule and ditanx = secZx]
X

From equation 3:

dx o
— =3 acos-0sin 6
de
.de 1
dx  Zacos2@sin 8

Putting the value in equation 5 :

2

dx? 3acos?Bsin O

d?y 1

dx2 3acos*fsinf

Put 8 = n/6
dzy) s 1 1
—Jat([x=—-) = =

(dXE ( 6) 3 acos4rsin~ N

676 3al7) 3

(@') at (x = E) -2 ... proved

dx? 6 27 a

13. Question

pl

Ifx =a (6 +sin6),y =a (1+ cos 8), prove thatd_ff: =— aq
dX_' '}.’"

Answer
Idea of parametric form of differentiation:
If y =f(0) and x = g(0) i.e. y is a function of 8 and x is also some other function of 6.

Then dy/d8 = f'(8) and dx/d6 = g’(0)
g dy
We can write : d—l" = 48
X R—
da

Given,
x=a(@+sin0).... equation 1

y=a (l+ cos9)...... equation 2
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Ay 3
to prove : R
We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find d%y
dx?

As, d_z}' — i(ﬂ)
dx® dx “dx

So, lets first find dy/dx using parametric form and differentiate it again.

ds d ) .. : :
d_; = (6 + sinB) = a(1+ cosB) =y [ from equation 2] ..... equation 3
Similarly,
Y _23(1+ cosB)=—asin® ... equation 4
dé  de
.. d . d
[ —cosx = —sinx, —sinx = cosx
dx dx
d =4 in @ in @ in @
A _ge .  T3mT _ TEmE 3T [ from equation 2] ..... equation 5
dx -&% a(1l+cosB) (1+cos8) v [ q ] a

ds
Differentiating again w.r.t x :

d (dy)_ d sinB

dx \dx/ T Ydx y

Using product rule and chain rule of differentiation together:

d?y sin@ dy+ 1 Bd(—]'

dxz a(—yz dx ycos dx)

ey _ —a(ﬁﬂ +2cosh? ) [using equation 3 and 5]
dx? —y2 ¥ ¥

d?y asin®0 N 1 6

rcialiae = 72 cosB )

d?y _ _ a asin® @ .

= [:—a(1+ o + cosB ) [ from equation 1]

d?y a 1—cos’8

dxz _F (1+ cos®) +cos6)

d?y a (1—cosB)(1+cosH)

dx2 ye (1+ cosB) cos6)
d?y a
ek —F(l—cosﬁ + cosB)
Ld%y  a
e = 1_rz....proved
14. Question
. , dzv
Ifx=a(®-sinB),y=al(l + cosb)find_-.
dx_'

Answer

Idea of parametric form of differentiation:
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Ify =f(0) and x = g(0) i.e. y is a function of 6 and x is also some other function of 6.

Then dy/d6 = f'(8) and dx/d6 = g'(©)

dy
We can write : &¥ — 48
dx 6
Given,
Xx=a((®-sinHB)..... equation 1

y=a(l+ cos9)...... equation 2

to find : &Y
dx?

As d_z}' — i (E
dx® dx “dx

So, lets first find dy/dx using parametric form and differentiate it again.

dx d . .
—=—a(0 — sin@) = a(l—cosH) .....equation 3
de de
Similarly,
d d \ ,
&¥_94 (1+ cos@)=—asinB...... equation 4
de de
Lood , d .
[' — COSX = — S5INX,—SINX = CO5X
dx dx
d; & in 8 in 8
W Yoge o T PR equation 5
dx & a(l—cos8) (1—cos8)

Differentiating again w.r.t x :

d (dy)_ d sinB

dx \dx “dx‘1—cos@

Using product rule and chain rule of differentiation together:

d?y L 4 d 1 de
2~ U1 cosean 0 s —se &
Apply chain rule to determine ——

pply chain rule to determine o ———
d?y [ —cos8 sin?@ 1 . .
@ - {l—cosE (l—cosalz} a(l—cos@) [usmg equation 3]

dzy_ —cos 8(1 — cosB) +sin? 0 1
dxz (1— cos8)2 a(1— cos@)

d’y  [—cos®+cos?8 +sin’ @ 1
dxz (1— cos8)2 a(1—cos )

a2 —cos®
1.-_[1::95 } L [ c0s?B +sin?8 = 1]

dxZ {1—cos8)%) a(1—cos @)

d?y 1

dx2  a(1- cosH)2

&y - 5 0 in2 @
dx? a(z sinzg)Z[ +1- cos 8 = 2sin“ 6/2]
. d?y

Ty _ 1 osectd
dx?  4a 2
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15. Question

If x=a (1-cos®),y=a(6+sin8), prove thatL - —lat B:E
dx

- a 2
Answer
Idea of parametric form of differentiation:
If y =f(0) and x = g(8) i.e. y is a function of 8 and x is also some other function of 0.

Then dy/d6 = f'(8) and dx/d6 = g'(©)

dy
We can write : ? = 42
X

de
Given,
y=a(@+sin0)...... equation 1
x=a(l-cosH) ... equation 2

2
toprove:4¥_ _1 1p=".
dx? a 2

We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find d%y
dx?

z
As &y _ d dy
dx? [:d‘()

So, lets first find dy/dx using parametric form and differentiate it again.

d .
d: a (6 + sinB) = a(1+ cos®) .....equation 3
Similarly,
dx _ ia (1— cos@)=asinb ...... equation 4
de  de
[+ 2 cosx = — sinx, —sinx = cosX]

dx - " dx o

d
. dy _ _g—g_ _ a(1+cos8) _ (1+cos8)

L =40 - 0 L equation 5
dx 5 asin @ sin B

Differentiating again w.r.t x :

d ydy (1+cosB) )

dx (dx) dx ( sin @ dx [:1 + cosd)cosec®

Using product rule and chain rule of differentiation together:
&y _ e 1+ cos8) + (1 + ed 6y 20
2 {cosec ( cosB) + (1 + cosB) —— cosec }dx

= {cosec B(—sinB) + (1 + cos8)(—cosec E}cotﬂ)}ﬁ [using equation 4]

dy 1 BcotB — cot? 6
i { cosectco co }asinB
As we have to find ¥ — _1,;9="

dx? a 2

~.put © = /2 in above equation:
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dZ

_ T 2T _{-1-0-0h1
= ={-1 cosec cot —cot }asm =
d?y 1
Tz g --ans
16. Question
If x=2a (1 + cos 6), y = a (6+ sinB) Prove thatd;{ — _—lat BZE.

