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Q1 Prove that the function f(x) = 5x — 3 is continuous at x = 0, atx = —3andatx =5

Answer.
The given function is f(x) = 5x — 3

Atx=0,f(0)=5x0-3=3
lim, _ of(x) = lim,_ o(5x-3)=5x0-3= -3

L limy | oftx) = f(0)

Therefore, f is continuous at x = 0

Atx= -3,(-3)=5%x(-3)-3= -18

lim,  _5f(x)= lim, = _,(5x-3)=5x(-3)-3= -18

L limy 400 = f(- 3)

Therefore, fis continuous at x = — 3
Atx=5,f(x) =f(5) =5x5-3=25-3=22
lim, of(x)= lim, 5x-3)=5x5-3=22

- limy | sf(x) = f(5)
Therefore, fis continuous at x = 5
Page : 159, Block Name : Exercise 5.1

Q2 Examine the continuity of the function f(x) = 2x* — 1 atx = 3

Answer.
The given function is f(x) = 2x% - 1
Atx=3,fx)=f(3)=2x3%-1=17

lim, _of() = lim, 522 ~1)=2x32-1=17

slimy o) = f3)

Thus, fis continuous at x = 3
Page : 159, Block Name : Exercise 5.1
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(@)fx) =x-5
1
(b) f(x) = o X* 5

x2-25
Of) = —5x % -5
(Dfx) = [x=5]

Answer.
(a) The given function is f(x) = x— 5
It is evident that f is defined at every real number k and its value at kis k — 5.
It is also observed that, f(x) = lim, ,(x-5)=k-5=f(k
L lim, (%) = fR)

Hence, fis continuous at every real number and therefore, it is a continuous function.

1
(b)f(x) = =5, x#5
For any real number k # 5, we obtain

1 1
lim, ,f(x)= lim, | kKx—s = k=%
1
Also, f(k) = 7= (Ask#)5)

S limy | f(x) = f(k)
o limy g f(x) = (k)
Hence, fis continuous at every point in the domain of f and therefore, it is a continuous

function.

x2-25

x+5 "’

(c) The given function is f(x) = x#z -5
For any real number ¢ # — 5, we obtain
x*-25 . (x+5) (x=5)

lim,  f(x) = lim, 75 = hquCT: lim,  (x-5)=(c-5)

(c+5)(c-5)

c+5
s limy, (%) = fo)

Hence, f is continuous at every point in the domain of f and therefore, it is a continuous

Also, f(c) = =(c—-5)(asc# —-5)

function.

5-x% ifx <5
(d)The given function f(x) = |x - 5| = {X 5 ifx>5
This function f is defined at all points of the real line.
Let c be a point on a real line. Then,c < 5orc =5o0rc > 5

Casel:c <5
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lim,  f(x)= lim, (5-x)=5-c

S limy | f(x) = o)

Therefore, fis continuous at all real numbers less than 5 .
Casell :c =5

Then, f(c) =f(5)=(5-5)=0

lim, of(x)= lim, 5-x)=(5-5)=0
lim, of(x)= lim, (x-5)=0

Solimy, | of(x) = lim, |+ f(x) = f(c)

Therefore, fis continuous at x = 5
CaseIll: ¢ > 5

Then, f(c) = f(5) =c—-5

lim,  f(x)= lim,  ,(x—-5)=c-5

hmx N cf(x) = f(C)
Therefore, fis continuous at every real numbers greater than 5 .

Hence, f is continuous at every real number and therefore, it is a continuous function.
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Q4 Prove that the function f(x) = x_ is continuous at x = n, where n is a positive integer.

Answer.
The given function is f(x) = x"
It is evident that f is defined at all positive integers, n, and its value at nis n" .
Then, lim,  f(n) = lim, m(x”) =n"
S lim | f(x) = f(n)
Therefore, fis continuous at n, where n is a positive integer.
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Q5
Is the function f defined by

x, ifx<1
=15 itx>1
continuous atx = 0? Atx =1? Atx =27

Answer. The given function f is

{x, ifx<1
=15, itx>1
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It is evident that f is defined at 0 and its value at 0 is 0 .
Then, lim, f(x) = lim, ox=0

L limy, | of(x) = f(0)

Therefore, fis continuous at x = 0

Atx=1
fis defined at 1 and its value at 1is 1. lim, ;+f(x) = lim,  ;+(5) =5
The left hand limit of fat x = 1 is, S limy 4f(x) # lim, | +f(%)

lim, f(x)= lim, x=1

The right hand limit of fat x = 1 is,

Therefore, fis not continuous at x = 1

Atx =2,

fis defined at 2 and its value at 2 is 5 .
Then, lim, ,f(x) = lim, ,(5) =5
L lim, | Hf() = f(2)

Therefore, fis continuous at x = 2
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Q6 Find all points of discontinuity of f, where f is defined by

2x+3, ifx<?2
)= Yok =3, ifx>2

2x + 3, ifx <2
Answer. The given function f is f(x) = oy — 3. ifx > 2

It is evident that the given function f is defined at all the points of the real line. Let ¢ be a point on
the real line. Then, three cases arise

(i)c<2

(ii)c>2

(iii)c=2

Case (i)c < 2

Then, f(c) = 2c + 3

lim,  f(x)= lim,  ,(2x+3)=2c+3

hmx N Cf(x) = f(C)

Therefore, fis continuous at all points x, such that x < 2

case (ii) c > 2
Then, f(c) = 2c - 3

lim,  f(x)= lim,  (2x-3)=2c-3

Lo lim. _fix) = fic)
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Therefore, fis continuous at all points x, such that x > 2

case (iii) c = 2

Then, the left hand limit of fat x = 2 is,

lim, of(x)= lim, ,(2x+3)=2x2+3=7

The right hand limit of fat x = 2 is,

lim, ,+f(x) = lim, ,2(2x-3)=2x2-3=1
It is observed that the left and right hand limit of f at x = 2 do not coincide. Therefore, f is not
continuous at x = 2 Hence, x = 2 is the only point of discontinuity of f.

Page : 159, Block Name : Exercise 5.1

Q7 Find all points of discontinuity of f, where f is defined by

x| +3, ifx< -3
f(x): -2x, if —3<x<3
6x +2, ifx>3

Answer. The given function f is

x| +3=—-x+3,ifx< -3
f(x): -2x, if —3<x<3
6x +2, ifx>3

The given function f is defined at all the points of the real line. Let ¢ be a point on the real line.
Case I:

Ifc< -3, thenf(c)= —c+3

lim,  f(x)= lim, ,(-x+3)= —-c+3
hmx N Cf(x) = f(C)
Case 1II:

Ifc= -3, thenf(-3)= -(-3)+3=6

lim,  _5f(x)= lim, _,(-x+3)= -(-3)+3=6

lim, _;+f(x)= lim,  _3+(-2x)= -2x(-3)=6

Lolim, | 5f(x) = f( - 3)

Therefore, fis continuous at x = — 3

Case III:

If -3<c<3, thenf(c)= —2cand lim,  f(x)= lim, (-2x)= —-2c

- 111—nx - oof(X) = f(C)

Therefore, fis continuous in ( — 3, 3) .

Case IV:

If ¢ = 3, then the left hand limit of fat x = 3 is,
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The right hand limit of fat x = 3 is,
lim, ,f(x) = lim (6x+2)=6x3+2=20
It is observed that the left and right hand limit of f at x = 3 do not coincide.

Therefore, fis not continuous at x = 3
Case v:

If c > 3, thenf(c) = 6c +2and lim,  f(x)= lim,  (6x+2)=6c+2
- 111—nx - oof(X) = f(C)

Therefore, fis continuous at all points x, such that x > 3

Hence, x = 3 is the only point of discontinuity of f.
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Q8 Find all points of discontinuity of f, where f is defined by

[x|

~ ifx#0

f(x) =
0, ifx=0

Answer. The given function f is

= -1lifx<0

[
x| o

f(x):< 0, ifx=0

X
— =-=1,ifx>0
X

The given function f is defined at all the points of the real line. Let c be a point on the real line.

Case I:
Ifc<O0, thenf(c) = -1

lim, f(x)= lim,_ (-1)= -1

Lo limy o f(x) = flo)

Therefore, fis continuous at all points x < 0
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Case II:

If c = 0, then the left hand limit of fat x = 0 is,

lim,  f(x)= lim, (-1)= -1

The right hand limit of fat x = 0 is,

lim,  f(x)= lim, ,+(1)=1

It is observed that the left and right hand limit of f at x = 0 do not coincide.

Therefore, f is not continuous at x = 0
Case III:
Ifc>0, thenf(c)=1

lim,  f(x)= lim, ,(1)=1
s limy (%) = f(c)

Therefore, fis continuous at all points x, such that x > 0

Hence, x = 0 is the only point of discontinuity of f.
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Q9 Find all points of discontinuity of f, where f is defined by

X

f(x) = |x|°
-1,ifx>0

ifx<0

Answer. The given function f is

X

—, ifx <0
fog =4 ¥
-1,ifx>0
It is known that,x <0 = |x| = —x

Therefore, the given function can be rewritten as

fley= -1= lim, _ f(x)
Therefore, the given function is a continuous function.

Hence, the given function has no point of discontinuity.
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Q10 Find all points of discontinuity of f, where f is defined by
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x+1, ifx>1
f(X):{

X2 +1, ifx<1

Answer. The given function f is
x+1, ifx>1
) = {x2 +1,ifx <1
The given function f is defined at all the points of the real line. Let ¢ be a point on the real line.
Case I:
If c < 1, thenf(c) = c® + 1 and lim, _ f(x) = lirn)ue(x2 + 1) =c?+1

- limy | f(x) = f(c)

Therefore, fis continuous at all points x, such that x < 1
Case II:

Ifc=1, thenflc)=f(1)=1+1=2
The left hand limit of fat x = 1 is,

lim, 4fe9 = lim, ,(x*+1)=12+1=2
The right hand limit of fat x = 1 is,

lim, ;+f(x)= lim, ;ix+1)=1+1=2
Lo limy () = f(1)

Therefore, fis continuous at x = 1
Case III:

Ifc>1, thenf(c)=c+1

lim,  f(x)= lim, (x+1)=c+1

~ lim f(x) = f(c)
Therefore, f is continuous at all points x, such that x > 1 Hence, the given function f has no point
of discontinuity

Page : 159, Block Name : Exercise 5.1

Q11 Find all points of discontinuity of f, where f is defined by

x3-3, ifx<?2
f(x) =

x2+1, ifx>?2

Answer. The given function f is

x3-3, ifx<?2
fx) =

x2+1, ifx>?2

1 Processing math: 100%  qefined at all the points of the real line. Let ¢ be a point on the real line.



Case I:
If c <2, thenf(c) = c3~3and lim, __f(x) = limxﬂe( 3 3) =c3-3

S limy | f(x) = f(c)

Therefore, fis continuous at all points x, such that x < 2
Case II:

Ifc=2, thenf(c)=f(2) =23-3=5

lim, ,ft9 = lim, ,(x*-3)=2%-3=5

lim, ,f09 = lim, ,(x*+1)=22+1=5

Lo limy, Hf(x) = f(2)

Therefore, , is continuous at x = 2
Case II:

Ifc=2, thenf(c) = f(2) =23-3=5

lim, ,ft) = lim,_,+(x*~3)=22-3=5

lim, 5+ = lim, 5o (x2+ 1) —2241=5

Lo limy () = f(2)

Therefore, fis continuous at x = 2
If ¢ > 2, thenf(c) = ¢® + 1

lim, _ f(x) = limx_“:(x2 + 1) =c?+1

o limy | f(x) = fc)
Therefore, f is continuous at all points x, such that x > 2 Thus, the given function f is continuous at
every point on the real line. Hence, f has no point of discontinuity.
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Q12 Find all points of discontinuity of f, where f is defined by

x10-1, ifx<1
fx) =

X2, ifx>1

Answer. The given function f is
x10-1, ifx<1
X =
) x2, ifx>1

The given function f is defined at all the points of the real line. Let ¢ be a point on the real line.
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Case I:
Ifc <1, thenf(c) = ¢'®-1and lim,  f(x) = lim, Oo(xlo - 1) =cl0-1

L limy, (%) = f0)

Therefore, fis continuous at all points x, such that x < 1
If c = 1, then the left hand limit of fat x = 1 is,

lim, _,f9 = lim, ,(x10-1)=1-1=1-1=0
The right hand limit of fat x = 1 is,
lim, o0 = lim,  2(x?) =12 =1

It is observed that the left and right hand limit of f at x = 1 do not coincide. Therefore, f is not

continuous at x =1
Case I1II:

If ¢ > 1, then f(c) = c?
lim, _ f(x)= lim, C(x ) =c

S limy | f(x) = f(c)
Therefore, f is continuous at all points x, such that x > 1 Thus, from the above observation, it can
be concluded that x = 1 is the only point of discontinuity of f.

Page : 159, Block Name : Exercise 5.1
Q13 Is the function defined by

x+5 ifx<1 c
= i ion ?
f(x) x—5, ifx>1 a continuous function

Answer. The given function is
x+5 ifx<1
flx) = x—-5 ifx>1

The given function f is defined at all the points of the real line. Let ¢ be a point on the real line.
Case I:

Ifc <1, thenf(c) =c+5and lim,  f(x)= lim, (x+5)=c+5

Lo limy o f(x) = flo)

Therefore, fis continuous at all points x, such that x < 1
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Case II:
Ifc=1, thenf(1)=1+5=6
The left hand limit of fat x = 1 is,
lim, f(x)= lim, (x+5)=1+5=6
The right hand limit of fat x = 1 is,
lim, f(x)= lim, (x-5)=1-5= -4
It is observed that the left and right hand limit of f at x = 1 do not coincide. Therefore, f is not

continuous at x =1
Case III:

If ¢ > 1, thenf(c) = c—-5and lim,  f(x)= lim
Lo lim, | f(x) = o)

Therefore, f is continuous at all points x, such that x > 1 Thus, from the above observation, it can
be concluded that x = 1 is the only point of discontinuity of f.

(x-5 =c-5

X-C
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Q14 Discuss the continuity of the function f, where f is defined by

3, if0<x<1
fx)y=44 if1<x<3
5 if3<x<10

Answer. The given function is

3,if0<x<1
f(x): 4, if1 <x<3
5 if3<x<10
The given function is defined at all points of the interval [0, 10]. Let ¢ be a point in the interval [0,
10].
Casel
If0<c<1, thenf(c) =3 and lim,  f(x)= lim, . _ (3)=3
o limy | f(x) = o)

Therefore, f is continuous in the interval [0, 1).
Case II:

Ifc=1, thenf(3) =3

The left hand limit of fat x = 1 is,
lim, f(x)= lim, ,(8) =3
The right hand limit of fat x = 1 is,
lim, f(x)= lim, 1(4) =4

It is observed that the left and right hand limits of f at x = 1 do not coincide. Therefore, f is not
¢ Processing math: 100%



Case III:
If1 <c<3, thenf(c) =4and lim,  f(x)= lim,  (4)=4

S limy | f(x) = o)

Therefore, fis continuous at all points of the interval (1, 3) .
Case IV:

If c = 3, thenf(c) = 5
The left hand limit of fat x = 3 is,

lim,  5f(x) = lim, ,(4) =4

The right hand limit of fat x = 3 is,

lim, 5+f(x)= lim, 5;+(5)=5

It is observed that the left and right hand limits of f at x = 3 do not coincide.

