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Preface

Here are the solutions to the practice problems for the Calculus Il notes.
Note that some sections will have more problems than others and some will have more or less

of a variety of problems. Most sections should have a range of difficulty levels in the problems
although this will vary from section to section.
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Outline

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

Integration Techniques — In this chapter we will look at several integration techniques including
Integration by Parts, Integrals Involving Trig Functions, Trig Substitutions and Partial Fractions. We will
also look at Improper Integrals including using the Comparison Test for convergence/divergence of
improper integrals.
Integration by Parts — In this section we will be looking at Integration by Parts. Of all the
techniques we’ll be looking at in this class this is the technique that students are most likely to
run into down the road in other classes. We also give a derivation of the integration by parts
formula.
Integrals Involving Trig Functions — In this section we look at integrals that involve trig
functions. In particular we concentrate integrating products of sines and cosines as well as
products of secants and tangents. We will also briefly look at how to modify the work for
products of these trig functions for some quotients of trig functions.
Trig Substitutions — In this section we will look at integrals (both indefinite and definite) that
require the use of a substitutions involving trig functions and how they can be used to simplify
certain integrals.
Partial Fractions — In this section we will use partial fractions to rewrite integrands into a form
that will allow us to do integrals involving some rational functions.
Integrals Involving Roots — In this section we will take a look at a substitution that can, on
occasion, be used with integrals involving roots.
Integrals Involving Quadratics — In this section we are going to look at some integrals that
involve quadratics for which the previous techniques won’t work right away. In some cases,
manipulation of the quadratic needs to be done before we can do the integral. We will see
several cases where this is needed in this section.
Integration Strategy — In this section we give a general set of guidelines for determining how to
evaluate an integral. The guidelines give here involve a mix of both Calculus | and Calculus I
techniques to be as general as possible. Also note that there really isn’t one set of guidelines
that will always work and so you always need to be flexible in following this set of guidelines.
Improper Integrals — In this section we will look at integrals with infinite intervals of integration
and integrals with discontinuous integrands in this section. Collectively, they are called
improper integrals and as we will see they may or may not have a finite (i.e. not infinite) value.
Determining if they have finite values will, in fact, be one of the major topics of this section.
Comparison Test for Improper Integrals — It will not always be possible to evaluate improper
integrals and yet we still need to determine if they converge or diverge (i.e. if they have a finite
value or not). So, in this section we will use the Comparison Test to determine if improper
integrals converge or diverge.
Approximating Definite Integrals — In this section we will look at several fairly simple methods
of approximating the value of a definite integral. It is not possible to evaluate every definite
integral (i.e. because it is not possible to do the indefinite integral) and yet we may need to
know the value of the definite integral anyway. These methods allow us to at least get an
approximate value which may be enough in a lot of cases.
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Applications of Integrals — In this chapter we’ll take a look at a few applications of integrals. We will
look at determining the arc length of a curve, the surface area of a solid of revolution, the center of
mass of a region bounded by two curves, the hydrostatic force/pressure on a plate submerged in water
and a quick look at computing the mean of a probability density function. The applications given here
tend to result in integrals that are typically covered in a Calculus Il course.
Arc Length — In this section we’ll determine the length of a curve over a given interval.
Surface Area — In this section we’ll determine the surface area of a solid of revolution, i.e. a solid
obtained by rotating a region bounded by two curves about a vertical or horizontal axis.
Center of Mass — In this section we will determine the center of mass or centroid of a thin plate
where the plate can be described as a region bounded by two curves (one of which may the x or
y-axis).
Hydrostatic Pressure and Force — In this section we’ll determine the hydrostatic pressure and
force on a vertical plate submerged in water. The plates used in the examples can all be
described as regions bounded by one or more curves/lines.
Probability — Many quantities can be described with probability density functions. For example,
the length of time a person waits in line at a checkout counter or the life span of a light bulb.
None of these quantities are fixed values and will depend on a variety of factors. In this section
we will look at probability density functions and computing the mean (think average wait in line
or average life span of a light blub) of a probability density function.

Parametric Equations and Polar Coordinates — In this chapter we will introduce the ideas of parametric
equations and polar coordinates. We will also look at many of the basic Calculus ideas (tangent lines,
area, arc length and surface area) in terms of these two ideas.
Parametric Equations and Curves — In this section we will introduce parametric equations and
parametric curves (i.e. graphs of parametric equations). We will graph several sets of
parametric equations and discuss how to eliminate the parameter to get an algebraic equation
which will often help with the graphing process.
Tangents with Parametric Equations — In this section we will discuss how to find the derivatives

d d? . . . . N .
Ey and d—zy for parametric curves. We will also discuss using these derivative formulas to find
X

the tangent line for parametric curves as well as determining where a parametric curve in
increasing/decreasing and concave up/concave down.

Area with Parametric Equations — In this section we will discuss how to find the area between a
parametric curve and the x-axis using only the parametric equations (rather than eliminating the
parameter and using standard Calculus | techniques on the resulting algebraic equation).

Arc Length with Parametric Equations — In this section we will discuss how to find the arc length
of a parametric curve using only the parametric equations (rather than eliminating the
parameter and using standard Calculus techniques on the resulting algebraic equation).

Surface Area with Parametric Equations — In this section we will discuss how to find the surface
area of a solid obtained by rotating a parametric curve about the x or y-axis using only the
parametric equations (rather than eliminating the parameter and using standard Calculus
techniques on the resulting algebraic equation).

Polar Coordinates — In this section we will introduce polar coordinates an alternative coordinate
system to the ‘normal’ Cartesian/Rectangular coordinate system. We will derive formulas to
convert between polar and Cartesian coordinate systems. We will also look at many of the
standard polar graphs as well as circles and some equations of lines in terms of polar
coordinates.
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Tangents with Polar Coordinates — In this section we will discuss how to find the derivative %

for polar curves. We will also discuss using this derivative formula to find the tangent line for
polar curves using only polar coordinates (rather than converting to Cartesian coordinates and
using standard Calculus techniques).

Area with Polar Coordinates — In this section we will discuss how to the area enclosed by a polar
curve. The regions we look at in this section tend (although not always) to be shaped vaguely
like a piece of pie or pizza and we are looking for the area of the region from the outer boundary
(defined by the polar equation) and the origin/pole. We will also discuss finding the area
between two polar curves.

Arc Length with Polar Coordinates — In this section we will discuss how to find the arc length of
a polar curve using only polar coordinates (rather than converting to Cartesian coordinates and
using standard Calculus techniques).

Surface Area with Polar Coordinates — In this section we will discuss how to find the surface
area of a solid obtained by rotating a polar curve about the x or y-axis using only polar
coordinates (rather than converting to Cartesian coordinates and using standard Calculus
techniques).

Arc Length and Surface Area Revisited — In this section we will summarize all the arc length and
surface area formulas we developed over the course of the last two chapters.

