Education 147-Stela EM

UNC Math 22 Section 003 - Calculus for Social Sciences
(Formerly known as Business Calculus)

Unit - Applications of the Derivative {Chapter 4)
Placement: A score of 520 or higher on the SAT II, Math, Level I or Math, Level IT C exam, a
score of 2 on the Calculus AP exam (or BC sub-score), or a passing grade in Math 10 is required.
Considerable facility with algebra and word problems is vital for success in this class. A student
who has received credit for Math 31 is not allowed to take this course. With E.lll:'t-'l a broad
background requirements, this course could be diverse and include students with diverse majors in
their first, second, third and fourth year of studies.

In the current section I teach there are § first year students, 6 second year students, 7 juniors, 5

seniors and even 1 graduate student.

Course Description: Math 22 is a survey of differential and integral calculus of one variable. It is
a terminal course and will not prepare for Math 32. (If you plan to apply to UNC's business school,
you may have to take OR 22, not Math 22. Check with your advisor.) Student mastery of pre-
calculus algebra skills is assumed from the start. If student's algebra skills are rusty, he/she may
find it helpful to review some algebra on.his/her own. I have provided my students with an algebra
self-test on the first day of class and [ have asked them to complete it as homework to identify
possible algebra troubles early on. Since word problems requiring calculus techniques for their
solution form a large portion of the material, clear and correct mathematical communication of

students’ thinking is a must.




Rationale

This unit further explores the power of derivatives as a tool to help analyze the
properties of functions. The students would see how the techniques known can be used to
obtain information about functions and then how this information can be used to
accurately sketch graphs of those functions.

Students would also see how the derivatives could be appropriately used in
solving a large class of optimization problems that are applicable in various situatjons,
including finding what levels of production will yield a miximum profit for a company,
finding what level of production will result in minimal cost to a company, finding the
maximum height attained by a rocket, finding the maximum velocity at which air is
expelled when a person coughs, and various other problems applicable in virtually any
field of hife. .

It is essential that in the course of presentation students become well aware of the
use of technology, Students should learn and master all the algebraic techniques, but they
_should also be encouraged to make use of it and particularly their calculators and make
sure their algebraically obtained answers make sense.

This unit addresses the need for all UNC students in all fields of studies to have at
least some initial exposure to basic differential analysis techniques. By including diverse
application pmhlemig in the lesson presentation and homework exercise sets, and
particularly ones taken from current relevant events, all students are put in a better
disposition to relate and thus find the theory more worthy and become motivated to leam

it.




Section Objectives for Students - Math 022
text: Tan, Calculus for the Managerial, Life, and Social Sciences, T ed.

This checklist is posted in Blackboard to help my students keep focused and know exactly
what they need to know by section. I also use it to compile a list concatenating those for
each section and chapter and give it out as review guides for tesis

Section 4.1 Applications of the First Derivative

terms, formulas, and theorem statements to know:

increasing on open interval, decreasing on open interval
relative minimum, relative maximum, relative extremum
(first-order) critical number

relative extreme (minimum, maximum) values of a function
first derivative test for continuous functions

concepis:
» understand that the first derivative test may fail if the function has discontinuities
proceduras:

s use 1% derivative to determine open intervals on which function is
increasing/decreasing
¢ determine (1"-order) critical numbers
* use 1¥ derivative test to find relative maxima and relative minima of a continuous
* function

Section 4.2 Applications of the Second Derivative

terms, formulas, and theorem statements to know:

¢ concave up on open interval, concave down on open interval
s (second-order) eritical number
= inflection point
» relative extreme (minimum, maximum) values of a function
» gecond derivative test for relative extrema of twice-differentiable functions
informal reminders:
+ +
derivative positive on interval, concave up on interval ~_
« 2™ derivative negative on interval, concave down on interval
» with addition of horizontal tangent line (chin indentation or mustache),

Eld




Minnie and Maxxie for the 2™ derivative test for relative extrema + + v

concepis:

¢ understand the limitations of the second derivative test for relative extrema
understand that at an inflection point, two things happen: 1® ) there is a tangent line
(50 first denivative is defined there or else tangent line there is vertical) and E"d}l the
concavity changes at that point

= understand what the sign of the second derivative says about the behavior of the first
denivative
(particularly in context of word problems) .

+ understand what existence of an inflection point says about the behavior of the first
derivative

{particularly in context of word problems)

procedures:

o use 2™ derivative to determine open intervals on which function 1s concave up/
concave down

» determine (2nd-order) critical numbers

» use 2™ derivative to find inflection points of a differentiable function

Section 4.3 Curve-Sketching

terms, formulas, and theorem statements to know:

« horizontal asymptote (verbal descriptions and limit definitions)
» vertical asymptote (verbal descriptions and limit definitions)

procedures:

o find asymptotes of a rational function
# use the curve-sketching guide on p. 290

major errors to avoid:

» thinking that the graph of a continuous function cannot intersect a horizontal
asymptote; some do, some don't




Section 4.4 Optimization 1
terms, formulas, and theorem statements to know:

o ahsolute maximum value, absolute minimum value
* theorem 3

procedures:

¢ find absolute extrema of a continuous function on a closed, bounded interval
s use the curve-sketching guide on p. 290

Section 4.5 Optimization 11
formulas to memonze or be able to denve:

= for a rectangle, Area = (length }{width) and Perimeter = 2{length) + 2{width)

o for a closed box (rght rectangular cylinder) , Volume = (length)( width)( height) and
Surface Area = 2(length)(width)+2(length)(height)+2(width){length);

* derive similar formulas for an open box (missing at least one side)

. ﬁ::;la closed can (right circular cylinder), Volume = nr'h and Surface Area = 2nrh +
2nr,

» derive similar formulas for a can open at one or both ends

» for acircle, Area = ar* and Circumference = 2nr

other useful formulas:

« for a sphere, Surface Area=2ar’ and Volume = 4nr'/3
procedures:

¢ use guidelines in box on p. 315

omitted:

inventory control




Processes
Students would develop the following processes (organized by section)

4.1

use 1 derivative to determine open intervals on which function is increasing/decreasing
determine (1"-order) critical numbers

use 1¥ derivative test to find relative maxima and relative minima of a continuous
function

4.2

use 2™ derivative to determine open intervals on which function is concave up/ concave
down

determine (2nd-order) critical numbers

use 2™ derivative to find inflection points of a differentiable function

4.3
find asymptotes of a rational function
use the curve-sketching guide on p. 290

4.4
Employ derivatives to find absolute extrema of a continuous function on a closed,
bounded interval

4.5
Modeling an application problem and then use derivatives to find absolute extrema of a
continuous function on a closed, bounded interval




