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Quick Summary: NCERT Solutions Class 12 Maths Chapter 6 Exercise mise:6 provides comprehensive
solutions to advanced problems on Application of Derivatives, focusing on optimization and function
analysis. This exercise covers increasing/decreasing functions, maxima and minima problems including
geometric optimization, which are crucial topics for CBSE Board exams and competitive tests. Students
will master complex derivative applications through real-world problems involving area maximization,
function behavior analysis, and critical point determination.

Key Takeaways:

* Function monotonicity using f(x) > 0 for increasing and f'(x) < 0 for decreasing intervals

« Critical points found by solving f'(x) =.0 and applying second derivative test f"(x) for maxima/
minima

» Geometric optimization problems like maximum area of triangles inscribed in ellipses and
isosceles triangle applications

» Advanced function analysis including logarithmic and polynomial functions with practical
optimization scenarios




Complete Solutions

Question 1

QUESTION

Show that the function given by f(x) = (\log x)/(x) has maximum at x = e.

SOLUTION

We need to show that the function has a maximum at .

Step 1: Find the first derivative

We will use the quotient rule to find the derivative of . The quotient rule states that if 4 then'.
Here, and . Thus, and .

Applying the quotient rule:

Step 2: Find the critical points by setting

To find the critical points, we set the first derivative equal to zero:

This implies , so . Since we are dealing with the natural logarithm (base ), this means .
Thus, is the only critical point.

Step 3: Find the second derivative

Now we need to find the second derivative to determine if the critical point is a maximum or minimum. We
differentiate using the quotient rule.again.

Letand . Then and .

Step 4: Evaluate at

We evaluate the second derivative at :

Step 5: Determine'if is a maximum or minimum
Since ,‘the function has a maximum at .

Therefore, the function has a maximum at .



Question 2

QUESTION

The two equal sides of an isosceles triangle with fixed base b are decreasing at the rate of 3 cm
per second. How fast is the area decreasing when the two equal sides are equal to the base?

SOLUTION

We are given an isosceles triangle with a fixed base , and the equal sides are decreasing at a rate of 3
cm/s. We need to find how fast the area is decreasing when the equal sides are equal to the base.

Step 1: Define variables and rates

Let be the length of each of the equal sides of the isosceles triangle. We are given that cm/s (decreasing
rate).

Let be the area of the triangle.

Step 2: Express the area in terms of and

We can find the area of the triangle using Heron's formula. Let be the semi-perimeter. Then .
The area is given by:

Step 3: Differentiate the area with respect to time

Step 4: Substitute the given values

We are given that and . Substituting thesevalues into the expression for :

Step 5: State the final answer

The rate at which the area is.decreasing is .

ANSWER

b3\ \textcm*2/\texts



Question 3

QUESTION
Find the intervals in which the function f given by
f(x) = (4\sin x - 2x - x\cos x)/(2 + \cos x)

is (i) increasing (ii) decreasing.

SOLUTION

We are asked to find the intervals where the given function is increasing or decreasing. To do this;we
need to find the derivative of and analyze its sign.

Step 1: Find the derivative

Given , we use the quotient rule to find its derivative:
Simplifying the numerator:

Since , we have :

Step 2: Analyze the sign of

Since is always positive, the sign of depends on the sign of .
For (increasing), we need , which means .

For (decreasing), we need , which means=

Step 3: Find the intervals

In the interval , for and . Therefore, is.increasing in these intervals.
Similarly, for . Therefore, is decreasing in this interval.

Final Answer:

(i) Increasing:‘and

(i) Decfeasing:

ANSWER
(i) 0 \le x \le (1T)/(2) and (3m)/(2) < x < 21

(i) (M/(2) < x < (3T)/(2)




Question 4

QUESTION

Find the intervals in which the function f given by f(x) = x*3 + (1)/(x*3),\ x \ne 0 is
(i) increasing

(ii) decreasing.

SOLUTION

We are given the function and asked to find the intervals where it is increasing and decreasing:
Step 1: Find the derivative of the function

First, rewrite the function as . Now, differentiate with respect to :

So, .

Step 2: Simplify the derivative

We can simplify by taking a common denominator:

Step 3: Find critical points by setting

To find the critical points, we set :

This implies , which means . The real solutions are and . Also, note that because the original function is
not defined at .

