
DIFFERENTIATION 

In the beginning of Chapter 2 we discussed how to determine the slope of a 

curve at a point and how to measure the rate at which a function changes. Now that we have studied 

 limits, we can define these ideas precisely and see that both are interpretations of the derivative 
of  a function at a point. We then extend this concept from a single point to the derivative 
function,  and we develop rules for finding this derivative function easily, without having to 

calculate any  limits directly. These rules are used to find derivatives of most of the common 

functions reviewed  in Chapter 1, as well as various combinations of them. The derivative is one 

of the key ideas in  calculus, and we use it to solve a wide range of problems involving tangents 

and rates of change. 

The derivative of functions 



Differentiation Rules 





Exercises 



Derivatives of Trigonometric Functions 





Find dy/dx 



Differentiation rule 







4.8 logarithmic function : 

 
These are the functions where the base is a positive constant. They are the inverse functions of 

 the exponential functions, Figure below shows the graphs of four logarithmic functions with  

various bases. 

4.9 Transcendental Functions : 

 

These are functions that are not algebraic. They include the trigonometric, inverse trigonometric, 

 exponential, and logarithmic functions, and many other functions as well. A particular example  

of a transcendental function is a catenary.Its graph has the shape of a cable, like a telephone line 

 or electric cable, strung from one support to another and hanging freely under its own weight. 



5 .Combining Functions; Shifting and Scaling Graphs 
Sums, Differences, Products, and Quotients 

Like numbers, functions can be added, subtracted, multiplied, and divided (except  

where the denominator is zero) to produce new functions. If ƒ and g are functions, then 

 for every x that belongs to the domains of both ƒ and g we define 
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LIMITS AND CONTINUITY 

Mathematicians of the seventeenth century were keenly interested in the study of motion for  

objects on or near the earth and the motion of planets and stars. This study involved both the speed 

 of the object and its direction of motion at any instant, and they knew the direction was tangent 

to  the path of motion. The concept of a limit is fundamental to finding the velocity of a moving 

object  and the tangent to a curve. In this chapter we develop the limit, first intuitively and then 

formally.  We use limits to describe the way a function varies. Some functions vary continuously; 

small  changes in x produce only small changes in ƒ(x). Other functions can have values that 

jump, vary  erratically, or tend to increase or decrease without bound. The notion of limit gives a 

precise way  to distinguish between these behaviors. 
 

Limits of Function Values 

 

Frequently when studying a function y=f(x) , we find ourselves interested in the function’s 

 behavior near a particular point , but not at xo 

the limits law 



Examples 
Find the following limits 

Evaluate the following limit 



The sandwich theorem 



Limits and continuity 2 











Limits and continuity 3 





Examples 









Vectors 

Some of the things we measure are determined simply by their magnitudes. To record mass, length, 

 or time, for example, we need only write down a number and name an appropriate unit of 

measure.  We need more information to describe a force, displacement, or velocity. To describe a 

force, we  need to record the direction in which it acts as well as how large it is. To describe a 

body’s  displacement, we have to say in what direction it moved as well as how far. To describe a 

body’s  velocity, we have to know where the body is headed as well as how fast it is going. In this 

section  we show how to represent things that have both magnitude and direction in the plane or 

in space. 



Vector Algebra Operations 





The Dot Product 

 
If a force F is applied to a particle moving along a path, we often need to know the magnitude of  

the force in the direction of motion. If v is parallel to the tangent line to the path at the point where 

 F is applied, then we want the magnitude of F in the direction of v. Figure 12.19 shows that the  

scalar quantity we seek is the length where is the angle between the two vectors F and v. In this  

section we show how to calculate easily the angle between two vectors directly from their  

components. A key part of the calculation is an expression called the dot product. Dot products  

are also called inner or scalar products because the product results in a scalar, not a vector. After  

investigating the dot product, we apply it to finding the projection of one vector onto another (as  

displayed in Figure below) and to finding the work done by a constant force acting through a  

displacement. 



 **Angle Between Vectors 





Perpendicular (Orthogonal) Vectors 





The Cross Product 
 

In studying lines in the plane, when we needed to describe how a line was tilting, we used the  

notions of slope and angle of inclination. In space, we want a way to describe how a plane is  

tilting. We accomplish this by multiplying two vectors in the plane together to get a third vector 

 perpendicular to the plane. The direction of this third vector tells us the “inclination” of the  

plane. The product we use to multiply the vectors together is the vector or cross product, the  

second of the two vector multiplication methods. We study the cross product in this section. 

 

The Cross Product of Two Vectors in Space 

 

We start with two nonzero vectors u and v in space. If u and v are not parallel, they determine 

 a plane. We select a unit vector n perpendicular to the plane by the right-hand rule. 

This means that we choose n to be the unit (normal) vector that points the way your right 

 thumb points when your fingers curl through the angle from u to v (Figure 12.27). Then 
the cross product u * v (“u cross v”) is the vector defined as follows. 