Therefore f is not continuous at x = 3
Case V:

If 3<c<10, thenf(c) =5and lim,  f(x)= lim,  (5) =5
lim, | f(x) = f(c)
Therefore, fis continuous at all points of the interval (3, 10)

Hence, fis not continuous at x = 1 and x = 3
Page : 160, Block Name : Exercise 5.1

Q15 Discuss the continuity of the function f, where f is defined by

2x, ifx<0
fix) =10, if0<x<1

4x, ifx>1

Answer. The give function is

2x, ifx<0
f(x): 0, ifo<x<1

4x, ifx>1

The given function is defined at all points of the real line. Let c be a point on the real line.
Case I

If c <0, then f(c) = 2c
lim,  f(x) = lim,  (2x) =2c
wolim, | f(x) = )

Therefore, fis continuous at all points x, such thatx < 0
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Case II:
Ifc=0, thenf(c) =f(0)=0
The left hand limit of fat x = 0 is,
lim, of(x)= lim, ,+(2x)=2x0=0
The right hand limit of fat x = 0 is,
lim,  ,+f(x) = lim, ,+(0)=0
- limy | o+f(x) = f(0)

Therefore, f is continuous at x=0
Case III:

If0<c<1, thenf(x) =0and lim, . f(x) = lim (0) =0
s limy, | (%) = fo)

Therefore, f is continuous at all points of the interval (0, 1).
Case IV:

Ifc=1, thenf(c) =f(1) =0

The left hand limit of fat x = 1 is,

lim, f(x)= lim (0) =0

The right hand limit of fat x = 1 is,

lim, f(x) = lim,_ +(4x) =4x1=4
It is observed that the left and right hand limits of f at x = 1 do not coincide. Therefore, f is not

continuous at x =1
Case V:

If c <1, thenf(c) = 4cand lim,  f(x) = lim,  (4x) = 4c
S limy | f(x) = f(c)

Therefore, fis continuous at all points x , such that x > 1

Hence, fis not continuous only at x = 1
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Q16 Discuss the continuity of the function f, where f is defined by

-2, ifx< -1
f(x): 2x, if —1<x<1
2, ifx>1

Answer. The given function is

2 ifx< -1
f(x): 2%, if —1<x<1
2, ifx>1

7 Processing math: 100% defined at all points of the real line. Let ¢ be a point on the real line.



Case I:
Ifc< -1, thenf(c) = -2and lim,  f(x)= lim, (-2)= -2

- limy, | f(x) = flo)

Therefore, fis continuous at all points x, such thatx < —1
Case II:

Ifc= -1, thenf(c)=f(-1)= -2

The left hand limit of fatx = — 1 is,

lim, _fx)= lim, _(-2)= -2

The right hand limit of fatx = — 1 is,

lim,  _;+f(x)= lim, _+2x)=2x(-1)= -2

im0 = f(~ 1)
Therefore, fis continuous at x = — 1
Case III:

If-1<c<1, thenf(c) = 2c
lim,  f(x) = lim,  (2x) = 2c
" lim f(x) = f(c)
Case IV

Ifc=1, thenf(c)=f(1)=2x1=2
The left hand limit of fat x = 1 is,

limx . 1f(x) = limx 12X =2x1=2

Therefore, f is continuous at all points of the interval (-1, 1)

The right hand limit of fat x = 1 is,
lim, f(x)= lim,  ;12=2
Lo limy, | 4f(x) = flo)

Therefore, fis continuous at x = 2
Case V:

If c > 1, thenf(c) = 2and lim, _ f(x) = lim,  (2)=2
lim,  f(x) = f(c)

Therefore, fis continuous at all points x, such that x > 1
Thus, from the above observations, it can be concluded that f is continuous at all points

of the real line.
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Q17 Find the relationship between a and b so that the function f defined by

ax +1, ifx <3 )
f(x) = bx+3, ifx > 318 continuous at x =3

Answer. The given function f is
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ax+1, ifx <3
)= px+3, ifx>3

If f is continuous at x = 3, then

lim,  .f(x) = lim,  5+f(x) = f(3)

Also,

lim, 5f(x)= lim, ,(ax+1)=3a+1
lim, ,f(x)= lim, 43(bx+3)=3b+3
f(3)=3a+1

Therefore, from (1), we obtain
3a+1=3b+3=3a+1
=3a+1=3b+3

=3a=3b+2

2
= = + =
a=»>b 3

2
Therefore, the required relationship is given by, a = b + 3

Page : 160, Block Name : Exercise 5.1

Q18 For what value of Ais the function defined by

) = {)\(xz - 2x), ifx<0

Ax + 1, ifx>0
continuous at x = 0? What about continuity at x =1 ?

Answer. The given function is

0 = {}\(xz - 2x), ifx<0

Adx + 1, ifx>0
If f is continuous at x = 0, then
lim, _ f(x) = lim, _ of(x) = f(0)

=:thNJGz—h)=lmquMx+D=A@2—2xq

zA@Z—zxo):4x0+1=0

= 0 = 1 = 0, which is not possible

Therefore, there is no value of A for which fis continuous at x = 0
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Atx =1
f(1)=4x+1=4%x1+1=5
lim, (4x+1)=4x1+1=5

- limy 4 f(x) = f(1)

Therefore, for any values of A fis continuous at x = 1

Page : 160, Block Name : Exercise 5.1

Q19
Show that the function defined by g(x) = x — [x] is discontinuous at all integral point.

Here [x] denotes the greatest integer less than or equal to x.

Answer.
The given function is 9 (X) = x — [x]
It is evident that g is defined at all integral points.
Let n be an integer.
Then,
gn)=n-[n]=n-n=0
The left hand limit of fat x =n is,
lim, g(x)= lim, _(x-[x])= lim, ,(x)- lim,  [IxI=n-(n-1)=1
It is observed that the left and right hand limits of f at x = n do not coincide. Therefore, f is not
continuous at x = n Hence, g is discontinuous at all integral points

Page : 160, Block Name : Exercise 5.1
Q20 Is the function defined by f(x) = x*> - sinx + 5 continuous at x = p?

Answer. The given function is f(x) = x* — sinx + 5
It is evident that fis defined at x = p

Atx=m f(x) =f(n)=n®—sinm+5=n*-0+5=n°+5
Consider lim,  f(x) = lim, | X(x2 — sinx + 5)

Putx =m+h

If x - m, thenitisevidentthath - 0
Consider lim f(x) = lim, _ n(xz — sinx + 5)

Putx=m+h

If x —» m, thenitis evidentthath —» 0
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“ lim f(x) = lim (xz—sinx+5)
r—-1 X ->T

lim [(n + )2 = sin(r + h) + 5]

h-0
= lim (n + h)? - lim sin(z + h) + lim 5
h-0 h-0 h-0
= (m+ 0)? — lim [sinncosh + cosmsinh] + 5
h-0

= 12 — lim sinncosh — lim cosmsinh + 5
h-0 h-0

= 712 - sinncos0 — cosnsin0 + 5
=m?-0x1-(-1)x0+5
=n?2+5

o limy | of(x) = fim)

Therefore, the given function f is continuous at x = n
Page : 160, Block Name : Exercise 5.1

Q21 Discuss the continuity of the following functions.
(a) f (x) =sinx + cos x
(b) f (x) = sin x — cos X
(c) f (x) =sin x x cos x

Answer.
It is known that if g and h are two continuous functions, then

g+ h,g — h, and g h are also continuous.

It has to proved first that g(x) = sinx and h(x) = cosx are continuous functions.
Let g(x) = sinx

It is evident that g(x) = sinx is defined for every real number.

Let c be a real number. Putx = c+ h

Ifx - ¢, thenh - 0

g(c) = sinc
lim g(x) = lim sinx
X —> €
= lim sin(c + h)
= lim [sinccosh + coscsinh]
k-0
= lim (sinccosh) + lim (coscsinh)
h-0 h-0
= sinccos0 + coscsin0
=sinc+0
= sinc
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Let h(x) = cosx

It is evident that h(x) = cosx is defined for every real number.
Let c be a real number. Putx = c+h

Ifx - ¢, thenh - 0

h(c) = cosc
Therefore, h is a continuous function.

Therefore, it can be concluded that
() f(x) = g(x) + h(x) = sinx + cosx is a continuous function
(b) f(x) = g(x) — h(x) = sinx — cosx is a continuous function

(c) f(x) = g(x) x h(x) = sinx x cosx is a continuous function
Page : 160, Block Name : Exercise 5.1
Q22 Discuss the continuity of the cosine, cosecant, secant and cotangent functions,

Answer. It is known that if g and h are two continuous functions, then

L ) : :
@) 70 g(x) # 0 is continuous

1
(i) L g(x) # 0 is continuous

(iii) %, h(x) # 0 is continuous

It has to be proved first that g(x) = sinx and h(x) = cosx are continuous functions.
Let g(x) = sinx

It is evident that g(x) = sinx is defined for every real number.

Let ¢ be a real number. Putx = c+ h

Ifx > ¢, thenh - 0

g(c) = sinc

lim g(x) = lim sinx
X - C X->C

= lim sin(c + h)
h-0
= sinccosf + coscsin0

=sinc + 0

= sinc

Therefore, g is a continuous function.

Let h(x) = cosx

It is evident that h(x) = cosx is defined for every real number.
Let c be a real number. Putx = c+ h

Ifx@c, then h@O0

h(c) = cosc
lim h(x) = lim cosx
X -C X-C

Processing math: 100% | h)
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= limj, _ y[cosccosh - sincsinh]

= lim, _ jcosccosh — lim, _ gsincsinh
= cosccos0 — sincsin0
= cosc X 1 —sinc x 0

= cosc
lim, _ h(x) = h(c)

X
Therefore, h(x) = cosx is continuous function.

It can be concluded that,
It can be concluded that,

1

cscx = ——, sinx # 0 is continuous
sin X

= cscx, x # nn(n € Z) is continuous
1
cscx = ——, sinx # 0 is continuous
sin x

= cscx, x # nn(n € Z) is continuous

Therefore, cosecant is continuous except at x = np n iz

COS X

cotx = —,
Sin X

sinx # 0 is continuous

= cotx, x # nn(n € Z) is continuous

Therefore, cotangent is continuous except at x = np, nz
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Q23 Find the points of discontinuity of f, where

sin x
—~ ifx<0
fx) =

x+1, ifx=>0

Answer. The given function f is

sin x
—~ ifx<0
fx) =

x+1, ifx=>0

It is evident that f is defined at all points of the real line. Let c be a real number.
Case I:

X

sin ¢ sin x sin ¢
Ifc <0, thenf(c) = —— and lim,  f(x) = lim,  |——|=

lim, _ f(x) = f(c)

Therefore, fis continuous at all points x, such that x < 0
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Case II:

Ifc >0, thenf(c) =c+1and lim, f(x)= lim,  (x+1)=c+1

- limy, | f(x) = flo)

Therefore, fis continuous at all points x , such that x > 0
Case III:

Ifc=0, thenf(c) =f(0)=0+1=1
The left hand limit of fat x = 0 is,

) . sin x
lim,  f(x) = lim, | 0 % =

The right hand limit of fat x = 0 is,
lim,  +f(x) = lim, ,+(x+1)=1
“olimy, | of(x) = lim, _ o+f(x) = f(0)

Therefore, fis continuous at x = 0
From the above observations, it can be concluded that f is continuous at all points of the real line.
Thus, f has no point of discontinuity.
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Q24 Determine if f defined by

2 ! .
xsing, ifx#0, ) )
is a continuous function?

fx) =
0, ifx=0

Answer. The given function f is

2. 1 .
x“sinz, ifx#0

flx) =
0, ifx=0
It is evident that f is defined at all points of the real line. Let ¢ be a real number.

1
If c # 0, then f(c) = czsin;

1 1 1
lim,  f(x)= lim, | Oo(xzsin;) = ( lim, exz)( lim sin;) = dzsin;
- limy, | f(x) = flo)

Therefore, fis continuous at all points x # 0
Case II:

Ifc=0, thenf(0) =0

1 1
lim,  ,-f(x) = lim, O(XZSin; ) = lim, | O(XZSin; )

Processing math: 100% |. 1
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1
= —x2£sin; gxz

. 2 . 2 . 1 . 2
= hquo(—x )S lim, _ o|x°sin} | < lim, _ ox

1
=0 < lim, O(XZSil‘l_) <0
- X

5. 1
= lim, _ o|x7siny | =0

L lim, _ +f(x) = 0
1 1
Similarly, lim f(x) = lim, _ ,+ xzsin; = lim, xzsin; =0

© lim, o) = f(0) = lim,_ ¢f(x)
Therefore, fis continuous at x = 0

From the above observations, it can be concluded that f is continuous at every point of
the real line.

Thus, fis a continuous function.
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Q25 Examine the continuity of f, where f is defined by

sinx — cosx, ifx#0
f(x):{—1 ifx=0
Answer. The given function f is
sinx — cosx, ifx#0
f(x):{—1 ifx=0
If ¢ # 0, then f(c) = sinc — cosc

lim, _ f(x) = lim,  (sinx — cosx) = sinc — cosc

Lo limy o f(x) = flo)

Case II:
Ifc=0, thenf(0)= -1
lim, _ of(x) = lim,  (sinx — cosx) =sin0 —cos0 =0—-1= -1

“lim, | of(tx) = lim, _ -f(x) = f(0)

Therefore, fis continuous at x = 0

From the above observations, it can be concluded that f is continuous at every point of
the real line.

Thisc f:. nnnnn +inmiiniie funCtiOIl.
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Q26 Find the values of k so that the function f is continuous at the indicated point.

kcos x ;

n—2x’ 1 = 2 i
fx) = ‘ T atx = 3

3, ifx= 3
Answer. The given function

kcos x

n—2x’ ifx# 2 i
f(x) = ‘ . atx = 5

3, ifx= 3

T s

The given function fis continuous at *~ 2, if fis defined at *~ 2 and if the value of the f

NS

at x=

Tt
fis defined at  and f(i ) =3

) . ) . kcos x
lim, 5f(x) = lim, | T
T
Put x = 5t h
T
Then x - 5= h->0
T
kcos| - + h
2
kcosx
“ lim f(x) = lim = lim

n rT=2X 0 .
X3 xo 5 n—2(5+h)

k
=>E:3

k
=>E:6
= k=6

Processing math: 100% | value of k'is 6
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Q28 Find the values of k so that the function f is continuous at the indicated point.

kx+1, ifx<m
flx) = cosx, if x > m ax=n

Answer. The given function is
kx+1, ifx<m
flx) = cosx, if x > m ax=n

The given function f is continuous at x = p, if f is defined at x = p and if the value of fat x =p

equals the limit of fat x=p
It is evident that f is defined at x = p and f(n) = km + 1

lim, n+f(x) = lim, | n+f(x) = f(m)
= lim, ,-(kx+1)= lim, ,*xcosx=kt+1
= kt+1=cosmt=kt+1

= kt+1=-1=kn+1
2

= k= —-—
T
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Q29 Find the values of k so that the function f is continuous at the indicated point.

kx+1, ifx<5
)= Y3x—5 ifx>5 AX=5

Answer. The given function f is
kx+1, ifx<5
fO=13¢-5 ifx>5 X7

The given function f is continuous at x = 5, if f is defined at x = 5 and if the value of f at x = 5 equals

the limit of fatx =5
It is evident that fis defined at x = 5and f(5) = kx + 1 = 5k + 1

lim, _ of(x) = lim,_ f(x) = f(5)
= lim, c(kx+1)= lim,_,(3x-5)=5k+1
=5k+1=15-5=5k+1

= 5k+1=10
=5k =9

9
=>k:g
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Q30 Find the values of a and b such that the function defined by

5, ifx<2
flx) ={ax+b, if2<x<10
21, if x > 10

is a continuous function.

Answer. The given function f is

5, ifx<?2
fixy={ax+b, if2<x<10
21, ifx>10

It is evident that the given function f is defined at all points of the real line. If f is a continuous
function, then f is continuous at all real numbers. In particular, f is continuous at x =2 and x = 10
Since f is continuous at x = 2, we obtain

lim, ,-f(x) = lim,_ ,+f(x) = f(2)

= lim, ,(5) = lim, ,+(ax+b)=5
=5=2a+b=5

=2a+b=5

lim,  ,-f(x) = lim,  ;5+f(x) = f(10)

= lim,  ¢lax +b) = lim, ,5-(21) =21
= 10a+b=21=21
= 10a +b =21
On subtracting equation (1) from equation (2), we obtain 8a = 16 = a = 2 By puttinga =2 in
equation (1), weobtain2x2+b=5=4+b=5
=>b=1
Therefore, the values of a and b for which f is a continuous function are 2 and 1 respectively.
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Q31 Show that the function defined by

f(x) = cos (xz) is a continuous function.