Series and Sequences — In this chapter we introduce sequences and series. We discuss whether a
sequence converges or diverges, is increasing or decreasing, or if the sequence is bounded. We will then
define just what an infinite series is and discuss many of the basic concepts involved with series. We will
discuss if a series will converge or diverge, including many of the tests that can be used to determine if a
series converges or diverges. We will also discuss using either a power series or a Taylor series to
represent a function and how to find the radius and interval of convergence for this series.
Sequences — In this section we define just what we mean by sequence in a math class and give
the basic notation we will use with them. We will focus on the basic terminology, limits of
sequences and convergence of sequences in this section. We will also give many of the basic
facts and properties we’ll need as we work with sequences.
More on Sequences — In this section we will continue examining sequences. We will determine
if a sequence in an increasing sequence or a decreasing sequence and hence if it is a monotonic
sequence. We will also determine a sequence is bounded below, bounded above and/or
bounded.
Series — The Basics — In this section we will formally define an infinite series. We will also give
many of the basic facts, properties and ways we can use to manipulate a series. We will also
briefly discuss how to determine if an infinite series will converge or diverge (a more in depth
discussion of this topic will occur in the next section).
Convergence/Divergence of Series — In this section we will discuss in greater detail the
convergence and divergence of infinite series. We will illustrate how partial sums are used to
determine if an infinite series converges or diverges. We will also give the Divergence Test for
series in this section.
Special Series — | In this section we will look at three series that either show up regularly or have
some nice properties that we wish to discuss. We will examine Geometric Series, Telescoping
Series, and Harmonic Series.
Integral Test — In this section we will discuss using the Integral Test to determine if an infinite
series converges or diverges. The Integral Test can be used on a infinite series provided the
terms of the series are positive and decreasing. A proof of the Integral Test is also given.
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Comparison Test/Limit Comparison Test — In this section we will discuss using the Comparison
Test and Limit Comparison Tests to determine if an infinite series converges or diverges. In
order to use either test the terms of the infinite series must be positive. Proofs for both tests
are also given.

Alternating Series Test — In this section we will discuss using the Alternating Series Test to
determine if an infinite series converges or diverges. The Alternating Series Test can be used
only if the terms of the series alternate in sign. A proof of the Alternating Series Test is also
given.

Absolute Convergence — In this section we will have a brief discussion on absolute convergence
and conditionally convergent and how they relate to convergence of infinite series.

Ratio Test — In this section we will discuss using the Ratio Test to determine if an infinite series
converges absolutely or diverges. The Ratio Test can be used on any series, but unfortunately
will not always yield a conclusive answer as to whether a series will converge absolutely or
diverge. A proof of the Ratio Test is also given.

Root Test — In this section we will discuss using the Root Test to determine if an infinite series
converges absolutely or diverges. The Root Test can be used on any series, but unfortunately
will not always yield a conclusive answer as to whether a series will converge absolutely or
diverge. A proof of the Root Test is also given.

Strategy for Series — In this section we give a general set of guidelines for determining which
test to use in determining if an infinite series will converge or diverge. Note as well that there
really isn’t one set of guidelines that will always work and so you always need to be flexible in
following this set of guidelines. A summary of all the various tests, as well as conditions that
must be met to use them, we discussed in this chapter are also given in this section.
Estimating the Value of a Series — In this section we will discuss how the Integral Test,
Comparison Test, Alternating Series Test and the Ratio Test can, on occasion, be used to
estimating the value of an infinite series.

Power Series — In this section we will give the definition of the power series as well as the
definition of the radius of convergence and interval of convergence for a power series. We will
also illustrate how the Ratio Test and Root Test can be used to determine the radius and interval
of convergence for a power series.

Power Series and Functions — In this section we discuss how the formula for a convergent
Geometric Series can be used to represent some functions as power series. To use the
Geometric Series formula, the function must be able to be put into a specific form, which is
often impossible. However, use of this formula does quickly illustrate how functions can be
represented as a power series. We also discuss differentiation and integration of power series.
Taylor Series — In this section we will discuss how to find the Taylor/Maclaurin Series for a
function. This will work for a much wider variety of function than the method discussed in the
previous section at the expense of some often unpleasant work. We also derive some well

known formulas for Taylor series of e*, Cos(x) and sin(x) around x=0.

Applications of Series — In this section we will take a quick look at a couple of applications of
series. We will illustrate how we can find a series representation for indefinite integrals that
cannot be evaluated by any other method. We will also see how we can use the first few terms
of a power series to approximate a function.

Binomial Series — In this section we will give the Binomial Theorem and illustrate how it can be

used to quickly expand terms in the form (a +b)” when n is an integer. In addition, when n is

not an integer an extension to the Binomial Theorem can be used to give a power series
representation of the term.
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Vectors — In this (very brief) chapter we will take a look at the basics of vectors. Included are common
notation for vectors, arithmetic of vectors, dot product of vectors (and applications) and cross product
of vectors (and applications).
Basic Concepts — In this section we will introduce some common notation for vectors as well as
some of the basic concepts about vectors such as the magnitude of a vector and unit vectors.
We also illustrate how to find a vector from its starting and end points.
Vector Arithmetic — In this section we will discuss the mathematical and geometric
interpretation of the sum and difference of two vectors. We also define and give a geometric
interpretation for scalar multiplication. We also give some of the basic properties of vector
arithmetic and introduce the common j, j, k notation for vectors.
Dot Product — In this section we will define the dot product of two vectors. We give some of the
basic properties of dot products and define orthogonal vectors and show how to use the dot
product to determine if two vectors are orthogonal. We also discuss finding vector projections
and direction cosines in this section.
Cross Product — In this section we define the cross product of two vectors and give some of the
basic facts and properties of cross products.

3-Dimensional Space — In this chapter we will start looking at three dimensional space. This chapter is
generally prep work for Calculus Il and so we will cover the standard 3D coordinate system as well as a
couple of alternative coordinate systems. We will also discuss how to find the equations of lines and
planes in three dimensional space. We will look at some standard 3D surfaces and their equations. In
addition we will introduce vector functions and some of their applications (tangent and normal vectors,
arc length, curvature and velocity and acceleration).
The 3-D Coordinate System — | In this section we will introduce the standard three dimensional
coordinate system as well as some common notation and concepts needed to work in three
dimensions.
Equations of Lines — In this section we will derive the vector form and parametric form for the
equation of lines in three dimensional space. We will also give the symmetric equations of lines
in three dimensional space. Note as well that while these forms can also be useful for lines in
two dimensional space.
Equations of Planes — In this section we will derive the vector and scalar equation of a plane.
We also show how to write the equation of a plane from three points that lie in the plane.
Quadric Surfaces — In this section we will be looking at some examples of quadric surfaces.
Some examples of quadric surfaces are cones, cylinders, ellipsoids, and elliptic paraboloids.
Functions of Several Variables — In this section we will give a quick review of some important
topics about functions of several variables. In particular we will discuss finding the domain of a
function of several variables as well as level curves, level surfaces and traces.
Vector Functions — In this section we introduce the concept of vector functions concentrating
primarily on curves in three dimensional space. We will however, touch briefly on surfaces as
well. We will illustrate how to find the domain of a vector function and how to graph a vector
function. We will also show a simple relationship between vector functions and parametric
equations that will be very useful at times.
Calculus with Vector Functions — In this section here we discuss how to do basic calculus, i.e.
limits, derivatives and integrals, with vector functions.
Tangent, Normal and Binormal Vectors — In this section we will define the tangent, normal and
binormal vectors.
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Arc Length with Vector Functions — In this section we will extend the arc length formula we
used early in the material to include finding the arc length of a vector function. As we will see
the new formula really is just an almost natural extension of one we’ve already seen.
Curvature — In this section we give two formulas for computing the curvature (i.e. how fast the
function is changing at a given point) of a vector function.