Anguclova TR Math 011 Schedale - Fall 05

Please note the position of this unit in the time-frame of the entire semester calendar. The
assessment for this unit (Test 2) is disjoint from the presentation of the unit on purpose. I always
like to give students a couple of days to reflect and ask me questions before they are tested on

anything.
DAY SECTION | TOPIC
830 Intro, 2.4 Limils
91 2.5 One-sided limits & continuity
96 2.6 last day to add; the denivative
0/8 31,32 basic differentiation rules, product & guotient
rules
913 313 chain rule
915 3.3.34 same, marginal functions in economics
920 3537 higher-order derivatives, differentials
09722 3.7, catch-up | differentials
027 Test |
9/29 4.1 1%-yr Early Warnings Due 10/3;
applications of the 1* derivative
10/4 4.2 applications of the 2nd derivative

10/6 4.3 drop day 10/10; curve-sketching
10411 4.4, 45 optimization [, optimization I1

10413 4.5 optimization 11

10/18 3.1, 5.2 exponential functions, logarithmic functions
10/25 Test 2

10/27 5.4 differentiation of exponential functions
11/1 3.5 differentiation of logarthmic functions
11/3 5.6 exponential functions as math’ models
11/8 6.1 antiderivatives & rules of intcgration
11/10 6.2 integration by substitution

11/15 6.3,6.4 arca & the definite integral, Fundamental

Theorem of Calculus

11/17 6.3 evaluating definite integrals

11/22 Test 3

11/29 6.6 area between two curves

1271 7.4 last possible test day, improper integrals
1216 1.5 applications of calculus to probability
12/8 review, eval's

1213 FINAL Tuesday, 4:00=7:00 PM




929

4.1

first derivative test
increasing/decreasing
understand the concept of cntical points

understand the notion of extremum (see the
parallel between graphical and algebraic way
to find 1t)

understand when a first derivative test fails

10/4

4.2

applications of the 2nd derivative

concave upward’ concave downward
find second order critical points
concept of inflection points

relative extrema

second derivative test

understand when the second derivative test
fails

1046

4.3

Quiz

curve-sketching

concept: horizontal asympiote
concepl ; vertical asymptote

find asymptotes of rational function

sketching guide

graph can intersect HA but never VA




1011 4.4 optimization |
1
concept: absolute maximum/minimum
find absolute extrema
curve-sketching
10/1 4.5 Quiz
3
ization T
modeling
solve application problems
curve-sketching
10/2 Test 2 Administer Test 2 in class
5
11/0 Test 2 (o over Test 2 problems
3 Follow-up | Stress the explanations on the major common

mistakes and write the complete solutions for
all problems

Solution Key is then placed outside my office
for reference




Math 022 -- Fall 2005 -- Practice Problem List for this Unit
(Calcwus for the Wanageral, Life, and Social Soiences, Tan, ™ edition

4.1 2(inc' on (1, «=),constant on (-1,1),dec¢’ on (- =, -1) ),5,15,25,31,33,43, 44(ans:
¢.),45.46 (ans: b.),51,61,65,77.85,99

4.2 5,7.9,11,14 (rate greatest at 10, inc' between 8 and 10, dec’ between 10 and
12),15,21,27,33,45,49,53,55,59,61,63,75bc. 81

4.3 5,9, odds 21-29, 35,37 ,41.43,53,57, sketch graph of C(x)=.5x / (100-x), then 61

4.4 1,3,5,12 (abs' min’ is 0;occurs at (0,0); no abs’ max),13,21,25,33,47,51,61,67

4.5 3,7.11,12(radius (18/Pi)*{1/3), height 2*(18/Pi)*1/3) ),17,21,25 and on p. 91f. 72

(A=40x-x"2 for 0< x=40 ),74 (V= x(B-2x)(15-2x) for 0<x<4),75,78 ( A=52-2x-50/x for
¥>0),79




This unit is designed for my Caleulus class. Each lesson would take 1hr and 15
minutes - the entire course period at UNC.,

My students are familiar with basic notions such as functions, continuity,
differentiability, limits. They are also proficient with the various rules of differentiation.
We have just completed a section on applications of the first derivative and various
marginal functions in Economics and other sciences. In this unit I am supposed to
introduce some powerful techniques to analyze functions more efficiently. Once the
background is established we would be getting into optimization problems. Immediately
after this unit we would use these techniques and apply them on logarithmic and
exponential based models. After that we would get into the second large topic for this

course- Integral Caleulus.




Section 4.1 Applications of the First Derivative
L Anricipatory Set (7 min)

I want you to recall problem 6 from the test review session in which I asked vou to find
the marginal average cost function, given the cost function C(x)=500{H2x

We found the AC=C/x=5000/x+2, from which we found MAC=(5000/x+2) = -5000/x"
Can we interpret what this means? .., (bnief class discussion)

The purpose of this section is to be able to tackle problems like these.

I Obfective and Lesson Purpose (3 min)

We would learn the following procedures {(which turn out to be quite useful in modeling):
s use 1 derivative to determine open intervals on which function is
increasing/decreasing
determine {1¥-order) critical numbers
use 1% derivative test to find relative maxima and relative minima of a
continuous function

o Instructional Input and Modeling (20 min)

Background:

Example 1 (going up/down & higher/lower language is ok here)
Given the graph of the function bellow determine the intervals on which the function is

incregsing, decreasing or constant.
B .
[ X e
Easy! What about if I did not give you the graph, bul gave you a complicated formula for
a function?

Graphical lllustration
Ay ' A function [ is decreasing on an interval {a,b) if for any two
# : numbers x; and xzin (a,b), fiz)>f{xz), whenever x;< x3

a =
- A function [ is increasing on an interval {a,b) if for any two
numbers x; and x;in (a,b), f{x)<fixz), whenever x,;< x;

ﬂ;ﬂﬂ ]111: derivative, i.e. the slope of the tangent line to the graph of a function, gives
and 1dea about the shape of the graph of that function.

Theorem 1
i) Iff (x)=0, for every x in {a,b), then f increases on (a,b)
t) Iff (x)=<0, for every x in (a,b), then [ decreases on (a,b)
i) If f (x)=0, for every x in {a,b), then [ is constant on (a,b)




Graphical Ilustration  Example 2
y=x*  Given y=x » find where is y increasing, decreasing or contant.
Solution :y =3x">0 for all x, so therefore by Theorem 1 y is an
inereasing funetion for all x, i.e. for x e(- w0 ,o0). This is also seen
from the graph of v, which we are familiar with,

Remark If { is continuous, it cannot change sign unless it equals 0 somewhere. So

identify the open

. Find all x for which f(x)=0 or f is discontinuous and
intervals determined by these numbers
2. Select a test point ¢ in each interval found in 1. and determine the sign of
f"(c)on that interval
3. If f'(c)=0, fincreases on the interval
If (c)<0, f decreases on the interval

IV.  Guided Practice-Checking for Understanding (30 min)

Problem (students work in 5 groups of 4 and present solutions in front of class)

Determine where are the functions increasing or decreasing.

