Chapter - 5

Differential Calculus

Ex 5.1

Question 1.
Determine whether the following functions are odd or even?

0 = (551

(i) f(x) = log(x® + v/2Z + 1)
(iii) f(x) = sin x + cos x

(iv) f(x) = x% = |x|

(v) f(x) = x + x°

Thus f(-x) = -f(x)

=~ f(x) is an odd function.

(ii) f(x) = log(x? + v/22 + 1)
f(-x) = log((-x)? + y/(—)2 + 1)
= Ir::gl(x2 +v/z22 + 1)

Thus f(-x) = f(x)

-~ f(x) is an even function.



(iii) f(x) = sin x + cos x

f(-x) = sin(-x) + cos(-x)

= -SIN X + COS X

= -[sin x — cos X]

Since f(-x) # -f(x) (or) f(x) # -f(x)

- f(x) is neither odd nor even function.

(iv) Given f(x) = x2 - |x|

f(-x) = (-x)2 - |-x|
= x2|x]
= f(x)

= f(x) is an even function.

(V) f(x) =x + x2

f(-x) = (-x) + (-x)?2 = -x + x?

Since f(-x) # f(x), f(-x) # -f(x).

=~ f(x) is neither odd nor even function.

Question 2.
Let f be defined by f(x) = x3 - kx% + 2x, x € R. Find k, if ‘'’ is an odd function.

Solution:

For a polynomial function to be an odd function each term should have odd
powers pf x. Therefore there should not be an even power of x term.
~k=0.

Question 3.

If f(x) = * — % then show that f(x) + f(%) =0

Solution:



(1)+(2)give5f(a:)—|—f(%)::1:3—%4—%—:1:3:0

Hence Proved.

Question 4.

If f(x) = Hl , then prove that f(f(x)) = x.

Solution:
x+1 1
fx)=
1
Z"'ﬂ-l'l a1+ {x-1)!

. x- _ x~1
f(Fx)= (al_)_] T {xl)~(z-1)
x—1 : =1

x+l+x-1 _::.'_{z
x+l-x+1 2

Hence proved.

Question 5.
~1 1
For f(x) = 3 y write the expressions of f( =) and @)
Solution:
_ x-1
S e

-t

1 1 3Ix+1
Also — e
S (x) -[3::+;1]‘_r ¥l




Question 6.

If f(x) = exand g(x) = loge x then find
O+ (1)

(i) (fg) (1)

(i) (3f) (1)

(iv) (5g) (1)

Solution:

() (f+g) (1) =el+logel=e+0=¢e

(ii) (fg) (1) = f(1) g(1) = € log; =ex0=0
(i) (3f) (1) =3 (1) =3 e’ = 3e

(iv) (59) (1) =5(g) (1) = SIOg; =5x0=0

Question 7.
Draw the graph of the following functions:
() f(x) =16 - x2
(i) f(x) = |x - 2|
(iii) f(x) = x|x|
(iv) f(x) = e
V) f(x) = e
|z|

v fx) = =

Solution:

() f(x) =16 -x2
Lety =f(x) =16 - x2
Choose suitable values for x and determine y. Thus we get the following table.
x| 4 | 3 -2 | -1 0 1 2 3 4
S I 7 12 15 16 15 12 7 0

Plot the points (-4, 0), (-3, 7), (-2, 12), (-1, 15), (0, 16), (1, 15), (2, 12), (3, 7),
(4, 0).
The graph is as shown in the figure.




e T £ 2 3 -4

(ii) Lety = f(x) = |x - 2|
1 x=2 i x-220
= (x=2) if x-2<0
x—-2 if x=22

—x+2 if x<2

y=x-2,x22

Plot the points (2, 0), (3, 1) (4, 2), (5, 3), (0, 2), (-1, 3), (-2, 4), (-3, 5) and draw
a line.

The graph is as shown in the figure.
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(iii) Lety = f(x) = x|x]|
x{x) if x=0

S = {x{—-x) it x<0

2 =
x i x20
f{x}_{—f if x<0
}’=Iz.x3_*0
X 0 1 2 3
¥ 0 l 4 9
y:—.rz,.rf.{}

Plot the points (0, 0), (1,1) (2,4), (3,9), (-1,-1), (-2, -4), (-3,-9) and draw a
smooth curve.

The graph is as shown in the figure.
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(iv) For x = 0, f(x) becomes 1 i.e., the curve cuts the y-axisaty = 1.
For no real value of x, f(x) equals to 0. Thus it does not meet the x-axis for real
values of x.

