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Applications of Differentiation
Curve Sketching:

Strategy for Graphing y = f(x)

1. Find f'and f"

2. Find the where f' is positive, negative, and zero (to find localmax. and min.)
a. if changes from negative to positive, then f has a local minimum ;
b. if changes from positive to negative, then f has a local maximum;

c. if does not change sign (that is, is positive on both sides or negativeon
both sides), then f has no local extremum.

3. Find the where " is positive, negative, and zero (to findinflection point.)
a. If f" <0, the graph of f is concave down
b. If f* >0, the graph of f is concave up
c. at ' = 0 inflection point.

4. make a summary table

5. Plot key points, such as the intercepts and the points found in Steps2-3, and
sketch the curve.
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Example 1: sketch the graph of y = x3 - 3x2 + 4
Solution:
D Findy",y": p'=3x?—-6x ,p"'=6x-6

2) Find the where y'is positive, negative, and zero

yr:3x2_6x — 3x2_6x:O sign3x < ————:++++ +++++=
SR A+ o+
3x (X-Z) =0 ‘sign (x-2) < | >
2
x=0 => (0, 4) local maX . + + ++: ______ I+++++
sign 3x (x-2) < 5 : P>
x=2 — (2 9 0) local min. local max.  local min.
3) Find the where y'’ 1s positive, negative, and zero e
- | .
y" =6x—0 concave Il concave
down Inflection point up
6x—6=0
x=1, (1,2) inflection point
4) summary table N
X y=x'-3x*+4

-1

local max.

local min.

0
4
1 2 1nflection point
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L'Hospital's Rule:

Suppose that we have one of the following cases,

lim lim %) _ £

fl) 0
= OR =—
r—a g (fg) 0 r—a g (ZE) + oo

where a can be any real number, infinity or negative infinity. In these cases we have,

@) W)
a[l—rpa g(m) o alcl—)a g (m)

Example Y: Evaluate each of the following limits.

. sin(x)
(@ Jim =5

5t — 4t? — 1
b) Iim —M——
(b) t—1 10 — t — 9¢3

(c) Ilim e_z

rT—o0 I

Solution

. sin(x)
@

So, we have already established that this is a 0/0 indeterminate form so let's just apply

L'Hospital's Rule. .
im sin(x) _ lim cos(x) _ 1 _1

x—0 & x—0 1

5t4 — 412 —1
b) Im —M
(B) Im =7 =
In this case we also have a 0/0 indeterminate form and if we were really good at
factoring we could factor the numerator and denominator, simplify and take the limit.
However, that's going to be more work than just using L'Hospital’'s Rule.
St —42 -1 2088 -8t 20-8 3

[im — = lim = = -z
t—1 10 —t — 9¢3 =1 —1 — 2712 —-1-27 7
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(c)

lim E—T
r—00 12
This was the other limit that we started off looking at and we know that it's the indeter-
minate form oo /0o so let’'s apply L'Hospital's Rule.
. e.l‘ . xT

Am e = ms,
Now we have a small problem. This new limit is also a co/oc  indeterminate form.
However, it's not really a problem. We know how to deal with these kinds of limits.
Just apply L'Hospital's Rule.

X T T

. e . e .
Iim — = lim — = |lim — =
T—00 :,‘[,‘2 r—od 2.1,’ Tr—00 2

Sometimes we will need to apply L'Hospital's Rule more than once.

Exercises:

Q1/ Evaluate each of the following limits

1.

2.

lim zlnz
r—0+

o =722+ 10z
lIm

z—2 24+ —6

. 1
im z=
T—00