- a 2
Answer
Idea of parametric form of differentiation:
If y =f(0) and x = g(0) i.e. y is a function of 8 and x is also some other function of 0.

Then dy/d6 = f'(6) and dx/d6 = g'(0)
d ay
We can write : ol {i%

Given,
y=a(@+sin0).... equation 1

x=a (1+ cos0) ...... equation 2
to prove Yy 1ie=T
dx? a 2

We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

As d*y
'dxzza( )

So, lets first find dy/dx using parametric form and differentiate it again.

d d . .
T -Z3(0+ sinh) = a(1+ cos®) .....equation 3
de de
Similarly,
dx d \ .
—=—a(l+ cos8)=—asinh...... equation 4
de de
Lood . d
[ —cosx = — sinx, —sinx = cosx]
dx dx
d = 1+cosB 1+cosB
P T (iteosB) _ (tcos®)  equation 5
dx — —asin@ sin@

de

Differentiating again w.r.t x :

d (dy) d (_(1+ cosf)

dx \dx dx sin @

d
= ) =% (1+ cosB)cosec®

Using product rule and chain rule of differentiation together:
dzy
dx2

d2
d_xg = —{cosec 8(—sinB) + (1 + cos B)(—cosec BcotB)}

d d de
= —{cosec Ei (1 +cos8) + (1+ cos Ei) g cosec B}E

(—asinB)

[using equation 4]
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d?y 2
i {—1 — cosecBcotB — cot” B}

asin®

2
As we haveto find®Y — _1.1g="
dx? a 2

-~ put 8 = 11/2 in above equation:

&y 1 moTm 2T {-1-0-0M

== 1 cosec cot cot 2]am_ —

d?y 1

dxz2  a

17. Question

If x = cos B, y = sin®6. Prove that vy d’y [ d_" = 3sin’0(5cos’0—1)
- dx

Answer

The idea of parametric form of differentiation:

If y =f(0) and x = g(0), i.e. y is a function of 6 and x is also some other function of 6.
Then dy/d6 = f’(8) and dx/d6 = g’(6)

dy
We can write : ? = 42
X

de

Given,

y =sin30 ...... equation 1

X=0Cc0S0..... equation 2
2
To prove: v&¥ ., ()" _ 52 2n
prove: y— + (dx) = 35in? 0 (5c0s20 — 1)

We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

d2
As _E( %)

’
dx2

So, lets first find dy/dx using parametric form and differentiate it again.

d> .
d_; = —SiNB e, equation 3

Applying chain rule to differentiate sin30 :

d . .

d_: =3s5in20cosh ccovvenrinnnn, equation 4

dy & 3sin® B cosA

Z _ =" " = —3s5inBcosO ........... equation 5
dx -;_&g- —sin®@ 9

Again differentiating w.r.t x:

d’y d dy
dx2 (dx)
d?y

d .
- i (—3sinB cosB)
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Applying product rule and chain rule to differentiate:

dzy—B'Bd 0+ Bd'ﬂde
i {sin 30 €08 cos® -5 sin }dx
d?y 1

—2 _ 31—sin? 20—

e 3{—sin“ 0 + cos- 0} e

[using equation 3 to put the value of d6/dx]

Multiplying y both sides to approach towards the expression we want to prove-

d’y . o
FE = 3{—5111 B + cos B}m
d?y

Z Y ar_ain? 2 .2
Y 32 3{—sin“ 0 + cos-B}sin“ 6

[from equation 1, substituting for y]

Adding equation 5 after squaring it:

d’y  dy\’ e 2 41 qin? in2 B cos?
y_dxz_'_(_dx) = 3{—sin“ B + cos“6}sin“6 + 9sin“ Bcos~ 6

dz}’ dy : - s 2 ] 2
y@Jr(ﬁ) = 3sin“ 8 {—sin“ B + cos“ B + 3 cos- B}

d’y  dy\’ . 2
y_dxz_'_(_dx) =3sin“6{bcos“B — 1} ........proved

18. Question

gl

If y = sin (sin x), prove that : ;‘q _mnxﬁ N },COSE <=0
B X
Answer
Given,
y = sin (sin x) ...... equation 1
To prove: —‘ + tanx.E +ycos’x =0
B X

We notice a second-order derivative in the expression to be proved so first take the step to find the second

order derivative.

Let’s find 4y

dx?

d%y d dy
sdy_ d dy
dx? dx (dx)

So, lets first find dy/dx

dy d
i dxsm(sum)

Using chain rule, we will differentiate the above expression

Lett=sinx=>?=cosx
X

dy dydt
dx  dtdx
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d: . .
d—i = costcosx = cos(sinxX) cosx ....... equation 2

Again differentiating with respect to x applying product rule:

dzy_ d . N . d
i cosxdxcos(smx) cos(sinx) Ix COSX

Using chain rule again in the next step-

d’y o . .
Gz — —COSXCOS xsin(sinx) — sinxcos(sinx)
X
d’y , .
= —ycos“X — tanx cosx cos(sinx)
dx?