(Do those algebraically, but you can check your answers using your graphic calculators).
1. f(x)=x"+9%*-21x+50

2. g[x]|=x'1'?

2t
3. s(ty=
st 12 4]

4. gixpxax+1

2

5. hix)= —
x—1

Remark We must not automatically conclude that h* changes sign when
we move across a number where h' is discontinuous or a zero of b,

Note f can help locate high and low points on the graph. Show a stock graph online and
copy to board to show the slopes in another chalk color and discuss increasing and
decreasing around extrema.

it
A function [ has a relative maximum ar x=c if there exists an open
interval (a,b) containing ¢ such that fix) < f(c) for all x in fa,b).
A function [ has a relative minimum at x=c if there exists an apen
interval {a,b) containing ¢ such that fix) = f(c)for all x in fa, b,
Relative maximum and relative minimum are called Exfrenta

(singular is gxtremum)

Remark. Slopes in each case extrema with signs chart




Definiti
A critical number of a function fis any number x in the domain of f
such that [ (x)=0o0r (x) does not exist,

ivativ {
1. Determine the eritical numbers of
2. Determine the sign of f(x) to the left and right of each
= i)If f changes sign from = to 4 as we move across the critical number ¢, then fic)
™ 15 a relative minimum.
Fae  ii)If f changes sign from 410 =as we move across the critical number c, then
;}'Z'BS flc) is a relative maximum.
= iii)lf f does not change sign as we move across the critical number ¢, then fc)
27225 not a relative extremum.

Example 3
Find the relative extrema, if any to the following functions

1. flx=x""+2 .
2. gx)= f’l

Solution:

b}
I fm Z which is discontinuous at =0. The sign chart is e . “"/7 3 53“

3{;‘,]”3 5 ‘

e

So there is a relative minimum at {0,f70))=0,2)

]
2 F '={],+—x}z Since g' is never 0, x=1 and x=-1 are not critical poinis (they are
x -1

not in the domain of the function). Therefore g has no relative extrema,

Example 4 (Apphed)
According to a study conducted in 1997, the revenue (in millions of dollars) on the US
cellular phone market in the next 6 yvears is approximated by
R{{)=0.030561-0.45357t*+4.8111431.6 (t is measure in years and is between 0 and 6
with t=0 corresponding to 1997).

a. Find the intervals on which the revenue increases/decreases

b. What does the result tell you about the revenue in the cellular market in the years

under consideration?
Solution
a. R'=0.09168¢-0.90714t+4.81111 is a polynomial, so it is contintous
everywhere,
! , 0.90714 'l_'«J'{I.‘S»‘{I'J'lt%1-l —0.09168W4.81111) =
R =0 yields ¢ 2(0.09168) . Since D=-1,76<0,
R appears to have no critical points. R'(0)=4.81111=0. So R increases
everywhere on (0.6).

b. The result in a shows that the revenue on the cellular market increases
throughout those 6 years under consideration.




F. Independent Practice {13 min)
Problem 2
-3z5,x<0

i {:_: +4,x20

a) f{x)=? Show it changes from negative to positive
b) Show [ has no relative minimum at x=0. Does this contradict with the first
derivative test? Explain

Solution (Posted on Blackboard website a day before next class)
a) f-1)=-3
Fl)=2, so [ goes from negative o positive across x=0
b) No f does not have a relative minimum at x=0, because f{0)=4 but f{x)<4
if x is a linle less than 4. This last statement does not contradict the first
derivaiive test because [ is not continuous at x=0.

Homework
2(inc' on (1, ==),constant on (-1,1),dec’ on (- =, -1) ),5,15,25,31,33, 43, 44(ans: c.),45.46
(ans: b.),91,61,65,77,85,99

VI Closure (2 min) 3o whe ooy e fhe Lt dornafive & a fosrrfud foaf T

The first derivative is a powerful tool at analyzing function. It gives us an insight as to
when functions change behavior and where extrema are to be expected. This is useful in
any science,




Section 4.2 Applications of the Second Derivative

I Anticipatory Set (3 min)
Recall The derivative, i.e. the slope of the tangent line to the graph of a function, gives an
idea about the shape of the graph of that function.

Example | I want you to recall problem 5 from the previous section in which you were
given the following graph.

= [ I\
A

What can you tell me about the slopes to this graph?

"Where do the slopes increase? Decrease?

Plot the slopes in colored chalk as students discuss the behavior of the slopes on the
intervals (— o, -4), (4, = ) and (-4, 4)

Anything else you observe about this graph? Dips up/down. Discuss informally.
I Objective and Lesson Purpose (3 min)

We would learn the following a more formal analysis procedure to determine thl:lshape of
a function on intervals (which tumns out to be quite useful in modeling):

* use 2* derivative to determine the intervals of concavity of a function
determine (2""-order) eritical numbers and inflection points

* use 2" derivative test to find relative maxima and relative minima of
continuous function

. Instructional Input and Modeling (35 min)

pncave L' oncave Down Functi
For a differentiable funcrion on fa,b
A function f is concave upwardiconcave up on an interval (a,b) if f°

increases on {a,b),

A function [ is concave downward/concave down on an interval
fa,b) if f" decreases on (a.h).

‘Where does the graph lie in comparison to tangent lines?
Remark;

Concave up: graph lies entirely above tangent lines
Concave down: graph lies entirely below tangent lines




Definition (C Up/C D Bl Poin)

A function [ is concave upward/concave up at x=c if there exists an
interval {a,b) containing ¢ where [ is concave up/upward on (a,b),
A function [ is concave downward/concave down at x=c if there
exists an interval {a,b) containing ¢ where fis concave
downsdownward on (a b))

Recall: i measures the rate of change of I, So
f'=0 implies slopes of tangent lines increase
<) implies slopes of tangent lines decrease

Theorem
i} Iff (x)=0, for every x in (a,b), then fis concave up on (a.b)
i) If ™ ix)=<0, for every x in {a,b), then fis concave down on (a.h)

Procedure for determining the intervals of concavity
1. Find all x for which f (x)=0or f is not defined to identify the open
intervals determined by these numbers
2. Select atest point ¢ in each interval found in 1. and determine the sign of
’(c)on that interval
3. If (c)=0, fis concave up on the interval
If £'(¢)<0, [ concave down on the interval

Remark Choose the representative points wisely to make your calculations as sililplc as
possible and thus to minimize the chances to make a mistake.

