Essential Mathematics required for Physics at +2 Level

1. Quadratic Equation
2. Trigonometry (Associated Angles, Compound Angles, Multiple Angles & Inverse Trigonometric Functions)
3. Binomial Theorem
4. Logarithms
5. Infinite Series (Logarithmic Series, Exponential Series)
6. Functions
7. Measurement of Slope & Rate of Change – Differentiation
8. Measurement of Area under curves & Average Value – Integration 


Functions:


	1. Introduction:



In our daily life, we always see something is dependent on the other. 

For example: Our exam result is dependent on our study hours. It may also depend upon other factors such as level of guidance, quality of study materials, and frequency of mock tests.

In that case, the “exam result” is the outcome or the dependent variable, and “study hours”, “level of guidance”, “quality of study materials” and “frequency of mock tests” are the inputs or the independent variables.
Mathematically we can write this as:
“Exam Result” is the function of “study hours”, “level of guidance”, “quality of study materials” and “frequency of mock tests”.

Let Exam Result = y
Study hours = x1
Level of guidance = x2
Quality of study materials = x3
Frequency of mock tests = x4

We can re-write this as
y = f(x1 , x2 , x3 , x4)
where y is the dependent variable, and x1, x2, x3 & x4 are the independent variables and f denotes a function.

Let us now consider an example from physics that we already know, 
v = u + at
Here, final velocity (v) depends upon the initial velocity (u), acceleration (a) and time (t).

So we can write, final velocity is a function of initial velocity, acceleration & time.
i.e. v = f(u , a , t)

In this way, in physics there are millions of equations, each representing a function with one dependent variable and one or more independent variables.

	2. Constants & Variables:



If the value of a physical quantity does not change then it is said to be constant. Normally a constant is denoted by the letter ‘k’.


In the example of v = u + at, 
If the value of initial velocity (u), acceleration (a) and time (t) is changed then the value of final velocity (v) also changes. 
Then v = f(u , a , t), this is a function in 3 variables

If the initial velocity (u) of the body remains constant, but the acceleration (a) and time (t) is changed, the also the value of final velocity (v) changes.
When u = k
Then v = f(a , t), this is a function in 2 variables

If initial velocity (u) and acceleration (a) of the body remains constant but time (t) is changed, the also the value of final velocity (v) changes.
When u = k1 & a = k2
Then v = f(t), this is a function in 1 variable

We will be mainly dealing with functions in 1 variable at class XI & XII level.

	3. Types of Functions




3.1. Algebraic Functions


Input (independent variable) = number 
Output (dependent variable) = number

3.1.1. Polynomial Functions: A function containing sum/difference of integer power of the dependent variable. [used for describing equations of position, displacement, velocity & acceleration in linear motion & rotational motion]
  is a polynomial in t of degree 2
 is a polynomial in t of degree 4

3.1.2. Rational Functions: A function containing one polynomial function in the numerator and another polynomial function in the denominator.


3.1.3. Irrational Functions: A function containing at least one fractional or negative power of the dependent variable.




3.2. Trigonometric Functions


3.2.1. Trigonometric (Circular) Functions
[used for describing equations of position, displacement, velocity & acceleration in oscillatory or vibrational motion]
Input (independent variable) = angle & 
Output (dependent variable) = number




3.2.2. Inverse Trigonometric (Inverse Circular) Functions
[used for describing direction of vectors]
Input (independent variable) = number & 
Output (dependent variable) = angle




3.3. Exponential Functions: A function containing some constant raised to the power of some independent variable. [used for describing variation of quantities which start from a positive value and continuously increase or decrease with time]
 



Where ‘e’ is called the exponential number defined as follows:

If we put x = 1, we get, 


3.4. Logarithmic Functions: A logarithmic function of ‘x’ to the base ‘a’ is defined as the power to which ‘a’ is to be raised to obtain ‘x’.
For example, logarithm of 9 to the base 3 is 2, as 32 = 9

It is defined as follows.

If 
Then 

3.5. Mixed Functions: a function which is composed of a combination of two or more types of functions as mentioned above are called mixed functions.

	4. Cause Effect Relationship



Dependent Variable = Output = Effect (to be written in LHS)

Independent Variable = Input = Cause (to be written in RHS)

For example:
If Heat Q is transferred from a hot body (at higher temperature T1) to a cold body (at lower temperature T2) by convection, then



Here, h = heat transfer coefficient (a constant)
Let A = surface area through which heat transfer takes place = constant

Then 
Heat transfer Q is the dependent variable OR output OR effect
Temperature difference ΔT is the independent variable OR input OR cause

	5. Graph of Functions



The fundamental rule for drawing graph of any function is 

Dependent Variable / Output / Effect is on the y axis, and
Independent Variable / Input / Cause is on the x axis
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If y = f(x) and we have few values of x & y as follows:
	x
	a1
	a2
	a3
	a4

	y
	b1
	b2
	b3
	b4



This means: 
b1 = f(a1)
b2 = f(a2) 
b3 = f(a3)
b4 = f(a4)

Then the points on the curve i.e. the graph of the function are
P(a1 , b1) = (a1 , f(a1))
Q(a2 , b2) = (a2 , f(a2))
R(a3 , b3) = (a3 , f(a3))
S(a4 , b4) = (a4 , f(a4))

Now let us plot the points and join them by using a smooth curve:
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For any point (a , b) on the curve of a function
a = abscissa = value of x = value of independent variable
b = ordinate = value of y = value of dependent variable = value of the function at that point
	6. Special Points of a Function



6.1. Zero: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is “zero” is called the zero0of a function. It is basically a point where the curve touches or cuts the x axis. 



