Ch. 1 Limits Steps for Important Concepts

I. Algebraic Steps Evaluating Limits Approaching a Real Number lim f (x)
X—C

1. Plugin argument x-value (Ignore one-sided limit for now)
2. Find the Limit (plug in/ reduce if g , re-evaluate)

3. If Limit DNE (does not exist), then evaluate further ONLY IF one-sided limit)
4. Choose between +oc0 and —oo

5. Plug in the appropriate decimal value to determine +o or —oo

II. Algebraic Steps Evaluating Limits Approaching Infinity Jim f (x) or im f €9

1. Compare degrees between numerator vs. denominator

a. If Numerator < Denominator lim f(x) = lim f(x) =0
X—00 xX——00

b. If Numerator = Denominator lim f(x) = lim f(x) = ratio of coefficients
xX—00 X——00

c. If Numerator > Denominator, then lim f(x) = too0 or lim f(x) = too
X—00 X——00

(Plug in a large positive or large negative value to help you determine the sign at infinity)

UlI. Continuity Conditions

1. f(c) is defined (point exists on the graph)

2. The lim f(x) exists [lim+ f(x) = lim f(x) ]

X—C X—C X—C
3. flc) =lim f(x)
X—-C

e If function passes all 3 conditions , the function has continuity at x = ¢
e [If condition #2 FAILS, the function has nenremovable discontinuity at x = ¢

e [f function PASSES condition #2 and FAILS condition #3, the function has removable
discontinuity at X = ¢

IV. Intermediate Value Theorem (IVT) Steps
1. Test and determine continuity on closed interval [a, b]
2. Find the y-value at the endpoints , f(a) and f(b)
3. Confirm that f(c ) is between f(a) and f(b ) [ example: f(a) < f(¢) <f(b)]
4. Find the c-value (find the x-value by plugging the y-value given at the start of problem into the

function)

*Make sure c-value(s) are inside the interval [a,b]. c-values that are outside the interval [a,b] are

excluded.




Basic Differentiation Rules
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Calculus Chapter 3 Rules and Process Sheet

Derivative Rules

Power Rule: Quotient Rule:
If Ax) = «”, then f'(x) = nx™! d { f X‘)} _Je-f¢

g() g’
Product Rule: Chaie Brle:

d . | o
—fg)|=r'g+fg —i—[f(g(x))] = f'(g(x)-g'(x)
dx ax

(multiply outer function’s derivative with

the inner function’s derivative)

Extreme Value Theorem
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1. Find critical points '

a. Setf'(x) =0
b. Find where f(x) is undefined (Set denominator of £(x)=0)

2. Plug all critical points and endpoints into f(x)

3. Compare y-values to determine absolute maximum(s) and absolute minimum(s)

Mean Value Theorem

1. Check Continuity (no breaks between en_dpoints) L) Lo +’” upt§ o [ 1’]
a. Does f(x) have variables in the denominator? ( V.A. or holes) (.L) L ffeon M[Ze an ( q Z,)
b. If so, then look to see if the x-value lies in the closed interval [a, b]
c. Ifthe x lies between the interval, then function is not continuous on the interval, MVT fails
2. Check Differentiability (smooth curve between endpoints)
a. Does f’(x) have variables in the denominator? ( sharp points, élo_pe undefined)
- b. If yes, then look to see if the x-value lies in the open interval (a, b)
-¢. Ifthe x lies between the interval, then function is not differentiable on the interval, MVT fails

**Note, all polynomials are continuous and differentiable everywhere** - ' -?’(c)

3. Find maye. (This is the slopé between your endpoints, slope of secant line)
4. Set f‘(x) = Mavg and solve for x

,F() ?(é) ﬁCQ)




Rolle’s Theorem

k.
2,

**Note, all polynomials are continuous and differentiable everywhere**

3
4.

Check Continuity.(no.breaks_between.endpoints)
Check Differentiability (smooth curve between endpoints)

Test endpoints. Does f(a ) = f(b)? If not ,then Rolle’s fails / does not apply )
[f yes, then set f*(x) = 0 and solve for x _ [ wi,‘..,l/‘w U on [ a, [)J

d) cLl‘an?[mMi on (Q)O

First Derivative Test Steps (Finds inc/dec and rel max/min) ) 4-(’/4) = -pCé)

1.

o

Find £°(x), set equal to zero
a. Find critical points from BOTH numerator and denominator
b. Remember; critical points-also exist where function is not d1fferent1able (sharp-point)
Put all critical points on sign line
Test intervals
a. Plug values into f *(x) to determine slope
1. Positive (+) means increasing slope
1. Negative( - ) means decreasmg slope
Write Because Statements
f(x) increasing in interval (a,b) b/c £’(x)> 0
f(x) decreasing in interval (a,b) b/c £’(x) <0
Relative max at ( a, f(a) ) b/c f ‘(x) changes from + to —
Relative min at  a, f(a) ) b/c f ‘(x) changes from — to +

o o P

“Concavity Test” Steps (Finds interval Concave Up/Down and POI)

="

W

3

Find f "(x), set equal to zero
a. Find critical points from BOTH numerator and denominator
Put all critical points on sign line |
Test intervals
a. Plug values into f " (x) to determine concavity
1. Positive (+) means concave up
. Negative( —) means concave down
Write Because Statements
a. Concave up in interval (a,b) b/c f’(x) >0
b. Concave down in interval (a,b) b/c £’(x) <0
Point of Inflection at ( a, f(a) ) b/c f "(x) changes signs

*Note: POI (Point of Inflection) may exist on graph where f”’(x) does not exist (sharp point).
POl exists as long as the graph is continuous and f”’(x) changes concavity (change in signs)



