Class 12 Maths Chapter 6 Application of Derivatives
Important Questions

VERY SHORT ANSWER TYPE QUESTIONS (1 MARK)

1. The side of a square is increasing at the rate of 0.2 cm/sec0.2cm / sec. Find the rate of
increase of the perimeter of the square.

Ans: It is given that the side of a square is increasing at the rate of 0.2 cm/sec0.2cm / sec.
Let us consider the edge of the given cube be x cmxcm at any instant.
According to the question,

The rate of side of the square increasing is,

X
dxdt=0.2 cm/sec.. = 0.2cm / sec ... ...(i)

dt
Therefore the perimeter of the square at any time tt will be,
P=4x cmP = 4xcm

By applying derivative with respect to time on both sides, we get

d (4x)

dPdt=d(4x)dt dP_
=dPdt=d(4x)dt = 7 = —2

dP dx
=>dPdt=4dxdt > — = 4—
dt dt

dpP
=dPdt=4x0.2=0.8 cm/sec = T 4 x 0.2 = 0.8cm/sec

Hence from equation (i). The rate at which the perimeter of the square will increase is
0.8cm/sec0.8cm/sec.

2. The radius of the circle is increasing at the rate of 0.7 cm/sec0.7cm / sec. What is the rate
of increase of its circumference?

Ans: It is given that the radius of a circle is increasing at the rate of 0.7 cm/sec0.7cm / sec.



Let us consider that the radius of the given circle be r cmcm at any instant.
According to the question,

The rate of radius of a circle is increasing as,
dr .
drdt=0.7 Cm/seCE = 0.7cm / sec  ...(i)

Now the circumference of the circle at any time tt will be,
C=2mcmC = 2mcm

By applying derivative with respect to time on both sides, we get

dCdt=d(2tr)dt ac _d(zmr)
=dcd=d@mdt= Gr = —r—

dac dr
=>dCdt=2mdrdt > — = 27—
dt dt

ac
=dCdt=21x0.7=1.41mcm/sec = i 21 X 0.7 = 1.4mcm / sec

From the equation (i). We can conclude that the rate at which the circumference of the circle
will be increasing is 1.41mcm/secl.4ncm / sec

1
3. If the radius of a soap bubble is increasing at the rate of 12 cm/seczcm / sec. At what rate

its volume is increasing when the radius is 1 cmlcm.

Ans: It is given that the radius of an air bubble is increasing at the rate of 0.5 cm/sec
0.5cm / sec.

Let us consider that the radius of the given air bubble be r cmcm and let VV be the volume of
the air bubble at any instant.

According to the question,

The rate at which the radius of the bubble is increasing is,

dr
drdt=0.5 cm/seca = 0.5cm/sec ... (i)



4
The volume of the bubble, i.e., volume of sphere is V=431r3V = §nr3

By applying derivative with respect to time on both sides,

4 3
d( gm" )
S dVdt=d(43mr3)dt = — =
dt dt
Avdt=43md(r3)dt = . = & d(r)
= =4311d(r3) :%_gn 7

av 4 Ldr
=dVdt=43mx3r2drdt = — = —n X 3r"—
dt 3 dt

dv
=>dVdt=41r2x0.5...(i) = — = Amr® x 05. .. (i)

When the radius is 1 cmlcm,

The above equation becomes

dv
SdVdt=4mrx(1)2x0.5 = — =47 x (1) 2% 05

dv
=dVdt=21cm3/sec = i 2mem’ /sec

Hence the volume of air bubble is increasing at the rate of 21Tcm3/SeCZT[cm3/SeC.

4. A stone is dropped into a quiet lake and waves move in circles at a speed of 4 cm/sec

4cm [ sec. At the instant when the radius of the circular wave is

10 cm
10cm

, how fast is the enclosed area increasing?

Ans: It is given that when a stone is dropped into a quiet lake and waves are formed which

moves in circles at a speed of 4 cm/sec4cm / sec.

Let us consider that, r be the radius of the circle and A4 be the area of the circle.

When a stone is dropped into the lake, waves are formed which move in a circle at speed of

4 cm/sec4cm / sec.



Thus, we can say that the radius of the circle increases at a rate of,

dr
drdt=4 cm/seca = 4cm/sec

Area of the circle is 'ITr27TT2, therefore

dAdt=d(mr2)dt » 22 = 4¢ )
= =d(Trr 5> —=—
dt dt
dAdt=rd(r2)dt aa d(rz)
= = — =
= d(r2) Tt s T
dA dr
=>dAdt=1rx2rdrdt = — =7 X 2r—
dt dt
.. dA
=>dAdt=2mrx4....... (i) = T 2nr X 4 ... ... (i)

Hence, when the radius of the circular wave is 10 cm10cm, the above equation becomes

dA
=>dAdt=21Tx10%4 = It =2t X 10 X 4

dA
=>dAdt=80Tcm2/sec = — = 80mcm” /sec

Thus, the enclosed area is increasing at the rate of 80TTcm2/sec80mcm’ /sec.