Answer.
The given function is f(x) = cos (xz)
This function f is defined for every real number and f can be written as the composition

of two functions as,

f=g o h, where g(x) = cosx and h(x) = x?

Processing math: 100% 2 2
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It has to be first proved that g(x) = cosx and h(x) = x? are continuous functions.
It is evident that g is defined for every real number.

Let ¢ be a real number.

Then, g(c) = cosc

Putx =c+h

Ifx - ¢, thenh - 0
lim g(x) = lim cosx
X - € X -C

= lim cos(c + h)
h nd 0

= lim [cosccosh — sincsinh]
h-0

= lim cosccosh — lim sincsinh
h-0 h-0

= cosccos( — sincsin0
= cosc x 1 —sinc x 0
= cosc
- limy | g(x) = g(c)
Therefore, g(x) = cosx is continuous function.
h(x) = x?
Clearly, h is defined for every real number.
Let k be a real number, then h(k) = k?

lim,_ h(x) = lim_ x? =k

. lim, _ h(x) = h(k)
Therefore, h is a continuous function. It is known that for real valued functions g and h,such that

(g o h) is defined at c, if g is continuous at c and if f is continuous at g (c), then (f o g) is continuous
atc.

f(x) = (goh)(x) = cos (xz) is a continuous function.

Page : 161, Block Name : Exercise 5.1
Q32 Show that the function defined by f(x) = |cosx| is a continuous function.

Answer. The given function is f(x) = |cosx|

This function f is defined for every real number and f can be written as the composition of two
functions as,

f=g ° h, where g(x) = |x| and h(x) = cosx

[ " (goh)(x) = g(h(x)) — g(cosx) = |cosx| = f(x)]

It has to be first proved that g(x) = | x| and h(x) = cosx are continuous functions.

g(x) = | x| can be written as

I—x, ifx<0
alv\ =

“| Processing math: 100%



Clearly, g is defined for all real numbers. Let c be a real number.
Case I

If c <0, theng(c) = -cand lim,  g(x)= lim, (-x)= —c

- lim, | g(x) = g(c)
Therefore, g is continuous at all points x, such that x < 0
case II:

If ¢ >0, theng(c) = cand lim,  g(x)= lim, x=c

o lim, | g(x) = g(c)
Case III:

If c =0, theng(c) =g(0) =0
lim,  ,g(x) = lim, 4(-x)=0
lim, 4+g(x) = lim, ,+(x)=0

“olimy, | g9(x) = lim, _ jo(x) = g(0)
Therefore, g is continuous at x = 0 From the above three observations, it can be concluded that g is
continuous at all points. h (x) = cos x
It is evident that h(x) = cosx is defined for every real number.
Let c be a real number. Putx = ¢ + h

Ifx - C, thenh -0
lim h(x) = lim cosx
X-C

= lim cos(c + h)
h - o

= lim [cosccosh — sincsinh]
h b d 0

= cosccos0 — sincsin0

= cosc x 1 —sinc x 0

= Cosc

" lim, _ .h(x) = h(c)
Therefore, h (x) = cos x is a continuous function. It is known that for real valued functions g and
h,such that (g o h) is defined at c, if g is continuous at c and if f is continuous at g (c), then (f 0 g) is
continuous at c.

f(x) = (goh)(x) = g(h(x)) = g(cosx) = |cosX| i 4 continuous function.
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QSS Examine that sin | X | is a continuous function. *

Answer. f(x) = sin| x|

This function f is defined for every real number and f can be written as the composition of two
functions as,

f=goh, where g(x) = |x| and h(x) = sinx

| brocessing math: 100% [ 9(I0) = [sinx] = f(x)]
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g(x) = | x| can be written as

-x, ifx <0
90 = x, ifx>0

Let ¢ be a real number.
Case I:
If c <0, theng(c) = 4cand lim,  g(x)= lim, (-x)= —c

~ limy, | g(x) = g(c)

Therefore, g is continuous at all points x, such that x < 0
Case II:

If ¢ >0, theng(c) = cand lim, ,g(x)= lim, x=c

~ limy, | g(x) = g(c)

Therefore, g is continuous at all points x, such that x > 0
Case III:

If c =0, theng(c) =g(0) =0

lim,  g(x) = lim, o(-x)=0

lim, ,+g(x) = lim, 4(x)=0

“limy, | og(x) = lim, _ ,(x) = g(0)
Therefore, g is continuous at x = 0 From the above three observations, it can be concluded that g is
continuous at all points.
h (x) =sin x
It is evident that h (x) = sin x is defined for every real number. Let c be a real number. Put x =c +k
Ifx - c,thenk - Oh(c)=sinc

lim h(x) = lim sinx
X ->C

lim sin(c + k)
X-C

= lim [sinccosk + coscsink]
k-0

= lim (sinccosk) + lim (coscsink)

= sinccos0 + coscsin0
=sinc+0
= sinc
W lim,, | h(x) = g(c)
Therefore, h is a continuous function.
It is known that for real valued functions g and h,such that (g o h) is defined at c, if g is continuous
at c and if f is continuous at g (c), then (f o g) is continuous at c.
f(x) = (goh)(x) = g(h(x)) = g(sinx) = |sinx| is a continuous function.
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Answer. The given function is f(x) = |x| — |x + 1|
The two functions, g and h, are defined as

g(x) = [x| and h(x) = [x + 1|
Then,f=g—h

The continuity of g and h is examined first.
g(x) = |x| Can be written as

-x, ifx<0
903 = x, ifx>0

Clearly, g is defined for all real numbers. Let c be a real number.
Case I:

If c <0, theng(c) = -cand lim,  g(x)= lim, (-x)= —c
- limy, | g(x) = g(c)

Therefore, g is continuous at all points x, such that x < 0
Case II:

If c >0, theng(c) = cand lim g(x) = limx =c¢
L limy, | (g(x) = g(c)
Case III:
If c =0, theng(c) =g(0) =0
lim,  ,9(x) = lim, 4(-x)=0
lim, ,+g(x)= lim, y(x)=0
W limy, | gg(x) = lim,  ,+(x) = g(0)
Therefore, g is continuous at x = 0

Therefore, g is continuous at x = 0 From the above three observations, it can be concluded that g is
continuous at all points.

h(x) = |x + 1| can be written as
Clearly, h is defined for every real number.

Let c be a real number.
Case I:

Ifc< -1, thenh(c) = —(c+1)and lim,  h(x) = lim,  [-(x+1)]= -(c+1)
" lim, _ .h(x) = h(c)

Therefore, h is continuous at all points x, such thatx < —1

Case II:

Ifc> -1, thenh(c) =c+1land lim,  h(x)= lim, (x+1)=c+1
" lim, _ h(x) = h(c)

X

Therefore, h is continuous at all points x, such thatx > — 1
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Case III:
Ifc= -1, thenh(c)=h(-1)= -1+1=0
lim, _h(x)= lim,  _;+[-(x+1)]=-(-1+1)=0
lim, _,-h(x)= lim,_ _;+(x+1)=(-1+1)=0
" lim,  _,-h(x) = lim__ _,-h(x) = h(-1)
Therefore, h is continuous at x = -1 From the above three observations, it can be concluded that h

is continuous at all points of the real line. g and h are continuous functions. Therefore, f =g - h is
also a continuous function. Therefore, f has no point of discontinuity.
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Q1 Differentiate the functions with respect to x.

sin (x2 + 5)

Answer.

Let f(x) = sin (x2 + 5), u(x) = x2 + 5, and v(t) = sint

Then, ( wou )(x) = v(u(x)) = v(x2 + 5) = tan (x2 + 5) = f(x)

Thus, fis a composite of two functions.
Putt = u(x) =x*+5

Then, we obtain

t=u(x)=x*+5

Then , we obtain

dv. d 5
— —_ = = +
& (sint) = cost = cos (x 5 )

dt d d d
—( 2+5)=—(x2)+d—(5):2x+0=2x
X

E dx dx
i v dt ) 5
"7 o :cos(x +5)X2x=2XCOS(X +5)

Alternate method
d d
In [sm (x 5)] Ccos (x 5 I X 5

= cos(x2 + 5) . I:dix(xz) + C;1—)((5)]
= cos(x2 + 5) - [2x + 0]

= 2XCoSs (x2 + 5)
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Q2 Differentiate the functions with respect to x.
Cos (Sin x)

Answer.

Let f(x) = cos(sinx), u(x) = sinx, and v(t) = cost
Then, (vou)(x) = v(u(x)) = v(sinx) = cos(sinx) = f(x)
Thus, f is a composite function of two functions.

Put t = u(x) = sinx

dv d
B a[cost] = —sint = - sin(sinx)
d d
ol ;(smx) = COSX
) df  dv  de

By chainrule .- = — - == = - sin(sinx) - cosx = — cosxsin(sinx)
Alternate Method
d d
a[cos(sinx)] = — sin(sinx) - a(sinx) = —sin(sinx) * cosx = — cosxsin(sinx)
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Q3 Differentiate the functions with respect to x. sin (ax + b)

Answer.

Let f(x) = sin(ax + b), u(x) = ax + b, and v(t) = sint

Then, ( wou )(x) = v(u(x)) = v(ax + b) = sin(ax + b) = f(x)
Thus, f is a composite function of two functions, u and v.
Putt=u(x) =ax+b

Therefore,

dv d

i a(sint) = cost = cos(ax + b)

dt d d d

T dx(ax +b) = dx(ax) + dx(b) =a+0=a
Hence, by chain rule, we obtain

df dv dt

o d cos(ax + b) * a = acos(ax + b)

Alternate method

— [sin(ax + b)] = cos(ax + b) - —(ax + b)
dx dx

d d
= cos(ax + b) - [d—x(ax) + a(b)]

= cos(ax + b) - (a+ 0)

= acos(ax + b)
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Q4 Differentiate the functions with respect to x. Sec(tan(\/;c))

Answer.
Let f(x) = sec(tan\/;), u(x) = \/;, v(t) = tant, and w(s) = secs

Then, (wovou)(x) = wlv(u(x))] = wlv(v/x)] = w(tany/x) = sec(tany/x) = f(x)
Thus, fis a composite function of three functions, u, v, and w .
Puts = v(t) = tant and t = u(x) = \/>_<

dw d
75 = g5 (secs) = secsinx = sec(tant) - tan(tant) [s = tant]

= sec(tany/x) * tan(tany/x)

ds d —
—_ = - = 2 = 2
7 = g(tant) = sec’t = sec’y/x

dt d - d 1 1 1
dx_dx(\/x_dx X2 _2.X2_2

Hence, by chain rule, we obtain
dt _ dw ds dt

dx ds dt dx

- - — 1
= sec(tany/x) + tan(tany/x) x sec?y/x x >
X

= L_sec2\/;sec(tan\/)_<)tan(tan\/;)

24/x

sec2\/)_<sec(tan\/>_<)tan(tan\/;)

2\/x

Alternate method

d - - - d _
a[sec(tan\/x)] = sec(tany/x) - tan(tany/x) E(tan\/x)
= sec(tany/x) * tan(tany/x) * sec2(y/x) - dix(\/;)

= sec(tany/x) * tan(tany/x) * sec?(/x) - —=

24/x
sec(tany/x) * tan(tany/x)sec?(y/x)

24/x

Page : 166 , Block Name : Exercise 5.2

Q5 Differentiate the functions with respect to x

Gim Lo LN
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. .. sin (ax+b)  g(x) .
Answer. The given function is f(x) = — (ord) — heo) where g (x) = sin (ax + b) and

h(x) = cos(cx + d)
. gh-gh

Consider g(x) = sin(ax + b)

Let u(x) = ax + b, v(t) = sint

Then, (wou)(x) = v(u(x)) = v(ax + b) = sin(ax + b) = g(x)
. g is a composite function of two functions, u and v
Putt=u(x) =ax+b

dv d

7 = g (sint) = cost = cos(ax + b)

dt d d d

x - mlax+b)=—(ax)+ (b)=a+0=a
Therefore, by chain rule, we obtain

dg dv dt
9 =5 =3 o - cos(ax +b)-a=acos(ax + b)

Consider h(x) = cos(cx + d)
Let p(x) = cx + d, q(y) = cosy

Then, (gop)(x) = q(p(x)) = q(cx + d) = cos(cx + d) = h(x)
Puty = p(x) =cx+d

Z—z = %(cosy) = —siny = - sin(cx + d)
dy d d d
I &(cx +d) = E(CX) + a(d) =c
Therefore, by chain rule, we obtain
., dh dq dy
THx A b —sin(cx + d) x ¢ = — csin(cx + d)

acos(ax + b) * cos(cx + d) — sin(ax + b){ — csin(cx + d)}
[cos(cx + d)]2
_ acos(ax + b) + csin(ax + b) - sin(cx + d) y 1
cos(cx + d) cos(cx +d)  cos(cx + d)

acos(ax + b)sec(cx + d) + csin(ax + b)tan(cx + d)sec(cx + d)

of =
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Q6 Differentiate the functions with respect to x. cosx? - sin® (x5)

Answer.
The given function is

d d d
- [Cosx3 . sinZ(XS)] = sin?(x°) x — (cosx3 ) + cosx® x —|sin?(x*
dx dx dx

Processing math: 100%
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— sinx3sin? (XS) x 3x2 + 2sinx°cosx

= 10x%sinx®
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d
. coexd X
COSx dx

— 3x%sinx> - sin? (XS) + 2sinx°cosx3cosx> * x5x*

cosx®cosx? — 3x2sinx3sin? (x5)

()

Q7 Differentiate the functions with respect to x. 2\/cot (x2)

Answer.

¢ Vo]

I
wnn
®,
=

—_—
>
No
N—
X
|
(@]
wnn
(@]
No
VS
>
No
N —
X
| &

—

>
N
N—

Il
|
wn
—-
=
—
=
N
N —
X
—_
X
~
N
be
~

B \/cos xz\/sin x2sin x2

- 2\/§x

\/ZSin x2cos x%sin x2

- 2\/§x

sin x2\/ sin 2x2
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08 Differentiate the functions with respect to x. cos(v/x)

Answer.

Processing math: 100%



Let f(x) = cos(v/X)
Also, let u(x) = V/x
And, v(t) = cost

Then, (vou)(x) = v(u(x))
= V(YY)

= COS\/)_(

= fx)

Clearly, f is a composite function of two functions, u and v, such that

t = u(x) = V/x

™ dt_d\/—_di 1 17
oax T dx( X = ax (**) 72
1
2/
By using chain rule, we obtain
dt dv dt
dx ~ dt dx

_ 1
= - sin(\/x) . 2—\/;

1 _
= - 2—\/;sin(\/x)

sin (1/x)
2¢/x
Alternate method

d _ _ d _
d—[COS(\/X)] - sin(v/x) * — (/%)
X dx

- sin(\/)_c) X dix(xz)

- 11
= —sim/x x EXE
—sin\/;
N
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Q9
Prove that the function f given by
fx)y=|x-1|,x €R

is not differentiable at x=1

1 . O,
4 Processing math: 100% | ti5n is fix) = |[x - 1],x € R



It is known that a function f is differentiable at a point x = c in its domain if both

f(c+h)—f(c) . fle+h)—f(c)

lim, h and lim h are finite and equal.

To check the differentiability of the given functionatx = 1,
consider the left hand limit of fatx = 1

_ f(1+h)—-f(1) , |[1+h-1]-[1-1]
limp | o= = lim, ,
|h—0 ~h
= limy  (—— = limy 7~ (h<0=[|h| = —h)
= -1
Consider the right hand limit of fatx = 1
_ f(1+h) -f(1) , |[1+h-1]-[1-1]
limp | o= = limy, -
|h| -0 h
= limp, | = = limy _ 3 (h>0= |h| =h)
=1

since the left and right hand limits of f at x = 1 are not equal, fis not differentiable at x
=1
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Q10

Prove that the greatest integer function defined by f(x) = [x],0 <x <3,

differentiable at x = 1 and x = 2.

