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The slope of a line is used in application problems.  Slope, is known as a rate of change, like a 

velocity.  When the function is non-linear, the rate of change is not constant, so we can find the 

average velocity.  What if we want (or maybe we don’t want to but, have to …..) to find the 

exact velocity at an exact moment in time????  This is where the slope of a line tangent to a 

curve comes into play, and limits.   Limits may be used to calculate the slope of a line that is 

tangent to a point on a curved graph.  As a little foreshadowing, this tangent line problem and 

calculating its slope gave rise to the branch of calculus called differential calculus which dates 

back to the early to mid- 1600s! 

 

If we think about our geometry definition of a tangent line, it is words to the effect of:  A line 

that just touches a curve at one point, without cutting across it.  In calculus we get the following: 

 

The tangent line to the curve 𝑦 = 𝑓(𝑥) at the point 𝑃(𝑎, 𝑓(𝑎)) is the line through 𝑃 with 
slope    
𝒎 = 𝐥𝐢𝐦

𝒙→𝒂

𝒇(𝒙) − 𝒇(𝒂)

𝒙 − 𝒂
 

 

 
 
 



Find an equation of the tangent line to the hyperbola 𝑦 =
3

𝑥
  at the point (3,1). 

 
Another way to calculate slope (and sometimes  easier to use) is as follows:   

 

𝒔𝒍𝒐𝒑𝒆 =
𝒇(𝒂 + 𝒉) − 𝒇(𝒂)

𝒉
 

What is the slope of the line that contains the points P and Q?  

 

 

𝒎 = 𝐥𝐢𝐦
𝒉→𝟎

𝒇(𝒂 + 𝒉) − 𝒇(𝒂)

𝒉
 

 



Finding a Tangent Line 

Find an equation of the tangent line to the curve  𝑦 = 𝑥3 − 2𝑥 + 3  at the point (1,2). 
 
 

 

Ok, so we are looking at tangent lines and their respective slopes, we also know slope as rate of 

change.  This is a very important concept in calculus and applications in science and engineering 

as many problems deal with velocities and rates of change.  Because this type of limit occurs so 

widely, it is given a special name and notation.  

Definition of a Derivative 
The derivative of a function is the slope of the tangent line…so… 
 
 

𝒇′(𝒂) = 𝐥𝐢𝐦
𝒙→𝒂

𝒇(𝒙) − 𝒇(𝒂)

𝒙 − 𝒂
 = 𝐥𝐢𝐦

𝒉→𝟎

𝒇(𝒂 + 𝒉) − 𝒇(𝒂)

𝒉
 

 

 

  



Finding a Derivative at a Point 

Find the derivative of the function  𝑓(𝑥) = 5𝑥2 + 3𝑥 − 1 at the number 2. 
 

 

Let 𝑓(𝑥) = √𝑥 
Find the derivatives:   𝑓′(𝑎), 𝑓′(1), 𝑓′(4), 𝑎𝑛𝑑 𝑓"(9) 

 

 

  



Instantaneous Rate of Change: 
Suppose we consider the average rate of change over smaller and smaller intervals by letting 𝑥 
approach 𝑎.  The limit of these average rates of change is called the instantaneous rate of 
change.  In the special case where x= 𝑡 = 𝑡𝑖𝑚𝑒 and 𝑠 = 𝑓(𝑡) = 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 of an 
object traveling in a straight line, we call the instantaneous rate of change instantaneous 
velocity.   

 

 


