1 Math 5A Notes § 3.1 Derivatives of Polynomial
and Exponential Functions
Pascal’s Triangle
One of the uses of Pascal’s triangle is finding binomial coefficients. The binomial coefficients are the coefficients of terms that

result from multiplying out (x+4)". For example, to multiply (x+4)*, look in Row 4 of the triangle to find the coefficients.

1 Row 0

1 1 Row 1

1 2 1 Row 2

1 3 3 1 Row 3

1 4 6 6 1 Row 4

1 5 10 10 5 1 Row 5
etc

Row4is1,4,6,4,1so0 (x+ h)4 =1x* +4x’h+6x*h*> + 4xh’ + 1h* . Notice how the power of the binomial’s first term (in this

case, x ) decreases by one in each successive term and the power of the bionomial’s second term (in this case, /) increases by
a power of one in each successive term.

Find (x+h)’.

Power Functions
Find the derivative of each of the following using the definition of the derivative. f'(a)=1lim

fla+h)-f(a)
1. fx)=x o "

2. fx)=x"
3. fx)=x’
4. f(x)=x"

Do you notice a pattern for the derivative of a power function?
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Derivative of a Power Function

n n—1
—(x")=nx
()
Prove the above is true:
Derivative of a Constant
d_ (c) =0 The derivative of a constant is 0
x

Constant Multiple Rule for Derivatives

d d
E(Cf(x)) = Ca (f(x)) “The derivative constant times a function is the

o constant times the derivative of the function”
Prove this is true:
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Sum Rule for Derivatives
If f and g are both differentiable then,

i(f(x) + g(x)) = i f(x)+ i g(x) “The derivative of a sum is the sum of the derivatives”
dx dx dx

Prove the above is true:

Difference Rule for Derivatives
If f and g are both differentiable then,

di(f(X) —g(x))= di f(x)— di g(x) “The derivative of a difference is the difference of the derivatives”
X x x

Differentiate the function.

5. flx)=x"

6. flx)==>+4r -2t +3
7 f(x)=x%

8. _4xiox
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Normal Line
The normal line to a curve C ata point P is the line through P thatis perpendicular to the tangentline at P .

Find an equation of the tangent line and an equation of the normal line to the curve at the given point

9. y=xx (1,1)

Find the points on the curve where the tangent line is horizontal.
10. y=x =5x>+1

11. Find an equation of the tangent line to the curve y = x* — 5 that is parallel to the line y = —4x+3
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Definition of the Number e
There are various definitions of this (transcendental) number. Like 7, ¢ is one of those numbers that are fairly ubiquitous in

mathematics and in Calculus, as an exponential function, f(x)= e" has the special property that f'(x)= f(x).Thatis, itis the
function whose instantaneous rate of change is the same as it’s y value for any value you plug in.

Some definitions of e:
1. e= lim(1+lJ
X—oo X

. . . e
2. e is the unique positive number for which lim
h—=0

h

-1
=1

oo

= <—-this notation will be discussed towards the end of the semester in Chapter 5
n=0 n:
h h

1 oa -1,
is 1. Note: if another number, a, is used then lim is not 1.
h—0

Show (by a table) that e is the number such that %lmg ¢

What does this mean in terms of tangent lines?

Find the derivative of f(x)=¢" using the definition of a derivative.

Exponential Functions
Find the derivative of f(x)=a" using the definition of a derivative.

We will find this later when we have more tools for taking derivatives
But for now...

Derivative of the Natural Exponential Function
d x\_ x
E(e ) =e

Differentiate the function:
12. y=3e"

13. y=e"’