Answer.
The given function fis f(x) = [x],0 <x < 3

It is known that a function f is differentiable at a point x = c in its domain if both

f(c+h)—f(c) ‘ f(c+h)—f(c)

lim, h and lim, ; are finite and equal.

To check the differentiability of the given function at x = 1, consider the left hand limit of

fatx=1

) f(1+h) -f(1) ) [1+h]-[1]

hmhémT = hmhqof
. 1_1 .

= hmh_>0+T = hmh_’OO:O

Since the left and right hand limits of f are not equal, fis not differentiable at

x=1

. f(2+h)-f(2) [2+h]-[2]
hmhﬁo—h = hmhﬁoo—h
s 1-2 -1

= hmh 0 hrnhaOo p 00

Processing math: 100%



Consider the right hand limit of fatx = 1

) f(2+h) -f(2) ) [2+h] - [2]

hmh_}oo—h = lim, | =
2-2

= hmhﬂo+ h = llmkHOOZO

since the left and right hand limits of fat x = 2 are not equal, fis not differentiable at x
=2
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L
Q1 Find —: in 2x + 3y = sinx

Answer.
The given relationship is 2x + 3y = sinx

Differentiating this relationship with respect to x, we obtain

d _d
5(2x +3y) = a(smx)

d d
= E(2X) + E(By) = Cosx
dy
=2+ 3d— = COoSX
X
dy
= Sd— = cosx — 2
X

o dy cos x—2
. a— 3
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Ly
Q2 Find —-: in 2x + 3y = siny

Answer.
The given relationship is 2x + 3y = siny

Differentiating this relationship with respect to x, we obtain
d d d
= (2% + 52 @By) = 3 (siny)
dy dy
= 2+ 35 =cosyz. [ By using chain rule ]
dy
= 2 = (cosy — 3) 3,

dy 2
" dx  cosy-3
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( Processing math: 100% |2
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Answer.
The given relationship is ax + by? = cosy
Differentiating this relationship with respect to x, we obtain

d d ’ d
—(ax) + a(by ) = —(cosy)

d 2 d
=a+ ba(y ) = a(cosy)

. . . d 2 dy d . dy
Using chain rule, we obtain — (y ) = 2y5- and - (cosy) = - siny—-
From (1) and (2), we obtain

dy o dy
a+bx2y—- = —siny_-
dy
= (2by +siny)7- = —a
dy -a

""dx  2by+siny
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L LY 2
Q4 Find -: inxy +y” = tanx +y

Answer.

The given relationship is xy + y® = tanx + y

Differentiating this relationship with respect to x, we obtain
d d

= (xy +y2) = ——(tanx +y)

d d d dy
= )T g(y ) = g(tanx) + o

d dy dy 2 dy
= |y X tx o[ T2y =secx+ 5

S>y-1+ d—y+2d—y— 2+ ¥
y X dx ydx—SECX dx

dy ’
=>(x+2y—1)a =secx—Yy

dy sec? x—y

dx ~ (x+2y-1)
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Lo dy
Q5 Find -: in x% + xy + y? = 100

4 Processing math: 100%



2 2_
The given relationship is ¥ ¥+ =100

Differentiating this relationship with respect to x, we obtain

d 7 7 d
E(X +xy+y )= = (100)

d 7 d d 2
< () o 2) o

d dy dy
= 2x + y-a(x)+x-a +2y5:

dy dy
= 2x+y-1+x: - +2y =0

dy
=>2x+y+(x+2y)&=0

dy 2x+y

Tdx T x+2y
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- N 2.3
Q6 Find —-: inx” +xy +xy* +y° = 81

Answer.

3

The given relationship is x3 + x%y + xy? + y3 = 81

Differentiating this relationship with respect to x , we obtain

d d
w2y 02y = e

d d d d
= a ) w ) wm ) ) -0

[ d dy d d dy
= 3x% + Yix (xz) +x23:| + I:yza(x) +xa(y2):| + 3y25 =0

2 2 2 dy o
23Tt |y 2xHxT [Ty ltx- 2y [T T

dy
= (x2 + 2xy + 3y2)a + (3)(2 + 2xy +y2) =0

—_ 2 2
. dy (3x +2xy+y )

..a—

(X2 +2xy+ 3y2 )
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N
Q7 Find - in sin?y + cosxy = T
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The given relationship is siny + cosxy = 1

Differentiating this relationship with respect to x, we obtain
d (. d
= (sm y + Cosxy) = =M
d( d
™ (sm y) + = (cosxy) = 0

=

Using chain rule, we obtain

d (. ) .4 . dy
= (sm y) = 2siny—-(siny) = 2sinycosy -

d o d , d dy
T (cosxy) = = sinxy_-(xy) = —sinxy|y-(x) + x5-

dy dy
= —sinxy|y.1l + Xn | =~ ysinxy — xsinxya
From above results we get
dy dy
2sinycosy - — ysinxy — xsinxy - = 0

dy
= (2sinycosy — xsinxy)a = ysinxy

dy
= (sin2y — xsinxy)a = ysinxy
dy ysin xy

""dx ~ sin 2y—xsin xy
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L 2
Q8 Find —-: insin“x + cosy = 1

Answer.

The given relationship is sin’x + cos?y = 1

Differentiating this relationship with respect to x, we obtain

S 2. 4

a(sm X + Cos y) = dx(l)

d(. 5 d 2.\ =

= a(sm x) + a(cos y) =0
d d

= 2sinx - a(sinx) + 2cosy * d—x(cosy) =0

dy
= 2sinxcosx + 2cosy( — siny) + — =0

ooy
= sin2xsin2y—= = 0

dy sin 2x

" dx _ sin2y
Processing math: 100%
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1 2x

.o dy o
Q9 Find —-: iny = sin T

Answer. The given relationship is

N 2x
= Sin
Y 1+x2
2x
y = sin !
1+x2
2x
= siny =
y 1+x2

Differentiating this relationship with respect to x, we obtain

d ) d 2x
E(smy) = =

1+x2

dy d 2x

= — = =
COYax = ax| 12

2x

L is of the form of v
X

Therefore, by quotient rule, we obtain

2). 4 d 2
d 2% (1+x )-a(Zx)—Zx-E(ler )

dx 2
1+x (1+x2)2

(1+x2) 2-2x [0+2x] 5,00 0 2(1—x2)

(1+x2)2 (1+x2)2 (1+x2)2

— 2x |2
=>cosy=\/1—sin2y =\1- 2)

Processing math: 100%




1 3x—x
= tan
Y 1-3x2
1 3x-x3
= tan
Y 1-3x?
3x—x3
= tany =
Y 1-3x2

y 3
3tan 3 ~tan” 3

It is know that ntany =

y
_ 27
1-3tan 3

on comparing above two results

d d y
E(X) = tan§

2l LY
= 1=sec’3 -3 &
dy 3 3
Z o 2{: 2 Y
sec” 3 1+tan” 3
.dy 3
“d_x:1+xz
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. b _
QllFlndd—X:lny=cos e ,0<x<1
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Answer. The given relationship is,

1 1-x2
= COS
Y 1+x2
1-x2
= COoSsy =
Y 1+x2

5 Y
1-tan 3 1-x2
= =
2 Y
1+tan >

1+x2

On comparing L.H.S. and R.H.S. of the above relationship, we obtain
y
tanE =X

Differentiating this relationship with respect to x, we obtain

oy dfyy_ 4
Sec 7 " ix | 2 _dx(x)

2y 1d
= seCTy X35 T
dy 2
M secZ{
2
dy 2
=>a: 5
1+tan” =
dy 1
B dx - 1+x%
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. dy . . -1
Q12Find _;: iny = sin

Answer. The given relationship is

_2
y:sin_1 x
1+x2
.1 1-x2
= Sin

Y 1+x2
1-x2

= siny =
Y T2

Differentiating this relationship with respect to x, we obtain

Processing math: 100%



d d [1-x*
E(Sm)’)_& .

Using chain rule, we obtain

d dy
2 (siny) = cosy - —

— 1-x%\?
cosy = \/1—sin2y: 1- 12
+ X

JET T e

d 2x dy

(). £ )
(1+x2)2
(1+x2)(—2x)— (1—x2) - (2%)
(1+x2)2
(1+x2)(—2x)— (1—x2) - (2%)
(1+x2)2

—2x—2x3-2x+2x3
= From above results

(1+2)’

—4x

(1)

2x dy —4x
2dx

1+x (1+X2)2
dy -2

= — =
dx 1+x%

Alternate method

2

Processing math: 100%



e |
= Sin
Y 1+x2
) 1-x2
sy =
Y 1+x2

= (1 + xz)siny =1-x°

= (1 + xz)siny =1-x°

= (1 +siny)x? = 1 — x2

1-siny
=>x2 =

l+siny

Yoo 22
cos 5 =sin 5
2 _

= x° =
Yo 2
COS2 SlIl2
y .y
cos 7 —sin 3
= x =
YooY
COS2 SlIl2
y
1—tan2
= x =
1+t z
ElI‘l2
1 y
tanz
= X =
1+tan 3
tanz
U y
=>x=tan| T — ¢
tanl 7~ 5

Differentiating this relationship with respect to x, we obtain

d d moy
w® =g (a2
ofT Y d (n 'y
=1=sec’| 35 5|33
oy 1 dy
=>1=1= 1+tan22—§ 1 7%

dy -2
= — =
dx 1+x2

Processing math: 100%
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. dy . _1 2x
Q13Find - : iny = cos T , —1<x<1

Answer. The given relationship is

1 2x
= CoSs
Y 1+x2
1 2x
= COS
Y 1+x2

2x

=cosy =

Differentiating this relationship with respect to x, we obtain

d d 2x

a(cosy) T x| 112
d d

(1+x2)'a(2x)—2x-a(l+x2)

(1+x2)2

(1+x2)><2—2x-2x

(1+x2)2

L R e
e

2 @ —2(1—x2)
0

= — =
dx 1+x2

dy
= —siny = =

= - \/1 - coszya =

2x
d
X

S

1-
1-x
1+x

Page : 166, Block Name : Exercise 5.3

* 1 1
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Answer.

y = sin_1(2x\/1 —xz)

= siny = 2x\/1 - x°

Differentiating this relationship with respect to x, we obtain

dy ——dx
cosy - = 2|:x—(\/1 X )+\/1—x25:|

—-2x
=>\/1—51nyd——2 5- +\/1—x
\/ 2dy -x2+1-x2

2172 _ -
= V1- (ZX\/l—x ) — =2 e
\/ dy 1-2x2
21 =212 =
= V1-4x (1 X )dx_ N
dy 2
==
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.Y 4 ! 1
Q15Find -: iny = sec ] ,0<x<ﬁ

Answer. The given relationship is

1
_ -1
= secC
Y (2x21)
1
_ -1
= secC
Y (2x21)

Processing math: 100%




1

= secy = 21

= cosy = 2x? - 1

= 2x? = 1+ cosy

y

= 2x% = 2COSZE
y
= x = -
X = Cosy

Differentiating this relationship with respect to x, we obtain

d d y
a(x) = 2| cosy

-1 1dy
y — = ——
LY 2 dx
sin 3
dy -2 -2
= — = =
dx )
sin 5 \/l—cos 3
dy -2
o Vi
X 1-x
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eX

Q1 Differentiate the following w.r.t. x: ——

eX

Answer. Lety = 5

By using the quotient rule, we obtain
d d
dy sin x (ex) —e¥5- (sin x)

a_

sin? x

sinx - (e") - e* - (cosx)

sin’x

e*(sinx — cosx)
= JXZnn,n € Z

sin?x
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Q2 Differentiate the following w.r.t. x:
¢ Processing math: 100%



-1
Answer. Lety = " ¥

By using the chain rule, we obtain

9 - i esin_lx
dx dx

dy -1
Z —_,sin " x, —[ein—1
= dx =e d (SID X)
:esin_lx, 1
\/1—x2
-1
esSin " X
\/1—x2
-1
dy eSlI‘l X
— = ,xe(-1L1
dx \/l—x2
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Q3 Differentiate the following w.r.t. x: e’

Answer.
X3
Lety=e

By using the chain rule, we obtain

dy d 3 3 d 3 3
— = —eX | =X - —(x3) = X - 3x?2 = 3x%eX
dx dx dx
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Q4 Differentiate the following w.r.t. X: sin (tan “le ‘X)

Answer.
Lety = sin(tan “le _X)

By using the chain rule, we obtain

dy d
_ . -1,-x
dx dx [sm (tan e ) ]

Processing math: 100%



-1_-x 1 d -X
= cos(tan e ) - " —(e )

d
1+ (e_")2 X
cos(tan_le_x)
_ x. 9
- 1+e XX ¢ dx( X)
e_xcos(tan_le_x
- < (- 1)

1+e X

—e_Xcos(tan_le _X)

1+e X
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Q5 Differentiate the following w.r.t. x:log (cose")

Answer. y = log (cose")

By using the chain rule, we obtain

d d
d_i = [log(cosex)]
1 d .
" coseX . a(cose )
1 d
= - (— sinex) - —(ex)
cose* dx
—sine* .
= ‘e
cose”

= —etane®, e* # (2n + 1);, nE€N
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Q6 Differentiate the following w.r.t. X: e* + X+ + X
Answer.

d(x x2 x3)
-—le"+e +...+e
dx

d X d X2 d X3 d X4 d X3
=a(@)rale) =) w () w (e

Processing math: 100%



_ 2 42 3,43 L (s
=eX+ [ex de(x )]+[ex -dx(x )]+[ex 'dX(X) + |e* 'dX(X)
:eX+(eX2x2x)+(ex3x3x2)+(ex4x4x3)+(ex3><5x4)

2 3 4 3
= X + 2xe® + 3x%e® + 4x3eX + 5x%eX
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Q7 Differentiate the following w.r.t. X: \/ e\/’_‘, x>0

Answer. y = \/;

y2 = o VX

By differentiating this relationship with respect to x, we obtain
y2 = o VX

S AR Ry

dx dx
dy -1 1
Z - X2 .
2% T eV NF
dy e\/;
= — = =
dx  4y/x
dy e‘/;‘
= d_ = —
X 4'\/6\/X\/X
dy e\/;
= = = , x>0
X 4\/xe\/x
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Q8 Differentiate the following w.r.t. X: log(logx), x > 1

Answer.

Let y = log(logx)

By using the chaln rule, we obtain
dy
dx

d
™ [log(logx)]
X

1od,
logx  dx 089

1 1

" logx x

Processing math: 100%
xlogx”
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COS X

Q9 Differentiate the following w.r.t. X: log x’

x>0

Answer.
COS X

Y= log x

By using the quotient rule, we obtain

d
T (€os x) xlog x—cos xx 7= (log x)

dx (log x)?

1
— i — X =
sSin XlOg X—COS X X

(log x)?

1
- [xlogx—cos XX

(log x)?
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Q10 Differentiate the following w.r.t. X: cos (logx + e¥ ), x>0

Answer. ¥ ~¢0s (log xrer )

dy d
— = - sin(logx + eX) - — (logx + ex)
dx

&
——m@gw)[—mw+%(”
~sin(loge )« ( +

(e Jamoes )0
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Q1 Differentiate the function with respect to x.
COSX * COS2X * COS3x

Answer. y = cosx * cos2x * cos3x

Talrinalacnrithm an hoth the sides, we obtain
Processing math: 100%



logy = log(cosx * cos2x * cos3x)

= logy = log(cosx) + log(cos2x) + log(cos3x)

Differentiating both sides with respect to x, we obtain
1dy 1 d 1 d 1

d
' a(cosSx)

-—— = — . — + - — +

y dx cosx dx (cosx) cos 2x  dx (cos2x) cos 3x
dy sin x sin2x d sin3x d

= dx e i cosXx  cos2x dx(zx) " cos 3x dx(3x)
dy

. =— = —COoSx ' cos2x * cos3x[tanx + 2tan2x + 3tan3x]
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Q2 Differentiate the function with respect to x.