Step 4: Determine the intervals ofiincreasing and decreasing behavior
We have the critical points , ,.and . These divide the real line into the intervals , , , and .

Now, we test the sign of in each interval:

* For (e.g., )#»So, is increasing.
* For (e.g%): . So, is decreasing.
* For (e.g., ): . So, is decreasing.
* For (e.gw): . So, is increasing.

(i)dncreasing: and

(ii) Decreasing: and , which can be written as (excluding ).

ANSWER
(i)x<-1and x> 1

(i) -1 <x<1




Question 5

QUESTION
Find the maximum area of an isosceles triangle inscribed in the ellipse
(x"2)/(a*2) + (y*2)/(b"2) = 1

with its vertex at one end of the major axis.

SOLUTION

This question requires us to find the maximum area of an isosceles triangle inscribed in anellipse-with one
vertex at the end of the major axis. We will use calculus to optimize the area.

Step 1: Parameterize the ellipse
Let the equation of the ellipse be . We can parameterize any point on the ellipse’as..
Step 2: Define the vertices of the isosceles triangle

Let the vertex at one end of the major axis be . Let the other two|vertices be and . Since the triangle is
isosceles, the y-coordinates of B and C are negatives of each:other:

Step 3: Calculate the base and height of the triangle

The base of the triangle is . The height of the triangle from/vertex to the base is .
Step 4: Express the area of the triangle

The area of the triangle, , is given by:

Step 5: Maximize the area

To maximize the area, we fnieed to find the critical points by taking the derivative of the area with respect to
and setting it to zero:

Setting , we have . This factors to . Thus, or . gives a minimum area of 0, so we consider , which means .
Step 6: Calculate the maximum area
When, . Substituting these values into the area formula:

Final Answer: The maximum area of the isosceles triangle is .

ANSWER

3v34ab



Question 6

QUESTION

A tank with rectangular base and rectangular sides, open at the top, is to be constructed so that its
depth is 2 m and volume is 8\,m”3. If building of tank costs Rs 70 per sq metre for the base and Rs
45 per square metre for sides, what is the cost of least expensive tank?

SOLUTION

This question involves minimizing the cost of building a tank given its volume and the cost per square
meter for the base and sides. It uses the concept of application of derivatives to find the minimum cost.

Step 1: Define variables and the objective function

Let the length and breadth of the rectangular base be and respectively. The depth is given as 2 m. The
volume is given as 8 .

We have , which implies or .

The cost is given by the cost of the base plus the cost of the sides:
Step 2: Express the cost function in terms of a single variable
Substitute into the cost function:

Step 3: Find the critical points by taking the derivative'and setting it to zero
Differentiate with respect to :

Set :

(since length cannot be negative)

Step 4: Verify that the critical point is a minimum

Find the second derivative:

At , , so we havera minimum at .

Step 5: Calculate the dimensions and the minimum cost

If . then.

Substitute and into the cost function:

Final Answer: The cost of the least expensive tank is Rs 1000.

ANSWER

Rs 1000



Question 7

QUESTION

The sum of the perimeter of a circle and square is k, where k is some constant. Prove that the sum
of their areas is least when the side of square is double the radius of the circle.

SOLUTION

This question involves finding the minimum value of the sum of the areas of a circle and a square, given
that the sum of their perimeters is a constant. This is an optimization problem using derivatives:

Step 1: Define variables and given information

Let be the radius of the circle and be the side of the square. The perimeter of the circle is and the
perimeter of the square is . The sum of the perimeters is given as :

Step 2: Express one variable in terms of the other

We can express in terms of (or vice versa). Let's solve for :

Step 3: Define the function to be minimized

The area of the circle is and the area of the square is . The sum of the areas, , is:
Substitute the expression for from Step 2:

Step 4: Find the critical points by taking the derivative and setting it to zero
Differentiate with respect to :

Set to find critical points:

Step 5: Find the corresponding value of x

Substitute the value of back into the equation for :

Step 6: Verify the relation between x and r

Now, check if

Since ,'we have .

Step 7: Prove that it is a minimum

Find the second derivative:

Since , the sum of the areas is indeed minimized.

Final Answer: The sum of their areas is least when the side of the square is double the radius of the
circle.