Velocity and Acceleration — In this section we will revisit a standard application of derivatives,
the velocity and acceleration of an object whose position function is given by a vector function.
For the acceleration we give formulas for both the normal acceleration and the tangential
acceleration.

Cylindrical Coordinates — In this section we will define the cylindrical coordinate system, an
alternate coordinate system for the three dimensional coordinate system. As we will see
cylindrical coordinates are really nothing more than a very natural extension of polar
coordinates into a three dimensional setting.

Spherical Coordinates — In this section we will define the spherical coordinate system, yet
another alternate coordinate system for the three dimensional coordinate system.
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Chapter 1 : Integration Techniques

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

Integration by Parts — In this section we will be looking at Integration by Parts. Of all the techniques
we’ll be looking at in this class this is the technique that students are most likely to run into down the
road in other classes. We also give a derivation of the integration by parts formula.

Integrals Involving Trig Functions — In this section we look at integrals that involve trig functions. In
particular we concentrate integrating products of sines and cosines as well as products of secants and
tangents. We will also briefly look at how to modify the work for products of these trig functions for
some quotients of trig functions.

Trig Substitutions — In this section we will look at integrals (both indefinite and definite) that require the
use of a substitutions involving trig functions and how they can be used to simplify certain integrals.

Partial Fractions — In this section we will use partial fractions to rewrite integrands into a form that will
allow us to do integrals involving some rational functions.

Integrals Involving Roots — In this section we will take a look at a substitution that can, on occasion, be
used with integrals involving roots.

Integrals Involving Quadratics — In this section we are going to look at some integrals that involve
guadratics for which the previous techniques won’t work right away. In some cases, manipulation of the
qguadratic needs to be done before we can do the integral. We will see several cases where this is
needed in this section.

Integration Strategy — In this section we give a general set of guidelines for determining how to evaluate
an integral. The guidelines give here involve a mix of both Calculus | and Calculus Il techniques to be as
general as possible. Also note that there really isn’t one set of guidelines that will always work and so
you always need to be flexible in following this set of guidelines.

Improper Integrals — In this section we will look at integrals with infinite intervals of integration and
integrals with discontinuous integrands in this section. Collectively, they are called improper integrals
and as we will see they may or may not have a finite (i.e. not infinite) value. Determining if they have
finite values will, in fact, be one of the major topics of this section.

Comparison Test for Improper Integrals — It will not always be possible to evaluate improper integrals
and yet we still need to determine if they converge or diverge (i.e. if they have a finite value or not). So,
in this section we will use the Comparison Test to determine if improper integrals converge or diverge.

Approximating Definite Integrals — In this section we will look at several fairly simple methods of
approximating the value of a definite integral. It is not possible to evaluate every definite integral (i.e.
because it is not possible to do the indefinite integral) and yet we may need to know the value of the
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definite integral anyway. These methods allow us to at least get an approximate value which may be
enough in a lot of cases.
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Section 1-1 : Integration by Parts

1. Evaluate I4xcos(2—3x)dx .

Hint : Remember that we want to pick u and dv so that upon computing du and v and plugging
everything into the Integration by Parts formula the new integral is one that we can do.

Step 1
The first step here is to pick u and dv. We want to choose u and dv so that when we compute du and v

and plugging everything into the Integration by Parts formula the new integral we get is one that we can
do.

With that in mind it looks like the following choices for u and dv should work for us.
u=4x dv =cos(2—3x)dx

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

u=4x - du =4dx
a’v=cos(2—3x)dx - v=—§sin(2—3x)

Step 3
Plugging u, du, v and dv into the Integration by Parts formula gives,

[ 4xcos(2-3x) dx = (4x)(~4sin (2-3x)) - [~ 4sin (2 - 3x) dx
= —%xsin(2—3x)+§Jsin(2—3x)dx
Step 4

Okay, the new integral we get is easily doable and so all we need to do to finish this problem out is do
the integral.

I4xcos(2—3x)dx = —%xsin(2—3x)+§cos(2—3x)+c

2. Evaluate I60(2+5x)e%x dx .

Hint : Remember that we want to pick u and dv so that upon computing du and v and plugging
everything into the Integration by Parts formula the new integral is one that we can do.

Also, don’t forget that the limits on the integral won’t have any effect on the choices of u and dv.
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Step 1
The first step here is to pick u and dv. We want to choose u and dv so that when we compute du and v

and plugging everything into the Integration by Parts formula the new integral we get is one that we can
do.

With that in mind it looks like the following choices for u and dv should work for us.

u=2+5x dv=e" dx

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

u=2+5x - du =5dx

L.X X
dv=e® dx - v =3e’
Step 3
We can deal with the limits as we do the integral or we can just do the indefinite integral and then take
care of the limits in the last step. We will be using the later way of dealing with the limits for this

problem.

So, plugging u, du, v and dv into the Integration by Parts formula gives,
i i i i i
J(2+5x)e =(245x) 36" ) - [ (36" v =3¢ (24 5x) - 15[ e ax

Step 4
Okay, the new integral we get is easily doable so let’s evaluate it to get,

[(2+5x)e™ =3¢" (2+5x)— 45" +c =15xe" ~39e"" +¢

Step 5
The final step is then to take care of the limits.

0
=|-39-51e’ =—415.8419

6

0 1y 1y 1x
[} (2+45x)e" v =(15x¢" ~39¢™)

Do not get excited about the fact that the lower limit is larger than the upper limit. This can happen on
occasion and in no way affects how the integral is evaluated.

3. Evaluate I(3t+t2)sin(2t)dt .

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 5

Hint : Remember that we want to pick u and dv so that upon computing du and v and plugging
everything into the Integration by Parts formula the new integral is one that we can do (or at least will
be easier to deal with).

Step 1

The first step here is to pick u and dv. We want to choose u and dv so that when we compute du and v
and plugging everything into the Integration by Parts formula the new integral we get is one that we can
do or will at least be an integral that will be easier to deal with.

With that in mind it looks like the following choices for u and dv should work for us.
u=3t+1’ dv =sin(2t)dt

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

u=3t+1t -  du=(3+21)dt
dv =sin(2¢)dt —  v=—2%cos(2¢)

Step 3
Plugging u, du, v and dv into the Integration by Parts formula gives,

[(3e+2)sin(2¢)dt = —4(3¢ +£ ) cos (2¢) + 4 [ (3+2¢) cos (2¢) dt

Step 4

Now, the new integral is still not one that we can do with only Calculus | techniques. However, it is one
that we can do another integration by parts on and because the power on the t's have gone down by
one we are heading in the right direction.