(v) Forx =0, f(x) becomes 1 i.e., the curve cuts the y-axisaty = 1.
For no real value of x, f(x) equal to 0. Thus it does not meet the x-axis for real
values of x.
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(vi) If f: R > R is defined by

x| .

— if x=0

fx)=14 x
0 if x=0
X if x>0

= % x
X if x<0

| x
L af x»0
-1 if x<0

Y

Sx)=dix, x>0

(0, 1) i

10,0

.1\.
W
s

— (0. -1)

fix)=klx, x<0

W

The domain of the function is R and the range is {-1, 0, 1}.



Ex 5.2

Question 1.
Evaluate the following:

X +2

BTN

(i) i — T2
X—og x2+3x+9

Uﬂ]mnzf

x—oe M

il !
JI1+x—=y1—x%
X

iv) li
)

5. .5
(v) lim x‘f-—-a*

-‘L'""I?""ﬂ

Z
3

-
(vi) mn—sulfx

x—-0 3

Solution:

. b 2342
(i) limg_,o el

. X+2 2242 8+2 10
lim = = =—
=2 x+1 241 3 3

215

(i) limy 00 5255
x(2+23
oo x? 43349 ox (14345

[Takeout x from numerator and take x% from the denominator]

242
= lim~ Py
X X l+x+,z

=U( 2+0 )
140+0




(iii) limy_. o0 %;i

a4
= | 2
g
: .
n(1+4) 1( 1)
= ~ = lim—| l+—
I_I,ngo n’ =@ ) n
2 L 2 2
(i) B g T2

¥

_ ‘im\/1+x-\/l—x x[s]l+x+ l—x)

=0 5x Nrx+dl-x
: (1+x)~(1-x)
= lim -
*-’°5x(\/-l+x+\ﬁ—x)
= i l+x-1+x
0 5x(y/14 x +/1=x)
2x

im
=0 5x(J1+x +/1-x)

, 2 2 1
= l]m — == = -
=05(/1+0+41-0) S5(1+1) 5

o .
. r8 —ag8
(v) lim, .4 73
r3 _ag3%
3 3
x% —ﬂg =
lim = lim :_,’
x=rd 3 —-a t_’ﬂ(éw_ﬁz)
x—a

[Divide both numerator and denominator by x — a; lim, .,

" —a”
T—a

= na"]



lim £=22
2. -3
5 =2
== Sa:-l = _5_.x.§.x.q_;r == 1_5.)(0-5%
g} B 2 47 16
_— 2 9
(vi) llmm_;o smz23:1:
= B sin3x ” sin3x
x=»0 X X
- fi 3sin3x 5 3sin3x
-0 3x 3x
—3x3 limSln3xxlim sin3x
0 3x x>0 3x
=Ox]1=1=9
Question 2.
9 9
If limg ., =% = lim; .3(z + 6), find the value of a.
Solution:

lim, ., % = lim, .3 (-95' + 6)

9.a%1'=3+6

9.a%=9

a® =1

Taking squareroot on bothsides, we get

(GS)% =t

at = +1

But a* = -1 is imposssible.

sat=1



Again taking squareroot, we get

Again taking positive squareroot, a = £1

Question 3.

If lim, .o % = 448, then find the least positive integer n.

Solution:

2|1224
2112
2056
2/28
2)14
7

Question 4.

If f(x) = “iﬁ__lég, then find lim, .5 f(z)

Solution:

hIIlT,_,g f(:]j)



x-128 . x'-2

x—»2 xj' =32 x—2 xs — 25

x' =2

limé —
= i—-‘,‘_:_—"-%? [Divide both numerator and denominator by x — 2]

lim >

=2 x-—2

73 [ W n-—-l]
= - - lim =na

5.2 x2a x—d
= 1 » ‘21 = E

5 5
Question 5.
Let f(x) = ?—:f, if im, o f(z) = 2 and lim; . f(z) = 1, then show that f(-2) = 0
Solution:

Given that M £(x) =2

lim &+b _
Tyl
a(0)+b _
0+1
b=2
Also given that Im £(x) =1
i.e, im wth =]
T
b
litn x(a+?) 1

¥ x{l+-ﬂ

b
oa+t
lim £ 1
o ] 1+L

x

m —
1+0

a=1

1



x+1
x+2
x)=—— [va=1,b=2
£ e [ ]
-2+2 0
S 2 e eeee—— - =
A -2+1 1
Hence Proved.
Ex 5.3
Question 1.
Examine the following functions for continuity at indicated points.
W L=l
[@fx)=19 x=2 *EL atx=2.
! ¢ i x=1
[ci8
x'=9 .
B Ax)=9 x-3 i x=»3 atx =3,
6 if x=3
Solution:

2

(a) f(x) = “;—__24, also given that f(2) = 0

LI/ (k-2 = 1M £(x)
[“x=2-h,whereh = 0, x = 2]
=lim ro_py [+x=2

hi—)

_tim @ -4 iy 44k -4h-4
h-i) (z_h]_z & a0 5 — =0

— lim h* —4h
h—»0 —h
_ lim Ah—-4)

h—sl) “h - 11—13{} h_4



= hl-o 1 4
But L{f(x))c=2 f(2)=0
S L ))e-2#f(2)

.. The given function is not continuous at x = 2.
(b) Given that f(x) = =2 and (3) = 6

LI ())-3= I £ (x)

[“x=3-h whereh =0, x = 3]

=lim £(3_p)

_ im B-h)"-9
0 3p-3
_lim 9+h°—6h-9 _ |im h’—6h
A0 - —h h -h
h(h - 6) h— -6
-1

&3

=

— lim =hm 2% _ ¥

h—0 ~h h-=30 = =6

RIf ()3 = 1M £(x)
[*x=3+h, wherex =3, h—0]
=BG +h)

_ lim (3+‘f1)2 -0
34 k-3

_ lim 9+A* +6h-9
h—0 h

_lim K’ +6h _ jim h(h+6)
h=0 A h—>0 h

=0«* b
=



Also given that f(3) = 6
Thus L[f (x))e -3 =R[f (x)]:-3=/(3)
ie, M fey=Im roy=7(3)
=~ The given function f(x) is continuous at x = 3.

Question 2.
Show that f(x) = |x| is continuous at x = 0.

Solution:
Given that f(x) = x| = '_i :; ig
LI Ek-0= 0 169
[“x=0-h]
- ko -
= [ f(hy= 1 4|

— lim Ih| = lim h=0

A0~ h—0"

RIf ()0 = 1M £(x)

_ i = B =l

= UM fO+k)= "0 f(h)= ,fﬂl ||

= lm
h—0 h

=
[+ |x] =xif x> 0]
Also f(0)=10| =0
. m roy= M £y =1(0)

=~ f(x) is continuous at x = 0.



Ex 5.4

Question 1.

Find the derivative of the following functions from first principle.
(i) x2

(ii) ex

(iii) log(x + 1)

Solution:
Let f(x) = x? then f(x + h) = (x + h)?

d
Now o (x)

— llmf{x+h}-f{x]

h-»0 h

R 2. . 2
=];imx +h*+2hx—x =]imh + 2hx
h—30 h h—+0 h

(ii) Let f(x) = e then f(x + h) = e~ (=+h)
Now % f(x)

i fEED ()

h—0 h

h—0 h



(iii) Let f(x) =log(x + 1)
Then f(x + h) =log(x+h+ 1) =log((x+ 1) + h)
Now % f(x)

i LG = ()

h—0 h
i log(x +1)+ A)—log(x +1)

h—0 h
- i g (%50)

k=0 h

. log(1+-%) log(1+3%)
= lim = jmz—-

h—0 h h—‘U(IH}}({I"i‘I)
] l{}g(l + A




_ftx)___,l_

x+1

d 1
. —log(x +1)= ——
z g( ) s

Ex 5.5

Question 1.
Differentiate the following with respect to x.

() 3x* =23 + x + 8

Solution:
(i) Lety=3x*-2x3+x+ 8

% = %tm - i(zxi‘:u + if_(x}+ %fiﬂ

—3—() o {13]+1+ﬂ

=3(4-x“ h -;-2{3.:3 H+1
=12x-6x"+1



253 2)25(3)55(0)

= 5%(#)-2%(::‘3)4{'

=5(-ax* - 237 Y+ 51!
=-20x" + 6x~* = 5x7
20,6 5




(iv) Lety = =
N
X X X
y=i+2—x
x
dx x
=—_3_] _ —3-x* =_(3+x2)
x x* x?

(v) Lety =x3 ex

[+ We have product of two functions, so use product rule]
= x3 ex + ex (3x2)

= ex (x3 + 3x2)

=x2ex(x+3)

(vi) Lety=(x2-3x+2) (x+ 1)
y=x3-3x2+2x+x?-3x+2
y=x3-2x2-x+2

dy

_ 2,2
5, = 33X —4x-1

(vil) Lety = x* = 3 sin x + cos X
dy
dz
= 4% — 3 cos X — sin X

(vii) (ﬁ . _\/17)2

2
Lcty=(\/;+-—l-J =x+l+2' Jx-
Jx x

_d d d
= - (x4) -3 E(sn".}w:)+ r (cos X)

Y
Jx

y=x+l+2

¥

1
ﬂ=1——2+{}|=1~i2
dx x X



Question 2.
Differentiate the following with respect to x.