[using equation 1 : y =sin (sin x)]

And using equation 2, we have:

d’y 2 ranx Y

ez = Yeos’x—tanx—-

d? d

d_}j+ ycos®x + tanxd—i =0 ......proved

19. Question
If y = (sin"l x)2, prove that: (1-x2) y2 - xy1- 2=0
Answer

Note: y, represents second order derivative i.e. ? and y; = dy/dx

%2

Given,
y = (sin1x)2 ... equation 1
to prove : (1-x2) y,-xy;-2=0

We notice a second-order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

As ﬁ' — i (E)
dx? dx “dx

So, lets first find dy/dx

dy d ., .
&_E(Sm X)

Using chain rule we will differentiate the above expression

Lett = sin'l x => = = —L_[using formula for derivative of sin"1x]
dx V(1-x%)

Andy = t2

dy dydt

dx dtdx

E _ 1 _ . _1 1 .

ax - ae 2sin™°x T equation 2

Again differentiating with respect to x applying product rule:
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d?y 2,_1d(1)+ 2 d

— = 2sin"'x — —sin 1x

dx dx \WT—x2/  V(1-x?)dx

d—zl"—_&_ 2 i i ny __ 11—1i-—1 _

dx? 2(1—:;2]\;@( 2x) + (1—x%) [using dx (x") = nx ax o X = »-'(1-3(2]]
d?y 2xsin~'x 2

&2 (1—xi=xz (1-x9)

1

(1 xz)@= - 2xsin~'x
dx? VI —x2

Using equation 2 :

d*y dy
I A S
(1—-x )dx2 2 xdx

5 (1-%2) yo-xy1-2=0 ...... proved

20. Question

If y = (sin"! x)2, prove that: (1-x2) y,-xy;-2=0
Answer

Note: y, represents second order derivative i.e. % and y; = dy/dx
X

Given,
y = (sinlx)?2 ... equation 1
to prove : (1-x2) y,-xy;-2=0

We notice a second order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find d%y
dx?

As, d_z}' — i(ﬂ)
dx® dx “dx

So, lets first find dy/dx

dy =12
E_E(Sm X)

Using chain rule we will differentiate the above expression

lett=sinlx=>2—_1 [using formula for derivative of sin"1x]
dx  V(1-—x%)

Andy = t2

dy dydt

dx dtdx

E _ 1 _ .1 1 .

ol t—u’(l—ij =2sin""x T equation 2

Again differentiating with respect to x applying product rule:

d?y — d ( 1 )+ 2 d

— = 2sin"'x — —sin™'x

dx? dx \W1—x2/  J(1-x?)dx

dy_ __2sinix o 2 coodem_one1 41

dx? 2(1—3-.'2]'..'1—3-.'2( 2X)+ (1—x%) [using dx (X )_ nx delIl x= 'e'r(l—:\-:z]]
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d?y 2xsin™1x . 2
dx2 " (1-x2)y1—x2 (1—-x?)

1

d?y 2xsin"1x
1-x%)—2 = 24—
(1-x%)=3 N

Using equation 2 :

d’y dy
E— 2+X£

(1-x3)
5 (1-%2) yo-xy1-2=0 ...... proved

21. Question

If y =e@-1X Prove that: (1+x2)y,+(2x-1)y;=0

Answer

Note: y, represents second order derivative i.e. 1" and y; = dy/dx

Given,
y = etan-1x equation 1
to prove : (1+x2)y,+(2x-1)y;=0

We notice a second order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

As d’y
’dxz_a( )

So, lets first find dy/dx
dy d -1

— _etan b4

dx dx

Using chain rule we will differentiate the above expression

dt

Let t = tan™! > = = —
x= dx 1+'\-.'2 [d tan X 1+x2

Andy = et

dy dy dt

dx  dtdx

dy _ e 1 elmnx equation 2

dx 1+x2 1+x2

Again differentiating with respect to x applying product rule:

2
d_yz etan_lxi ( 1 ) 1 d et:.=.n 1x
dx? dx \1+x2 1+x2dx

Using chain rule we will differentiate the above expression-

a2 tan”lx 2yetan i . ] d _
¥ ( = [using equation 2;— (x") = nx" 1 & tan X =

da? (1+x2)2 (1+x2)2 1+x?

P tan"lx tan™1x

dy e 2xe
1+x%)— = -
( X)dxz 1+ x2 1 +x?2
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tan tx

d’y
4 o
(1+x )dx2 1+x2 (1~ 2x)
Using equation 2 :
d’y dy
4 _ o
(1+x )dx2 = (1—2x)

S (14+x2)y5+(2x-1)y1=0 ...... proved

22. Question

If y = 3 cos (log x) + 4 sin (log x), prove that: x2y,+xy;+ y =0.

Answer

Note: y, represents second order derivative i.e. and y1 = dy/dx

Given,
y = 3 cos (log x) + 4 sin (log x) ...... equation 1

to prove: x2y,+xy;+y =0

We notice a second order derivative in the expression to be proved so first take the step to find the second

order derivative.

Let’s find 4y
dx?

As d’y
’dxz_a( )

So, lets first find dy/dx

dy d :
X i (3 cos(logx) + 4sin(logx))

Let, logx =t
Ly=3cost+4sint......ooeninls equation 2

dy
— = —3sint + 4 cost
dt

— = equation 3

dy dy dt
Tdx  dtdx

d: . .
d_i — (—3sint+ 4 cost)é ......... equation 4

Again differentiating w.r.t x:

Using product rule of differentiation we have

d’y d1 1 d ,

ek (— 33111t+4c05t)——+ (—33111t+ 4 cost)
dzy L 3sint + 4 t—i—ldt 3 t—4sint
i xz( sin cost) de( cos sint)

Using equation 2,3 and 4 we can substitute above equation as:

dy 1 dy 11
dx2 dx XX

(—v)
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Multiplying x2 both sides:

2
2y _ A
dx? dx
x2yo+xy1+y =0 ........... proved

23. Question
If y=e2X(ax + b), show that y,-4y;+4y = 0.
Answer

Note: y, represents second order derivative i.e. and y1 = dy/dx

Given,
y = eZX(ax + b) ...... equation 1
to prove: y,-4y1+4y = 0

We notice a second order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find 4y
dx?