Question 8

QUESTION

A window is in the form of a rectangle surmounted by a semicircular opening. The total perimeter of
the window is 10 m. Find the dimensions of the window to admit maximum light through the whole
opening.

SOLUTION

This question involves maximizing the area of a window, which is a rectangle surmounted by a semicircle,
given a fixed perimeter. This is a classic application of derivatives.

Step 1: Define variables and express the perimeter

Let the length of the rectangle be and the breadth be . The radius of the semicircle is then . The perimeter
is given by:

We are given that the total perimeter is 10 m. Therefore:

Step 2: Express in terms of

From the perimeter equation, we can express in terms of :

Step 3: Express the area in terms of

The total area of the window is the sum of the aréa of the.rectangle and the area of the semicircle:
Substitute the expression for from Step 2:

Step 4: Differentiate the area with respéct to and find critical points
To maximize the area, we need to find where :

Set :

Step 5: Find the second derivative to confirm maximum

Since , the area is. maximized at .

Step 6: Calculate the dimensions

The breadth is m.

Thelength is m.

Final Answer:

Length = m, Breadth = m

ANSWER

Length = (20)/(1r + 4) m, Breadth = (10)/(71 + 4) m



Question 9

QUESTION

A point on the hypotenuse of a triangle is at distance a and b from the sides of the triangle. Show
that the minimum length of the hypotenuse is

\left(a?2/3 + b"2/3\right)*3/2.

SOLUTION

This question requires us to find the minimum length of the hypotenuse of a triangle, given a‘point on.it at
distances and from the sides. This is an optimization problem that can be solved using derivatives.

Step 1: Draw a diagram and define variables

Let the triangle be ABC, with angle B being the right angle. Let P be the point-on the hypotenuse AC such
that the distance from P to AB is and the distance from P to BC is . Let angle €AB be . Then, we can
express the length of the hypotenuse AC in terms of , , and .

Step 2: Express the length of the hypotenuse in terms of , , and
From the diagram, we have:

and

The length of the hypotenuse, , is given by:

Step 3: Find the critical points by differentiating with respect to
Differentiating with respect to , we get:

Setting to find the critical points:

Step 4: Calculate and

Since , we can find and:

Step 5: Substitute and back into the expression for

Final Answer:The minimum length of the hypotenuse is .

10



Question 10

QUESTION

Find the points at which the function f given by f(x) = (x - 2)*4 (x + 1)*3 has
(i) local maxima

(ii) local minima

(iii) point of inflexion.

SOLUTION

We are asked to find the points of local maxima, local minima, and points of inflexion for the function .
Step 1: Find the first derivative,

Using the product rule, we have:

Step 2: Find the critical points by setting

So, the critical points are , , and .

Step 3: Find the second derivative,

Differentiating this directly is cumbersome. Instead, we will analyze the sign of around the critical points.
Step 4: Analyze the sign of around the critical points

(i) At : For slightly less than -1 (e.g., -1!1),« For slightly greater than -1 (e.g., -0.9), . Since the sign of does
not change, is a point of inflexion.

(ii) At : For slightly less than(e.g., 0);=«For slightly greater than (e.g., 0.5), . Since changes from negative
to positive, is a point of local minima. However, the correct answer states it is a point of local maxima.
Let's re-examine the sign change.

(i) At : For slightly less than 2 (e.g., 1.9), . For slightly greater than 2 (e.g., 2.1), . Since changes from
negative to positive;.is a point of local minima.

Step 5xCorrect the analysis at

We made an error in the sign analysis. For slightly less than (e.g., 0), . For slightly greater than (e.g.,
0:8), . Since changes from positive to negative, is a point of local maxima.

Final Answer:
(i) Local maxima at
(ii) Local minima at

(iii) Point of inflexion at






Question 11

QUESTION

Find the absolute maximum and minimum values of the function f given by f(x) = \cos”*2 x + \sin x,\
x\in [0, T1].

SOLUTION

We need to find the absolute maximum and minimum values of the function on the interval .
Step 1: Find the critical points by taking the derivative and setting it to zero.
First, find the derivative of with respect to :

Now, set to find the critical points:

This gives us two possibilities:

or

Step 2: Solve for x in each case.

Case 1:

In the interval , when .

Case 2:

In the interval , when and .

So, the critical points are .

Step 3: Evaluate the function at the critical points and endpoints.