. et
(1) 14z
2 —x+41

(iii)

1+e*

Solution:

dy _(H+x)5(e)-€e" £ (1+x)
dx (1+x)?
_ (1+x)e* —e*-1
(1+x)?

_ e(l+x=1) - xe”
(1+x)? (14 %)

- 24z+1
(i) Lety = zg_iﬂ

du _ ,, dv
-‘!.(fi)=zg__"gx_
dt v v2

dy (P -x+D) L +x+1) - (7 +x+ 1)L (" -x+1)
dx

(x? =x+1)?

(P —x+D)Rx+D) - (x* +x+1)2x-1)

(Jc2 -x+ l')2

’ “
2P =20 4+ x2 22382 =22 4 2+ 2x—x-2x+x+141

(x* -x+ l)2

2832 - B0 2(1-x%)

- e or ~ ~
(> -x+1)? (2-x+1P? 7 (x*-x+1)°



T

(iii) Lety = =%

1+e*
dy  (1+e")d(ef)-e" L(1+¢€")
dx (1+€*)
_(l+e)e - - e*(l+e'f—€e’) €
(I+e*) (1+€*)’ (I+e*)

Question 3.
Differentiate the following with respect to x.
(i) x sin x

(ii) exsin x

(iii) ex (x + log x)
(iv) sin x cos X
(v) x3 ex

Solution:
(i) Lety =xsinx

dy d i i d

e i -+ S

g K (sin X) sin X — (%)
=XxcosXx+sinx.1

=X CosX +sinXx

(i) Lety = e*sin x

dy _  d . : d .
o E(5|mr:)+5|n>{ﬂ[:=;-)

= e* cos X + sin x e*

= e* (cos X + sin x)

(iii) Let y = &* (x + log x)

% =¢" % (x + log x) + (x + log x}% (€")



=¢ (l+-l—) + (x + log x) €'
x
4 1
=¢ [1+—+x+logx]
x

(iv) Let y = sin x cos x

d . )
Y o~ sinx L (cos x) + cos X @ (sin x)

dzx dx dr

= sin X (-sin X) + COs X cOS X

= -sin? x + cos? x

= cos? X — sin? X

= cos 2x [ cos 2x = cos? X — sin? x]

(or) y = sin X cos X

y = 1 (2 sin X cos X)

Question 4.

Differentiate the following with respect to x.
(i) sin x

(i) cos? x

(iii) cos® x



(iv) v1 + 2
(v) (ax? + bx + )"
(vi) sin(x?)

.. 1
Vil
(Vil) —=—

Solution:

For the following problems chain rule to be used:
£ f(g(x) = f(g(x)) . g'(x)

L [F01" = nf)]™" x L fi(x)

(i) Lety = sin? x = (sin x}2

= 2(sin )21 L (sin x)

a9
dzx dzx

= 2 sin x (cos x)

= sin 2x
(i)y = cos? x = (cos x)?
Y

dy _ 2-1 d
T = 2(cos x) v (cos x)

2 cos X (-sin x)
= -2 SIn X COS X

= -sin 2X

(i) y = cos> x

y = (cos x)3

% (cos x)
3 cos? x (-sin X)

2

= -3 COos“ X sin X

= -3 cos x (sin x cos x) [Multiply and divide by 2]



3

= _T cos X (2 sin X cos x)

_73 COS X sin 2Xx

(iv) Lety = \/1 + x2

y = (1+:1:)
Here f(x) = 1 +x2;n=%

Nj— N|= N|=

(1+x2)7" i-(l +x%)

(1+x2) 2 (0+2x)

1

(1+x? )2

(2x)

1 (2x) = X

3 Vi+x?

(v) Lety = (ax® + bx + ¢)"

N |-
+
=

-r'.(ax +bx+c)”1di(ax2+b}(+c)

Y
dr
= n(ax® + bx + )" (2ax + b)

(vi) Let y = sin(x?)
2 f(g(x) = f(9(x) . g'(x)
Here f = sinx, g = x°
j—z = cos(xz) % (xz)
= cos(x?) (2x)

= 2x cos(x?)



|

(vii) Lety = m

1
y=(1+2%)"2
Here n = —%; fx) =1+ x%
% - -%(1+x2)‘5"-::—r(1 +x%)

1 2,2
= —E(1+.1: ) 2(0+2x)

- st (2x)

3
2 (1+x7)?
X

(1+x*)

—-X -X
T Ja+ e T e WieR?