E.'-:am;:llﬁ 2 -
fix)x"-2x"+6

Sonlutiomn

[x)=dx’ -6

Fe)=120-1 2e=12x(x-1)

I is continucus everywhere 3o the chart is oo VSN SRS —»
Thus [is concave up on (-0, 001, aﬂ)ﬂnd CONCave ﬂ'awn on (1, Ij

Dion't erase the calculations to this example vet will need it to illustrate inflection points a
bit later.

Remark Please plot this function on your calculators now and check the answers They
should match |




IV Guided Practice-Checking for Understanding (25 min)

Problem (students work independently and present solutions in front of class)
Determine where the following functions are concave up and concave down,
(Do those algebraically, but ]-tru can check your answers using your graphic calculators).

E[}{Hm (9a=5¢" 3 h:""-“ - — . 2 " at defiad @x= u}

e ,4,15 ) = e -+
2, sl.’_t)—— ( e {1+1_‘||"1H 1Y 3 o G }

3. gixl=—vd4-x° [ﬂ {ﬂ-ﬁ_ | fﬂ-\ﬂ-___- PO whhasaver 3 is Aﬂ-‘f-wd,)

Definition A pumt on the graph of a continuous fl.llll:l.'l.ﬂl'l f, where the tangent line exists

and where concavity changes is called an jnflection point,

Procedure for Finding Inflection Points
1. Compute £"(x)
2. Determine the numbers, ¢'s , in the domain of [ for which ['(x)=0 or ["(x) does
not exist
3. Determine the sign of f* on the left and right of each point found in 2. If a
change of sign is observed moving across x=¢, (¢, f( ¢ )) is an inflection point.

Back to Example 2 the inflection points are ((,.4) and (1.5)

Problem (students work independently and present solutions in front of class)
Determine the inflection points of the following functions if those exist
(Do those algebraically, but you can check your answers using your graphic calculators).

4, g{xHx.z}#! (a"".'ﬂi %&qﬁlh; F’{ﬂ* i ﬂﬁ 222 T o ool da M "()> 0
so 7t fﬂ—«h&nhm wa{a‘fﬂ

Fd-u"-ﬁ.

Example 3
Given that f{1)=2, and that '{x)>0 on (-e2,1)u(1 =), and that f*{1)=0, determine the

correct graph of f &) [ L) * e) 1| : .: {ﬁnti@)

Example 4The graphs below were used by a police commissioner to illustrate what effect
a budget cut would have on crime in a city. The number N1{t) gives the projected number
of drug-related crimes in the next 12 months. N2(t) gives the projected number of drug-
related crimes in the same time-frame if the next year's budget is cut.

a) explain why nl’(t) and N2°(t) are both positive on (0,12)

b) What are the signs of N1"(t) and N2"(t) on (0,12)?

c) Interpret your results in b).

Solution
a ) NI'(t)=0 and N2 '(t)>0, s0 but NI and N2 are increasing on (0,12)




b) NI"(t)<0on (0,12) and N2"(t)=0 on (0,12)

cl Although the projected number of drug-related crimes will increase in either
case a cul in the budget will see an accelerated increase in the number of crimes
committed. With the budget intact the rate of increase of crimes committed will continiue

to drop.

The Second Denvative Test
1. Compute "(x) and "(x)
2. Find all critical points of f at which f(x) =0
3. Compute " { ¢ ) for each such number
a)If " (c) =0, (c, f (c))is arelative maximum
by I (e ) =0, (e, [ ( ¢))is a relative minimuom
¢) If " ( ¢ ) =0, the test is inconclusive, i.e. it fails to determine the extremum

Remark Look at the chart at the bottom of page 275 it is a helpful graphical
representation which could prove helpful

Problem (students work independently and present solutions in front of class)
Find the type of relative extrema for the following functions
(Do those algebraically, but you can check your answers using your graphic calculators).

5. fix)=2x+3x+7 ( $00= deat P y=- ';}"m=4 >0 =>§F3)70 so --}l—,‘%’)nuf. m‘ﬂ)

=3}
6 a2 (02N s =z g k(Y 41> 6 o ()l

%" +1 fxta) P =Y, be (1, ) iy relomey
7 ',g[x}'ﬁz"'m {‘a'*‘rﬂ: gy-:-—l o | FJH&T:E*EK } aﬂ[ﬂzs?n 5:,3 l"nl']'ﬂ-'- red. u.u".-,)

4 (Apphed

The altitude in feet of a rocket t seconds into flight 15 given by
S=f{t)=-t"+54t"+480¢+6, where t is non-negative
Find the point of inflection of { and interpret your result. What is the maximum

velocity attained by the rocket?
Solution
V=f"(t)=-3C+1081+48 . & A
A=f"{t)=-6t+ 108=-6{1-18, £ >
i ’ 0 13 3

The point (18,f{18)=20310) is the inflection point of £ The maximum velocity of the
rocket is attained when 1=18. It is ["(18)=1432ft/sec




V. Independent Practice (' min)

Homewaork

2,7,9,11,14 (rate greatest at 10, inc’ between 8 and 10, dec’ between 10 and
12),15,21,27.33,45,49,53,565,59,61,63,75bc,81

Elﬂ&urﬂ(: miﬂ} 2 u-lh;’ {n-.r,u_{-.L Hea cevangd Jr‘-"".*'i' I!r"-"{ ?

The second derivative is a powerful tool at analyzing function. It gives us an insight as to
when rates of functions change behavior and what types of extrema are to be expected.
This is useful in any science,




Quiz 5 (on 4.1 and -lLI} g.!'.? miin)
Given fix)=x*-2x*, find
1.the intervals on which the function is increasing/decreasing,
2.the relative extrema (if any).
3.the intervals on which the function is concave up/down
4.the inflection points
Be sure to give me all the details as to how you obtained your answers.

Section 4.3 Curve Sketching
f. Anticipatory Set (3 min)
I noticed on the quiz you just finished the majority of you were using your graphic
calculators and trying to graph the function I gave you to analyze,

Why did you do that? ...

The graph of a function is a very useful tool for visualizing the behavior of that function.
It is nice to have it. So today we would learn how to sketch the graph of a function even
when we do not have our graphic calculators at our disposal.

1T Objective and Lesson Purpose (3 min)
Recall The derivative, i.e. the slope of the tangent line to the graph of a function, gives an
idea about the shape of the graph of that function.

Prerequisites: We know how to determine where a function is increasing, decreasing,
concave up and concave down. We also know how to find relative minima/maxima and
inflection points.

Today we would use those along with horizontal and vertical asymptotes to help us gmph
functions.

i Instructional Input and Modeling (25 min)

Definition Vestical 4 VA

The line x=a is a vertical asympiote of the graph of a finction fif either

lim/ ()= or lim/(x) =

g=5a" a=ea’

lim/ () == or [im/(x) =

X-=m - s

Remark The vertical asymplotes are not part of the graph, but they are helpful aid
in sketching graphs. This is why we use dashed lines.
#
Recall For rational functions.
x)y=P(x)'Q(x), (where both P(x) and Q{x) are polynomials)
the line x=a is a vertical asymptote of fif Q(a)=0 but P(a) is different from 0.