As d’y
’dxz_a( )

So, lets first find dy/dx
"y = e?X(ax + b)

Using product rule to find dy/dx:

dy EKdy d 2x
E—e E(ax+b)+(ax+ b)ﬁe

d}’ 2x 2x

il + 2(ax+ b)e

% = e2x[:a + 2ax + 2b) ..o equation 2

Again differentiating w.r.t x using product rule:

&y _

dy d
2x _ v . a2x
= dx(a+23x+2b)+(a+ 2ax+ Zb)dxe

z .
% = 2ae™ + 2(a+ 2ax + 2b)e®*.......equation 3

In order to prove the expression try to get the required form:

Subtracting 4*equation 2 from equation 3:

d? d

d—xf— 4d_}’ = 2ae?* +2(a + 2ax + 2b)e™ — 4e?*(a+ 2ax + 2b)
d? d

dx}; _ 453; = 2ae?* — 2e?*(a+ 2ax + 2b)

d? d

d_xg_ 4d_§ = —4e**(ax+b)
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Using equation 1:

d’y  dy
w T Y

Sy-4y+4y =0 ..., proved

24. Question

If x = sin

! ,
“logy J show that (1-x2)y,-xyj-a2y = 0
a

Answer

Note: y, represents second order derivative i.e. % and y; = dy/dx
X
Given,

X = sin Glogy)

1

(logy) = asin™'x

y = gasin'x equation 1

to prove: (1-x2)y,-xy;-a2y = 0

We notice a second order derivative in the expression to be proved so first take the step to find the second
order derivative.

Let’s find d%y
dx?

As d_zl"z i ﬂ)
dx® dx “dx

So, lets first find dy/dx

vy = easin_lx

—asinlyx=>X__ 23 911
Lett =asin™ x =>— = N [5;sin""x = u‘r(l—xz]]
Andy = et
dy dydt
dx dtdx
dy e a _aettE equation 2

dx € Vi1—x2) Vi1—x2)

Again differentiating with respect to x applying product rule:

d?y o d ( 1 ) a d -
- = aeaS]n X_ _I_ _eaS]n X
dx?2 dx \WV1—x2/ J(1—-x?)dx

Using chain rule and equation 2:

z asin~1ix 2 _asin™1x . d PR 1

Ty _ 2 (ox)+ T [using o (x®) = nx*! —sinTtx=———]

dx?2 2{1-x2pW1i-x2 (1-x2) dx dx V(1)
so—1 s =1

dEy Xaeasm X a? easm X

& (1—xiexz (A-%9)

1

P asin” "x
(l _ XE) H — El2 easin_l x4 Xae
dx? W1 —x2
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Using equation 1 and equation 2 :

d’y
A el
(1—-x )dx2 a y+xdx

. (1-x2)y5-xyp-a2y = 0......proved

25. Question

If log y = tan'! X, show that : (1+x2)y,+(2x-1) y;=0.
Answer

Note: y, represents second order derivative i.e. g and y; = dy/dx
X

Given,
logy = tan'l X

Sy =gtanux equation 1

to prove : (1+x2)y,+(2x-1)y;=0

We notice a second order derivative in the expression to be proved so first take the step to find the second

order derivative.

Let’s find d%y
dx?

z
As &y _ d dy
dx? dx [:dx)

So, lets first find dy/dx

dy _ d tan tx
dx  dx-

Using chain rule, we will differentiate the above expression

- dt 1 .d
Lett =tanlx => < = g g1y —
dx 1+x2 [dxtan X 1+x2

Andy = et
dy dydt
dx  dtdx

-1
dy _ e 1 eWR X equation 2
dx 1+x2 1+x2

Again differentiating with respect to x applying product rule:

2
d_y _ Etan_l xi ( 1 ) + 1 i etan_lx
dx? dx \1 +x2 1+x2dx

Using chain rule we will differentiate the above expression-

dEy etan_l x zxetan_lx
dx? ((1 + xz)z) T (1+x2)2

. d d
[using equation 2 ;— (¥®) = nx* 1 & —tan1x =
9 q ' dx( ) dx 1+x2

d2 y etan_l x 2XEta11_J' x

1+x%)— = —

( X )dx2 1+ x2 1+x2
dQY tan ‘x
1+x%)-— = 1-2
(1+x )dx2 1+x2 ( X)
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Using equation 2 :

d’y dy
2 _— = — —
(1+x )dx2 = (1—2x)

S (14+x2)y5+(2x-1)y1=0 ...... proved
MCQ

1. Question

Write the correct alternative in the following:

If x = a cos nt - b sin nt, then

A. n?x
B. -n2x
C. -nx
D. nx
Answer
Given:

X=a cos nt-b sin nt

dx .

