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APPLICATIONS OF DIFFERENTIAL CALCULUS

Statement of the problem: It is universally

acknowledged and accepted openly that there is no
branch of knowledge on this planet without the
right inclusion of mathematics. It is also believed by
all that we need to learn mathematics

simultaneously with our mother tongue right from
our childhood.

In the process of learning mathematics we get
ourselves encountered with certain concepts,
formulas and solutions to the problems in specific
manner. But the bottom line of topic is that — we
don’t find specific linkup at UG level of education in
our system to the problems in our day-to-day life.

Here we are trying to relate or attribute
some of the concepts of differential calculus with
real life situations (or) applications. |




AIMS AND OBJECTIVES: Qur main aim of this study
project is to find clear solutions to various concepts of

differential calculus to that of real life problems by
adopting mathematical concepts thoroughly  and
practically.

After going through this study project it is believed
that student could be capable of understanding more
clearly and lucidly these concepts. It is ais0 believed that
students could be capable of applying this practical
knowledge of differential calculus with that of real life
situations and students could lot of interest in learming
mathematic with real life exposure.

REVIEW OF UTERATURE: Differential calculus
applications are used in various fields such  as
architecture, designing, graphing, constructions of roads

and rail tracks, algorithms, computer programming,
optimization etc.

RESEARCH METHODOLOGY: Heuristic methog, Project
method, Analytical method and Problem solving method.




FINDINGS: Mathematics is a science of measurement,
quantity and magnitude, it is exact (complete, correct
(or) true in every way), precise (definitely (or) fixed (or)
strictly stated), systematic and a logical su bject.

Calculus is a branch of mathematics that has two
branches in itself — differential and integral calculus.

Differential calculus involves finding the derivatives of
functions in order to discover the behavior and rate of
change of a function. The graph of said function can then
be computed, analyzed and predicted.

Integral calculus involves the usage of anti
differentiating and is used to find the areas or volumes
under/around a certain function

= Now we will discuss some topics in Differential calculus
and their applications in daily life

(1)Asymptotes
(2)Curvature

(3)Optimization (Max. and Min. values of a function)



Asymptotes: Asymptote of a curve is a line to which the
curve converges. In other words, the curve and its
asymptote get infinitely close, but they never meet.

Graph:

yA

Mathematically we define it as

“ A straight line is said to be an asymptote of an infinite
branch of a curve, if as the point P recedes to infinity
along the branch, the perpendicular distance of P from
the straight line tends to zero (or)

A non vertical line with equation y = mx + b is called an
asymptote of the graph of y = f(x) if the difference
f(x) = (mx + b) tends to 0 as x takes on arbitrarily large
positive values or arbitrarily large negative values.




There are three types of asymptotes
1) Horizontal asymptote.

2) Slant asymptote.

3) Vertical asymptote.

Dreams seem like asymptotes to the
curve of life-they always get closer,
but never meet.

The day we achieve our dreams,
we'll disprove a mathematical theorem.

- Vaibhav Dwivedi




We apply the concept of asymptotes in architecture,
designing for example.....

EIFFEL TOWER




We can observe asymptotes concept as

(Vertical asymptote)
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some more example

-

# Slant Asymptote
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# Horizontal Asymptote
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# Asymptote concepts are used to find approximations to
complex equations and to analyze algorithms running

time



Curvature: Bending of a curve is known as curvature.

» A straight-line has no curvature
» A circle has constant curvature

Radius of curvature: If we Imagine a circle, taking curve

as a sector, then radius of that circle is known as Radius
of curvature to that curve at that point.

s

Graph:

Curve




It may be remarked here that more the sharpness of
bending, less is the radius of curvature and hence more is
the curvature (and vice versa).

Small Radius
High Curvature
——
: —
Large Radius
Low Curvature
Radius of
Curvature

Comparison
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# Radius of curvature concept applied to measure the

thermal stress in the semiconductor structures.
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Maximum and minimum of a function: The terms

maximum and minimum refers to extremes values of a

function.

Maximum means upper bound or largest possible
quantity. The absolute maximum of a function is the
largest anumber contained in the range of the function,
i e. f(a)= f(x) ,x € Domain

in terms of its graph, the absolute maximum of a
function is the value of the function that corresponds to
the highest point on the graph.

Conversely, minimum means lower bound or least
possible quantity. The absolute minimum of a function is
the smallest number in its range and corresponds to the
value of the function at the lowest point of its graph, i.e.
f(a)< f(x),x € Domain.

In terms of its graph, the absolute minimum of a function
is the value of the function that corresponds to the

lowest point on the graph.
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Finding the maxima and minima, both absolute and
relative, of various functions represents an important
class of problems solvable by use of differential calculus.

The theory behind finding maximum and minimum value
of a function is based on the fact that the derivative of a
function is equal to the slope of the tangent.

When the values of a function increases as the value of
independent variable increases, the lines that are
tangent to the graph of the function have positive slope
and the function is said to be increasing, i.e. f I(x)>0

Conversely when the value of the function decreases
with increasing value of the independent variable, the

tangent line have negative slope and the function is said
to be decreasing, i.e. f '(x)<0.




precisely at the point where the function changes from

increasing to decreasing or decreasing to increasing, the

tangent line is horizontal (has slope zero) and the

derivative Is zero, 1.e. { !(,\) 0.