So, here are the choices for u and dv for the new integral.

u=3+2t - du = 2dt
dv = cos(2t)dt —  v=1sin(2r)
Step 5

Okay, all we need to do now is plug these new choices of u and dv into the new integral we got in Step 3
and finish the problem out.

[ (32 )sin (26)dr = =1 (3t+ ¢ )cos(21)+ 4] £(3+2¢)sin (2¢) - [ sin (2¢) d |
=—2(3¢+*)cos(2) +4[4(3+2¢)sin (2¢) + L cos(2t) |+ ¢

= —%(3t+t2)cos(2t)+%(3 +2t)sin(21)+%cos(2t)+c
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4. Evaluate J’6‘[an’l (%)dw )

Hint : Be careful with your choices of u and dv here. If you think about it there is really only one way
that the choice can be made here and have the problem be workable.

Step 1
The first step here is to pick u and dv.

Note that if we choose the inverse tangent for dv the only way to get v is to integrate dv and so we
would need to know the answer to get the answer and so that won’t work for us. Therefore, the only

real choice for the inverse tangent is to let it be u.

So, here are our choices for u and dv.
u=6tan"' (%) dv =dw

Don’t forget the dw! The differential dw still needs to be put into the dv even though there is nothing
else left in the integral.

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

_ 8 _ 8
u=~6tan" (%) — du=6—w22dw=6 v dw
1+(3) L+

dv=dw — vV=w
Step 3
In order to complete this problem we’ll need to do some rewrite on du as follows,

—48
du=————dw
w +64
Plugging u, du, v and dv into the Integration by Parts formula gives,
[6tan™ (£)dw=6wtan™ (£)+ 48J2de
w +64

Step 4

Okay, the new integral we get is easily doable (with the substitution u = 64+ w” ) and so all we need to
do to finish this problem out is do the integral.

_[6 tan ™' (%) dw =|6wtan™ (%) +241n |w2 + 64| +c
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5. Evaluate Iezz cos(%z)dz .

Hint : This is one of the few integration by parts problems where either function can go on u and dv. Be
careful however to not get locked into an endless cycle of integration by parts.

Step 1
The first step here is to pick u and dv.

In this case we can put the exponential in either the u or the dv and the cosine in the other. It is one of
the few problems where the choice doesn’t really matter.

For this problem well use the following choices for u and dv.
u=cos(+z) dv=e’dz

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

u=cos(+z) -  du=-%sin(iz)dz

dv=e*dz - V=

Step 3
Plugging u, du, v and dv into the Integration by Parts formula gives,

Iezz cos(4z)dz =1e* cos(4z) +%Iezz sin(4z)dz

Step 4

We'll now need to do integration by parts again and to do this we’ll use the following choices.
u=sin(4z) -  du=tcos($z)dz
dv=e*dz — v=1e*

Step 5

Plugging these into the integral from Step 3 gives,

jezz cos(%z)dz = %ezz cos (%z) +§Be22 sin (%Z) —%J.ezz cos (%z)dz}

Step 6
To finish this problem all we need to do is some basic algebraic manipulation to get the identical
integrals on the same side of the equal sign.
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Finally, all we need to do is move the coefficient on the integral over to the right side.

Jezz cos (%z)dz = %ezz cos(%z)+6isezz sin(%z)+c

6. Evaluate '[:xZ cos(4x)dx .

Hint : Remember that we want to pick u and dv so that upon computing du and v and plugging
everything into the Integration by Parts formula the new integral is one that we can do (or at least will
be easier to deal with).

Also, don’t forget that the limits on the integral won’t have any effect on the choices of u and dv.

Step 1

The first step here is to pick u and dv. We want to choose u and dv so that when we compute du and v
and plugging everything into the Integration by Parts formula the new integral we get is one that we can

do or will at least be an integral that will be easier to deal with.

With that in mind it looks like the following choices for u and dv should work for us.
u=x’ dv = cos(4x)dx

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

u=x" - du =2xdx

dv = cos(4x)dx —  v=14sin(4x)
Step 3
We can deal with the limits as we do the integral or we can just do the indefinite integral and then take
care of the limits in the last step. We will be using the later way of dealing with the limits for this

problem.

So, plugging u, du, v and dv into the Integration by Parts formula gives,

J.x2 cos(4x)dx =1 x* sin(4x) —%J.xsin(4x)dx
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Step 4

Now, the new integral is still not one that we can do with only Calculus | techniques. However, it is one
that we can do another integration by parts on and because the power on the x’s have gone down by
one we are heading in the right direction.

So, here are the choices for u and dv for the new integral.

U=x — du =dx
dv = sin (4x)dx —  v=—+cos(4x)

Step 5
Okay, all we need to do now is plug these new choices of u and dv into the new integral we got in Step 3
and evaluate the integral.

Ixz cos(4x)dx = %xz sin(4x) —%[—%xcos(4x) +%J.cos(4x)dx}

+x* sin (4x) -4 —4xcos(4x) +sin (4x) |+c

1x? sin(4x)+4xcos(4x) -2 sin(4x)+c

Step 6
The final step is then to take care of the limits.

V4

Ioﬁ x” cos (4x) dx = (% x” sin (4x) +4XxC08 (4x) —+5sin (4x))

oo|—

0

7. Evaluate It7 sin(2t4)dt

Hint : Be very careful with your choices of u and dv for this problem. It looks a lot like previous practice
problems but it isn’t!

Step 1
The first step here is to pick u and dv and, in this case, we’ll need to be careful how we chose them.

If we follow the model of many of the examples/practice problems to this point it is tempting to let u be
¢’ and to let dv be sin(2t4) .

However, this will lead to some real problems. To compute v we’d have to integrate the sine and

because of the ¢* in the argument this is not possible. In order to integrate the sine we would have to
have a ¢> in the integrand as well in order to a substitution as shown below,

jt3 sin(2t4)dt=%Isin(w)dw=—§cos(2t4)+c w=2¢"
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Now, this may seem like a problem, but in fact it’s not a problem for this particular integral. Notice that
we actually have 7 t’s in the integral and there is no reason that we can’t split them up as follows,

jﬂ sin(2¢*) dt = Ir“ £ sin(2¢*)dt
After doing this we can now choose u and dv as follows,
u=1r* dv=1"sin(2r*)dt

Step 2
Next, we need to compute du (by differentiating u) and v (by integrating dv).

u=t - du = 48°dt
dv=sin(2t')dt -  v=—Lcos(2r)

Step 3
Plugging u, du, v and dv into the Integration by Parts formula gives,

Jt7 sin(2t4)dt =-17 cos(2t4)+§jt3 cos(2t4)dt

Step 4
At this point, notice that the new integral just requires the same Calculus | substitution that we used to
find v. So, all we need to do is evaluate the new integral and we’ll be done.