6.2. Singularity: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is undefined is called “singularity” of a function. It is basically a point where the curve cannot be drawn.

6.3. Maxima: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is maximum/highest is called “maxima” of a function. It is basically a point where the tangent will be parallel to x axis and appears as a peak of a mountain.

· Local Maxima: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is maximum/highest within a certain limit or a certain stretch of the curve i.e. in between a lower limit of x (left side point) and a upper limit of x (right side point) is called “local maxima” of a function in that limit. It is basically a point where the tangent will be parallel to x axis and appears as a peak of a mountain. 
· Global Maxima: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is maximum/highest for the entire curve i.e. for any value of x is called “global maxima” of a function. It is basically a point where the tangent will be parallel to x axis and it will be highest among all peaks of the mountain.

6.4. Minima: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is minimum/lowest is called “minima” of a function. It is basically a point where the tangent will be parallel to x axis and appears as a valley of a mountain.

· Local Minima: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is minimum/lowest within a certain limit or a certain stretch of the curve i.e. in between a lower limit of x (left side point) and a upper limit of x (right side point) is called “local minima” of a function in that limit. It is basically a point where the tangent will be parallel to x axis and appears as a valley of a mountain.
· Global Minima: The point on the curve of a function, where the ordinate OR value of y (dependent variable) OR value of function is minimum/lowest for the entire curve i.e. for any value of x is called “global minima” of a function. It is basically a point where the tangent will be parallel to x axis and it will be lowest among all valleys of the mountain.

6.5. Point of Inflexion: These are the points on a curve where the tangent to the function is parallel to x axis but it is neither a point of maxima nor a point on minima.

	7. Function Definitions



7.1. Absolute Value (Mod) Function

7.2. Greatest Integer (Box) Function

7.3. Fractional Part Function

7.4. Step Function

7.5. Periodic Function

	8. Concept of  Rate of change of a Function – Differentiation 



In physics, it is not only important to know the value of a physical quantity at a particular point but also very important to know that how the physical quantity is changing with time or position or some other physical quantity.

This knowledge about how fast or slow a physical quantity changes with time, helps us in calculating the exact value of that physical quantity in future (after a certain time period) or in past (before a certain time period).

Similarly, the knowledge about how fast or slow a physical quantity changes with position, helps us in calculating the exact value of that physical quantity in the road ahead (after crossing a certain position) or in road behind (before crossing a certain position).

The quantity that tells us how fast or slow a physical quantity is changing is called Rate of change of that physical quantity.

For example:
Now consider the equation of motion where u = constant & a = constant

Then displacement (s) is a function of time (t) only.
If the value of t is changed then the value of s also changes.
Hence, in this case we can calculate the Rate of change of displacement (s) with respect to time (t).

So in general, if y is a function of x,  

Then we can find out the rate of change of y (dependent variable) with respect to x (independent variable).

Also, if x is a function of t,  

Then we can find out the rate of change of x (dependent variable) with respect to t (independent variable).
[Dependent variable is equal to the function.]

So we can always find out the rate of change of dependent variable (or the function) w.r.t the independent variable.                                                                                          [w.r.t = with respect to]

This Rate of change of dependent variable (or the function) w.r.t the independent variable is also known as the derivative of dependent variable (or the function) w.r.t the independent variable. 
This process of finding out the derivative is called differentiation. 

The branch of mathematics that deals with the study of differentiation is called Differential Calculus.

Footnote: The Calculus (consisting of differential calculus & integral calculus) was originally invented by Sir Isaac Newton in the year 1686 in his book “Philosophiae Naturalis Principia Mathematica” (In English: Mathematical Principles of Natural Philosophy). In this book he laid down the foundational laws of physics (laws of motion & gravitation) in mathematical form by using calculus. Hence calculus was originally invented for application in physics, but now calculus in itself is a very important branch of mathematics being applied in Physics, Chemistry, Genetics, Commerce, Economics and Social Experiments.

	9. Measurement of  Rate of change of a Function – Differentiation 



If y = f(x)
Then 


Also, 



Hence,


To understand the method of calculation of   we need to understand the first principle.

9.1. First Principle of Differentiation





9.2. Significance of Derivatives













9.3 Formulae for differentiation
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9.4. Second Order Differentiation


Practice Problem:
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