The line y=b is a horizontal asympiote of the graph of a fimetion [ if either
lmf(x)=& or mSix)=5

E—FE N =i

Remark Polynomials have no vertical or horizontal asymptotes
Remark HAs can be intersected but VAs cannot be. Why? (Domain. ..)

Remark Both HAs and VAs are lines and should be written in line equation form
(e.g. y=c, x=a)

Example |

Find the horizontal and vertical asymptotes of the following function (if any)
1 ;

1+ x*
Solution
VA: Trying to solve x'+1=0 to find VAs. Since it has no solutions, there
are no vertical asymptotes

x  HA imy =0 and |jmy =0 So y=01is a horizental asymprote

£ =iy

Ask students to graph this function on their calculators and discuss briefly how we
see the honzontal and vertical asymptotes from the graph. Show that the calculations
make sense and that the graph represents what happens algebraically.

Example 2
- xt -4
xt =1
Solution
VA: x’-1=(x-1)(x+1)=0 has solutions x=1 and x=-1
limy == Jimy ==

F-n—2* o o]

Iimy=—=limy==

5—=3" A=

So Fds: x=-1 and x={
a d

Iz ﬂ = _z]
HA: ljmpy=—-—%—=1
L ey
x
So horizontal asymptote at y=1. Does the function graph intersect horizontal
asymptote?

2
Check T-f for solutions. There are none
X

x*-4=x*-1 yields -4=-1 There are no solutions so graph does not intersect HA




iV Guided Practice-Checking for Undersianding (20 min)

Problems (students work- I ask volunteers to come up to the board and do those. 1 guide
through the analysis if needed and make sure the details are well written).
Find the vertical and horizontal asymptotes of the following functions:

1. fx=1+ Ia{ﬁns:‘-’h:1=3.Hﬂ:f=l}
X—

L il
- :1 (Ans: VA: x=0 and x=1, HA: g=1)

2. glx)=

x
xt—x
3. h{x)= ———0— (Ans: VA: x=-2, HA: N
W e ¢ : e
Remark Note that h(x) has holes at x=0 and x=1, not vertical asymptotes.
This should be well stressed because I have noticed that students find the

distinction between holes and vertical asymptotes hard to grasp.

Guide to C Sketching (D
1. Determine the domain of £
2. Find the x- and y- intercepts of f (Note that if fix)=0 is too difficult to solve, we do
not find the y-intercept)
3. Determine the behavior of f for large in absolute value x"s({limits as x goes to +
and — infinity)
Find the HAs an VAs (if any)
Determine the intervals on which [ increases/decreases
Find the relative extrema of f (if any)
Determine the intervals of concavity
Find the inflection points (if any)
Plot additional points if needed to identify the shape of the graph and then sketch
it.

DN O

Fl

Example 3 (Intuition Example}

Given the following graphs of the functions f and g can you determine which is the
derivative of the other one?
What is your logic, please explain? (brief class discussion here)

b Y




Summary
Notice that [ is one degree lower than g (g looks like 3 degree polynomial, while

[ looks like a quadraiic)
Alzo notice that at the relative min/max of g, fix)=0.

Example 4
Given fix) = x’-3x?+1
Sketch its graph

solution

D=(-w, =)

f{0)=1, x*-3x’+1=0, o complicated to solve

Polynomial so there are no HAs and VAs !.?
Increasing on (-0, Q) (2, w0)
Decreasing on (0,2) ' &1‘3\
Minimum (2,-3), Meximum{0,1) _ =
Concave up on (1) -2 /™ F‘W s
Concave down on (<es , 1) (2, 3
Inflection paint (1,-1) L~ 4

We use those to obtain the graph on the right

Is the graph consistent with what we know about polynomial graphs of third degree
with positive coefficient in front of highest arder term?

Example 5
Given glt= —

{
t? —4 =2+ 2)

Sketch its graph

Salution

D: (-w0,-2)U-2. 2)U{2, o0 )
Intercepe(0,0)

VA: 3=2.3=-2

HA '_].-'—ﬂ

I

[
g <0, mgdec‘remﬂsm ere and there are no extrema
(* d} ﬁ* eud hare i

o 2 +12) M B ‘3 STy
(2 -4y - 2
So concave up on (-2,00U(2, @ Jand concave down on (- ,-2)U(0,2)

Is the graph consistent with what we know about graphs of rational functions? Why?

|

[l |

| 'k

¥ . =




¥, Independent Practice {10 min) e

¥=2
Y ; |
Problem 2 Sketch the graph of 1 8 [
1. fix)=2x"-15%"+36x-20 | \
1 [ [
2. glty= P12 "2 % K : :'l
Solutions to these are posted on Blackboard website a day before next elass L
Homework

4.3/ 5,9, odds 21-29, 35,37,41,43,53 57, sketch graph of C(x)=.5x / (100-x), then 61

FT. Closure (2 min)

The graph of a function is a very powerful tool for visualizing the behavior of a function.
Based on just a few carefully chosen conditions, we are able to create a full analysis of
that function graph it and then use the graph to obtain further information about the
function not yet algebraically established.




Section 4.4 Optimization 1
I Anticipatory Set (§ min)

Example 1 Consider the following stock graph that depicts the price of a salzck
S{-ﬂt‘{ & _ Al
price(nd)

" L]
erefariue won fwoy v

T

-;I-p S ‘h‘nﬂ.

q.n,m.
Can you tell me what is the highest price at which it traded for yesterday? What about the
lowest price? How do you know?
The lowest and highest points on a graph of a function give is the absolute extrema of the
function.
i Objective and Lesson Purpose (3 min)

Often times in life we need to know the minimum and maximum of a function or how to
achieve it. This is what optimization is about and it is what we would be concerned with
fior the rest of this unit.

Ml Instructional Input and Modeling (22 min)

Definition The Absolute Extrema of a function f :
Iff(x) <f(c), forall x in the domain of f, then f( ¢ ) is called the absolute minimum
value of f

IFf(x)2f (c)), forall x in the domain of f, then f( ¢ ) is called the absolute maximum
value of

Example 2 Given the graph below identify the absolute min‘max, of the function

abs min : (-2,-1/2)
abs max: ( 2, 1/2)

Remark
The following depicted functions have no absolute maxima or minima

F 1 ‘

- .
/‘




Theorem 3
If a function [ is continuous on a closed interval [a,b], then £ has both an absolute

maxumum and an absolute minimum on [a.b].