'ft7 sin(2t4)dt =|-17 cos(2t4)+%sin(2t4)+c

Do not get so locked into patterns for these problems that you end up turning the patterns into “rules”
on how certain kinds of problems work. Most of the easily seen patterns are also easily broken (as this
problem has shown).

Because we (as instructors) tend to work a lot of “easy” problems initially they also tend to conform to
the patterns that can be easily seen. This tends to lead students to the idea that the patterns will always
work and then when they run into one where the pattern doesn’t work they get in trouble. So, be
careful!

Note as well that we’re not saying that patterns don’t exist and that it isn’t useful to recognize them.
You just need to be careful and understand that there will, on occasion, be problems where it will look
like a pattern you recognize, but in fact will not quite fit the pattern and another approach will be

needed to work the problem.

Alternate Solution
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Note that there is an alternate solution to this problem. We could use the substitution w= 2¢* as the
first step as follows.

w=2t" -  dw=8fdt & t'=1iw

Jt7 sin(2t4)dt = It4 £ sin(2t4)dt = J.(%w)(é)sin(w)dw = I%wsin(w)dw

We won't avoid integration by parts as we can see here, but it is somewhat easier to see it this time.
Here is the rest of the work for this problem.

-1 =1L
U=7cW — du =z dw

dv =sin(w)dw - v =—cos(w)
'[t7 sin(2t4)dt = —%wcos(w)+%jcos(w)dw =—fwcos(w)+Lsin(w)+c
As the final step we just need to substitution back in for w.

jt7 sin(2t4)dt =—1f cos(2t4)+%sin(2t4)+c

8. Evaluate J.y6 cos(3y)dy .

Hint : Doing this with “standard” integration by parts would take a fair amount of time so maybe this
would be a good candidate for the “table” method of integration by parts.

Step 1

Okay, with this problem doing the “standard” method of integration by parts (i.e. picking u and dv and
using the formula) would take quite a bit of time. So, this looks like a good problem to use the table that
we saw in the notes to shorten the process up.

Here is the table for this problem.

y cos(3y) | +
6y° 1sin(3y) | -
30y —%cos(3y) |+
120y°  —+Lsin(3y) | -
360y scos(3y) | +
720y shsin(3y) | -
720 —=cos(3y) | +

0 77 Sin(3y) B
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Step 2
Here's the integral for this problem,

Iyécos(3y)dy:(y6)(lsin 3y) )—(6 5)(——cos 3y (30y ) —Lsin(3y))
—(120y) (& cos(3y)) +(360y” ) (Z5sin (3))
—(720y)(- + cos 3y )+ (720)(—Tg7s1n(3y))+c

1y%sin(3y)+2y° cos(3y) 4L y*sin(3y) -2y’ cos(3y)
+%y2sin(3y)+%ycos(3y)—%sin(3y)+c

9. Evaluate _'.(4x3 —9x? +7x+3)e’x dx .

Hint : Doing this with “standard” integration by parts would take a fair amount of time so maybe this
would be a good candidate for the “table” method of integration by parts.

Step 1

Okay, with this problem doing the “standard” method of integration by parts (i.e. picking u and dv and
using the formula) would take quite a bit of time. So, this looks like a good problem to use the table that
we saw in the notes to shorten the process up.

Here is the table for this problem.

4y’ —9x* +7x+3 e |+
12x* —18x+7 —e ™ | -
24x-18 e | +

24 —et | -

Step 2
Here's the integral for this problem,

[(45° =9x" +7x+3)e " dx=(4x’ =957 +7x+3)(—e ™) (124" ~18x+7)(e )
+(24x-18)(—e ) - (24)(e ") +c
e (4x’ —9x" +7x+3)—e " (12¢" ~18x+7)
—e(24x-18)—24e +c

= —e‘x(4x3+3x2+13x+16)+c
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Section 1-2 : Integrals Involving Trig Functions

1. Evaluate Jsin3 (%x)cos4 (%x)dx )

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).

Step 1
The first thing to notice here is that the exponent on the sine is odd and so we can strip one of them out.

J.sin3 (%x) cos* (%x) dx = Isinz (%x)cos4 (%x)sin (%x)dx

Step 2
Now we can use the trig identity sin® @+ cos® @ =1 to convert the remaining sines to cosines.

jsin3 (%x)cos4 (%x)dx = I(l —cos’ (%x)) cos* (%x)sin (%x)dx

Step 3
We can now use the substitution u = Cos(%x) to evaluate the integral.
Isin3 (%x) cos’ (%x)dx = —%j(l —u’ )u4 du
= —%ju4 —u’du= —%(%us —%u7)+c
Note that we'll not be doing the actual substitution work here. At this point it is assumed that you recall

substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 4
Don’t forget to substitute back in for u!

J.sin3 (2x)cos* (2x)dx =|Fcos’ (2x)—Zcos’ (2x)+c

2. Evaluate Isin8(3z)cos5(3z)dz )

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).
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Step 1
The first thing to notice here is that the exponent on the cosine is odd and so we can strip one of them
out.

J.sing (3z)cos’ (3z)dz = J‘sin8 (3z)cos* (3z)cos(3z) dz

Step 2
Now we can use the trig identity sin® @+ cos® @ =1 to convert the remaining cosines to sines.

. . 2
Ismg (3z)cos’ (3z)dz = J.sm8 (32)[0052 (32)] cos(3z)dz
2
= J‘sin8 (32)[1 —sin’ (32)} cos(3z)dz
Step 3
We can now use the substitution u = Sin(3z) to evaluate the integral.
. 8 5 _11,8 27
sin® (3z)cos’ (3z)dz =4 |u [1 —u } du
= %J‘ug —2u" +u"” du = %(éug —2y" +%u13)+ c

Note that we'll not be doing the actual substitution work here. At this point it is assumed that you recall
substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should

probably go back to the Calculus | practice problems and practice on the substitutions.

Step 4
Don’t forget to substitute back in for u!

J.sin8 (3z)cos™ (3z)dz =|&sin’ (3z) - & sin'' (3z) + 4 sin” (3z) +¢

3. Evaluate J.cos4(2t)dt .

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).

Step 1

The first thing to notice here is that we only have even exponents and so we’ll need to use half-angle
and double-angle formulas to reduce this integral into one that we can do.
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Also, do not get excited about the fact that we don’t have any sines in the integrand. Sometimes we will
not have both trig functions in the integrand. That doesn’t mean that that we can’t use the same
techniques that we used in this section.

So, let’s start this problem off as follows.
J.cos“ (2t)dt = J'(cos2 (2t))2 dt

Step 2
Now we can use the half-angle formula to get,

J‘cos4 (2¢)dt = IB(I + cos(4t))]2 dt = J‘%(l +2cos(41)+cos’ (4t))dt

Step 3
We'll need to use the half-angle formula one more time on the third term to get,

J.cos4 (2t)dt = %Jl+2cos(4t)+%[l+cos(St)] dt
= %J.%+2cos(4t)+%cos(8t)dt

Step 4
Now all we have to do is evaluate the integral.