(x=1)(x-2)
\/(x—3) (x-4)(x-5)

Answer. Let
(x-1) (x-2)
y= \/ (x=3) (x-4) (x~5)
Taking logarithm on both the sides, we obtain

(x-1) (x=2)
logy = log\/ (x-3) (x—4) (x-5)

_ 1 (x-1)(x—-2)
= logy = 3log| =3y ma) (-5
1
= logy = E[log{(x - 1D(x-2)} —log{(x — 3)(x —4)(x — 5)}]

= logy = %[log(x - 1) +log(x — 2) — log(x — 3) — log(x — 4) — log(x — 5)]

Differentiating both sides with respect to x, we obtain

1 d 1 d 1 d

1 DI gk =) - i i = 3)
1 d 1 d

_E'E(X_Ll)_ﬁ’ d—x(x—S)

<
&
N =

. dy 1 j(x-1)(x-2) 1 1 1 1 1
tdx T 5'\/(x—3)(x—2) -1t X2 " %x3 x4 x5

I Pjocessing,math: 100% e - Exercise 5.5



Q3 Differentiate the function with respect to x.
(1OgX)COS X

Answer.
Lety = (logx)

COs X

Taking logarithm on both the sides, we obtain

logy = cosx - log(logx)

Differentiating both sides with respect to x, we obtain
1 dy d d
- 7 (cosx) x log(logx) + cosx x ——[log(logx)]

y
1 dy . 1 d
= T T sinxlog(logx) + cosx x Togx = (10gx)

dy . cosx 1
=~ =y|- sinxlog(logx) + ogx * %

COS X

dy .
o= = (logx) % X [xlog =~ smxlog(logx)]
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Q4 Differentiate the function with respect to x.
XX — 21n X

Answer.
Lety = x¥—2nx
Also, let xX = yand 2 40X =
y=u-v
dy du dv

= dx T dx  dx

u=x~
Taking logarithm on both the sides, we obtain
logu = xlogx

1du d d
T E(X) x logx + x x d—x(logx)

du 1
= =u 1><10gx+x><;

du
dx
du X
= - = x"(1 + logx)

= x*(logx + 1)

\ Processing math: 100%



Taking logarithm on both the sides with respect to x, we obtain
logv = sinx * log2
Differentiating both sides with respect to x, we obtain

1 dv d
R log?2 - d—x(sinx)
dv
= = vlog2cosx
v sin x
= - = 27" “cosxlog2

. ﬂ_ X1+1 _2dinx 1 2
s =Xx( 0gx) cosxlog
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Q5 Differentiate the function with respect to x.
(x+3)*- (x+4)° - (x + 5)*

Answer.

Lety = (x+3)? - (x +4)> - (x + 5)*

Taking logarithm on both the sides, we obtain
logy = log(x + 3)* + log(x + 4)> + log(x + 5)*

= logy = 2log(x + 3) + 3log(x + 4) + 4log(x + 5)

Differentiating both sides with respect to x, we obtain
Differentiating both sides with respect to x, we obtain

1 dy 1 d 1 d 1 d
7 & =2 T3 m&+3) 3 o x v +4 = (X +5)
dy 3 2 3 4
ﬁ&‘y x+3+x+4+x+5
dy 5 3 4 [ 20x+4) (x+5) +3(x+3) (x+5) +4(x+3) (x+4)
= G =k e 5y T

:ﬂ‘( +3)(x + 4)%(x + 5)3 - [2(x% + 9x + 20 ) + 3(x% + 8x + 15 ) + 4[x* + 7x + 12
- x+3)(x+4)(x+5) X"+ 9x X T ox XX

dy
Lo = (B A (x + 5)3(9x2 + 70x + 133)
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Q6 Differentiate the function with respect to x.
1\x !

(X+ —) +x(1+§)
X

4 Processing math: 100%



1\x 1
Lety = [x+ -] +x 1+3

1\x 1
Also, letu = |{x+ ~ | andv = x 1+3

.'.y =u+v
dy du dv

=>dx_dx+a

1\x
Then u = X+ 2

1\x
= logu = log(x + ;)

1
= logu = xlog(x + ;)

Differentiating both sides with respect to x, we obtain

1 du d 1 d 1
S @ xloglx+ o)+ xx —flogfx + ¢

1du 1 1 d 1
:Ea_lxlogx+; + x % -5x+;

Processing math: 100%



1
)
1
= logy = log[x(1+§):|

1
= logv = (1 + ;)logx

Differentiating both sides with respect to x, we obtain

1 dv d 1 1 d
e 1+; x logx + 1+; -C;logx

1dv 1 1 1
v | T ettt )x

1adv logx 1 1
=== - — +-+ =
v dx X2 X X2
dv —log x+x+1
= a =v X2

dv 1) x+1-log x
— = I+ —
= dx X( * ( %2 )

Therefore, from (1), (2), and (3), we obtain

dy 1\x| x*-1 1 (1+1) x+1-log x
x X+; X2+1+10g X+; +Xx “N—=
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Q7 Differentiate the function with respect to x.
(logx)* + x108 X

Answer.
Lety = (logx)* + x" X
Also, let u = (logx)* and v = x'°8 X

Sy=utvy

Processing math: 100%



dy du dv

T dx T odx
u = (logx)*
Differentiating both sides with respect to x, we obtain

= logu = log [(logx)x]

= logu = xlog(logx)
1du d

d
—— = —(x) x log(logx) + x + —~[log(logx)]

du 1 d
=~ =u|lx log(logx) + x - ogx a(logx)

du x— X 1
= 2 = (logy)*| logllogn) + 1o~ - ;

du [ 1
= & = (log)*[log(logx) + -~

du [ log (log x) -log x+1
= (logx) log x

du -1
= 2 = (10g0* " [1 + logx - log(logv)]
y = x1og x

= logv = log (xlogx)

= logv = log (xlogx) = (logx)?
Differentiating both sides with respect to x, we obtain
1 dv d
S a = & |(og0?]
1 dv d
= = 2(logx) - 7-(logx)

1%

dv 1
== 2v(logx) N
= & 2x198 X~ 1. Jogx
dx &

Therefore, from (1), (2), and (3), we obtain

&y n-1 log x—1
— = (logx)" " '[1 + logx - log(logx)] + 2x'°%8*~* - logx
dx
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Q8 Differentiate the function with respect to x.
(sinx)* + sin ~ /x

Processing math: 100%
Answer.



Lety = (sinx)* + sin ™ '/x

Also, let u = (sinx)* and v = sin ™ /x

Sy=uty

dy du dv
o Todx T dx
u = (sinx)*

= logu = log(sinx)*

= logu = xlog(sinx)
Differentiating both sides with respect to x, we obtain

du
=

%(x) x log(sinx) + x x %[log(sinx)]

dx
du ) 1 d
= =ull: log(sinx) + x snx | g (SiNX)
du Cx ) X
== (sinx)*| log(sinx) + x| COsX
du T
= - = (sinx) ' (xcotx + logsinx)
V= sin_l\/;

Differentiating both sides with respect to x, we obtain

du X
(e} X . .

= o = (sinx) [log(smx) t i x cosx]
du T

== (sinx) " (xcotx + logsinx)

V= sin_l\/;

Differentiating both sides with respect to x, we obtain

dv 1 d -
dx - _\/1_ (\/)_()2 ' dx (\/X)
du . ' .
= . = (sinx) (xcotx + logsinx)
v =sin 1\/;
Differentiating both sides with respect to x, we obtain
dv 1 d -
_—= —_ . — X
dx _\/1_(\/)()2 dX(\/ )
dv 1 1
= — = —_— + — =
dx  \1-x  2y/x
dv 1
= — =
dx 2\/x—x2
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Therefore, from (1), (2), and (3), we obtain
1

2\/x—x2

= (sinx)*(xcotx + logsinx) +

dx
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Q9 Differentiate the function with respect to x.
Xsin X 4 (SiDX)COS X

Answer.
Lety — xsinx + (Sinx)cos X
Also, letu = x*" X and v = (sinx) % ¥
y=u +v

u= XSIHX

= logu = log (xs'in X)

= logu = sinxlogx

Differentiating both sides with respect to x, we obtain
1 du d d
-— = E(sinx) * logx + sinx a(logx)

u dx
du . 1

= — = u| cosxlogx + sinx - -
dx X
du sin x [ sin x |

= — =X cosxlogx + —
dx X
du in [ sin x |

= — = x> X] cosxlogx + —
dx X

v = (sinx)“® ¥

= logv = log(sinx)***

= logv = cosxlog(sinx)

Differentiating both sides with respect to x, we obtain

1av d d
= 5 (cosx) x log(sinx) + cosx x —=[log(sinx)]

v dx
dv . . d
= — =v| —sinx- log(sinx) + cosx - prowel d—x(smx)
dv . . . oS X
= — = (sinx)“**| ~ sinxlogsinx + ——cosx
X sin x

Processing math: 100%



dv

= - = (sinx) % ¥[ — sinxlogsinx + cotxcosx]
dv
= - = (sinx)“%® *[cotxcosx — sinxlogsinx]

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

&le

. sin x
= xS X (cosxlogx + ) + (sinx) % *[cosxcotx — sinxlogsinx]
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Q10 Differentiate the function with respect to x.

x2+1
XXSOIIX+
x2-1
Answer.
XCOS X X2+1
Lety = x + 5
x“-1
x2+1
Also, letu = x*"*and v = —
x“-1
y=u+tv
dy du dv
= dx T dx " dx
u = x'ogx

= logu = log (annx)

= logu = xcosxlogx

Differentiating both sides with respect to x, we obtain

1 du d

d d
T T E(X) * cosx " logx + x * a(cosx) - logx + xcosx - E(logx)

du

1
== u[l * cosx * logx + x + ( — sinx)logx + xcosx - ;:I

du

. _ JT0SX -
= % =X “(cosxlogx — xsinxlogx + cosx)

x2+1

= logv = log(x2 + 1) - log(x2 - 1)

Differentiating both sides with respect to x, we obtain
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1 adv 2x 2X

vdx X241 x2-1

o vrx(x”)zx(x“l) ]

=>dx

dv x2+1 —4x
= — = X

dX Xz_l ( 2

dv —4x

- — = —
dx
(1)

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

dy 4x
— = x**" “[cosx(1 + logx) — xsinxlogx] —
dx ( 9 ) 2
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Q11 Differentiate the function with respect to x.
1

(xcosx)™ + (xsinx) x

Answer.
1

Lety = (xcosx)™ + (xsinx)x
1
Also, let u = (xcosx)* and v = (xsinx) x

=y=utyv

dy du dv
P& i &
u = (xcosx)®

= logu = log(xcosx)*
= logu = xlog(xcosx)
= logu = x[logx + logcosx]
= logu = xlogx + xlogcosx

Differentiating both sides with respect to x, we obtain
1du d d
T = a(xlogx) + E(xlogcosx)

du d d d d
= — =u logx - a(X) +x- E(IOgX) + 4 logcosx - d—x(x) +Xx- d—X(logcosx)

du 1 1 d
== (xcosx)x[(logx ltx- s ) + {logcosx L x E(COSX)}:I

Processing math: 100%



du X
== (xcosx)* [(logx +1)+ {logcosx t sy ( — sinx) }]

du

= - = (xcosx)*[(1 + logx) + (logcosx — xtanx)]
du

= — = (xcosx)*[1 — xtanx + (logx + logcosx)]
du

= — = (xcosx)*[1 — xtanx + log(xcosx)]

1

v = (xsinx)x
1
= logv = log(xsinx)x

1
= logv = - log(xsinx)

1
= logv = ;(logx + logsinx)

1 1
= logv = logx + ~logsinx

1 adv d (1 d|1 )
Tk ;logx + o ;log(smx)

1dv [ d (1 1 d ' d (1 1 d )
= T losx G| x|t x o i og) [+ [loglsin - Gl 1)+ 5 g log(sim)

1av [ 1) 11 . 1y 1 1 d
=% |logx ‘;}+?; *|logGim) | 5 ] ek xS

1 dv 1 log (sin x) 1 1
-— =—=(1- + +

= v dx X2 (1 - logx) X2 xsin x  xsin x
dv Il 1-log x-log (sin x) +xcot x

= = = (xsinx) x =
dv Il 1-log (xsin x) +xcot x

= - = (xsinx) x =

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

dy 1
— = (xcosx)*[1 - xtanx + log(xcosx)] + (xsinx)x .
X

1 [xcotx+1—log (xsin x) ]
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d
Q12 Find % of function.

Xy+yx:

Answer.
The given function is x¥ + y* = 1
LetxY =uandy*=v

Then, the function becomesu +v =1

du dv
o dx+dx_0
U:X'

= logu = log (xr)

= logu = ylogx
1 du dy d
v - logxg, Ty g (logx)

u dx

du dy 1
= dx -u 1ngdx ty: X

W @y
=>dx_x Ogde—i—x
y=y"

= logv = log (yx)

= logv = xlogy
Differentiating both sides with respect to x, we obtain

1 dv d d
= logy - Z-(x) + x - 7~ (logy)

v odx
dv 1 dy

= L=V logy-1+x-;-a

dv M

=& Y\l TR

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

dy y x dy
x| logx- + 7 | + ¥ logy+}—]& =0

y x—1 d_y - _ y—1 X
= |x’logx + xy o VX + y*logy

dy y 1 +yog y
dx x’log x+xy* "1
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dy
Q13 Find - of function.
y'=

Answer.
The given function is x¥ + y* = 1
Letx =uandy*=v
Then, the function becomesu +v = 1

du dv

a 5_0

u=x"

= logu = log (xx)
= logu = ylogx

1du dy d
logxd +y - 5 (logx)

udx

du dy 1
= o =ullogx-+y-

du y dy 'y
= =X logxd—x +

yk

vV =
1 dv
2 logy 0+ x - - (logy)

dv x dy
= i - y logy 3 y dx
From (1), (2), and (3), we obtain

dy y x dy
x| logx o + - *|logy + - x| =0

= (1o + X~ 1 d_y - _ y-14 X]
gx x| o yXx y*logy

dy yx' " t+ylogy

©odx - xVlog x+xy* 1
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dy
Q14 Find o of function.

(cosx)* = (cosy)*

Answer.
Processing math: 100%



The given function is (cosx)” = (cosy)*
Taking logarithm on both the sides, we obtain
ylogcosx = xlogcosy

Differentiating both sides, we obtain

dy d d d
logcosx - == +y - =-(logcosx) = logcosy * —(x) + x - - (logcosy)
dy 1 d 1 d
= logcosxa L v a(cosx) = logcosy * 1 + x - sy a(cosy)
dy Yy i x i dy
= logcosx - + —— - (— sinx) = logcosy + m( - siny) - o~
dy dy
= logcosx - — ytanx = logcosy — xtany_-

dy
= (logcosx + xtany)a = ytanx + logcosy

dy  ytan x+log cos y

" dx ~ xtan y+log cos x
dy ytan x +log cos y
" dx  xtan y+log cos x
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d
Q15 Find d—i of function.

xy = e(X7Y)

Answer.
The given function is xy = e (X7)
Taking logarithm on both the sides, we obtain

log(xy) = log(ex_y)

= logx + logy = (x — y)loge

= logx +logy = (x —y) x 1

= logx +logy = (x —y) x 1

= logx +logy = x—y

d d d dy
dogx) + ——(logy) = —=(x) - &

1 1dy dy
+

dv vix—1)
Processing math: 100%
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Q16 Find the derivative of the function given by f(x) = (1 + x) (1 + xz)(l + x4) (1 + x3) and hence
find f (1)

Answer. The given relationship is f(x) = (1 + x)(l + xz)(l + x4) (1 +x3 )Taking logarithm on both
the sides, we obtain

logf(x) = log(1 + x) + log(l + x2) + log(l + x4) + log(l + xg)Differentiating both sides with respect

to x, we obtain

1 d d d 2 d 4 d 8
Gy ) = losC1 +) + los(1+)  log(1+) ¢ log(1 )

1 , 1 d 1 d 2 1 d 4 1 d 8
=>f(—x)-f(x=—-a(1+x)+ (1+x)+ (1+x)+ -—(1+x)

+ — . —
1+x 1 +x2 dx 1+x% dx 1+x8 dx

1+x 1+x

, 1 1 1 3 1 7
=) =) 55+ 2'2X+1+X4'4X + —— - 8x

N

1+x

S fe) =@ +X)(1 +x2)(1 +x4)(1 +X8)[1Jlrx + = + 4X34 + 8X78]

Hence,f'(l):(1+1)(1+12)(1+14)(1+1')[ 1 2x1  4x1 8><17]

+ + +
1+1 1+1%2 1+1% 1+12

1 2 4 8
=2X2X2X2l=—+ =+ =+ =
2 2 2 2
1+2+4+8
=16x | ———
2
15
=16x 5 =120
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Q17 Differentiate (x4 - 5x + 8)(x3 +7x + 9) in three ways mentioned below

(i) By using product rule.
(ii) By expanding the product to obtain a single polynomial.
(iii) By logarithmic differentiation. Do they all give the same answer?