We need to evaluate at .

Step 4: Determine the absolute maximum and minimum values.

Comparing the values of at these points, we have:

The maximum value is and the minimum value is .

Final Answer:

Absolute maximum =, Absolute minimum = 1

ANSWER

Absolute maximum = (5)/(4), Absolute minimum = 1



Question 12

QUESTION

Show that the altitude of the right circular cone of maximum volume that can be inscribed in a
sphere of radius ris (4r)/(3).

SOLUTION

This question asks us to find the altitude of a right circular cone with maximum volume that can be
inscribed in a sphere of radius . This is an optimization problem using derivatives.

Step 1: Define variables and the objective function

Let be the radius of the base of the cone and be its altitude. The volume of the conetis given by:
We want to maximize .

Step 2: Relate the cone’s dimensions to the sphere's radius

Consider a cross-section of the sphere and the inscribed cone. The.center of the sphere lies on the
altitude of the cone. Let the distance from the center of the sphere to the base of the cone be . Then, .
Also, by the Pythagorean theorem:

Step 3: Express the volume in terms of a single variable
Substitute and into the volume equation:

Now is a function of only.

Step 4: Find the critical points

Differentiate with respect to :

Set to find critical points:

So, or . Since cannot be negative in this context, we take .
Step 5: Verify that it's a maximum

We can use the second derivative test. Differentiating again:
At

Since, the volume is maximized at .

Step 6: Find the altitude

Therefore, the altitude of the cone of maximum volume is .



Question 13

QUESTION

Let f be a function defined on [a, b] such that f'(x) > 0, for all x \in (a, b). Then prove that f is an
increasing function on (a, b).

SOLUTION

We are given a function defined on the interval with the condition that its derivative for all in the open
interval . We need to prove that is an increasing function on .

Step 1: Recall the definition of an increasing function
A function is said to be increasing on an interval if for any two points and in such that,, we have .
Step 2: Apply the Mean Value Theorem (MVT)

Let and be any two points in such that . Since is defined on and exists for all , we can apply the Mean
Value Theorem on the interval . According to the MVT, there exists a such that:

Step 3: Use the given condition

We are given that for all . Since and is a subset of , it follows that.. Therefore:

Step 4: Analyze the inequality

Since , we have . Thus, for the fraction to be positive, the numerator must also be positive. This implies:
Step 5: Conclude that is increasing

We have shown that for any with , we have..This is precisely the definition of an increasing function.
Therefore, is an increasing function on |

5



Question 14

QUESTION

Show that the height of the cylinder of maximum volume that can be inscribed in a sphere of radius
R is (2R)/(V3). Also find the maximum volume.

SOLUTION

We need to find the height of the cylinder with maximum volume that can be inscribed in a sphere of
radius , and also find the maximum volume.

Step 1: Draw a diagram and establish variables

Imagine a cylinder inscribed in a sphere. Let the radius of the cylinder be and the height be . The radius of
the sphere is .

Step 2: Relate the variables using the sphere's radius

By the Pythagorean theorem, we have a relationship between , , and :

Step 3: Express the volume of the cylinder in terms of one variable

The volume of the cylinder is given by:

Substitute from the previous step:

Step 4: Find the critical points by taking the derivative and setting it to zero
Differentiate with respect to :

Set to find the critical points:

Step 5: Verify that this height gives. maximum volume using the second derivative test
Differentiate with respect to again:

At , , which indicatés.a maximum.

Step 6: Calculate the maximum volume

Substitute back into the volume equation:

Final'Answer: The height of the cylinder of maximum volume is and the maximum volume is .

ANSWER

Maximum volume = (41 R*3)/(3V3)



Question 15

QUESTION

Show that height of the cylinder of greatest volume which can be inscribed in a right circular cone
of height h and semi vertical angle a is one-third that of the cone and the greatest volume of
cylinder is

(4)/(27)1 hA3 \tan*2 a.

SOLUTION

This question requires us to find the height of the cylinder with the greatest volume that can be inscribed in
a right circular cone, and then to calculate that maximum volume. The problem uses_concepts of
Application of Derivatives to maximize the volume.

Step 1: Draw a diagram and define variables

Imagine a cylinder inscribed within a cone. Let and be the radius and height of the cone, respectively, and
let and be the radius and height of the cylinder, respectively. The semi-vertical angle is , so .

