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Lecture No-1       Introduction 
 
– Calculus is the mathematical tool used to analyze changes in physical quantities. 
– Calculus is also Mathematics of Motion and Change. 
– Where there is motion or growth, where variable forces are at work producing 
acceleration, Calculus is right mathematics to apply. 
 
Differential Calculus Deals with the Problem of Finding 
 
(1)Rate of change. 
(2)Slope of curve. 
 
Velocities and acceleration of moving bodies. Firing angles that give cannons their 
maximum range. The times when planets would be closest together or farthest apart. 

 
Integral Calculus 
Deals with the Problem of determining a Function from information about its rates of 
Change. 
Integral Calculus Enables Us 
(1) To calculate lengths of curves. 
(2) To find areas of irregular regions in plane. 
(3) To find the volumes and masses of arbitrary solids 
(4) To calculate the future location of a body from its present position and knowledge of 
the forces acting on it. 
 
Reference Axis System 
Before giving the concept of Reference Axis System we recall you the concept of real 
line and locate some points on the real line as shown in the figure below, also remember 
that the real number system consist of both Rational and Irrational numbers that is we can  
write set of real numbers as union of rational and irrational numbers. 
 

 
 
Here in the above figure we have locate some of the rational as well as irrational numbers 
and also note that there are infinite real numbers between every two real numbers. 
Now if you are working in two dimensions then you know that we take the two mutually 
perpendicular lines and call the horizontal line as x-axis and vertical line as y-axis and 
where these lines cut we take that point as origin. 
Now any point on the x-axis will be denoted by an order pair whose first element which is 
also known as abscissa is a real number and other element of the order pair which is also 
known as ordinate will has 0 values. 
Similarly any point on the y-axis can be representing by an order pair. Some points are 
shown in the figure below. Also note that these lines divide the plane into four regions, 
First ,Second ,Third and Fourth quadrants respectively. We take the positive real numbers 
at the right side of the origin and negative to the left side, in the case of x-axis. Similarly 
 for y-axis and also shown in the figure. 
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Location of a point  
Now we will illustrate how to locate the point in the plane using x and y axis. Draw two 
perpendicular lines from the point whose position is to be determined. These lines will 
intersect at some point on the x-axis and y-axis and we can find out these points. Now the 
distance of the point of intersection of x-axis and perpendicular line from the origin is the  
X-C ordinate of the point P and similarly the distance from the origin to the point of 
intersection of y-axis and perpendicular line is the Y-coordinate of the point P as shown 
in the figure below. 
 
 

 
 
 
 
In space we have three mutually perpendicular lines as reference axis namely x ,y and z 
axis. Now you can see from the figure below that the planes x= 0 ,y=0 and z=0 divide the 
space into eight octants. Also note that in this case we have (0,0,0) as origin and any point 
in the space will have three coordinates.   
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Sign of co-ordinates in different octants 
First of all note that the equation x=0 represents a plane in the 3d space and in this plane 
every point has its x-coordinate as 0, also that plane passes through the origin as shown in 
the figure above. Similarly y=0 and z=0 are also define a plane in 3d space and have 
properties similar to that of x=0.Such that these planes also pass through the origin and 
any point in the plane y=0 will have y-coordinate as 0 and any point in the plane z=0 has 
z-coordinate as 0. Also remember that when two planes intersect we get the equation of a 
line and when two lines intersect then we get a plane containing these two lines. Now 
note that by the intersection of the planes x=0 and z=0 we get the line which is our y-axis. 
Also by the intersection of x=0 and y=0 we get the line which is z-axis, similarly you can 
easily see that by the intersection of z=0 and y=0 we get line which is x-axis. 
Now these three planes divide the 3d space into eight octants depending on the positive 
and negative direction of axis. 
The octant in which every coordinate of any point has positive sign is known as first 
octant formed by the positive x, y and z –axis. Similarly in second octant every points has 
x-coordinate as negative and other two coordinates as positive correspond to negative x-
axis and positive y and z axis. 
Now one octant is that in which every point has x and y coordinate negative and z-
coordinate positive, which is known as the third octant. Similarly we have eight octants 
depending on the sign of coordinates of a point. These are summarized below.     
 
First octant  (+, +, +) Formed by positive sides of the three axis.  
Second octant  (-, +, + ) Formed by –ve x-axis and positive y and z-axis. 
Third octant  ( -,  -, +) Formed by –ve x and y axis with positive z-axis. 
Fourth octant  ( +, -, +) Formed by +ve x and z axis and –ve y-axis. 
Fifth octant  (+, +, -) Formed by +ve x and y axis with -ve z-axis. 
Sixth octant  ( -, +, -) Formed by –ve x and z axis with positive y-axis. 
Seventh octant  ( -,  -, -) Formed by –ve sides of three axis. 
Eighth octant  ( +, -, -) Formed by -ve y and z-axis with +ve x-axis. 
 
(Remember that we have two sides of any axis one of positive values and the other is of 
negative values) 
Now as we told you that in space we have three mutually perpendicular lines as reference 
axis. So far you are familiar with the reference axis for 2d which consist of two 
perpendicular lines namely x-axis and y-axis. For the reference axis of 3d space we need 
another perpendicular axis which can be obtained by the cross product of the two vectors, 
now the direction of that vector can be obtained by Right hand rule. This is illustartaed 
below with diagram.      



1-Introduction                                                                                                                                               VU 

 

 
 
Concept of a Function 
Historically, the term, function, denotes the dependence of one quantity on other quantity. 
The quantity x is called the independent variable and the quantity y is called the 
dependent variable. We write y = f (x) and we read y is a function of x. 
The equation  y = 2x defines y as a function of x because each value assigned to x 
determines unique value of y. 
 
Examples of function 
– The area of a circle depends on its radius r by the equation A= πr2 so, we say that 
A is a function of r. 
– The volume of a cube depends on the length of its side x by the equation V= x3 so, 
we say that V is a function of x. 
– The velocity V of a ball falling freely in the earth’s gravitational field increases 
with time t until it hits the ground, so we say that V is function of t. 
– In a bacteria culture, the number n of present after one day of growth depends on 
the number N of bacteria present initially, so we say that N is function of n. 
 
Function of Several Variables 
Many functions depend on more than one independent variable.  
 
Examples 
The area of a rectangle depends on its length l and width w by the equation   
 A = l w , so we say that A is a function of l and w. 
The volume of a rectangular box depends on the length l, width w and height h by the 
equation   
 V = l w h so, we say that V is a function of l , w and h. 
The area of a triangle depends on its base length l and height h by the equation 
  A= ½ l h, so we say that A is a function of l and h. 
 The volume V of a right circular cylinder depends on its radius r and height h by the 
equation V= πr2h so, we say that V is a function of r and h.  
 
Home Assignments: 
   In the first Lecture we recall some basic terminologies which are 
essential and prerequisite for this course. You can find the Home Assignments on the last 
page of Lecture # 1 at LMS
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