Ex 5.6

Question 1.

Find dy/dx for the following functions:
(1) xy - tan(xy)

() x2-xy+y2=1

(i) x3+y3+3axy =1

Solution:
(i) Given xy = tan(xy)
Differentiating both sides with respect to x, we get

%w} = étan(xy)

x;j; 0+ _yé () = sec?(y) % )



dy - SO  dy d :|
o I = ] - e
x v (1) =sec™(xy) xdx y—I(x)

dy 3 y }
TR (J’l_ e T

dy 2, . dy 2
X——+y=xsec{xy)—+ ysecix
= ¥ (x})dx y sec(xy)

ﬂ-—- 2 ﬂ’.":! : Fl oo
X xse—c{xy)dx y sec’(xy) -y

% [x - x sec’(y)] = plsec(xy) ~ 1]

dy _ ylsec’ ()~ 1]
dx  x{l-sec’(xy)]

= .Ji{_])=-. =X
x x

(i) x2-xy+y2=7
Differentiating both side with respect to x,

B By O 8
— &)= )+ =)~ =

21—[1%@)+y%(xﬂ+2yd =0

ay

dx
dy dy

-[x—=—+y:1]+2y—=— =0
[-’cwc 3] s

dy dy
x—x— —y+2y— =
I R

L a5 =y -2
dy _ y=2x

dx 2y-x

(i) x3+y3+3axy=1
Differentiating both sides with respect to x,



3+ 3y dj} Jrii:rx(.w:—+ IJ =)
y —tr1)=0
dy dy
3" +y'— +ax—= +ay] =0
[ Y e Y]

;r:'-lhyﬂf'}J +m::J; +ay=0

dy
dx

dy _—x-ay (X +ay)
dx  y +ax y? +ax

_ x* +ay
y* +ax

Question 2.

—[* +ax] =-x*-ay

Ifxy/14+y+yv/1+2=0andx#y, then provethat% =~ jl)ﬂ'
€T

Solution:
Givenz\/1+y+y/I1+x=0
z\/14+y=—y/1+=x

Squaring both sides we get
=>x21+y)=y>(1+x)

= X%+ X%y = y? + y%x
=>x2-y2+xy-y2x=0

= x+y) x-y)+xy(x-y)=0
= x-y) [x+y)+xy]=0
~x-y=0(or)x+y+xy=0
x=y(or)x+y+xy=0
Given thatx #y
Xx+y+xy=0

=>y+Xy==X
>y(l+x)=-=x



=1__(L)
Y 1+x“ l+x
dv  [(1+0)1-x(1+0)
& | (1+x)

_Fl+.r—x _ |1 ]_T 1
| (1+ %) A+x)? | (A+x)?

Hence proved.

Il

Question 3.
If 4x + 3y = log(4x - 3y), then find dy/dx

Solution:
Given 4x + 3y = log(4x - 3y)
Differentiating both sides with respect to x,

dy _ d
4{1}+3 = G de (4x - 3y)
@ _ ( dy
4+3dx 4x -3y =34 J

) ﬁjz 3@
(4x 3y}[4+3dx 4-3

dy

_ 2

dy dy dy

i 1502 <19y 2 nj3 D
e Y n e

dy dy  dy
I2x— +3— - 9y— =4 - 16x+ 12
et 4

%[lz.r+3—-9y]=4[l—4x+3y]

4[1-4x+3y)
J4x+1-3y]
_ 4[1-4x+3y]
 3[1+4x-3y]

ﬂ—_"
dx




Ex 5.7

Question 1.
Differentiate the following with respect to x.

(I) }{Sin X
(ii) (sin x)*

(iii) (sin x)t&nx
: (z—1)(z—2)
(v) J{a‘:—B}(x?+m—|—1]

Solution:

(i) Let y = xsinx

Taking logarithm on both sides we get,
log y = log(xsinx)

log y = sin x log x

Differentiating with respect to x,

| d
IEx}: - %(]gg x)+ iogx%{sm x)
1 dy I]
—— =ginx | — | +log x(cos x
e [I g x (cos x)
.I _‘.fﬁ = {Smxjumsxlngx}
v ) x
@ = ¥ [_smx +c05xlngx}
dx X '

(ii) Let y = (sin x)*
Taking logarithm on both sides we get,

log y = x log(sin x)
Differentiating with respect to x,



: % = X % log(sin x) + log(sin x) % (x)
d .