/ - ([ c

3
Processing math: 100% 5x + 8)(X +7x + 9)



(i)

Letx2-5x+8=uandx3+7x+9=v

.'.y:mv
dy du dv
AT R
d d d
=>d—y=—(x2—5x+8)-(x3+7x+9)+(x2—5x+8)-—(x3+7x+9)
X dx dx
by 3 2 2
= G =@ =5) (¥ + 7x+9)+ (¥ -5x+8) (3¢ + 7)
dy
- — = 2x(x3 +7x+ 9)— 5(x3+ 7x+9) +x2(3x2 #7) - 5x(3x2 + 7)+8(3x2 + 7)
dy
- — = (2x4+14x2+18x)—5x3—35x—45+(3x4+7x2)—15x3—35x+24x2+56
dy
L= = 5x* = 20x° + 45x° — 52x + 11
(ii)

y= (x2—5x+8)(x3+7x+9)

xz(x3 + 7x + 9) - SX(X3 + 7x + 9) + 8(x3 +7x + 9)

x° + 7x3 + 9x2 — 5x4 — 35x2 — 45x + 8x3 + 56x + 72
= x2 - 5x% + 15x3 - 26x2 + 11x + 72

d d

A —(xz ~5x4 + 15x2 — 26x2 + 11x + 72)

dx dx
= L 2) -5 L (1) 4 152 (x5) - 26 (x2) + 112 () + —(72
_dx(x) dx(x) dx(x) dx(x) dx(x) dx( )

=5x* -5 x4x3+15x3x2-26x2x+11x1+0
= 5x% — 20x3 + 45x2 - 52x + 11

(iii)

y= (x2—5x+8)(x3+7x+9)

Taking logarithm on both the sides, we obtain
logy = log(x2 - 5x + 8) + log(x3 +7x + 9)

Differentiating both sides with respect to x, we obtain

Processing math: 100%



ldy d ) d 3
S T alog(x —5x+8)+alog(x +7x+9)

1d 1 d
 _ -—(x2—5x+8)+

d
3
-— = x>+ 7x+9
ydx  x?-5x+8 dx ( )

x3+7x+9  dx

x%-5x+8 x3+7x+9

dy 1 1 ’
:a:y x (2x — 5) + ><(3x +7)

dy 2x-5 3x2+7
= =(x2—5x+8)(x3+7x+9) +

dx x2-5x+8 x3+7x+9

dy
- = = 2x(x3+7x+9)—5(x3+7x+9)+3x2(x2—5x+8)+7(x2—5x+8)
dy
dx
dy
dx

X

- (2x4 T+ 14x2 + 18x) —5x3 - 35x - 45 + (3x4 _15x4 + 24x2) n (7x2 _35x + 56)

= 5x* - 20x3 + 45x% - 52x + 4

=

dy
From the above three observations, it can be concluded that all the results of ~, are same.
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Q18 If u, vand w are functions of x, then show that

du dv dv
— - oWty — W av
™ (u, v, w) WU Wty o

in two ways-first by repeated application of product rule, second by logarithmic differentiation.

Answer.
Lety=u,v,w=u.(v,w)
By applying product rule, we obtain
dy du d
x - g wtu —(v-w)
dy du dv dw
S kT vwturgpowrtutve o
By taking logarithm on both sides of the equation y = u. v, w, we obtain
logy = logu + logv + logw
Differentiating both sides with respect to x, we obtain
1 dy d d d
5 @ - axdosw) T g (logy) + (logw)
1 dy 1du 1dv 1 dw

- — = —— +-— +
=>y dx udx vdx wdx

dy ldu 1dv 1dw
o \ud Ty T wax
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dy 1 du 1dv 1 dw
= —=uv,w |-+ -+
> v dx w dx

dx u dx
dy du dv dv
A o VWU WUV
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Q1 If x and y are connected parametrically by the equation, without eliminating the
LY

parameter, find i

X = 2at2,y = at*

Answer.
The given equations are x = 2at® and y = at*

_d 2\ _ A _
Then——E(2at)—ZG-E(t)—2a-2t—4at
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Q2 If x and y are connected parametrically by the equation, without eliminating the parameter,

dy
find =

X = acos6, y = bcosf

Answer.
The given equations are x = acosf and y = bcosf
dx d
Then, 0= @(GCOSQ) = a( — sinf) = — asinf
dy d
i @(bcosﬁ) = b( — sinf) = — bsinf
dy

dy ("9) ~bsin® b
“dx T "asin®  a

4
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Q3 If x and y are connected parametrically by the equation, without eliminating the parameter,
dy
find =

X = sint, y = cos2t

Answer.
The given equations are x = sint and y = cos2t
dx d
Then, i a(smt) = cost
dy d . d :
7 = g(cos2t) = —sin2t - —(2t) = — 2sin2t
(%)
dy dt —2sin 2t —2+2sin tcos t .
Bl = = = — 4sint
X cost cos t

dx
(%)
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Q4 If x and y are connected parametrically by the equation, without eliminating the parameter,

d
find d—i

<1 b

x =4ty =

4
Answer. The given equations are x = 4tand y = T
dx
dt

dy d (4 d (1 -1 -4
il Il il Il e Rl Baliory
dy __4
dy (E) ¢ -1

2

d
a(4t) =4

T dx dx 4 ¢
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Q5 If x and y are connected parametrically by the equation, without eliminating the parameter,
dy
find =

X = cosf — cos20, y = sinf — sin2l
Answer.

Processing math: 100%



The given equations are x = cosf — cos20 and y = sinf — sin20

dx d d d
Then, 0 = E(COSG — co0s20) = %(COSH) = %(COSZQ)
= —sinf — ( — 2sin26) = 2sin260 — sinf
dy d d d
- E(sin@ - sin20) = %(sin9) - E(sinZB)

= cosB — 2cos20

dy a0 cos 68— 2cos 20

~ 2sin 20 -sin

X ) dx
(%)
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Q6 If x and y are connected parametrically by the equation, without eliminating the parameter,
dy
find o
x = a(f - sinB), y = a(1 + cosb)
Answer.
The given equations are *=9(0=510) and y = q(1 + cos@)

dx d d
Then, 35 = a[@(@) - E(sin@)] = a(1 — cosb)

dy d d
B a[E(l) + @(cose)] =a[0 + ( —sinf)] = - asinf
_dy a9 —asin 0 ~2sin 7cos 3 TCos 5 0
“dx ~ dx  a(l-cosB) 50 N = ~coty
2sin 3 sin >
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Q7 If x and y are connected parametrically by the equation, without eliminating the parameter,

dy
find E
sin3 ¢ cos3 t

X= —=,y= —=
\/cos 2t’y \/cos 2t

A The oi . sin® t d cos® t
nswer. e given equation are an = T/
8 q \/cos 2t Y \/cos 2t

Processing math: 100%



- dx d| sin3t
Then, — = — | ——
dt  dt]+/cos2t

_ d d
v —(<in3t ) = cin3¢ - —
Vcos2t - - (sm t) sin®t - —+/cos2t

cos2t
1

d
2/cos2t + ~(cos2t)

_ d
\/cos2t - 3sin’t - E(sint) ~ sint x

_— sin® ¢
3+/cos2t - sintcost — ——— - (— 2sin2t)
24/cos 2t
cos2t

3cos 2tsin? tcos t+sin> tsin 2t

cos 2ty/cos 2t

d
2+/cos 2t " de (cos 2t)

N ) d 3
\/cos 2t 3cos t- 5 (cost) —cos” t-

cos 2t
1

——r 2N 3.
3+/cos 2tcos® t( —sin t) —cos” t 2eos 2 (—25m 20

cos 2t
~3cos 2t- cos? ¢+ sin t+cos> tsin 2t
- cos 2t-+/cos 2t
dy
dy ( de ) —3cos 2t cos? tsin t+cos® tsin 2t
Cdx dx N 3cos 2tsin tcos t+sin? tsin 2t
(%)

~3c0s2t * cos’t - sint + cos3t(251ntcost)

3cos2tsin’tcost + sin3t(2sintcost)

sintcost[ — 3cos2t - cost + 2cos3t]
= ]

sintcost[BcosZtSint + 2sindt

[ -3 (2cos2 t—-1 )cos t+2cos> t]

[3 (1—2s,1n2 t)sint+2sin3 t]

—4c0s?t + 3cost

3sint — 4sin3t
—cos3t

sin3
= — cot3t
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dy t
find .7 x = a| cost + logtany |, y = asint

t
Answer. The given equations are x = a| cost + logtans ) and y = asint

N dx d d | t
_ = . J— + — —
Then, at a dt(COSt) ar ogtan2

1

( t )
tan=

t 2
tan

= a| - sint + I

Q|Q_,

Il
Q

[ t St df(t
— + R [ — .
sint + cot ) sec 2 di\ 2

1
= — qj +
a sint ¢ ¢

ZSIHECOSE

1
=al| —sint+ —
sint

—sin?t+ 1
sint

COSzt

= a X
sint
dy d

T aa(smt) = acost

( 7 )
dy d acos t sin t
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Q9 If x and y are connected parametrically by the equation, without eliminating the parameter,

fin
(1..

- Processing math: 100%
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Answer.
The given equations are x = asecf and y = btanf

dx d

Then, — - ar E(sec@) = asecOtanf
b < (tan6) = bsec?
0 - de(tan ) = bsec
%)
do 2
dy bsec” 6 b bcos 6 b 1 b
Cdx "~ asecftan O Esec@cot@ T GcosOsin®  a  sinf ECSCB

dx
B
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Q10 If x and y are connected parametrically by the equation, without eliminating the parameter,
dy

find x

X = a(cosB + Bsinf), y = a(sinf — Ocosh)

Answer.
The given equations are (x = a(cosf + 0sinf) and y = a(sinf — 6cosh)

Then, E = a[—cos@ + —(Bsme)] = a[ —sinf + Qde (sinB) + sinf—; T (6)]

= ag[ — sinf + OcosH + sinf] = abcosbO

dy d d d d

T =a [ﬁ(sin()) - E(Gcos@)] = a[cos@ - {QE(COSQ) + cosf - E(Q)}]
= a[cosO + Osinf — cosO]

= aBsind

dy a9 afsin 0

tdx ~ aBcos O tand
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dy y
_ sin cos - _ _Z
Ollx—\/al ,y \/ , showthatd X

. : in-1
Answer. The given equations are x = \/ a® andy = \/ a®®
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E— 1.
X = \/asm Candy = \/acos t

1 1
_ sin" !¢ 2 — cos Lt 2
=x=|a andy = |a
1 1 1
= x = g2sin tandy = qzC0s "t

1 R
5 Sin

. 1
Consider x = a2

t

Taking logarithm on both the sides, we obtain
1
logx = 7sin N 1tloga

o1 dx 1 N
-;-E—Eloga-a(sm t)

dx X 1
a2

1

|
—

o

aQ

Q

dx xlog a
= — =
at - o\/1-¢2

logx = 7sin 1tloga

o1 dx 1 d .1
-;-E—Eloga-a(sm t)

dx X 1
a2

1

I
—

]

aQ

Q

dx xlog a
= — =
. o\/1-¢2

logy = Ecos_ltloga

o1 dy 1 d 1
S Eloga- a(cos t)

dy yloga -1
= a2 \/1_t2
dy —ylog a
- — —
. o\/1-¢2
= 24/1-¢
o v ,
dx B T X

Hence proved
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Q1 Find the second order derivatives of the function

x> +3x+2

Answer.

Lety=x2+3x+2

Then,

dy dg,\ d d
E:E(X)+E(3x)+5(2):2X+3+0:2X+3
Cdy  d d d
'E:E(2X+3):E(2X)+E(3):2+0:2
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Q2 Find the second order derivatives of the function

20

Answer.

Lety = x%0

Then,

dy d

“_ 2 (.20) _ 19

dx ~ dx(x )_ZOX
dy d d

L= a(zox“)) - 20d—x(x19) = 2019 - x'8 = 380x'8

X
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Q3 Find the second order derivatives of the function.

X * COSX

Answer.
Lety = x * cosx

Then

dy d d d
T = ax(x 1 cosx) = cosx + - (x) + x5 (cosx) = cosx * 1 + x( — sinx) = cosx — xsinx

dy d ‘ d d
PRl [cosx — xsinx] = 7 (€OSX) — —=(xsinx)
d%y

d
LTS = a[cosx — xsinx] = a(cosx) - E(xsmx)

— . . d d .
= —sinx — | sinx dx(x) + X dx(smx)

= — cinv — (ciny + XCOSX)
Processing math: 100%
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Q4 Find the second order derivatives of the function.
logx

Answer.
Lety = logx
Then,

dy d
ol E(logx) =3

[EN
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Q5 Find the second order derivatives of the function.
x3logx

Answer.