5. The total revenue in Rupees received from the sale of xx units of a product is given by,
R(x)=13x2+26x+15R (x ) = 13x” + 26x + 15. Find the marginal revenue when x=7x = 7.

Ans: Marginal revenue is the rate of change of total revenue with respect to the number of
units sold.

Let us consider ‘MR’ to be the marginal revenue, therefore
dR

MR=dRdXxMR = —
dx

It is given that,

Total revenue, i.e., R(x)=13x2+26x+15R (x ) = 13x” + 26x + 15 ..(1)



We need to find marginal revenue when x=7x = 7
i.e., MR when x=7x =7

d(R(x))

= MR =
=>MR=d(R(x))dx = I

d (13x* + 26x + 15)

=MR=d(13x2+26x+15)dx = MR = —

= + + =
=MR=d(13x2)dx+d(26x)dx+d(15)dx = MR - -

d(x*) d(x)
=>MR=13d(x2)dx+26d(x)dx+0 = MR = 13 + 26 +

0
dx dx

=>MR=13x2x+26 = MR = 13 X 2x + 26
=>MR=26x+26 = MR = 26x + 26
>MR=26(x+1)=> MR=26 (x+ 1)
Taking x=7x = 7, we get
=>MR=26(7+1)=> MR =26 (7 + 1)
=>MR=26%x8 = MR = 26 X 8

=>MR=208 = MR = 208

Therefore, the required marginal revenue is Rs208Rs208.

d(13x°) L d(26x)  d(15)

dx

6. Find the maximum and minimum values of function f(x)=sin2x+5f ( x ) = sin2x + 5.

Ans: Given function is,

f(x)=sin2x+5f (x) =sin 2x + 5

We know that,

-1<sinB<1,vBER — 1 <sin § <1,VH €ER

-1<sin2xs1 — 1 <sin 2x <1



Adding 5 on both sides,

-1+5ssin2x+5s1+5 -1+ 5<sin 2x +5<1+5
4<sin2x+5<64 < sin 2x +5<6

Therefore,

Max value of f(x)=sin2x+5f (x ) = sin 2x + 5 will be 6 and,

Min value of f(x)=sin2x+5f ( x ) =sin 2x + 5 will be 4.

7. Find the maximum and minimum values (if any) of the function
f(X)=—|x-1]+7vxeRf (x) = — |x—1] + 7Vx ER

Ans: Given equation is f(x)=—|x+1|+3f (x) = — |x+ 1| +3
Xx+1>0|x+1| >0

=>-x+1]<0=> — |x+1]| <0

Maximum value of g(x)=g (x) = maximum value of =|x+1|+7 — |x+ 1| + 7
50+7=7=>04+7=7

Maximum value of f(x)=3f (x) =3

There is no minimum value of f(x)f (x) .

8. Find the value of aa for which the function f(x)=x2-2ax+6,x>0
f(x) = x’ — 2ax + 6 , x > 0 is strictly increasing.

Ans: Given function is f(x)=x2-2ax+6,x>0f (x ) = x> —2ax + 6 , x>0
It will be strictly increasing when f’(x)>0f, (x) >0.

f(x)=2x-2a>0f (x) =2x —2a >0

=2x-a)*0=2(x—a) >0

>5x-a>0=>x—a>0



SaXxXx=>a<x
But x>0x > 0

Therefore, the maximum possible value of aa is 0 and all other values of a will be less than
0.

Hence, we get a<0a < 0.

9. Write the interval for which the function f(x)=cosx,0£x£2TTf ( x ) = cosx , 0£Ex£2m is
decreasing.

Ans: The given function is f(x)=cosx,0<x<21f (x ) =cos x,0 < x < 2m.
It will be a strictly decreasing function when f’(x)<0f' (x) <O.
Differentiating w.r.t. xx, we get

f(x)=—sinxf (x) = —sin x

Now,Now,

f(x)<Of (x) <0

=-sinx<0 = —sin x <0

=sinx>0i.e.,(0,1m) = sin x > 0iee, (0, 1)

Hence, the given function is decreasing in (0,11) (0, ) .

logx
10. What is the interval on which the function f(x)=logxx,xI*(0,¥)f (x) = ,xI(0,¥)

is increasing?

log x

Ans: The given function is f(x)=logxx,x€(0,*)f (x) = ,X€ (0,0).