Remark Absolute extremum of a continuous function f oceurs on (a,b) if a relative
extremum of f occurs on (a.b), i.e.corresponding x’s are critical points,
Remark For a closed interval extrema can be achieved at the endpoints endpoints.

Back to stock graph illustration briefly discuss the relative and absolute extrema and
illustrate the remarks above.

Finding the Absolute Extrema of 8 Function on a Closed Interval

1. Find the critical points of fon (a,b)

2. Compute f at each critical point found in step 1 and compute f{a) and
fib)

3. The absolute max/min correspond to the largest/smallest numbers
found in step 2.

Example 3 Find the absolute min/max of the functions if those exist

(2,3 1y

i .
abs min : (3/2 , -27/16)
-7 J
0%, 2

absmax : (-1, 3)

Example 4 Find the absolute min/max of the functions f{x)=x/{1+x”) if those exist

.

4 absmin: (1 , 1/2)
abs max : (-1 ,-1/2)




Egmmlg_iﬁnd the absolute extrema of

: r{x:|=x‘f1 2%°13-2%"+3 on [-2,3]
Thls isa pnl}rmmlal and thus continuous and differentiable on [-2,3]
CPs: P=2x"-2x"-4x= =2x%(x-2)(x+1 =0 which gives x=-1, x=0 and x=2

MNext compute:

X -2 =1 0 2 3
f(x) 2513 13/4 3 =73 15/2

So the absolute maximum of f is £ (-2)=25/3 and the absolute minimum is f (2)=-7/3

I CGuided Practice-Checking for Understanding (40 min)

Problem (students work independently and present solutions in front of class)

Find the absolute extrema of the following functions on the given interval

i'!?-!l*‘l ,
1 noen Heall poiads telmal o dowamn of 5 Sypy| 2 "’.n":.\

. st —--'DHIE 4] {.'-’*[”_ Gt g2 1‘&-..55 s (a)=d /. ads, waiv

; f{:t}=9x l-fxun[l 31 @ 4450 has wo real seludiwas 1N =8 als. i
+0)= 82 d__:_.___._l.

3. f{l}=€”(€4}m{1315+ B;{L!Lu =3tz uandafonsd @f=p £ :1 3 2
B! ﬁ © Co=vha (=3, ﬁwa{?ﬂm'ﬁﬂﬁ 5} '.
Application Problem |- Maximizing Profit .-::h-u wand wot be

The weekly demand for Sony plasma TV is given by P (x)=-0.05x+600

(0 <x<12000), where p is the wholesale unit price in dollars and x is the quantity
demanded. The weekly total cost function associated with manufacturing there television
sets is C (x)=0.000002x"-0.03x"+400x+80000, which is the cost incurred in producing x
units. Find the level of production that would yield the maximal profit.

Solution R (x)=px=-0.05x"+600k
P (x)=R (x)-C (x)=-0.000002x"-0.02x"+ 200x-80000
To maximize P on [0, 12000] differentiate it and set if equal ro 0:
P '=-0.000006x" 0. 04x+ 200=0 gives
3x7 + 20000x-1 00000000 =0

x:
= F
20 Jznnnﬁn A N 10000 o 3=3,333.3,
x=3,333.3 is a critical point on [0, 12000] but to make it feasible we round it to
the nearest whole number 3,333,
So the table is
X 0 3313 ' 12,000
P (x) -80,000 290,370 _ =4,016,000




Afier the economy softened, the sky-high office space rents of the late 1990s

started to come down to earth. P gives the approximate price per square foot in dollars.
Let R (t) be the prime space in Boston Back Bay and Financial district form 1997(t=0) to
2002 and let R (£) =-0.71 1t'+3.761*+0.2t+36.5, where (0 <t<5),

Show office space rents peaks at about the middle of 2000. What was the highest

office space rent during the given period?

Solution

Optimizing R (t):

R™ (1)=-2.133t+7.52t+0.2=0 gives t approximately equal to -0.026 or 3.55, Since

—0.056 is not in the given interval [0,5], the optimal value is about 3.5 vears.

We are not certain whether this is a maximum or a minimum, but finding

R™(3.5)=-4.233(3.5)+7.52<0 implies that we have indeed found the maximum. So .

office space rents peaks at about the middle of 2000, as suggested.

The highest office space rent is given by R (3.55)=52.79, so $52.79 /sq ft is the
highest office space rent within the period 1997-2002.

II. Independent Practice {0 min)

Homework
4.4/ 1,3,512 (abs' min' is 0;0ccurs at (0,0); no abs' max),13,21,25,33,47,51 61,67

. Closure {5 min)

Optimization proves necessary in many aspects of life. This is why studying the
techniques to find extrema is essential. Using calculus technigues to optimize functions
and particularly differentiation proves to be quite efficient at finding algebraically when




Name
Math 22-Anguelova

Quiz 6
Given the function g(x)= ————

X =x=2

a. Find the domain of g and any intercepts it has

b. Find its asymptotes (give your answers in equation form)

e. Find the intervals on which g increases, decreases along with any extrema it has

3)a)
b)
c)
d)

d. Find the intervals of concavity and any inflection points g has.

€) Use all the above parts to help you graph g (you are free to rescale those axes any way
vou find fitting, but be sure to label)




Section 4.5 Optimization 11
L Anticipatory Set (2 min)

What did optimization involve? Ask students to recall
Find the largest'smallest. ....

Recall Last time we optimized application problems in which we were given specific
functions.

MNow what if we were not given a function explicitly, but we had some other information
or data given? How would this change our optimization task?

I Objective and Lesson Purpose (1 min)

In this section we would optimize functions, which we would construct, modeling a
problem given

Particularly helpful formulas would be the ones in the handout provided including the
formulas for perimeter, area and volume of all the basic shapes (distribute handout to
students).

i Instructional Input and Modeling (10 min)

Guideline for Solving Optimization Problems

1. Assign a letter for each variable mentioned in the problem. If appropriate draw
and label the figure.

Find an expression for the quantity to be optimized

Use the conditions given in the problem to write the quantity to be optimized as
a function of one variable. Note there could be restrictions to be placed on the
domain of f from the physical considerations of the problem

4. Optimize the function f over the domain using the methods of 4.4

Lad b

How do we conduct 47 Briefly prompt students to recall and voice out the technigues.
Remark What are we looking for when optimizing a continuous function on a closed
interval?... What are the candidates?.... We look among the critical points and the end

points of the interval values of that function.
Remark Now what if the domain is not closed?..... We resolve to a graphic method



2 R R R .

Application Problem 1
Say I want to optimize the planting area in a greenhouse, which I am about to build.

Suppose the greenhouse I want is 6.5fect tall and [ have 160ft* of insulating material at
my disposal. Assuming that I will use all the insulation material at my disposal and that
my greenhouse has a flat roof what would be the optimal dimensions of the greenhouse?