Maxima and minima & the derivative

Maximum
£(x) positive on the left

fix)=0

f{x)}»Q

f'(x) negative on the right

'(x) 20

Minimum
#'(x) negative on the lef?
f'(x) positive on the right

f(x) €0 f(x)> 0

#(x)=0

In order to find maximum and minimum points, first find
the values of the independent variable for which the

. o . I
derivative of the function is zero, I.€. f (x) = 0, these
points are called critical points, and then substitute them

in the original function to obtain the corresponding

maximum or minimum Vv

alue of the function.
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L i1 e)>0 then ‘c " is a po |
mi (c)>0t 15 a point of minimum, where ‘c ” is a

critical point

i There are numerous practical uppli(,;:tionv, in which it i
| desired to find the maximum and minimum value of a

| particular quantity.

such applications exits in economics, business and

L engineering.

Many can be solved using the methods of differential
calculus describe above.

For example in many manufacturing business itis usually
possible to express profit as a function of the number of
units sold. Finding a maximum for these functions
represents a straight forward way of maximizing profits.
In other case, the shape of a container may be
determined minimizing the amount of a material
requires to manufacture it. The design of piping systems
is often based on minimizing pressure drop which in turn
Minimizes required pump sizes and reduces cost The
Shapes of steel beams are based on maximizing strength.




imization: The action of making the best or most

? oﬁecti"e use of a situation or resource (or) optimization
f € " .
:  the process of finding the greatest or least value of a
E | . )

L nction for some constraint, which must be true

regardless of the solutions.

| Optimization is nothing but finding maximum or

- minimum of a function in given domain. Here we will find
| colutions to some problems by using the concept of max.
. and min. of functions

. e follow three steps to find solutions of given problems

1)Express the given data in the form of equations, if
there are more than one variable then write other
variables in terms of first variable by using suitable
equations

2)Find the derivative of resulting equation and equal it
to zero to find critical (or) stationary values of
function.

3)Find the second derivative and substitute stationary

value in that equation to check either it is max. of
min,




Business Applications:

The goal of business management is to

e Maximize Profit

e Maximize Revenue

e Minimize Cost

Since maximums and minimums occur when the
derivative is zero, our goal is to find values for which
marginal revenue, marginal profit, marginal cost = 0.

EXAMPLE 1.

If the price for a product is p, the revenue (in thousands
of rupees) is approximated by

R =-0.05p *+0.98p + 18
What price maximizes revenue?
Solution: R’ (p)=-0.1p +0.98 =0
= 0.1p =0.98
=>p=9.8

Question: How do we know that p = 9.8 gives a
maximum (and not a minimum)?




gative second derivative implies p = 9.8 is a

- and @ ne
| Maximum

XAMPLE 2: A farmer has 2400 ft of fencing and wants to
borders a straight river.

What are the

E
' fence off a rectangular field that

' He needs no fence along the river.
of the field that has the largest area?

. dimensions
t the area of the field depends on Its

; solution: Note tha
5 dimensions:

1000

2200 | 700 700
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- 700,000 1t

Arca = 100 - 2200 = 220,000 i’ Arca = 700 1000




| 400

1000 100()

Area = 1000 400 = 400,00¢) 1

To solve the problem, we

first draw a pi '
’ a picture that
illustrates the general case:

b
X A X

The next step is to create a corresponding mathematical

model:
Maximize: A = Xy

Constraint: 2x +y = 2400



We now solve the second equation for y and substitute
the result into the first equation to express A as a
function of one variable:

2x +y = 2400
=y = 2400 - 2x
= A = xy = x(2400 - 2x) = 2400x - 2x°

To find the absolute maximum value of A =2400x - 2%° )
We first show that 0 < x <1200.

Indeed, y 20 = 2400-2x20
= 2400 = 2x
= 1200 2 x

On the other hand, x 2 0.

Combining these two inequalities gives 0 < x < 1200.

The derivative of A(x) is
A’ (x) = (2400x - 2x% )"
= 2400x ' - 2(x* )’
=2400-1-2"-2X
= 2400 - 4x




50 to find the critical numbers we solve the equation
2400 - 4x = 0
= 2400 = 4x
= X =2400 + 4 = 600

To find the maximum value of A(x) we evaluate it at the
end points and critical number,

A(0) =0,
A(600) = 2400 - 600 - 2 - 600" = 720, 000,
A(1200) = 0
Also, A”(x) = ( 2400 - 4x)’
= -4<0

Therefore A(x) has maximum value at x = 600
The maximum value is A(600) = 720, 000 ft* and
the dimensions are

x =600 ft, y=2400 -2 -600= 1200 ft.




EXAMPLE 3: A manufacturer needs to make a cylindrical
can that will hold 1.5 liters of liquid. Determine the
dimensions of the can that will minimize the amount of
material used in its construction.

Solution: We first draw a picture:

Area 2(r?) Area (27r)h

The next step is to create a corresponding mathematical
model
Minimize: A = 2rr * + 2mrh

Constraint: V=rmr ’h = 1500




It is easy to see that A’ (r)<0 forall 0<r< (750 /)"
and A’ (r) >0 forall r> (750 /)2

Therefore the minimum value of the area must occur at
r= (750 /)" =~ 6.2035 cm.
and this value is A( ( 750 /m)*?) = 725.3964 cm” .
Finally, the height of the can is
h = 1500/ rur? |
= 1500/ 1(750/m)?* = 2 ( 750 /m)*”* = 2r = 12.4070 cm




CONCLUSIONS:

asma—

Differential Calculus is not a study of concepts

which is purely restricted to class room. We can s€€ lot of

applications in our day-to-day life.

“Mathematics is a science whose subject matter is
special forms and quantitative relationships of the real

world”

“Mathematics is a language in which GOD has written the

world” ---- Galileo.
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There is geometry in the humming of the sUings,

thew is music in the spacing of the spheses.
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