Lety = x310gx
Then

dy

d d d
= — |3 = 3 3. —
I dx [x logx] logx Ix (x ) + X In (logx)

1
= logx - 3x% + x>+ — = logx * 3x% + x?
X

= x%(1 + 3logx)

d 2 2d
= (1 + 3logx) - a(x )+x —(1+ 3logy)

3
— . 2,
= (1 +3logx) - 2x + x~ - ~

= 2x + 6xlogx + 3x
= 5x + 6xlogx
= x(5 + 6logx)
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Q6 Find the second order derivatives of the function

y = e*sin5x
Answer.
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dy d, . e d 4 .
_—= = e + e
I dx (e sin x) sin5x Ix (e ) e Ix (sin5x)

= sin5x + X + e* * cos5x - d—(5x) = e%sin5x + e*cos5x * 5
X

= e*(sin5x + 5c0s5x)
)

. dx?

d
— [ex(sin5x + SCOSSX)]
dx

d d
(sin5x + 5c085x) * — (ex ) + e% + —(sin5x + 5c0S5x)
dx dx

d d
= (sin5x + 5cos5x) + = (ex) +eX- 2 (sin5x + 5cos5x)

d d
(sin5x + 5cos5x)e* + e* [cosSx " (5X) + 5( = sinbx) - d—x(Sx)]

= eX(sin5x + 5cos5x) + e*(5cos5x — 25sin5x)

= e*(10cos5x — 24sin5x) = 2e*(5cos5x — 12sin5x)
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Q7 Find the second order derivatives of the function.

e5%cos3x

Answer.
Lety=e
Then
dy d
dx  dx

6Xcos3x

d d
(e6x - cosBx) = cos3x * — (66") + e - —(cos3x)
dx dx

d d
= cos3x - €5 - —(6x) + e + (- sin3x) - —(3x)
dx dx

= 6e%cos3x — 3e%sin3x

Nt A (666XC053X - 3e6xsin3x) =6" —(€6XC053X) -3 (€6XSiD3X)
dx*  dx dx dx

d d
6 [GeGXCOSBX - 3e€xsin3x] -3+ |sin3x - — (eex ) + e™ . —(sin3x)
dx dx

= 36e%c0s3x — 18e*sin3x — 18e5sin3x — 9e™cos3x
= 27¢%cos3x — 36e%sin3x
= 9¢%%(3cos3x — 4sin3x)
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08 Find the second order derivatives of the function.
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Then,
dy 1 1
x a(tan X) = 12

(o) " ()
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Q9 Find the second order derivatives of the function.
log(logx)

Answer.
Let Y = log(logx)

Then
dy d 1 d 1 1
ax ~ axlo8(log] = 1= logx) = 307 = (xlogx)

-1

d d
[logX' ax () T x- d—x(logX)]

(xlog x)2
-1 1 . 1 - (1+logx)
B (xlog x)? 08X XX T (xlog x)?
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Q10
Find the second order derivatives of the function.

sin(logx)

dy 3 d 3 d _ cos (log x)
Answer. 7 = e lsin(logx)] = cos(logx) - —~(logx) = ————

X

d%y d | cos (log x)
Cax? dx x
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d d
x + —[cos(logx)] — cos(logx) - —=(x)

X2

X [ — sin(logx) - %(logx):l - cos(logx) - 1

X2

—xsin(logx) + -~ — cos(logx)

Nl x| =

b

—[sin(logx) + cos(logx)]

X2
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d%y
Q11 If y = 5cosx — 3sinx, prove that 2 ty= 0
X

Answer.
It is given that, y = 5cosx — 3sinx
Then,
dy d ) _
Ix dx (5cosx) — ix (3sinx) = 5 ix (cosx) — 3 ix (sinx)
= 5( — sinx) — 3cosx = — (5sinx + 3cosx)
Ay 4
v dx[ — (5sinx + 3cosx)]
d ] d
= - . —_— + . —
5 Ix (sinx) Ix (cosx)
= — [5cosx + 3( — sinx)]
= — [5cosx — 3sinx]
d?y
C——+y=0
dx? Y

Hence proved
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d%y
Q12y = cos ~1x, find 2 in terms of y
X

Answer.
It is given that, y = cos 1x
Then,
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I
|
—
|
N| =
N —
—
—_
|
>
N
N —
| !
w
—
'—\
|
ba
N
N —

& \/(1—x2)3

1

y = C0S "X = X = COSy
Putting x = cosy in equation (i), we obtain
d_zy ~ —cosy
dx?
\/(1 - Coszy)3
d%y —cosy
= - = —
dx
\/(Sinzy)3
—cosy
B sin3y
—Cosy 1
= - X
siny sin2y
= d_zy = - coty - coscc?
dx? Y Y
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Q13 y = 3cos(logx) + 4sin(logx), show that x2y2 +xy, ty =0

Answer.
It is given that, y = 3cos(logx) + 4sin(logx)

Then,
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d d
y1 =3+ 7~ [cos(logx)] + 4 - —[sin(logx)]
dx dx

d d
=3 [ — sin(logx) - E(logx)] +4- [cos(logx) . E(logx)]

—3sin (log x) 4cos (log x) 4cos (log x) —3sin (log x)
O yl = . + . = .

yzza X

d (4cos (log x) —3sin (log x) )

x{4cos(logx) — 3sin(logx)} — {4cos(logx) — 3sin(logx)}(x)’

x2

x[4{cos(logx)}’ - 3sin(1ogx)}'] ~ {4cos(logx) - 3sin(logx)} !

X2

x| - 4sin(logx) - (logx)’ — 3cos(logx)(logx) | - 4cos(logx) + 3sin(logx)

x2

X [ 4sin(logx) - (logx) — 3cos(logx)(logx)'- — 4cos(logx) + 3sin(logx)

x2

1 1
x| — 4sin(logx) - + — 3cos(logx)— — 4cos(logx) + 3sin(logx)
X

x2

—4sin(logx) — 3cos(logx) — 4cos(logx) + 3sin(logx)

X2

—sin (log x) —7cos (log x)

x2

%y, +xy, Y

b

2

X X

—sin (log x) —7cos (log x) 4cos (log x) —3sin (log x)
= x? + X + 3cos(logx) + 4sin(logx)

= —sin(logx) — 7cos(logx) + 4cos(logx) — 3sin(logx) + 3cos(logx) + 4sin(logx)

Hence, proved.
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d? d

y ly
Q14 If y = Ae™ + Be™ Show that 2 (m+n)o- +mny =0
X

Answer Tt i< given that y = Ae™ + Be®
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dy d d d d
A mx o —[onx) = A . mx, L onX . - mx m
A & (e ) *B & (e ) A-e™ - —(mx) + B-e™ - - (nx) = Ame™ + Bne
dy d d d

— = —(Amemx + Bnenx) = Am - _(emx) + Bn - _(enx)

dx dx dx dx

d d
= Am - ™ - —(mx) + Bn - ™ —(nx) = Am?e™ + Bn?e™

= Am?e™ + Bn%e™ - (m + n) - (Amemx + Bnem) + mn(AemX + Bem)

= 0 Hence proved
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d2

y
Q15 If y = 500e”* + 600e ~ X Show that — =49
X

Answer.

It is given that, y = 500e’* + 600e ~7¥
Then,

dy d d

— =500 - —( 7X)+600 - —( ‘7")
dx dx ¢ dx ¢

7x d —2x d
=500-e" - —(7x) + 600 - e (= 7x)
dx dx
= 3500e”X — 4200e ~ X
7x d -7x d
=3500-e" - —(7x)—420 - e - —(-7x)
dx dx

=7 x 3500 - e’¥+7 x 4200 - e~ ¥
= 49 x 500e”* + 49 x 600 - e~ ¥

- 49 (500e7x + 400e ‘7X)

= 49y
Hence proved.
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dyy  [dy\2
Q16 e¥(x + 1) = 1 Show that — = | —
dx dx
Answer.
2 —
The given relationship is ¢ **1) =1
dx+1)=1
y 1
Se =i
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dix+1)=1
1

.y:—
—e x+1

Taking logarithm on both the sides, we obtain

1
y = log o,

Differentiating this relationship with respect to x, we obtain

dy d 1 -1 -1
- @Dl T & D =1

C(x+1)?

.dzy d {1 -1 1
"o dx\x+1 )T xe1)2 ] (x+1)2

Hence proved
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(ean-1.)2 2
Q17ifr~ (tan 1x) , show that (x2+1) y2+2x(x2+1)y1 =2

Answer.
1 \2
The given relationship is y = (tan lx)

Then,

N T R
Y1 = 2tan X (tan x

=y, =2tan “x-

+x2

= (1 + xz)y1 = 2tan ~x

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

1
2 -
(1 + X )y2+2xy1 = 2(1+X2)

= (1+x2) 2), -
Xy, +2x|1+x7 |y, =2

Hence. nraoved.
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Q1 Verify Rolle’s Theorem for the function f(x) = x> + 2x - 8,x € [ - 4, 2]

Answer. The given function f(x) = x%+2x -8, being a polynomial function, is continuous in [—4, 2]
and is differentiable in (-4, 2).
f(-4)=(-492+2x(-4)-8=16-8-8=0
f2)=(2)>+2x2-8=4+4-8=0
S (-4 =f2)=0
= Thevalueoff(x)at — 4and2coincides.
Rolle’s Theorem states that there is a point ¢ € ( - 4, 2) such that f(c) = 0
f(x) =x>+2x-8

=>f'(x)=2x+2
.'.f'(c)ZO
=2c+2=0

=c= -1, wherec= -1 € (-4,2)

Hence, Rolle's Theorem is verified for the given function.
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Q2 Examine if Rolle’s Theorem is applicable to any of the following functions. Can you say

something about the converse of Rolle’s Theorem from these examples?
f(x) = [x] for x € [5, 9]

f(x) =[x]forx €[ -2, 2]
(iii) f(x) = x*> - 1 forx € [1, 2]

Answer.
By Rolle's Theorem, for a function f: [a, b] - R, if

(a) fis continuous on [a, b]
(b) fis differentiable on (a, b)
(©) f(a) = f(b)

then, there exists some ¢ € (a, b) such that f (=0
Therefore, Rolle's Theorem is not applicable to those functions that do not satisfy any of

the three conditions of the hypothesis.
() f(x) = [x] forx € [5, 9]
It is evident that the given function f(x) is not continuous at every integral point.

In particular, f(x) is not continuous at x = 5and x = 9
= f(x) is not continuous in [5, 9]

Also, f(5) =[5] =5and f(9) = [9] = 9
- f(5) # (9)

The differentiahilitv of fin (5, 9) is checked as follows.
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The left hand limit of fat x = n is,

f(n+h)—f(n) [n+h]-[n] n-1-n -1
limy = = limy o~ = limy o~ — = lim 5 =
The right hand limit of fat x = n is,

f(n+h)—f(n) [n+h]-[n] n-n
limy o~ = limy g+ = limy (= = lim; . 0=0

Since the left and right hand limits of f at x = n are not equal, f is not differentiable at x =n
~f is not differentiable in (5, 9).
It is observed that f does not satisfy all the conditions of the hypothesis of Rolle's

Theorem.

Hence, Rolle's Theorem is not applicable for f(x) = [x] for x € [5, 9]
(i) f(x) = [x] forx € [ - 2, 2]

It is evident that the given function f(x) is not continuous at every integral point
In particular, f(x) is not continuous at x = — 2 and x = 2

= f(x) is not continuous in [ — 2, 2] .

Also,f(-2)=[-2]= -2andf(2) = [2] =2

S -2 # )

S -2 # )

The differentiability of fin ( — 2, 2) is checked as follows.

The left hand limit of fat x = n is,

f(n+h) =f(n) [n+h]-1[n] n-1-n -1
lim, = = limy_ oy = limy o= = lim | 7 =
The right hand limit of fat x = n is,

f(n+h)—f(n) [n+h]-[n] n-n
lim, .o~ = lim, o-———— = lim, = = lim,  ,0=0

Since the left and right hand limits of f at x = n are not equal, f is not differentiable at x
=n

.. fis not differentiable in ( — 2, 2)

It is observed that f does not satisfy all the conditions of the hypothesis of Rolle's
Theorem.

Hence, Rolles Theorem is not applicable for f(x) = [x] forx € [ — 2, 2]

(iii) f(x) = x* = 1 forx € [1, 2]

It is evident that f, being a polynomial function, is continuous in [1, 2] and is
differentiable in (1, 2) .
f)=®?-1=0
f)=(2?-1=3

af (1) # f(2)

It is observed that f does not satisfy a condition of the hypothesis of Rolle’s Theorem.
f(x) = x> - 1 forx € [1, 2]
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Iff:[-55] - R s a differentiable function and if f (x) does not vanish anywhere, then

prove that f( — 5) # f(5)

Answer.
Itis given that f:[ - 5,5] — R is a differentiable function.
since every differentiable function is a continuous function, we obtain
(a) fis continuous on [ — 5, 5].
(b) fis differentiable on ( — 5, 5)
f(5) -f(-5)
flo)= 55
= 10f(c) = f(5) — f(- 5)
It is also given that f (x) does not vanish anywhere.
= f(©) 20
= 10f(c) 2 0
=f(5)-f(-5)#0
= f(5) # f( - 5)

Hence Proved .
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04

Verify Mean value Theorem, if f(x) = x*> — 4x — 3 in the interva] L4 b1, where
a=1landb=4.

Answer.

The given function is f(x) = x*> — 4x — 3

f being a polynomial function, is continuous in [1, 4] and is differentiable in (1, 4)
whose derivative is 2x — 4.

f1)=12-4x1-3= -6,f(4) =4>-4x4-3= -3

) -fla)  fH-f(1) -3-(-6) 3
" b-a  4-1 3 =3=1
Mean Value Theorem states that there is a point ¢ € (1, 4) such that f (¢) = 1
flo=1
=2c-4=1
5 5
=c=7, where ¢ = S€(1,4)

Hence, Mean Value Theorem is verified for the given function.
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Verify Mean Value Theorem, if f(x) = x3 - 5x2 - 3x in the interval [aq, b]l, where a = 1 and
b = 3. Find all €€ (1:3) for which f(c) = 0

Answer.
The given function fis f(x) = x> — 5x% — 3x
f, being a polynomial function, is continuous in [1, 3] and is differentiable in (1, 3)
whose derivative is 3x% — 10x — 3.
f(1)=13-5%x1%2-3x1= -7,f(3)=33-5%x32-3x3= -27

) -fla)  f3)-f1)  -27-(-7)
T ba - 31~ 3 - 10

f(c)= -10

= 3c?-10c -3 = 10
=3c>-10c+7=0
=3c?2-3c-7c+7=0
=3c(c-1)-7(c-1)=0
= (c-1)Bc-7)=0

7 7
=c=1, 3 where ¢ = 56(1, 3)

7

Hence, Mean Value Theorem is verified for the given function and ¢ = 3 € (1, 3) j5 e

only point for which f(c) = 0
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Q6 Examine the applicability of Mean Value Theorem for all three functions given in the above Q2.

Answer.
Mean Value Theorem states that for a function f: [a, b] - R, if
(i) f is continuous on [a, b]
(ii) f is differentiable on (a, b)
f(b) —f(a)
b-a
Therefore, Mean Value Theorem is not applicable to those functions that do not satisfy any of the

two conditions of the hypothesis.
() f(x) = [x] for x € [5, 9]

It is evident that the given function f(x) is not continuous at every integral point.

then, there exists some ¢ € (a, b) such that f (o) =

In particular, f(x) is not continuous at x = 5and x = 9
= f(x) is not continuous in [5, 9].
The left hand limit of fat x = n is
) f(n+h)—f(n) ) [n+h]-[n] ) n-1-n ) -1
limy o= = limy = = lim_ o= = limy 5 =

The right hand limit of fat x = n is,
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since the left and right hand limits of fat x = n are not equal, fis not differentiable at x
=n

if is not differentiable in (5, 9) .

It is observed that f does not satisfy all the conditions of the hypothesis of Mean value
Theorem.

Hence, Mean Value Theorem is not applicable for f(x) = [x] for x € [5, 9]
(i) f(x) = [x] forx € [ - 2, 2]

It is evident that the given function f(x) is not continuous at every integral point.
In particular, f(x) is not continuous at x = — 2 and x = 2

= f(x) is not continuous in [ — 2, 2] .
The differentiability of fin ( — 2, 2) is checked as follows.

Let n be an integer such thatn € (-2, 2).
The left hand limit of fat x = n is,

f(n+h)—f(n) [n+h]-[n] n-1-n -1
limthT— imheOT: 1imh_>OT: lithOT=oo
The right hand limit of fat x = n is,

f(n+h) —f(n) [n+h]-[n] n-n
limp o= = limy o= = lim}, | ,—~ = lim, ,,0=0

It is observed that f does not satisfy all the conditions of the hypothesis of Mean Value Theorem
fix) = x> - 1forx € [1, 2]

It is evident that f, being a polynomial function, is continuous in [1, 2] and is

differentiable in (1, 2) .

It is observed that f satisfies all the conditions of the hypothesis of Mean Value Theorem.
Hence, Mean value Theorem is applicable for f(x) = x> - 1 for x € [1, 2]

It can be proved as follows.
f1)=1°-1=0,f2)=2%>-1=3
) —fla)  f(2)-f(1) 3-0

b-a - 2.1~ 1 73
-'-f(x)=2x
- fle)=3

3

=c=35= 1.5, where 1.5 € [1, 2]
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Q1 Differentiate w.r.t. x the function in (3x2 - 9x + 5)9

Answer.
Lety = (3)(2 - 9x + 5)9
Using chain rule, we obtain
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8

d
=9(3x2—9x+5) -5(3x2—9x+5)

9(3x2 —ox+ 5)8 - (6x - 9)
= 9(3x2 —ox+ 5)8 . 3(2x - 3)
= 27(3x2 —ox+ 5)8(2x -3)
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3 6

Q2 Differentiate w.r.t. x the function in sin°x + cos®x

Answer.

Lety = sin®x + cos®x

dy d, .\ d, .
o — = —[si + —
dx  dx (Sm x) dx (COS X)

= 3sin®x - d—(sinx) + 6C0S°X * d—(cosx)
X X

= 3sin’x * cosx + 6cos°x - ( — sinx)

= BSinxcosx(sinx - 2cos4x)
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Q3 Differentiate w.r.t. x the function in (5x)3% %

Answer.