— = —an sinnt — bncosnt
dt

d?x , 5
— = —an®cosnt+ bn®sinnt
dt2

= -n2 (a cos nt-b sin nt)

=-r]2

X
2. Question

Write the correct alternative in the following:

d?y
If x = at?, y = 2at, then _1 —
dx-
1
A ——
2
5 1
" 2at’
1
C. -
T
5 1
© 2at
Answer
Given:

y = 2at, x = at?
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3. Question

Write the correct alternative in the following:
d’y

Ify = ax"*1 + b x", then x~ _1 —
dX-

A.n(n-1)y
B.n(n + 1)y
C. ny

D. n?y
Answer

Given:
y — axn+1 + bX_n

d}’ n -n—1
= (n+ Dax™+ (—n)bx

2

d y n—1 -n-—2
i n(n+ 1ax™*+(—n)(—n—1)bx

2
de_xf =x*{n(n+ Dax**+ (—n)(—n — 1)bx*?}
=n(n+1ax***? +n(n+ 1)bx#2+2
=n(n+1)[a x"*1 +bx™"]
=n(n+1)y
4. Question

Write the correct alternative in the following:

20

55 (2cosx cos3x ) =

dx-

A. 220(cos2x - 229 cos 4x)
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B. 220(cos2x + 220 cos 4x)
C. 229(sin2x - 220 sin 4x)
D. 220(sin2x - 220 sin 4x)
Answer

Given:

Let y=2 cos x cos 3x

A+ B A—B
2c05Ac05B=cos( 2 )+cos( 5 )

S0 y=C0S 2X+C0s 4X

_y = —2s5in2x— 4sin4x
dx

=(-2)1 (sin 2x+21 sin 4x )
d?y
dx?

=(-2)2 (cos 2x+22 cos 4x )

= —4cos2Xx— 16cos4x

d3y

—— = 8sin2x+ 64sin4x

dx3

=(-2)3 (cos 2x+23 cos 4x )

d*y

— = 16c082x + 256 cos4x

dx*

=(-2)* (cos 2x+24 cos 4x )

For every odd degree; differential = =(-2)" (cos 2x+2" cos 4x );n={1,3,5...}

For every even degree; differential =(-2)" (cos 2x+2" cos 4x );n={0,2,4...}

Z0o
So, szﬁ = (—2)?%(cos2x + 22 cos 4x)

=(-2)29 (cos 2x+220 cos 4x );
5. Question

Write the correct alternative in the following:

d’y
fx =2, y==8,then L ¥ _

dXE

1| W

5w

12|

| 2

Answer
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x=t%y=1?
dy , dx
a— JE—zt
d
dy_d—g_?;t
dx  dx 2
d

6. Question

Write the correct alternative in the following:

Ify=a+ bx?, a, b arbitrary constants, then

2

d-v

A. dxf; :ZX}.'
dzv

C. Xdz} _ﬁ_ =)
dx- dx
d?y

D x—}: 2Xy
dx~

Answer

Given:

y = a+ bx?

d

E'Ti= 2bx

d2

d_xgz 2b = 2xy

d2

xd—}g= 2bx

_dy

T dx

d’y dy
x@—£+y= 2bx— 2bx+y
=Y

7. Question

Write the correct alternative in the following:

Get More Learning Materials Here : & m @\ www.studentbro.in



If f(x) = (cos x + i sinx) (cos 2x + i sin 2x) (cos 3x + i sin 3x) .... (cos nx + i sin nx) and f(1) = 1, then f"" (1) is

equal to

n(n+1)

-

s | (_1)}

A.

]

D. none of these
Answer

Given:

f(x) = (cos x + i sinx) (cos 2x + i sin 2x) (cos 3x + i sin 3x) .... (cos nx + i sin nx)

Since gi* = cosx +isinx

So, f(X) — e]':-.' % ei2:( w eiEx % eia‘:x %% ein:(

f(X) — eix(1+2+3 +4+4-4n)

_ eixn(n; 1}
in(n+1)
f(1)=e" z
n(n+ 1) . nm+1)
f(x) = e ML) g
2
nn+ 1)1~ . n{n+1)
f'(x) = i?x* (g) e 2
2
n(n+1° . n{n+1)
(%) = —x2 (g) T
2
n(n+ 1)\’
f'(1)= —1? (g) x 1
2
(n(n+ 1))2
- 2

8. Question

Write the correct alternative in the following:

2

d-y

If y = a sin mx + b cos mx, then —_-_ is equal to

dXz
A. -mZ2y
B. m2y
C. -my
D. my
Answer

Given:
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y = asinmx + b cosmx

dy .
— = macosmx — mbsinmx
dx
2
d_y_ e : _ 2b
> = —m asinmx — m°bcosmx
dx

= —m?[asinmx + b cosmx]
=—m?y
9. Question

Write the correct alternative in the following:

iF £(x) sin” X hen (1 - x2) £ (x)- xf(x)
= —7=—— then -x4) ' (x)- xf(x) =
J(1-x7)

A. 1l

B. -1

cC.0

D. none of these

Answer
Given:

sin~tx
y = fx) V(1 —x2)
d 1 1 —2x
@_ [’r J(1—x2) —sintx f( ) ]
dx (\’f(l xz)) V(1 —x2) 2v(1—x2)

1

B 1 [1 . X sin™ x]
RCEDNRCES

 1+xy
S (1-x?)
rron 1 HxE(X)
P =tt—x

(1—x)f'(x) = 1 +xf(x)
(1—-xH)f'(x)—xf(x) =1
10. Question

Write the correct alternative in the following:

. ‘
If v = tan ™! [lﬁge (_-e.-"x') +tan”™ [ﬂ}then dz}, =
’ 1 10ge(ex-) 1-6log. x dx 2
A.2
B.1
C.0
D.-1
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Given:

o S 2

R et EL o

y =tan~! [%g::i] + tan™*(3log.e) + tan~*(2log.x)

y = tan~! {1 _ll_oiegee; il;?;;x} +tan"*(3log.e) + tan~*(2log.x)

y = tan"*(log.e) — tan~*(2log.x) + tan"*(3log.e) + tan"*(2log.x)
y = tan" (1) + tan~2(3)

. _1(1+3) i
y=tan™"{r—Z|=tan (—2)
dy
dx
11. Question

0

Write the correct alternative in the following:

Let f(x) be a polynomial. Then, the second order derivative of f(eX) is
A. 7 (eX) e2X + f'(eX) e

B. f’ (eX) e* + f'(eX)

C.f’ (eX) eZX + f (&X) eX

D. f’ (eX)

Answer

Given:

o)

since, < f(g(x)) = '(g(x))g'(x)