: d_: - Siim (cos x) + log(sin x) (1)
dy _ :
o, = Xcotx+ log(sin x)

= y[x cot x + log(sin x)]

%‘%%‘%wli—tcﬁln—lcﬁli—'

= (sin x)* [x cot x + log(sin x)]

(iii) Let y = (sin x)tanx
Taking logarithm on both sides we get,
log y = tan x log(sin x)
Differentiating with respect to x,
1 dy

= Y tan x % (log (sin x)) + log (sin I)de‘ (tan x)

=tan x

(cos x) + log (sin x) sec’ x

sSimn.x

1 dv _ sink  CosX

¥ dx  cosx sinx

+ log(sin x) (sec’x)

- =1-+log (sin x) sec’x

% I_}r[l o Sﬂﬂz X ]Gg (Sin x}}

= (sin x)™* [1 + sec” x log (sin x)]

(iv) Lety = \/ (z-1)z=2)

(z—3)(z2 4z +1)
[ @-D@E-2) \z
y= ([m—S}{m2+m+1))
Taking logarithm on both sides we get,

logy = % {llog(x = 1) + log(x = 2)] = [(log(x — 3) + log(x® + x + 1)]}
logy = % log(x = 1) + log(x = 2) — log(x — 3) = log(x? + x + 1)]




Loty

1
2]l x-1 x—2

1 1 1 1 2x+1 ]
= + _ 3

2lx-1 x-2 x-3 x*+x+1

! |
fl—ﬂ}—mﬂ—m—z—l{;xn}]

X +XxX+

dy 1 [ 1 1 1 2x+1 ]
i + o
dx X

1 x-2 x-3 xP+x+l
_l Ge=1x=2) |:1 Lo b 2x+] ]
2 {I—3]{x2+x+l) x-1 -3 =3 IE+I+I
Question 2.
d
If x™.y" = (x + y)™™", then showthaté :%

Solution:

xm | yn — (X + y)m+n

Taking logarithm on both sides we get,
mlogx+nlogy = (m + n) log(x +y)
Differentiating with respect to x,

1
i H)(I+y)(l+%J
dy(n m+n m+n m
E[;hﬂy] T x4y x
d_y[”-“"”y“m}"”}‘] B (mx+nx—nu-my
dx yx+y) - x(x+y) )
dy(mx—my\ (nx—my)
d’f(ﬂﬂy}]ﬁ x(x+y)
LAy _ Y
“d x

Hence proved.



Ex 5.8

Question 1.

Find dy/dx of the following functions:
(HDx=cty=c/t
(ii)x=1logt,y=sint

(iii) x = a cos30, y = a sin30
(iv)x=a(0-sin0),y=a(l - cos 6)

Solution:
Mx=cty=

x=log? [y=sint
de 1 | dy
— =~ | — =cost
t 1 dt
4 dy
dy dr _ COSI
ST =y Ty = tcost
ax -%& (3

(iii) x = a cos30,y = a sin%0

we have x =a cos’0 ; y=asin’g

Now, .. E =-3g cos’0 sind and %

do

;f_r
A _

3asin® Bcos O B

= 3g sin°0 cosO

sin 6

Therefore -— =

dr

2ty
%5 —3acos” Osinb

— :_i
cos 6 an 0



(iv)x=a(b -sin8),y =a(1l - cos 0)
x=a(B —sinf) | v=a(l — cosh)

dx dy :
i l e i - G e Ui ——; 1
=B a(l - cosB) 3 a(0—-(—sin@)=asin 0
dy _ E_ asinf
de £  a(l-cosB)

_ a(2sin Scosd)  cosd 0

= ——N = =cot—
028 i B
2sin 5 sin 3

csmf=2 :-iinE L‘DSE
2 2
1-cosp=2 sinzg

Question 2.
Differentiate sin3x with respect to cos3x.

Solution:
Let u = sin3x = (sin X)3; v = cos3x = (cos x)3
du/dx = 3(sin x) cos x; dv/dx = 3(cos x)? (-sin x)

fri . i
du (%) 3sin® xcosx —sinx ;
— 2 = : = - = an X
dv (ﬁ;) 3cos’ x(—sin x) COS X
Question 3.

Differentiate sin2x with respect to x2.

Solution:
Letu = (sin x)?; v = x2
du/dx = (2 sin x) (cos x) = sin 2x; dv/dx = 2x

sin 2x
2x

du
_ Ax
v
dx



Ex 5.9

Question 1.