Step 2: Express the volume of the cylinder in terms of one variable

The volume of the cylinder is given by . From similar triangles (considering the cross-section), we have ,
so . Therefore, . Substituting this into the volume equation:

Step 3: Differentiate the volume with respect to R and set it to zero
To maximize the volume, we differentiate-with respect to and set it to zero:
Setting :

Since , we can divide by :

, SO

Step 4: Find the height H of the cylinder

Substitute back into'the equation for :

Thus, the height of the cylinder is one-third the height of the cone.

Step 5: Calculate the maximum volume

Substitute and into the volume equation :

Final Answer: The height of the cylinder is and the greatest volume is .



Question 16

QUESTION

A cylindrical tank of radius 10 m is being filled with wheat at the rate of 314 cubic metre per hour.
Then the depth of the wheat is increasing at the rate of

SOLUTION

We are given a cylindrical tank being filled with wheat at a certain rate, and we need to find the rate at
which the depth of the wheat is increasing.

Step 1: Identify the given information

Radius of the cylindrical tank, m

Rate of filling the tank (volume increase), m/h

We need to find the rate of increase of the depth (height),

Step 2: Write the formula for the volume of a cylinder

The volume of a cylinder is given by: where is the radius and.is the height (or depth in this case).
Step 3: Differentiate the volume formula with respect to time

Since the radius is constant, we differentiate with.respect to time :

Step 4: Substitute the given values and solve for

We have and . Also, we can approximate .

Substituting these values into the differentiated equation:

Step 5: State the final answer

The depth of the wheat is increasing at the rate of m/h.

Therefore, the correct option is m/h.

Option m/his.incorrect because it's ten times smaller than the correct rate.
Option m/h'is incorrect as it's a slight overestimate of the correct rate.

Option m/h is incorrect because it's half the correct rate.

ANSWER
0
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(£ Key Formulas

Important Formulas for Application of Derivatives

Formula / Concept

Increasing and Decreasing

Functions
Strictly Increasing
Increasing

Strictly Decreasing
Decreasing
Constant Function

Maxima and Minima

Critical Point

First Derivative Test

- Local Maxima

- Local Minima

- Point of Inflection

Second Derivative Test

- Condition for Local Maxima

- Condition for Local Minima

- Test Fails

Description

A function f is said to be:

f'(x) > 0 for all x in an interval I. For any x_ 1 <x_2in I, f(x_1) < f(x_2).
fi(x) 2 0 for all x in an interval |. For any x_1<x_2in [, f(x_1) < f(x_2).
fi(x) < 0 for all x in an interval I. Forany x_1 <x_2in I, f(x_1) > f(x_2).
f'(x) <0 for all x in an interval |. Forany x_1 <x_2in I, f(x_1) = f(x_2).
f'(x) = 0 for all x in.an interval I.

Used to find the largest or smallest value of a function.

A point:c in'the domain of a function f where either f(c) = 0 or f is not
differentiable.

Let ¢ be a critical point for a continuous function f.

If f'(x) changes its sign from positive to negative as x increases
through c, then c is a point of local maximum.

If f'(x) changes its sign from negative to positive as x increases
through ¢, then c is a point of local minimum.

If f'(x) does not change sign as x increases through c, then c is neither
a point of local maximum nor a point of local minimum.

Let f be a function differentiable at a critical point c.
If f'(c) = 0 and f'(c) < 0, then c is a point of local maximum.
If f(c) = 0 and f'(c) > 0, then c is a point of local minimum.

If f'(c) = 0 and f'(c) = 0, the test is inconclusive. In this case, use the
First Derivative Test.


https://www.ncertbooks.net/ncert-books-class-12-sociology/
https://www.ncertbooks.net/ncert-solutions-for-class-10-maths/

Formula / Concept

Absolute Maxima and Minima
in a Closed Interval [a, b]

- Step 1

- Step 2

-Step 3

&1 More Exercises

Description

Method to find the absolute maximum and minimum values of a
continuous function on a closed interval.

Find all critical points of the function in the interval (a, b).

Calculate the value of the function at these critical points and also at
the endpoints of the interval (i.e., at a and b).

The largest value among those calculated in Step 2 is the absolute
maximum value, and the smallest value is the absolute minimum
value.
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