Solution

Cn one side the planting area is A=lw. Unfortunately this is a functions of two
variables. I only kmow how to optimize functions in one variable. But luckily [ have not
used all the information given, maybe [ can bypass thar.

[ know all sides of the greenhouse and the roof need to be isolated with the 160
1 material so that is 2 long sides, two short sides and the Foaf!
160=2(6. 5 )w+2(6.5)1+1w.
Therefore w={160-131}/13+).
Substituting this in the area function to be optimized yields
A=(1601-13F)/(13+1)
This is a function of one variable which I know how 1o aptimize,

Can anyone give me a suggestion what io do?

I take the derivative and set it equal to 0
A =[(160-261(13+1)-1601-13F)] /(1 3+1F =0

This implies that 160.13-26.1-F =0 .
This is a quadratic equation with D=132+160=18.14.
Thus there would be two solutions. However only the positive solution makes

sense, for a length. So l=-13+18. 14=5 ]4jt.

The problem asked for both dimensions so I go back and substitute the length 1o
Sind the width:

w=(160-13.(5. 14))/(13+5.14)=5.14f1

MNote that {=w=3_14ft, which makes sense since it is consistent with our
knowledge that a square gives the maximal area.




V. Guided Practice-Checking for Understanding (50 min)

Problems
Students work in groups of 5 on the following 4 problems and then are required to

present their solutions in front of the class. Each groups works on a different problem for
about 20 minutes and then is given 7 minutes to present their solution.

Problem| Fencing a Garden

A man wishes 1o have a rectangular-shaped garden in his backyard. He has 50ft of
fencing material with which to enclose his garden. Find the dimensions for the
largest garden he can have if he uses all the fencing material

Problem 2 Packaging I
By cutting away identical squares from each cormner of a rectangular piece of

; cardboard and folding up the resulting flaps, the cardboard may be turned into an
open box. If the cardboard is 16 inches long and 10 inches wide, find the
dimensions of the box that would yield the maximum volume.

Problem 3 Optimal Subway Fare

A city's Metropolitan Transit Authority(MTA) operates a subway line for
commuters from a certain suburb to the downtown metropolitan area. Currently
an average of 6000 passengers a day take the trains, paying a fare of $3.00 per
ride. The board of the MTA, contemplating raising the to $3.50 per ride in order
to generate a larger revenue, engages the services of a consulting firm. The firm’s
study reveals that for each $0.50 increase in fare, the rideship will be reduced by
an average of 1000 passengers a day, Thus the consulting firm recommends that
MTA stick to the current fare, which already yields a maximum revenue. Show
that the consultants are correct.

Problem 4 Packaging II

Betty Moore Company requires that its corner beef hash containers have a
capacity of 54 cubic inches, have the shape of right circular cylinders, and be
A made out of aluminum. Determine the radius and height of the container that
requires the least amount of metal,




V. Independent Practice () min)

Homework

4.5/ 3,7,11,12(radius (18/Pi)*{1/3), height 2*(18/Piy*{1/3) )17.,21,25 and on p. 911. 72
(A=40x-x"2 for 0= x=40 ),74 (V= x(8-2x)(15-2x) for 0<x=<4),75,78 ( A=52-2x-50/x for
x=0),79

K1, Closure (2 min)

‘ Modeling functions and then using calculus to optimize them proves to useful in any field
of life,
Next time we would see even more application problems, but this time involving
logarithmic and exponential functions. We would still that the techniques we studied
work for those functions as well.




Assessment

I particularly believe in informal when evaluating my students. I closely pay
attention to the student involvement during the various activities I provide during class
because class participation is a vital part of my assessment, [ pay particular attention to
individual and group activities performance, as well as my one-on-one interaction with
my students during office hours, personal scheduled sessions and review sessions, [
watch for correct strategies, appropriate language and terminology, as well as the
cagemess to carry out the details. [ keep a journal of my class participation impression
notes and take it into account when writing my final grades for the course for each
student. I can give a student a maximum of 7 % if I consider it appropriate based on my
informal assessment.

1 also give out regular (about once a week) short quizzes that are a minimal part of
the students’ final grade but they do give important feedback and practice before tackling
my formal form of assessment which are the tests [ give on every unit. To relieve some of
the pressure off the quizzes [ drop the two worst quizzes in the end of the semester and
count the rest towards the maximum of 5% of my Math 22 final course grade.

I use the very same strategy for Homework problem sets. My students are given a
list of problems for each section, which they collect and turn in to me every Thursday in
the beginning of class. Each section is graded separately, which lets me keep track and
identify which sections each particular student has problems on and gives me the chance
to address the particular difficulties a student has. In the end of the semester [ drop the
two worst section grades and calculate the average for the rest to a maximum of 5% of
the course grade. On sections with more than 10 problems due, I grade a carefully chosen
representative selection among the problems. However [ always post a complete detailed
solution set outside my office for student to reference to.

The test included in this unit is worth 15% of the final course grade for my Math
22 students. It is a maximum of 100 points (plus 5 bonus points for each bonus question
that is correctly completed). The points for each problem are indicated on the test. I do
not expect each student to be able to tackle the bonus problems, but I always include
those because I want to identify independent thinking and give credit for it T also want to
give extra points to my students who enjoy the challenge but are otherwise a little bored
and get the algebra wrong on easier problems. [ also do not want them to finish the test
too carly and be a shocking disturbance factor for the rest of my class. My bonus
questions are typically very different from all problems my students have seen in lectures
and homework exercises, but they are absolutely doable with the material covered with
some further exploration.




Math 22

Section 3
Fall 2005
Exam 2

MName:

Instructions:

Show all your work on the test. Answers without adequate supporting work will receive
no credit. Work may include explanations in sentence form. You may use the back of
pages if needed.

Simplify all answers.

Misuse of mathematical notation will be penalized, as will failure to make complete

mathematical statements.

Keep answers exact (in terms of m, roots, fractions, ete.), unless otherwise noted.
Calculators are pot allowed.

Box your final answers.

Sign the Honor Pledge once you have completed the entire test.

Your test should have 7 consecutively numbered problems and two bonus problems.

Check now; see me immediately if your test is incomplete. You will receive no credit for
problems not attempted because of an incomplete test.

I have neither given nor received any unauthorized help on this test,
and I have conducted myself within the guidelines of the University
Heonor Code.

Pledge:

Do yvour best ... good luck!!



1.} (10 points) For the function g(t)=12t"+125t"-13t+5 list all the vertical and horizontal
asymptotes it has(if any). Be sure to give me your reasoning.

1.) HA:
VA:

2.) (12 points) Given that the consumer demand for widgetsis q = 1800 - 45p cases of
widgets when p is the price, in dollars, of a case of widgets, find the following:

a. A formula for the revenue, R(p). Rip)=

b. Find what price per case of widgets yields a maximal revenue (Be sure to show this is a
relative maximum and not a relative minimum).