S0, = f(e¥) = f(e¥)e"

Also, % [f(x)g(x)] = £ (X)gx) + g’ (x)f(x)
So, %f’(e-“)ex = f"(x)e*e* + e*f'(x)

= f"(x)e** + e*f'(x)

12. Question

Write the correct alternative in the following:

If y = a cos (loge X) + b sin (loge X), then x2 y, + xy; =

A. 0
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B.y

C. -y

D. none of these

Answer

Given:

y = acos(log,.x) + bsin(log.x)

dy . 1 1
- @ sin(log.x) < +bcos(log.x) "

Xy1= —asin(log.x) + b cos(log.x)

d? 1 1 1 1
= @ cos(log.x) e + 22 sin(log.x) — bsin(log.x) e + bcos(log,. x) e

X2y, = —a cos(log.x) + asin(log.x) — bsin(log.x) — b cos(log. x)

2\ 4 xy.= —acos(log.x) + asin(log.x) — bsin(log.x) — b cos(log.x) — asin(log.x) +
NRCREEET cos(log.x)
= —asin(log.x) — b cos(log,.x)

=¥
13. Question

Write the correct alternative in the following:

If x = 2at, y = at?, where a is a constant, then d_" at X:l is
2 9]
dx 2
A.1/2a
B.1
C. 2a

D. none of these
Answer

Given:

x = 2at, y = at?

dx_zldy_zt
ET T
dy
dy _ Gt _,
dg  dx
dt

=~ ="

dy
d?y dr\dx) 1

dx2~  d&x  2a
dt
14. Question

Write the correct alternative in the following:

If x = f(t) and y = g(t), then d;i is equal to

dX-
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fg'—g'f"
(£’
fg'—g'f"

(f"*

Answer
Given:
x = f(t) and y = g(t)

dx dy
G- =80

dy ,
dy @&t g@®
dx 4~ F(p
dt
d(d
eyl
dxz  dx
dt
1 1 " T " r ]
= £ (P & OF © " (Vg @)
@ OF O~ (Og'®)
- ()3

15. Question

Write the correct alternative in the following:

If y = sin (m sin"! x), then (1 - x2) y, - xy; is equal to

A. m2y

B. my

C. -m2y

D. none of these
Answer

Given:

y = sin(msin™x)

dy . 1
—=m cos(msm‘lx)f—
dx V(1 —x2)
d mx
x—y = cos(msin™'x) -
dx V(1—x2)
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d?y

dx?2
1
— i in~t 1 — «2 _ _ ia—1
m sinim sin X 1 X 2x)cos(msin™ x
. ( WI=X* T ~ oy =y 20 ol )
- 2
(\;’r(l —x2 ))
m X
. — sa—1
=——+—m sin{m sin" " xXx)+ ——— cos({msin "X
(1—x2)[ ( )+ T oo )]

. . — X . —
(1-x3)y>;=m {—m sin(m sin™'x) + Vo cos(msin~tx) }

mx

= —m? sin(m sin™*x) + - cos(msin™*x)

V(1—-x

(1-x%)y, - xy;

mx mx

2 o -1 -1 -1
= —m* sin(m sin"'x) + ———— cos(msin 'x) — cos(msin *x)———
V(1 —x2 V(1-x2)

= —m? sin(m sin™!x)

=—m?y

16. Question

Write the correct alternative in the following:
If y = (sin'l x)2, then (1 - x2) y, is equal to
A.xyqs + 2

B. xyq -2

C.xy; +2

D. none of these

Answer

Given:

y = (sin™'x)?

dy _— 1
— = 2sin”
dx V1-—x?

2%
, > S
d*y ( 1 1 2V1 %2
(V1 —Xz)z

1-—x? X(ﬁﬁ}aﬁ

- x2 — T
(1 X)yz—2[1+sm X\,-'1——}

%2

1
=2+x{23111‘1x }
V1—x2

= 2+ Xy,
17. Question

Write the correct alternative in the following:
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If y = e X then (cos? x)y; =
A. (1 -5sin2x)y;

B. -(1 + sin 2x) y;
C.(1+sin2x)y;

D. none of these

Answer

Given:

tanx

y=e
dy
dx
d?y
dx?

— eta“xﬁsecx)z

= e ¥(gecx)?[(secx)? + 2 tanx]

(cos? x)yo= e=*[(secx)? + 2 tanx]

[1 + 2sinx cosx]
— etan:(

(cosx)?
= ef¥"¥(g5acx)?[1 + 2 sinxXcosx]
= ef¥"%(gacx)?[1 + sin 2x]
= [1 +sin 2x]Y1
18. Question

Write the correct alternative in the following:

a+b 2

fVv=—"F—mem—

-1

A. }'1 =
a+bcosx
bsinx
B. Y, =——~
(a+bcosx)
C. }'1 :;
a—bcosx
—bsinx
D.Ys=—=
(a—bcosx)”
Answer
Given:
2 tan-1 (a— bt X)
= ——tan an—
y V(a2 —b?) at+b 2
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dy 2 1 (a— b)( x)z

- _ sec—

dx (a2 -b?2) a—b_ x\? [\a+b 2
1+ (a—l— btani)

B 2 (a+ b)?
V@ =D\ (3 4 b)2 + (a— b)?

a—b Xy 2
(tan%)z (a+b) (SECE)

2 (a+b)
- V(a2 —b?) (32 (1+ (tanx)?) + b2(1+ (tanx)?) + 2ab(1— (tanx)E)) (
—b) (secg)z
=2 ! V(a?
a2 (1 + (tan%)g) + b? (1 + (tan%)z) + 2ab (1 — (tan%}g)
—b?) (secg)z