Icos“ (26)dt =+(31+Lsin(4r)+Lsin(8¢))+c = |31 +Lsin(4)+Lsin(8)+c

4. Evaluate J2”c0s3 (%W)sin5 (%w) dw .

T

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).

Step 1

We have two options for dealing with the limits. We can deal with the limits as we do the integral or we
can evaluate the indefinite integral and take care of the limits in the last step. We'll use the latter
method of dealing with the limits for this problem.

In this case notice that both exponents are odd. This means that we can either strip out a cosine and
convert the rest to sines or strip out a sine and convert the rest to cosines. Either are perfectly
acceptable solutions. However, the exponent on the cosine is smaller and so there will be less

conversion work if we strip out a cosine and convert the remaining cosines to sines.

Here is that work.
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J.COS3 (% w) sin’ (%w) dw= J.cos2 (% w) sin’ (%w) cos (% w) dw
= _[(1 —sin® (+w))sin’ ($w)cos (L w)dw

Step 2
We can now use the substitution u = sin (% w) to evaluate the integral.

_[cos3 (4 w)sin’ (%w)dw:2j.(1—u2)u5 du
=2Iu5 —u’ du =2(lu6 —lu8)+c

6 8

Note that we’ll not be doing the actual substitution work here. At this point it is assumed that
you recall substitution well enough to fill in the details if you need to. If you are rusty on
substitutions you should probably go back to the Calculus I practice problems and practice on the
substitutions.

Step 3
Don’t forget to substitute back in for u!

J‘cos3 (3 w)sin® ($w)dw=1sin® (1 w)—Lsin® (L w)+c

Step 4
Now all we need to do is deal with the limits.

2z

— 1

Jzn cos’ ($w)sin® (4 w)dw = (Lsin® ($w)—Lsin® (w)) =

T

2

Alternate Solution

As we noted above we could just have easily stripped out a sine and converted the rest to cosines if
we’d wanted to. We'll not put that work in here, but here is the indefinite integral that you should have
gotten had you done it that way.

jcos3 (+w)sin® (L w)dw=—Lcos* (L w)+2cos® ($w)—Lcos® (1 w)+c

Note as well that regardless of which approach we use to doing the indefinite integral the value of the
definite integral will be the same.

5. Evaluate J.sec" (3y)tan’ (3y)dy .

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).
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Step 1
The first thing to notice here is that the exponent on the secant is even and so we can strip two of them
out.

'[secé (3y)tan® (3y)dy = Isec4 (3y)tan® (3y)sec® (3y)dy

Step 2
Now we can use the trig identity tan> @ +1=sec’ @ to convert the remaining secants to tangents.

J‘sec6 (3y)tan’ (3y)dy = J‘[sec2 (3);)]2 tan® (3y)sec’ (3y)dy

= I[tanz (3y)+ 1]2 tan® (3y)sec’ (3y)dy

Step 3
We can now use the substitution u = tan(3y) to evaluate the integral.

2
Isec6 (3y)tan*(3y)dy = %J.[uz +1] u’ du
=%J.u6 +2u* +u’ du =%(%u7 +2u’ +%u3)+c
Note that we'll not be doing the actual substitution work here. At this point it is assumed that you recall

substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 4
Don’t forget to substitute back in for u!

J‘sec6 (3y)tan’ (3y)dy =|Ltan’ (3y)+2 tan’ (3y)++1tan’ (3y)+c

6. Evaluate J.tan3 (6x)sec'® (6x)dx .

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).

Step 1

The first thing to notice here is that the exponent on the tangent is odd and we’ve got a secant in the
problems and so we can strip one of each of them out.

_[tan3 (6x)sec'® (6x)dx = _[tanz (6x)sec’ (6x) tan(6x)sec(6x)dx
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Step 2
Now we can use the trig identity tan”> @ +1=sec’ @ to convert the remaining tangents to secants.

Jtan3 (6x)sec'” (6x)dx = J.[sec2 (6x)- 1] sec’ (6x) tan(6x)sec(6x)dx

Note that because the exponent on the secant is even we could also have just stripped two of them out
and converted the rest of them to tangents. However, that conversion process would have been
significantly more work than the path that we chose here.

Step 3
We can now use the substitution u = sec(6x) to evaluate the integral.
Itan3 (6x)sec'® (6x)dx 2%‘[[# —1]u9 du
:%J.u“ —u’ du = %(ﬁulz —%u10)+c
Note that we’ll not be doing the actual substitution work here. At this point it is assumed that you recall
substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should

probably go back to the Calculus | practice problems and practice on the substitutions.

Step 4
Don’t forget to substitute back in for u!

Itan3 (6x)sec'® (6x)dx =|Lsec? (6x)—sec” (6x)+c

7. Evaluate than7 (Z)sec3(z)dz .

Hint : Pay attention to the exponents and recall that for most of these kinds of problems you’ll need to
use trig identities to put the integral into a form that allows you to do the integral (usually with a Calc |
substitution).

Step 1

We have two options for dealing with the limits. We can deal with the limits as we do the integral or we
can evaluate the indefinite integral and take care of the limits in the last step. We'll use the latter
method of dealing with the limits for this problem.

The first thing to notice here is that the exponent on the tangent is odd and we’ve got a secant in the

problems and so we can strip one of each of them out and use the trig identity tan’@+1=sec’ 6 to
convert the remaining tangents to secants.
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'ftan )sec’ )dz:jtanﬁ(z)secz(z) tan (z)sec(z)dz
=J.[tan2 (Z):|3 sec’(z) tan(z)sec(z)dz
:j[secz(z)—lf sec’(z) tan(z)sec(z)dz

Step 2

We can now use the substitution u = Sec(z) to evaluate the integral.

Itan sec’ )dz:j[u2 —lTuzdu

8 6 4 2 5
='[u “3u’ +3ut —utdu=1u’ —3u" +3u’ -1’ +c

Note that we’ll not be doing the actual substitution work here. At this point it is assumed that
you recall substitution well enough to fill in the details if you need to. If you are rusty on
substitutions you should probably go back to the Calculus I practice problems and practice on the
substitutions.

Step 3
Don’t forget to substitute back in for u!

J.tan sec’ (z)dz =4sec’ (z)—2sec’ (z)+2sec’ (z)—1sec’ (z)+c

Step 4
Now all we need to do is deal with the limits.

4

I tan’ (z)sec’(z )a’z:(gsec9(z)—%sec7(z)+%sec5(z)—§sec3(z))4

0

_ %(8+13\/§):o.1675

8. Evaluate J.cos(3t) sin (8¢) dt

Step 1
There really isn’t all that much to this problem. All we have to do is use the formula given in this section
for reducing a product of a sine and a cosine into a sum. Doing this gives,

[ cos(3¢)sin (8¢)dr = [ £[ sin (8 —3¢t)+sin (8 +3¢) |de = £ [ sin (5¢) +sin (11¢) dt

Make sure that you pay attention to the formula! The formula given in this section listed the sine first
instead of the cosine. Make sure that you used the formula correctly!

