Second Order Derivatives and Higher Order Derivatives

When we have a function, for example, f(x) = x3 + 2x2 + 3x + 4, we can differentiate it, and obtain f ((x) = 3x2 + 4x + 3. We can differentiate the derivative, f ((x), again and obtain ___ = ________. This called the second order derivative or simply the second derivative of f. (f (((x) is read as “f double prime of x.) We can differentiate it again, and obtain ___ = ____ (f ((((x) is read as “f triple prime of x,” i.e., the third derivative of f.) 

The number of times we differentiate a function is call the order of the derivative. Thus f ( is a first (order) derivative, f (( is a second (order) derivative, f ((( is a third (order) derivative, etc. As for our example, f(x) = x3 + 2x2 + 3x + 4, what is the fourth (order) derivative? __ What is the fifth (order) derivative? __ Sixth (order)? __

Tough we know the 4th, 5th and 6th order derivatives are all 0, I haven’t used any notation for them. It’s because we use a slightly different notation for derivatives when the order is 4 or higher (since, for example, we don’t want to write 100 apostrophes when the order is 100): 

4th (order) derivative: f (4)(x);
5th (order) derivative: f (5)(x);
6th (order) derivative: f (6)(x)

100th (order) derivative: f (   )(x); and
nth (order) derivative: f (  )(x).

As for our example, f(x) = x3 + 2x2 + 3x + 4, we have f ((x) = 3x2 + 4x + 3, f (((x) = 6x + 4, f ((((x) = 6 and we can say f (n)(x) = 0 for n ( __.

For f(x) = x4 + 2x3 – 3x, find f ((x), f (((x), f ((((x), f (4)(x), f (5)(x), etc. and draw a conclusion for the nth derivative, 
f (n)(x). 

Do higher order derivative of every function become 0 at some point? NO! Absolutely not! (If yes, what is the fun?)

Find the following indicated derivatives and a formula for the nth derivative.

1. 
f(x) = sin x
2. 
f(x) = 1/x
3. 
f(x) =  tan x
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Even though we can differentiate a function again and again, most of time, we stop at the ____ order derivative. That is because the 2nd derivative of a function tells us something about the function (just like the 1st derivative), whereas the 3rd and all the higher order derivatives don’t really tell us anything about the function (we just do them for fun if they are still manageable).

Homework: Find the 2nd derivative of each function. (Hint: Find the 1st derivative first.)

1. f(x) = x5 + 4x3 – 2x 
2. f(x) = x4 sin x
3. f(x) = sec x
4. f(x) = 
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