Lety = (5x)%e" %X

Taking logarithm on both the sides, we obtain
logy = 3cos2xlog5x

Differentiating both sides with respect to x, we obtain
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1 dy d d
v 3[log5x - E(COSZX) + cos2x - 5(10g5x)
dy r ' d 1 d
= - = 3y |log5x( — sin2x) - d—x(2x) + cos2x - o0 d_x(SX)
dy [ cos 2x
== 3y | — 2sin2xlog5x +
X
dy [ 3cos 2x
== 3y — 6sin2xlog5x

S 2x

dy 3co
B (5x)3¢0s 2 [ - 6sin2xlog5x]
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Q4 Differentiate w.r.t. x the function in sin l(X\/)_(), 0<x<1

Answer.
Lety = sin 1(X\/x)

Using chain rule, we obtain

dy d -
I dx sin~ *(x\/x)
1 d —
= x —(xV/x)
\/1 - (xy/x)? dx
_ 1 d|( 3
) \/1 —x3 dx "
1 3 1
= X — = X2
2

<
[E-
|
b
w

3 X
- 2\/1—)(3
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-1

T

Ccos
Q5 Differentiate w.r.t. x the function in Nree -2<x<2
Answer.
X
-12
cos” 3

By quotient rule, we obtain

— d 1 X 1 X d J—
" V2x+77 fcos™ 5 | = |cos™ 5 | 5 (V2x+7)

dx (V2x+7)°
V2x+7 _1X 2%{(%) —(cos_lg)m'%(2x+7)
()
= In 2x+7)
-\/2x +7 Cos_1i
2

) \/4—x2 x (2x + 7) ) (V/2x + 7)(2x + 7)

1 2
~ +
Va4-x32x+7 (2x+ 7)?
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Q6 Differentiate w.r.t. x the function in cot =1 [

2

\/1+sin x++/1-sin x 1
0<x<-=z
V1+sinx—y/1-sinx |

Answer.

Lety = cot !
Y [\/1+sinx—\/1—sinx

\/1+sinx+\/1—sinx]

\/1+sin x+4/1-sin x
Then

> y/1+sin x++/1-sin x

(3/1+sin x++/1-sin x)?

(y/1+sin x—4/1-sin x+\/1—sinx)2

(1+sin x) + (1-sin x) +24/(1-sin x) (1 -sin x)

(1+sin x) — (1-sin x)

Processing math: 100%



2+ 2\/1 — sin’x

2sinx
1 + cosx

sinx
X

2°
2cos >
X X X
251n2cos2
X X
= cot—Ccos—
2 2

X
= cotz
2

Therefore, equation (1) becomes

X
y = Cot_l(cotE )

X
=>y:5

dy 1d
'dx_de(X)

dy 1

dx 2
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Q7 Differentiate w.r.t. x the function in (logx)®** x > 1

Answer. y = (logx)™ X
Taking logarithm on both the sides, we obtain
logy = logx - log(logx)

Differentiating both sides with respect to x, we obtain
1 dy d
yax = 7 [logx - log(logx)]

1 dy d d
= 7 ax = 10g(logx) - 7 (logx) + logx - - [log(logx)]

dy 1 1 d

= 3x = Y|log(logx) - T+ logx - ;= - 7 (logx)
dy [ 1 1

= - =y| ;log(logx) + 7

dy 1 log (log x)
i (logX)IOgXI:; + —]

Processing math: 100%
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Q8 Differentiate w.r.t. x the function in cos(acosx + bsinx), for some constant a and b

Answer.
Let y = cos(acosx + bsinx)

By using chain rule, we obtaln

dy d )
= axcos(acosx + bsinx)
dy . :
= — = —sin(acosx + bsinx) * ——(acosx + bsinx)
dx dx

= —sin(acosx + bsinx) * [a( — sinx) + bcosx]

(asinx — bcosx) * sin(acosx + bsinx)
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3n

Q9 Differentiate w.r.t. x the function in (sinx — cosx) (5" X~ €05 X) | 7 <x<7

Answer.
Let y = (sinx — cosx) (8in X~ cos x)
Taking logarithm on both the sides, we obtain

logy = log [(sinx — cosx) (8in x~cos X) ]

= logy = (sinx — cosx) * log(sinx — cosx)

Differentiating both sides with respect to x, we obtain

1dy d
= a[(sinx — cosx)log(sinx — cosx)]

y dx
1 dy d d
= log(sinx — cosx) * —(sinx — cosx) + (sinx — cosx) * ——log(sinx — cosx)
1 dy 1 d
= 5 = log(sinx — cosx) - (cosx + sinx) + (sinx — cosx) * ==+ g (Sinx — cosx)

ly .
= — = (sinx ~ cosx) (sin x=cos X)[(cosx + sinx) * log(sinx — cosx) + (cosx + sinx)]

dy
S5, = (sinx = cosx) (In x=cos X) (cosx + sinx)[1 + log(sinx — cosx)]
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Q10 x* + x9+ a* + a9, for some fixeda > 0 and x > 0

Answer.y = x* +x +a*+d"
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Also, letx* = u, x4 =v,a*=w, anda? = s

Sy=utvtwts

dy du dv dw ds
=>dx_dx+dx+dx+dx
u=x*
= logu = logx*

= logu = xlogx
1du d d
Ta = logx 700 +x Z(logy)

u dx

du 1
= L -u logx-1+x-;

du
= — = x'[logx + 1] = x*(1 + logx)

v =x4

_dv d a
E—E(X)

dv a-
= — =
dx ax

1

w = a*
= logw = loga”*
= logw = xloga

Differentiating both sides with respect to x, we obtain

1 dw d
—+ — =loga- E(X)

w  dx
dw
= -~ = wloga
dw X
= . -a loga
s =a“

Since a is constant, a a is also a constant.
ds

a =

From (1), (2), (3), (4), and (5), we obtain
d

d_i] = x*(1 + logx) + ax?~ ! + a¥loga + 0

= xX(1 + logx) + ax" ! + a¥loga
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Q11 Differentiate w.r.t. x the function in

X734 (x- 3)"2, forx > 3

A NCOATOY
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2 _ 2
Lety = x¥ 3+ (x - 3)¥
2 _ 2
Also, letu = XX "3andv = (x - 3)F
.'.y:u+v

Differentiating both sides with respect to x, we obtain
dy du dv

dx:E-’_a

2_
u=x""3

" logu = log(xx2_3)

logu = (x2 - 3)logx

2_
u=x¥"3

- logu = log(xx2_3)

logu = (x2 - 3)10gx

Differentiating with respect to x, we obtain

1 du_ d 2 2 d
E-a—logx-a(x —3)+( —3)-a(logx)

1du 2 1
= =logx-2x+(x —3)';
du 2 x?>-3
= ==X — t 2xlogx
Also,
2
v=(x-3)"

2
- logv = log(x — 3)*
= logv = x%log(x — 3)

Differentiating both sides with respect to x, we obtain
1 dv

d d
=+ — =log(x- 3) E(XZ) +x2 - —[log(x - 3)]

1%

1dv

5 1 d
= o =log(x —3) - 2x + x "3 (X 3)

dv x?
= XV 2X10g(x—3)+m'1

dv 2 x?
= = x—-3) 3 + 2xlog(x — 3)
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dv
Substituting the expressions of dx and - equation (1), we obtain

dy 2_3 x*-3 N x?
=X + 2xlogx | + (x — 3) =3t 2xlog(x — 3)
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dy i i3
Q12 a0 if y = 12(1 — cost), x = 10(t — sint), — 5 <t<j

Answer.
It is given that, y = 12(1 — cost), x = 10(t — sint)
dx d d
Bl E[lO(t - sint)] = 10 - (- sint) = 10(1 — cost)
dy d

d
i 5[12(1 —cost)] =12 - (1 —cost) =12~ [0 — ( — sint)] = 12sint

o t t
. dy dt 12+ 2sin 7 'Cos 7 6 t
I = o = gCOtE
(g) 10+ 2sin” >

dt
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OlSF'dd—y ify=sin Ix+sin"1y/1-x% -1<x<1
Q Ind -, ify =sin" "x +sin \/ X<, <x<

Answer.
It is given that, y = sin ™ 'x + sin ~ 1\/1 - x?

dy d —
AR P | =1 L2
-dx—dx[sm X + sin \/1 x]

dy d d

-~ -1 _ 1 2
= ix (sm x)+ ix (sm \/1 X )

dy B 1 1 1 d . )
Tk Vi-x2 X 2y/1-4 dx( * )

dy 1 1
= — = + - 2x

dx \/1—x2 2X'\/1—X2( )

dy 1 1
- a \/1—x2 - \/1—x2

dy
. d_X =

Processing math: 100%
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Q14
If xy/1+y+y\/1+x=0, for, ~1<x<1, prove that

dy 1
dx — (1+x)?
Answer.

It is given that,
xV1+y+y/1+x=0
Squaring both sides, we obtain
X1 +y)=y*(1+x)
= X2+ x2y = y? + xy2

= x2 -2 = xy2 - x%
= x* =y’ = xy(y — %)

= X+ -y) =x0 X
SoXty= —Xy

= (1 +x)y=-x

—X

=Y T (1

Differentiating both sides with respect to x, we obtain
—X

RS

d d
dy (1+x) g5 (x) ~xz; (1+x) () x 1
dx (1+x)? S a0 (140)?

Hence, rroved.
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Q15if (x-a)’+ (y_b)zzcz’ for some ¢ > 0 prove that

()]

dx?

is a constant independent of a and b.

Answer.
It is given that, (x — a)2 +(y- b)2 =c
Differentiating both sides with respect to x, we obtain

2
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o) 2o -o7]- 26)
:2@—@-%@—@+2@—m-%@—m:o

dy
=>2(x—a)-1+2(y—b)-d—x=0

dy - (x-a)
= d  y-b

d d
¢-b) G-~ (- Z-b)
(v - b)?

v-b-k-a g
(v~ b)?

y -(x—a)
@‘Jﬂ—(x—a)'{ }]

y-b

v - b)?

ky—m2+u—bfl

| (v - b)3
3
c? 2 s
(y-b)2 _°c
B . -b)?
- C2 - C2
(y-b)® (y-b)®

= — ¢, which is constant and is independent of a and b

Hence, proved.
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dy B cos? (a+y)

Q16 cosy = xcos(a +y), with €0Sa # 1, prove that dx sin a

l\ Nnoarnr
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It is given that, cosy = xcos(a + y)

) d d
S a[cosy] = E[xcos(a +y)]

dy d d

= - sjnyd— = COS(CI + y) . E(X) +X- &[COS(CI +y)]
dy dy

= —siny_- = cos(a +y) +x [ ~sin(a +y)l

dy
= [xsin(a +y) — siny]a = cos(a +y)

cos y

since cosy = xcos(a +y), x = os (aty)

Then, equation (1) reduces to

cos y ) ) dy
s (aty) sin(a + y) — siny P cos(a +y)

. dy 2
= sin(a +y—y)d—x = cos“(a + b)

dy cos? (a+b)
= — = —
dx sin a

Hence, proved.
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dZ

y
Q17 If x = a(cost + tsint) , 4y = a(sint — tcost), find 2
X

Answer.
It is given that, x = a(cost + tsint) and y = a(sint — tcost)

dx d

S — = a - —(cost + tsint
dt dt( )

. . d d .
= a| — sint + sint Ix O+t dt(smt)

= ag[ — sint + sint + tcost] = atcost

d d
= a[cost - {cost HOREE E(COSt)}]

= a[cost — {cost — tsint}] = atsint

dy dt atsin t

dx ~ = atcost tant
dy
%)
dy d {dy\' d , e
Then, — = 7| | = a(tant) = sec’t —
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) 1 dx dt 1
= . —_— = = — =
sect atcos t dt atcost dx atcos t

sec3 ¢t T
= <t< =
at ’ 0<t 2
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Q18 f(x) = |x| 3, show that f (x)

exists for all real x, and find it.

Answer. It is known that

X, ifx>0
x| = -x, ifx<0

Therefore, whenx > 0, f(x) = |x|3 = x3
In this case, f (x) = 3x% and hence, f (x) = 6x

Whenx <0, f(x) = |x|3=(-x°3= -3
In this case, f (x) = — 3x® and hence, f(x) = — 6x
Thus, for f(x) = x|, f (x)

. 6x, ifx>0
PO =1 6x  ifx<0
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Q19 Using mathematical induction prove that
d
- (x“) = nx"~ Hor all positive integer n.

Answer.

d
P(n): (x”) = nx" "1 for all positive integers n

P(l):d%(x) =1=1-x"1

" P(n)is true forn = 1
Let P(k) is true for some positive integer k .
Let P(k) is true for some positive integer k

d
That is, P(k): ™ (XT) = kxk~1

It has to be proved that P(k + 1) is also true.
d

d
Consider — [xk*1) = —[x - xk
dx dx

Processing math: 100%



d ;. d
Consider o (x”l) = — (x . xk)

dx .dx
=xK 1 +x-k-xk1
_Xk+ka
= (k+1)-xK

=(k+1) - xkrD-1
Thus, P(k + 1) is true whenever P (k) is true. Therefore, by the principle of mathematical induction,
the statement P(n) is true for every positive integer n . Hence proved
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Q20 Using the fact that sin (A + B) = sin A cos B + cos A sin B and the differentiation, obtain the
sum formula for cosines.

Answer.
sin(A + B) = sinAcosB + cosAsinB

Differentiating both sides with respect to x, we obtain
d d d
a[sin(A + B)] = a(sinAcosB) + a(cosAsinB)
d d d
= cos(A + B) * — (A + B) = cosB = cosB—(sinA) + sina * —(cosB)
dx dx dx
+ sinB * —(cosA) + cosA * ——(sinB)
dx dx

d dA dB
= cos(A + B) E(A + B) = cosB - COSAE + sinA( - sinB)a

dA dB
+ sinB( — sinA) * — + cosAcosB——
dx dx
dA dB dA dB
= cos(A + B) - ol e (cosAcosB — sinAsinB) - =t

.. cos(A + B) = cosAcosB — sinAsinB
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Q21 Does there exist a function which is continuous everywhere but not differentiable at exactly
two points? Justify your answer.

Answer.
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o =

y=[x]|

X' - - X

O y=1
r=(2-x)

Y
‘I,l'l

y=X

~oo<x<1

2-X

1<x<>

It can be seen from the above graph that, the given function is continuos everywhere but not
differentiable at exactly two points which are 0 and 1.
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fx) g(x) h(x) J fx) g hX
Q22ify = | 1 m n | prove that é = 1 m n
a b c a b c

Answer.

fx) g(x) h(x)
y=11 m n
a b c
= y = (mc — nb)f(x) — (Ic — na)g(x) + (Ib — ma)h(x)
Then, % = (;ix[(mc - nb)f(x)] - %[(lc - na)g(x)] + ;X[(lb — ma)h(x)]

= (mc - nb)f (x) — (Ic - na)g (x) + (Ib — ma)h (x)

f gx) hX
=1 1 m n

a b c

f) g h
= l m n
Processing math: 100%
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-1
Q23if y = %% X -1 < x < 1show that

-1
Answer. It is given that,y = e ¥
Taking logarithm on both the sides, we obtain

logy = acos ~ 'xloge

logy = acos ™ x

Differentiating both sides with respect to x, we obtain

By squaring both the sides, we obtain
dy 2 (12_)/2
E B 1-x2
dy \2
2 _ 22
= (l—x )(a) =ay
dy \2
2 _ 22
(1 - X )(a) =ay

Again differentiating both sides with respect to x, we obtain
dy \2 d 5 5 d dy \2 2d 5
()20 bor)- 2240
& )2 2) ¥ Y _ 5 b
= dx (_ZX)+(1_X)X dx’dXZ_a lzyldx
dy \2 9 dy dy dy
= | o (—2x)+(1—x)><2a-—=a-2y-a

dy 2dzy 2
= —xz; t|1-x ﬁ=a 'y
X

= (1 2)d2y il 2 0
X | x5 -ay=
dx? dx Y

Hence, proved.
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