Find y: for the following functions:
(1) y = @3x+2

(i) y =log x + a*

(iii) x =a cosH, y = a sinf

Solution:
(i) y = e3x+2
dy ez d
= = —(3x+2
i i dt{ )
=E:‘r.rr1(3{1}+{}‘}
=3 % t?
N dzy N I ST
ne gk -]
_3[3E3.1‘+2]
_983:+2
=9y
(i) y =logx + ax
dv 1 [ O ]
n==— ==+ loga —(a@')=a" loga
Y B g dx{ ) g
g = et = ]| — -|—l e
o S g e

= _—21 + (lcg a) (a" log a)
b

= — +4" (log a)*
=




(i) x = a cosB, y = a sinB
4z _ a(-sin6) = -a sind ....... (i)
—~ = a(cosb)

dy %  acosd
d« 4 —asinB

d2 do
— _ — =3 e Al
Y2 = (— cosec™0)

, o d
=cosec’ 9 —
dx

1
= cosec’ (T)‘ = cosec’ using (i)

49 —-asin®

cosecO

= cosec’Q x
-a

= — cosec’0
a

Question 2.
If y =500e7x + 600e7%, then show that y, - 49y = 0.

Solution:
y = 500e7x + 600e-7x
d X —iX
= é’ —Sﬁﬂ—( ")+60u €™
=500 (7e™) + 600 (-7 ™)
dz

ya= E =500 x 7_-(&) - 500(—?) (™)

=500 x 7 (7e”) + 600 x (=7) (-7) e-""
=500 x 49¢™ + 600 x 49¢” ™
¥2 =49 [500e™ + 600e ] = 49y
(or)y2-49y =0



Question 3.
Ify =2 + log x, then show that xy; + y1 = 0.

Solution:
y=2+logx
yi zﬂ-+ l
x
. ]
Le, Y =-
2
G g gt
L N=

| 1 =
NDWHE_'_'}}IEI[_TJ_{T_- -_'-_1_|,_l =U

X X x x
Question 4.
If = a cos mx + b sin mx, then show that y2 + m2y = 0.

Solution:

y = a cos mx + b sin mx

y1 = ad/dx (cos mx) + b d/dx (sin mx)
[ d/dx (sin mx) = cos mx d/dx (mx) = (cos mx) . m]
= a(-sin mx) . m + b(cos mx) . m

= -am sin mx + bm cos mx

y2 = -am(cos mx) . m + bm(-sin mx) . m
= -am? cos mx - bm? sin mx

= -m? [a cos mx + b sin mx]

= -mzy

Sy2+miy =0

Question 5.

Ify = (3:: +v1+ :L‘E)m, then show that (1 + x%) y» + xy; —m?y = 0

Solution:



y=0(+ J1+x2 )"
vi=mx+ 142 )" {H 2 }

21+ x?

-y () el

1+ x° J \.’]+.Jc2

_ my
Y1 V1+22

Squaring both sides we get,
o _ m%’
)
(1+%%) (y7) = my?
Differentiating with respect to x, we get

(1+ %) 2(y1) (y2) + (y1)* (2x) = 2m?yy;
Dividing both sides by 2y, we get,
(1+Xx%) yp + xy1 = m?y

:>(1+x2)y2+xy1—m2y=0

Question 6.
If y = sin(log x), then show that x%y, + xy1 + y = 0.

Solution:

y = sin(log x)

y1 = cos(log x) d/dx (log x)
y1 = cos(log x) . 1x

=~ xy1 = cos(log x)

Differentiating both sides with respect to x, we get
xyz + y1(1) = -sin(log x) . 1/x

= x[xy2 + y1] = -sin(log x)

= X?%y2 + Xy1 = -y

=>x%y2+xy1+y=0



Ex 5.10

Question 1.

[ff(x) =x2-x+ 1thenf(x + 1) is:
(a) x2

(b) x

(o1

dx+x+1

Answer:

dx+x+1

Hint:

fx)=x2-x+1
fx+1)=x+1)32-x+1)+1
=x24+2x+1-x-1+4+1
=x2+x+1

Question 2.
X' —dx ifx>2
x+2 #x<?’

If f(x)=

(a) -1
(b) 2
(©)5
(d)7

then f(5) is

Answer:

(©)5
Hint:

Xt -d4x i x22
f':"‘)'{ x+2 if x<2
f(5) =52-4(5)=25-20=5
[For x = 5 take f(x) = x? - 4x]

Question 3.