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 21

Step 2
Now all we need to do is evaluate the integral.

Icos(3t)sin(8t)dt =%(—§cos(5t)—ﬁcos(l 1t))+c = —%cos(St)—zl—zcos(l 1t)+c

9. Evaluate fsin(Sx) sin(x)dx .

Step 1
There really isn’t all that much to this problem. All we have to do is use the formula given in this section
for reducing a product of a sine and a cosine into a sum. Doing this gives,

Jj sin (8x)sin (x)dx = f%[cos (8x—x)—cos(8x+x) |dx = %f cos(7x)—cos(9x)dx

Step 2
Now all we need to do is evaluate the integral.

J«lz sin (8x)sin (x)dx = %Gsin(h) —éSin(9x)]|f

=|Lsin(21)—sin(27) - 4sin(7) +-5sin(9) = -0.0174

Make sure your calculator is set to radians if you computed a decimal answer!

10. Evaluate J‘cot(IOz)csc“ (10z)dz .

Hint : Even though no examples of products of cotangents and cosecants were done in the notes for this
section you should know how to do them. Ask yourself how you would do the problem if it involved
tangents and secants instead and you should be able to see how to do this problem as well.

Step 1
Other than the obvious difference in the actual functions there is no practical difference in how this
problem and one that had tangents and secants would work. So, all we need to do is ask ourselves how

this would work if it involved tangents and secants and we’ll be able to work this on as well.

We can first notice here is that the exponent on the cotangent is odd and we’ve got a cosecant in the
problems and so we can strip the (only) cotangent and one of the secants out.

Icot(lOz)csc“ (10z)dz = J.csc3 (10z) cot(10z)csc(10z)dz

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 22

Step 2
Normally we would use the trig identity cot’ @+1=csc’ @ to convert the remaining cotangents to
cosecants. However, in this case there are no remaining cotangents to convert and so there really isn’t

anything to do at this point other than to use the substitution u = CSC(IOZ) to evaluate the integral.
Icot(lOz)csc“ (10z)dz == |u’ du=—Fu" +c

Note that we'll not be doing the actual substitution work here. At this point it is assumed that you recall
substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 3
Don’t forget to substitute back in for u!

Icot(lOz)csc“ (10z)dz =|—5esc* (10z) +c¢

11. Evaluate J.csc6 (%w)cot4 (%w)dw .

Hint : Even though no examples of products of cotangents and cosecants were done in the notes for this
section you should know how to do them. Ask yourself how you would do the problem if it involved
tangents and secants instead and you should be able to see how to do this problem as well.

Step 1

Other than the obvious difference in the actual functions there is no practical difference in how this
problem and one that had tangents and secants would work. So, all we need to do is ask ourselves how

this would work if it involved tangents and secants and we’ll be able to work this on as well.

We can first notice here is that the exponent on the cosecant is even and so we can strip out two of
them.

I cse’ (w)cot® (+w)dw = J. csc’ ($w)cot* (+w) csc® (Lw)dw

Step 2
Now we can use the trig identity cot’ @+1=csc’ @ to convert the remaining cosecants to cotangents.

.[csc6 (% w) cot* (%w) dw= I[cscz (%W)T cot* (% w) csc’ (%w) dw
= I[cot2 ($w)+ IT cot* ($w) csc? (Lw)dw

Step 3
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Now we can use the substitution u = cot (%W) to evaluate the integral.

2
J.csc6 (4w)cot* (+w)dw= —4I[u2 + 1] u' du
= —4J-u8 +2u’ +u' du = —4($u9 +2u’ +%u5)+c
Note that we'll not be doing the actual substitution work here. At this point it is assumed that you recall

substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 4
Don’t forget to substitute back in for u!

Icscé (w)cot® (+w)dw=|—4cot” (+w)—Lcot’ ($w)—2cot’ (+w)+c

4
sec” (2t
12. Evaluate J#dt

tan” (2¢)
Hint : How would you do this problem if it were a product?
Step 1
If this were a product of secants and tangents we would know how to do it. The same ideas work here,
except that we have to pay attention to only the numerator. We can’t strip anything out of the

denominator (in general) and expect it to work the same way. We can only strip things out of the
numerator.

So, let’s notice here is that the exponent on the secant is even and so we can strip out two of them.

detzjwsecz(zz)dt

tan’ (2¢) tan” (2¢)

Step 2
Now we can use the trig identity tan> @ +1=sec” @ to convert the remaining secants to tangents.

4 2
detzjwsecz(zt)dt

tan’ (2t) tan (21)

Step 3
Now we can use the substitution u = tan(2t) to evaluate the integral.
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4 2
sec” (2t u +1 _ - - -
9—()dt=%f 5 du:%ju7+u9du:%[—%u6—%u 8]+c
tan (21) u

Note that we’ll not be doing the actual substitution work here. At this point it is assumed that you recall
substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 4
Don’t forget to substitute back in for u!

sec” (2¢
J’rgzl’;dt - _% tanél(Zt) _% tansl(zz) tc= _%COté (2t) _%COtg (2t) +cC

.3
13. Evaluate JMdZ .
cos’(z)

Hint : How would you do this problem if it were a product?
Step 1

Because of the sum in the numerator it makes some sense (hopefully) to maybe split the integrand (and
then the integral) up into two as follows.

cos’(z) cos’(z) cos?(z) cos’ cos’(z)

Step 2
Now, the first integral looks difficult at first glance, but we can easily rewrite this in terms of secants at
which point it becomes a really easy integral.

For the second integral again, think about how we would do that if it was a product instead of a
quotient. In that case we would simply strip out a sine.

JMCZZZI2secz(z)dz+7JMSin(2)dZ

cos’(z) cos’(z)

Step 3
As noted above the first integral is now very easy (which we’ll do in the next step) and for the second

integral we can use the trig identity sin” @+ cos® @ =1 to convert the remaining sines in the second
integral to cosines.
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J2+7S—in3(2)dz:IZSecz(z)dz+7JMsin(z)dz

cos’(z) cos’(z)

Step 4
Now we can use the substitution u = cos(z) to evaluate the second integral. The first integral doesn’t

need any extra work.

.3 2
JMdZZZtan(z)—7J1_u du

cos’(z) 2

u

:Ztan(z)—7ju*2 —1du :2tan(z)—7(—u’1 —u)+c

Note that we’ll not be doing the actual substitution work here. At this point it is assumed that you recall
substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 5
Don’t forget to substitute back in for u!

.3
Jzz%lzz()z)dz: 2tan(z)+7 G+ 7cos(z)+c=2tan(z)+7sec(z) +7cos(z)+c

14. Evaluate J.[9 sin’ (3x)—2cos’ (3x)] csc’ (3x)dx .

Hint : Since this has a mix of trig functions maybe the best option would be to first get it reduced down
to just a couple that we know how to deal with.

Step 1

To get started on this problem we should first probably see if we can reduce the integrand down to just
sines and cosines. This is easy enough to do simply by recalling the definition of cosecant in terms of
sine.