2)
a)

b)




A
=25
a. Find the domain of g and any intercepts it has

3.) (20 points) Given the function g(x)=

b. Find its asymptotes(give your answers in equation form)

¢. Find the intervals on which g increases, decreases along with any extrema it has

3)a)
b)
c)
d)

d. Find the intervals of concavity and any inflection points g has,

e) Use all the above parts to help you graph g (you are free to rescale those axes any way you
find fitting, but be sure to label)




4.} (15 points) The relationship between the amount of money spent by Cannon Precision
Instruments on advertising and Cannon's total sales, 5(x) is given by
S(x)=-0.002x"+H).6x +x+500,
where (0<x<200) and x is measured in thousands of dollars.
Use differentials to estimate the change in Cannon's total sales if advertising
expenditures are increased from 3$100,000 to $1035,000.

4)

F]
5.) (21 points) Let f[:}=-xz_;"5_
x'=2x-3

a.) Find the holes of f(if any) and state the domain of f

b.} Find the x-intercept(s) of f(if any). 5)
a}

¢.) Find the y-intercept(s) of /(i any). -

d.) Find the vertical asymptote(s) of f(if any). c)

e.} Find the horizontal asymptote of f(if any). d)
e.)

f)i) As x = -, fx)—

ii]ﬁs.r—rm,f{x]—r d £}

g) What is the range of {7 :

g




6.) (20 points) Say I want to optimize the planting area in a greenhouse which I am about to
build.

Suppose the greenhouse I want has a flat roof and is 6.5feet tall and 1 have 160f° of

insulating material at my disposal. What are the optimal width and length of the greenhouse?

6)
7). (2 points) Clarity, misuse of notation (other than the limit notation), etc. No response is

required here from you, the student.

The following are two bonus problems. They are not part of the regular test but would give you
extra points if you do them correctly. Attempt them only if you have extra time.

1") Suppose the side of a cube is measured with a maximum percentage error of 2%, Use
differentials to estimate the maximum percentage error in the caleulated volume.

1) %

2%) Do you see any connection between marginal cost and the concept of differential? Please
elaborate.



Math 022 Anguelova

Asymptotes
Definition. The line y = b is a horizontal asymptote of the graph
of y = f{x) iff at least one of the following is true: (1) lim f{x) =b (2) lim f(x)=b
=i =

Definition, The line x = a is a vertical asymptote of the graph of y = f{x) iff at least one of the following is true:

(3)  Im fx)=-mor @im == (5 Im fx)=-o (6) lim  (x) =
i N—a Yy A=8 x—s@

Fact. A pohynomial function has neither vertical asymploles nor horizontal asympiotes.

Theorem, For a rational funetion rf(x) = Lo ( where N{x} and D{x) are polynomials), i a is a real number

for which D{a) = 0 but N{a)=D, then the line x = a is a vertical asymptote for the graph of y = f(x).
Thatis, ¥ & s 2 zero of the denominator of a rational function, but fnot 8 zero of the numerator of the rational
function, then the line x = a is definitely a vertical asymptote of the graph.

Maotice that if D{a) = 0 but N{a) «0, then for the rational function, limn(x) will have the indeterminate form
L=FR
L0, where L Is nod zero.

Warning: If both D{a) = 0and M{a) =0, then x = a may or may not be a vertical asymptote, One must
investigate the limit, as x - a, of r(x).

Example. What can we conclude about vertical asymptotes of f[x) = (x* -25)/( »* - 8x + 15)?

lim s lim {(x-3Nx+35) lim LEES lim [ (x-5Kx+5)
:-:—rfrﬂx} 1—15[{:-5}{:-3}] x—:rEﬂ‘} 2 1—}3[{1—5}{:—3}

Guidelines for Sketching the Graph of f

Determine the domain of f.

Find the x- and y-intarcepts of £, if any.

Detarmine the behavior of f(x) 88 x = —= andas x = =,

Find anmy horizontal and/or verlical asymplotes of I

Determina the opan intervals on which f is increasing and decreasing.

Find the relative extreme values of f, if any, and list the coresponding points on the graph where they oceur.
Determine the concavity of f, the open intervals on which f is concave upward and concave downward.

Find the inflection paints of f, if amy.

Shetch, possibly plotting a few additional points that will help show the shape of graph.

DN BN



Math 22 — The "Easy™ Derivative Rules

Supposs that ¢ and n  are real constants and that l"[n] andg'{x]l exigt. Then
Derivative of a constant: T

d
E["}“ y=c

For real constants m and b, %[m+b]= (What ‘shape’ does the graph of ¥y = mx + b have?)

Power Rule:.

d
—{x" }= provided that the relevant powers of x are real.

Constant Multiple Rule: Sum Rule:

lef )= 2 (F(+g(2)=

Examples:

1. ¥ glxy=x" __:]‘_+4_:_:1‘|r;

then gix) = Sog'(x)=

d |4 _
2 -4+ ) -

: ir—aq’?nzﬁ‘gﬂ 3
" dt 2’




Some tips to do well in Math 22

Come to class regularly
When you don't understand something in class ask

Before the next class session read over your notes and make sure you understand them
completely. If something 15 unclear don't hesitate to ask. If you do this you would be
prepared to score well on all the quizzes

Keep on top of things and never fall behind on your reading/homework. You should not
find yourself cramming for the exams the night before. Mathematics is a subject that
needs time to gradually sink in. Once you fall behind it is very hard to catch up.

Make use of my office hours and the math Help center

Do homework regularly and without the aid of the Solutions Manual. Ultimately when
you are working on homework you should be able to do the problems without flipping
through the book or looking at similar problems we have done and just mimicking the
solution.

The maore practice problems you do, the better. Doing problems is the only way to
practice and gain speed. You would have roughly about 30 problems on the final and 3
hours to complete them, so pace is very essential to do well. Pace eomes through lots and
lots of practice. The homework I assign is the bare minimum problems to do, so it would
be a good practice to do some additional problems in the chapters and problems from old
finals.

Learn the formulas

Sometimes it helps to read ahead. This gives you a chance to ask on the spot about the
things you did not quite understand or find harder. If you send me an email before class
and say this 15 a hard part, [ can try to incorporate it in my lesson plan better and give
more examples.

Attend the review sessions before the tests and final and be prepared to ask questions.

Participate in class. [ would sometimes give problems to work on independently and then
ask you to write your solutions and explain them to the class. Students tend to like those
sessions as they give them chance to tackle problems. It is also surprising how lively
discussions those sessions arise.

Bring your calculator to class and follow my calculations. It would not only give you
practice to make your calculations quickly, but you would be able to catch any '
calculation mistakes I make.