B ©—4x it x=2 .
Ifﬂ::r:)—lx_l_2 r'fx*’-iZ’[hmﬂD)ls

(@) 2



(b) 5

(c)-1
(d)0

Answer:

(a) 2
Hint:

x*—4x if x20

/= { x+2 if x<2
f0)=0+2=2
[For x = 0 take f(x) = x + 2]
Question 4.
i ; .
If f(x) = ﬁi then f(-x) is equal to:
(a) -f(x)
1

(b) @

1
© =T

(d) f(x)

Answer:
1

®) 7@

Hint:

f0) = 155

1-(~x) 1+x 1 1
f(=x)= 1+(=x) 1-x (ﬁ) f(x)
Question 5.
The graph of the line y = 3 is:
(a) Parallel to x-axis
(b) Parallel to the y-axis
(c) Passing through the origin
(d) Perpendicular to the x-axis



Answer:
(a) Parallel to x-axis

Hint:

— X

Question 6.

The graph of y = 2x2 is passing through:
(a) (0,0)

(b) (2,1)

(©) (2,0)

(d) (0,2)

Answer:

(@) (0,0)
Hint:

> ¥

F

y = 2x2
Put x = 0, y = 0 the equation is satisfied.

Question 7.

The graph of y = ex intersect the y-axis at:
(a) (0,0)

(b) (1,0)

(©) (0, 1)

(d) (1, 1)

Answer:

© 0,1



Hint:

y=e*

Putx=0,wegety=e0=1.

~ The graph intersects the y-axis at (0, 1)

Question 8.

The minimum value of the function f(x) = |x] is:

@~

(b) -1

(o) +1

(d) oo

Answer:

(@ao

Hint:

= D[Minimm‘l i
| valae}

fx) = x|

f(0) =10] =0

Question 9.

Which one of the following functions has the property f(x) = f(1/x)?
-1

(a) f(x) = ==

f(x) = 1=

(b) f) = 1=

(c) f(x) =
241

(d) fo) = 22

Answer:

(d) fx) = !
Hint:
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x X
Question 10.

If f(x) = 2¥and g(x) = 2% then (fg)(x) is:

(a) 1

Answer:

(@1
Hint:

(fg) x = f(x) g(x) = 2% X o5 =1

Question 11.
Which of the following function is neither even nor odd?
(@) f(x)=x3+5

(b) f(x) =x°

(o) f(x) =x1°

(d) f(x) =x?

Answer:

(@) f(x)=x3+5

Hint:

Since it has a constant term 5.
fx)=x3+5

f(-x) =(x)3+5=-x3+5.
It is not either f(x) or -f(x).



Question 12.

f(x) =-5,forallx e Risa:
(a) an identity function
(b) modulus function

(c) exponential function
(d) constant function

Answer:
(d) constant function

Question 13.

The range of f(x) = |x|, for all x € Riis:
(a) (0, )

(b) [0, )

() (-0, )

(d) [1, )

Answer:

(b) [0, o)

Hint:

[0, o) since in this interval 0 is included and f(0) = 0.

Question 14.

The graph of f(x) = exis identical to that of:
(@) f(x)=ava>1

(b) f(x) =axa<1

Ofx)=ax,0<a<1
(d)y=ax+b,a#0

Answer:
QA fx)=ax,a>1

Question 15.

If f(x) = x2? and g(x) = 2x + 1 then (fg)(0) is:
(@) 0

(b) 2

(01

(d) 4



Answer:

@~
Hint:

(fg)(0) = f(o) g(o)
=02 (2(0) + 1)
=0(1)

=0

Question 16.
limg_}o t.agﬁ' —
(a) 1
(b) co
(c) -c0
(d) ©

Answer:
(a) 1 (By formula)

Question 17.

. = ]
lim, . &= =

(@)e
(b) nxn-1

(o1
(d)o

Answer:
(¢) 1 (By formula)

Question 18.

For what value of x, f(x) =

(a) -2
(b) 1
(c) 2

2 . .
i—fl is not continuous?



(d) -1

Answer:
(b) 1
Hint:

When x = 1, i—ﬁ is not defined.

Question 19.

A function f(x) is continuous at x = a limz_,, f(z) is equal to:
(a) f(-a)

(b) ()

(c) 2f(a)
(d) f(a)

Question 20.

o (%) is equal to:

Question 21.

% (5e* - 2 log x) is equal to:



Answer:
2
(a) 5e* - =
Hint:
%(Se" ~2logx)= %(56’) - 2%([03 x)

=5¢" -2 x -l-.=>5e"—2
x x

Question 22.
Ify =xandz = < then o
&£

dz

Question 23.
2

— e d’y ~ [
Ify—e"then@atx-ﬁls.



Hint:

[

B o

2™

2¢™ [d_zy)
dxz x={

=4Xeu=4x1=4

g
=

2;1

Question 24.
Ify =logxtheny: =

Question 25.
d
ar (a”) =
1
(a) zlog, a
(b) a®

(c) x logea

(d) @* log.a



Answer:
(d) a*logea (by formula)