X

It will be a strictly increasing function when f’(x)>0f’ (x) >0.

log x

f(x)=logxxf (x) =



Therefore,

log x

' 1
f(x)=1x2-logxx2f (x) = -5 — —

X X

1—log x

2
X

f(x)=1-logxx2f (x) =

“X)>0 = f (x) >0

1 —log x
=1-logx2x2>0 = — >0
x

=1-logx>0 =1 —-log x>0
=>1>logx = 1 > log x
=>e>X=>e>x

Therefore, f(x)f ( x ) is increasing in the interval (0,e) (0,¢e) .

4
11. For which values of xx, the functions y=x4-43x3y = Xt - §x3 is increasing?

4
Ans: The given function is y=x4-43x3y = xF - §x3

It will be a strictly increasing function when f'(x)>0f’ (x) >0.
f(x)>0and,f (x) > Oand,

f(X)=4x3-4x2f (x) = 4x° — 4x*

f)=4x2(x=1)f (x) =4x° (x—1)

4x2(x-1)>04x" (x = 1) >0

Now,

dy
dydx=0=>x=0,x=1a =0=>x=0,x=1



Since f'(x)<0Vxe(—°°,O)U(0,1)f’ (x) <0vxe ( —o,0) U (0,1) andff is continuous
in (=<,0]( —,0] and[0,1][ 0,1 ] . Therefore ff is decreasing in (-=~,1] ( — o ,1] and
ff isincreasing in [1,2) [ 1, ).

Here ff is strictly decreasing in (-~,0)u(0,1) ( — o ,0) U (0,1) and is strictly increasing
in(1,°)(1,0).

1
12. Write the interval for which the function f(x)=1xf (x ) = p is strictly decreasing.

1
Ans: The given equation is f(x)=1xf (x ) = ot
It will be a strictly decreasing function when f’(x)<0f’ (x) <O.

f(X)=x+1xf (x) =x + %

=>f(x)=1-1x2 :f’ (x) =1- lz
x

2

Sf(x)=x2-1x2 = f (x) = —

2
X

SF(X)=0= f (x) =0

x2—1

=>x2-1x2=0 = =0

X
>x2-1=0=x" —1=0
Sx=t1=>x=+1
The intervals are (—=«,-1),(-1,1),(1,02)( —o0, —=1) , ( —=1,1), (1,0)
f(0)<0f (0) <0

-« Strictly decreasingin (-1,1) ( —1,1)



13. Find the sub-interval of the interval (0,11/2) (0, = / 2 ) in which the function f(x)=sin3x
f (x) = sin3x is increasing.

Ans: The given function is f(x)=sin3xf ( x ) =sin 3x
On differentiating the above function with respect to xx, we get,
fi(x)=3cos3xf (x) = 3cos 3x

f(x)f (x) will be increasing, when f’(x)>Of’ (x) >0

s
Given that xe(0,m2)x € (0, 3 )

3
=3x€(0,3m2) = 3x € (0, ;)

Cosine function is positive in the first quadrant and negative in the second quadrant.

case 1:
T
When 3xe(0,m2)3x € (0, 5 )

=c0s3x>0 = cos 3x >0

=3c0s3x>0 = 3cos 3x >0

' T

=f(x)>0 for 0<3x<m2 = f (x) >0for0<3x < 5
! n
=>f(x)>0 forO<x<m6 = f (x) >0for0<x < g

VA
~f(x) = f (x) is increasing in the interval (0,116) (0, )
case 2:

m 3w
When 3xe(12,312)3x € ( 5 )

=c0s83x<0 = cos 3x <0

=3c0s3x<0 = 3cos 3x <0



' T 3
=>f(xX)<0=f (x) <0 for 112<3x<3112§ <3x< >

r 71- 7-[
=>f(x)<0= f (x) <0 for 1'r6<x<1'r2g <x< 3

w1
~f(x) - f (x) is decreasing in the interval (116,112) ( ) )

14. Without using derivatives, find the maximum and minimum value of y=|3sinx+1|
y=|3sinx +1].

Ans: The given function is y=|3sinx+1|y = | 3sin x + 1 |
Maximum and minimum values of sinx={-1,1}sin x = { — 1,1} respectively.

Therefore, the value of the given function will be maximum and minimum at only these
points.

Taking sinx=—1sin x = — 1
y=|3x(-1)+1|=>2y = |3 x ( —1) +1| =>2
Now, put sinx=1sin x =1

y=[3x1+1|=>4y = |3 x1+ 1| =>4

The maximum and minimum values of the given function are 4 and 2 respectively.