2
Divide numerator and denominator by (1 + (tang) ) ;

We get:
1 Xy 2 1
-2 fra2 _ b2 - - -
1- (tan%)z v )(SEC 2) 1+ (tan%)z
a2+ b2+ 2ab —  x\?
1+ (tani)

e - bE)(sec%)z (Sei

az+ b2+ 2abcosx

X)z

(%]

= 2( ! )J(az—bE)
aZ + b2 + 2abcosx
2

d<y
—_ 9.frq2 2
dXE—Zw(a b)(

l 2
—2ab si
aZz+b? + 2ab cosx) {~2absinx}

19. Question

Write the correct alternative in the following:

ax +b
72

X —C

If vy = , then (2xy; + y)y3 =

A. 3(xyz +y1)y2
B. 3(xy2 + y2)y2
C. 3(xy2 + y1lya
D. none of these
Answer

Given:

ax+b
 xZ4c
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dy a(x®+c)—2x(ax+b)
dx (x2+ )2

—ax?— 2bx + ac
(x2+ )2

—ax?—2bx®+acx
(x2+c)=

2Xy1=

d’y  (—2ax—2b)(x*+c)? — 2(2x)(x* + ¢)(—ax? — 2bx + ac)

dxz (x2+ )4
20. Question

Write the correct alternative in the following:

w2

J _thenx3y, =

If }.' :loge[
a+bx

A. (xyq - y)2

B. (x + y)?

\2
c.|¥Y—X\N
¥i

D. none of these
Answer

Given:

dy 2( 1 )a+bx—bx
dx X [ +b 2]
X a+ bx (a+bx)

=2 (a —;bx) [(a +abx)2]

_ Z2a
~ x(a+bx)

_ 2a
~ (ax+ bx2)

dy  2ax
Xax (ax + bx?2)

dzy_z —(a+ 2bx)
axz 2 (ax + bx2)2

dy
=(—a-— be)ﬁ

dzy dy
3 3
X Ix2 =—X (a + ZbX) 1

21. Question
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Write the correct alternative in the following:

If x = f(t) cost - f'(t) sintand y = f(t) sint + f'(t) cos t, then(d_XJ- _(d_"J- —
dt dt

A. f(t) - (1)

B. {f(t) - f"(t)}2

C. {f(t) + f"(t)}?

D. none of these
Answer

Given:

x = f(t)cost —f'(t)sint
y = f(t) sint + f'(t) cost

d
d—f =f'(t)cost—f(t)sint— f'(t) sint — f(t) cost
= —f(t)sint— f'(t) sin t

= —sint [f(t) + f'(1)]

d 2
(d_?) = {—sint[f(t) + '(0)]}*

= (sint)*{f(t) + " (1) }*

d
d_:‘,: = f'(t)sint+ f(t)cost + f'(t)cost —f(t)sint

= f(t)cost + f'(t)cost

= cost[f(t) + f'(1)]
(&)’ ~ feoseo + P
= (cos)*{f(1) + F'(D}*
W2 W2
[d_XJ- _[ﬁJ- _ (sint)2{f(0) + F(D)? + (cost){f(D) + £ (D)
dt dt
= {f(t) + f'(D)}*
22. Question
Write the correct alternative in the following:
If yI/n + y1/n = 2x, then (x2 - 1)y5 + xy; =
A. -n2y
B. n2y
C.o0
D. none of these
Answer

Given:
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ylfn s y—lfn = 7%

1 l_ld}’ -1 __1_1dy

Hyn Eﬁ-?y n E =2
ndx
23. Question

Write the correct alternative in the following:

d
If dx
et =x"e",

—] )
{x” —a x" e, x? —...—(—l)nan}

Then the value of a, 0 < r = n, is equal to

[]
AL

1!

5. (n—r)!

1!

n!

—

n-r)!
D. none of these

Answer

Given:

d
E{Xn _ alxn—l + azxn—E 4+t (_l)nan}ex = xNp¥

d
E{ao (—1)%"+ a, (-1 1+ a, (—1)%x" 2 + -+ (—1)"a, Je*

d
E (X— 1)
m n n-—
x—1"=) (})x*D*
k=0
So, at k=r;

.= ()
Also, (111) = (112 r)

n
503, = (11 — r)

24. Question

Write the correct alternative in the following:
If y = x""L log x, then x2 y, + (3 - 2n) xy; is equal to
A -(n-1)2y

B.(n-1)2y
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C.-n?y

D. n?y
Answer
Given:
y=x""tlogx

dy
dx

1
=(n—1)x"?logx + ;xn‘l

=(n—1)x"?logx +x"?

=x""%[(n—1)logx + 1]
Xy1 =x""*[(n—1)logx + 1]
=(n-1Dy+x"1

(3—2n)xy; = (3—2n)[(n— Dy + x"]
=(3n—3—2n? + 2n)y + 3x™1 — 2nx™~* (1)
d’y

1
Y — _ _ n—3 _ _ n—2 _ n—3
2 (n—1)(n—2)x"3logx + < (n— 1Dx" 2+ (n—2)x

=n—-1(n-2)x"3logx+(n—1)x**+ (n— 2)x"3
= x"3[(n—1)(n—2)logx+ (n— 1) + (n — 2)]

X2

Y2=x"1[(n—1)(n—2)logx + (2n— 3)]

= (n®* —3n+ 2)y+ 2nx™1 — 3x"1 (2)

x2y, + (3 -2n) xy;

= (n*—-3n+2)y+2nx" 1 —3x" 1+ (3n— 3 —2n% + 2n)y + 3x* 1 — 2nx*?
= (-n*+2n—-1)y

=—(n-1)%

25. Question

Write the correct alternative in the following:

If xy - loge ¥ = 1 satisfies the equation x(yy, + y12) -yy + Ayy; =0, then A =
A -3

B.1

C.3

D. none of these

Answer
Given:
xy—log.y=1
xy=log.y+1

Differentiate w.r.t. ‘x’ on both sides;

Get More Learning Materials Here : & m @\ www.studentbro.in



dy

(_

dx

) -|

4

(1-xy)

__ ¥y
(1—xy)?

d [dﬂ_ d
dxldx] dx
_ 1

T (1—xy)?