15. If f(x)=ax+cosxf ( x ) = ax + cosx is strictly increasing on RR, find aa.

Ans: It is given that the function f(x)=ax+cosxf ( x ) = ax + cos x is strictly increasing on R
R

Here function, f(x)=ax+cosxf (x) = ax + cos x

Differentiating f(x)f ( x ) with respect to xx we get,
f(x)=a+(-sinx)=a-sinxf (x) =a+ ( —sin x) =a —sin x

for strictly increasing, f'(x)>0f' (x) >0



Therefore,

a-sinx>0a — sin x > 0 it will be correct for all real value of xx only when a€(-1,1)
ae (—1,1)

Hence the value of a belongsto (-1,1) ( —1,1) .

16. Write the interval in which the function f(x)=x9+3x7+64f (x ) = x +3x +64is
increasing.

Ans: The given function is f(x)=x9+3x7+64f (x ) = x + 3% + 64.
For it to be a increasing function f’(x)>0f’ (x) >0

On differentiating both sides with respect to x, we get
f(X)=x9+3X7+64f (x ) =x + 3% + 64

Sf(x)=9x8+21x6 = f (x) = 9x° + 21x°

SF(x)=3x6(3x2+7) = f (x) =3x° (3x° +7)

«+ function is increasing.

3x6(3x2+7)>03x° (3x° +7) >0

= = function is increasing on RR.

17. What is the slope of the tangent to the curve f(x)=x3-5x+3f (x ) = x> = 5x + 3 atthe
point whose xx co-ordinate is 27

Ans: The given equation of the curve is f=x3-5x+3f = x> —5x + 3 ..(1)
When x=2x = 2,

y=23-52+3y = 2> — 52 + 3

y=8-10+3y =8 — 10 + 3

y=1y =1



Therefore, the point on the curve is (2,1) (2,1) .

Differentiating equation (1) with respect to x, we get

dy 2
dydx=3x2 SE =3x =5

dy
Slope of tangent dydxa

Since x=2x = 2,
=3.22-5= 32" -5
512-5= 12 — 5
=577

Hence the slope of tangent is 7.

18. At what point on the curve

y=x2
2
y=x

does the tangent make an angle of 45045° with positive direction of the xx-axis?
. . . 2
Ans: The given equation of the curve is y=x2y = x

Differentiating the above with respect to xx,

dy 2-1
dydx=2x2-1 — =2
>dydx=2x2-1 = — = 2x

dydx=2x..(1) > 2 = 2 1
:>yx—x...():>a— x...(1)
So,

d
dydx=d—y = The slope of tangent =tanB = tan 6
X

The tangent makes an angle of 45045° with xx-axis



d o
dydx=tan450=1...(2)d—z =tan 45 =1.. (2)

Because the tan450=1tan 45 =1
From the equation (1) $ (2), we get

=52x=1=2x=1

1
=>x=12=>x ==
X x =3

1
Substitute x=12x = = in y=x2y = X

1 2
sy=(122=2y = (5)

1
:>~y=14::>y:Z

11
Hence, the required point is (12,14) ( 2 ).

19. Find the point on the curve y=3x2-12x+9y = 3x° — 12x + 9 at which the tangent is
parallel to xx-axis.

Ans: The given equation of the curve is y=3x2-12x+9y = 3x° — 12x + 9.

Differentiating the above equation with respect to x, we get
dydx=6 12dy 6 12
ydx=6x oo
m=6x-12m = 6x — 12
dy
dydx=a = The slope of tangent =tanB = tan 6

If the tangent is parallel to x-axis.
m=0m = 0

=26x-12=0=>6x —12=0



SX=2=>x =2

When x=2x = 2, then
y=3.22-12.249y = 32* — 122 4+ 9
y=12-24+9y = 12 — 24 + 9
y=—3y = —3

Hence, the required point (x,y)=(2,-3) (x,y) = (2, —3).

20. What is the slope of the normal to the curve y=5x2-4sinxy = 5x° — 4sinx at x=0x = 0.

Ans: The given equation of the curve is y=5x2-4sinxy = 5x° — 4sin x.

Differentiating the above equation with respect to x, we get

d
dydx=10x—4cosxd—2: = 10x — 4cos x

d
dydx=% = The slope of tangent =tan® = tan 6

Thus, slope of tangent at x=0x = 0 is,
=10x0-4cos0 = 10 X 0 — 4cos 0
=50-4=4=>0—-4=4

Hence, slope of normal at the same point is,
“m1xm2=-1 = m Xm, = — 1

=>4xm2=—1 = 4 X m2 = -1

-1
>m2=-14=>m = —
2 4