(1—xy)
d
{Eyd—i (1-xy) -y’ (—y +X——

¥

1 dy 2(
——(1_){3{)2{23’&(1—@)—? —y x5

dy
T (11— xy)z{ dxd}’+y+ yd}

Zy +y +xy d}’}

-

G g
e —y;)z {BYHd_y}
yji;;’ el —yj{y)z [35’“%}
@ -l Yea
=(1_y7;)2{3y+xg+y}
=(l_y—iy)2{4y+xg}
X :yjiy};+ (g)z — jiyg = (1{—?;)2{43’+ X
=U_—jw{xy(4y+xg)—3y—xg}

2 dy

y dy
B (1—xy)2{4xy XY T X
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z d
= T2 —yxy)E {y(4xy— 3)+ Xd_i (xy — l)}

2 d
= Eil—yixy)?{y(xy—l— 3xy—3) — XEBZ (1 —xy)}

2 dny
y(xy —3(1 —xy)) _XEE}

(1—xy) &

I AR I
(1—xy)2 | dy
dx

2 z
Since A dy _
X [y dy? + (dx) dy? + ;\'y dx 0

z 2 z
So, x [ &Y (g)]_uz_ dy
X [y dy? + dx dy? ;'Ly dx

dy y? y?
VT ‘u——w{?’@
dx

A & ¥
_ly(l—xy)_ (1xy)2{3db’}

dx

dx
3 2
A= — 5
(1—-xy) 3y
dy
A= Sdx
dy
dx
A=3

26. Question

Write the correct alternative in the following:

g

If y2 = ax? + bx + ¢, then y3d_§_';is
dX-

A. a constant

B. a function of x only

C. a function of y only
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D. a function of x and y
Answer

Given:
yZ=ax?+bx+c

y= V(ax®+bx+¢)

dy
dx  2V(ax2+bx+c)

% (2ax+b)

d?y
dx?

(2axvaxZ+bx+c)— ((Zaer b) x

2v/(ax2 + bx + c)

% (2ax + b))

B =

(V(ax2+bx+ c))2

d4a(ax®+bx +c) — (2ax+ b)?
1 2vV(ax2+bx +c

2 (V(ax2+bx+ -:))2

1 {432}{2 + 4abx + 4ac — 4a?x* —b? — 4abx]
=5 2
2 (m’r(ax2+bx+c)} x2V(ax2+bx +c

1 4ac — b?
(V(ax2+bx +c))?

, 4%y 1{ 4ac — b?
y =
dx? 4 ((V(axz+ bx+ o))
_dac—b’
4

Hence, y is a constant.

Very short answer

1. Question

5

3] x (V(ax® + bx + l:)]'3

Ify = ax"*1 + bx ™" and x? dy 7.v. then write the value of A.

2_

dx
Answer

Given:
y=ax"*1 4+pxn

dy n —n—1
I (n+ 1)ax™+ (—n)bx

2

d y n—1 —n—2
i n(n+ Dax™ 1+ (—n)(—n— 1)bx

2

24 _ *{nn+ Dax" 1+ (—n)(—n — 1)bx ™2} = Ay

X —_—
dx?
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Ay=n(n+1)a x"1+2 £n(n+1)bxN-2+2
Ay=n(n+1)[a X~ (n+1)+bx"(-n)]
Ay=n(n+1)

A=n(n+1)

2. Question

5

If x = a cos nt - b sin nt and d_: = 3.x. then find the value of A.
dt~

Answer

Given:

y=a cos nt-b sin nt

dy .

— = —an sinnt — bn cosnt

dt

d2

Ff = —an®cosnt + bn?sinnt = Ay

Ay= -n? (a cos nt-b sin nt )

Ay=-n?y
A= -n2
3. Question

A

If x = and y = 3, where a is a constant, then find &Y 4t x — l
dx* 2

Answer

Given:

x=t2 ;y=t3

dy dx

——=3t% - =2t

dt dt

dy
dy _ @t _
dx dx 2
dt
4

4. Question

If x = 2at, y = at, where a is a constant, then find d_‘_r atx = l
i 3

Answer

Given:
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5. Question

2

If x = f(t) and y = g(t), then write the value of d ‘; .
dX-

Answer
Given:
x = f(t) and y = g(t)
dx dy
G- =80

dy ,
dy _ar_g@®
dx  dx f'(t)

dt

E(ﬂ)
d’y  dtl\dx
dxz A

dt
1 1 " I I r ]
= £ (P & OF © " (Vg @)
_E"Of - "(g'®)
(F(1)3
6. Question
2 3 4 2y
Ify = 1—x+X____X_ to oo then write d7y in terms of y.
2003 4T dx?
Answer
Given:
x x? x3

y=l=qntz 3t
dy 2x  3x%  4x3
—=0- _—— oo
dx 20 3! 4!
d?y 2x  3x? 4x®
e TR TR T
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X x* X
TR TR TR
dzy_
axz Y
7. Question
fy = x + & find %
dy~
Answer
Given:
y=x+ e*
dzx_ 1
dzy ~ d¥y
dx?
d_}’ =1+e*
dzy_ .
dx2
dzx_ 1
dzy  ex
=e'X

8. Question

d?y
Ify = |x - x|, then find _1
dx-
Answer
Given:
y = [x—x?|
_ E—xz;xzo
y Z-xx<=0

ﬂ_[l—zxxzo

dr Cx—1:x=0

@_{—z;xzo
dxz_ l2x=<0

9. Question

d%y
Ify = lloge x|, find &
dx-
Answer
Given:

y=|log.x|vx>0

y = log.x
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= (-Dx?
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