I[9 sin® (3x)—2cos’ (3x)] csc’ (3x)dx = J[9 sin® (3x)—2cos’ (3x)} sin+(3x)dx

cos’ (3x)

= | 9sin(3x)-2—/——=d
J sin (3x) sin® (3) x

Step 2
The first integral is simple enough to do without any extra work.
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For the second integral again, think about how we would do that if it was a product instead of a
quotient. In that case we would simply strip out a cosine.

cos” (3x)

—_— 3x)d
sin’ (3x) COS( x) *

I[9 sin’ (3x)—2cos’ (3x)} csc* (3x)dx = J9 sin (3x) -2

Step 3
For the second integral we can use the trig identity sin® @+ cos® @ =1 to convert the remaining cosines
to sines.

1 —sin? (3x)

3x)d
sin* (3x) COS( x) ¥

J[9 sin’ (3x)—2cos’ (?,)c)]csc4 (3x)dx = j9sin(3x)dx - 2J

Step 4
Now we can use the substitution u = sin(3x) to evaluate the second integral. The first integral doesn’t

1-u®
du
J u

= J.9sin(3x)dx—%‘|.u*1 —u” du

need any extra work.

I[9 sin’ (3x)—2cos’ (3x)] csc’ (3x)dx = J.9 sin (3x)dx —

W

=—3cos(3x)—2(—4u"+u")+c

Note that we’ll not be doing the actual substitution work here. At this point it is assumed that you recall
substitution well enough to fill in the details if you need to. If you are rusty on substitutions you should
probably go back to the Calculus | practice problems and practice on the substitutions.

Step 5
Don’t forget to substitute back in for u!

I[9sin5 (3x)—2cos’ (3x)} cse’ (3x)dx =-3cos(3x)+2——=—-2—1-+c

9 sin3(3x) 3 sin(3x)

=|-3cos(3x)+2csc’ (3x)—2cse(3x)+c
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Section 1-3 : Trig Substitutions

1. Use a trig substitution to eliminate the root in Y4 —-9z> .

Hint : When determining which trig function to use for the substitution recall from the notes in this
section that we will use one of three trig identities to convert the sum or difference under the root into
a single trig function. Which trig identity is closest to the quantity under the root?

Step 1
The first step is to figure out which trig function to use for the substitution. To determine this notice
that (ignoring the numbers) the quantity under the root looks similar to the identity,

1-sin*(8) =cos’ (0)

So, it looks like sine is probably the correct trig function to use for the substitution. Now, we need to
deal with the numbers on the two terms.

Hint : In order to actually use the identity from the first step we need to get the numbers in each term to
be identical upon doing the substitution. So, what would the coefficient of the trig function need to be
in order to convert the coefficient of the variable into the constant term once we’ve done the
substitution?

Step 2
To get the coefficient on the trig function notice that we need to turn the 9 into a 4 once we’ve

substituted the trig function in for z and squared the substitution out. With that in mind it looks like the
substitution should be,

— 2aq1
z=2sin(0)
Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3

J4=9z7 = \[4-0(2sin(0))’ = [4—9(¥)sin’ (0)
= J4—4sin® () =2,/1-sin*(9)

= 2\/cos2 (0) = 2|cos(t9)|

Note that because we don’t know the values of @ we can’t determine if the cosine is positive or
negative and so cannot get rid of the absolute value bars here.

2. Use a trig substitution to eliminate the root in v/13+25x> .
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Hint : When determining which trig function to use for the substitution recall from the notes in this
section that we will use one of three trig identities to convert the sum or difference under the root into
a single trig function. Which trig identity is closest to the quantity under the root?

Step 1
The first step is to figure out which trig function to use for the substitution. To determine this notice
that (ignoring the numbers) the quantity under the root looks similar to the identity,

1+tan® (@) =sec’ ()

So, it looks like tangent is probably the correct trig function to use for the substitution. Now, we need to
deal with the numbers on the two terms.

Hint : In order to actually use the identity from the first step we need to get the numbers in each term to
be identical upon doing the substitution. So, what would the coefficient of the trig function need to be
in order to convert the coefficient of the variable into the constant term once we’ve done the
substitution?

Step 2
To get the coefficient on the trig function notice that we need to turn the 25 into a 13 once we’ve

substituted the trig function in for x and squared the substitution out. With that in mind it looks like the
substitution should be,

x= gtan(é’)

Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3

J13+425x% = \/13+25(Qtan(9))2 = J13+25(L) tan’ (0)

= 13+ 13tan’ (8) = V13,/1+ tan* (9)
=/13,/sec? (0) = \/B|S€C(9)|

Note that because we don’t know the values of & we can’t determine if the secant is positive or
negative and so cannot get rid of the absolute value bars here.

5
3. Use a trig substitution to eliminate the root in (7t2 —3)2 .

Hint : When determining which trig function to use for the substitution recall from the notes in this
section that we will use one of three trig identities to convert the sum or difference under the root into
a single trig function. Which trig identity is closest to the quantity under the root?
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Step 1
First, notice that there really is a root here as the term can be written as,

(10-3)" <[ (7 =3)' | =[¥7° 3]

Now, we need to figure out which trig function to use for the substitution. To determine this notice that
(ignoring the numbers) the quantity under the root looks similar to the identity,

sec’ (0)—1=tan’(0)

So, it looks like secant is probably the correct trig function to use for the substitution. Now, we need to
deal with the numbers on the two terms.

Hint : In order to actually use the identity from the first step we need to get the numbers in each term to
be identical upon doing the substitution. So, what would the coefficient of the trig function need to be
in order to convert the coefficient of the variable into the constant term once we’ve done the
substitution?

Step 2

To get the coefficient on the trig function notice that we need to turn the 7 into a 3 once we've
substituted the trig function in for t and squared the substitution out. With that in mind it looks like the
substitution should be,

t =%sec(6’)

Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3

(77 -3) = :\/7# —3}5
— :\/7(%%0(9))2 —3}5 = [\/7(%)86(:2 (9)—3}

=5 [3sec? (9)—3}5 = [\/gw/secz (6’)—1}5
_ :\/gw/tan2 (9)}5 — (3} |tan(6?)|5

Note that because we don’t know the values of @ we can’t determine if the tangent is positive or
negative and so cannot get rid of the absolute value bars here.

5

4. Use a trig substitution to eliminate the root in (w+ 3)2 —-100 .
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Hint : Just because this looks a little different from the first couple of problems in this section doesn’t
mean that it works any differently. The term under the root still looks vaguely like one of three trig
identities we need to use to convert the quantity under the root into a single trig function.

Step 1
Okay, first off we need to acknowledge that this does look a little bit different from the first few
problems in this section. However, it isn’t really all that different. We still have a difference between a

squared term with a variable in it and a number. This looks similar to the following trig identity (ignoring
the coefficients as usual).

sec’ (0)—1=tan’(0)

So, secant is the trig function we’ll need to use for the substitution here and we now need to deal with
the numbers on the terms and get the substitution set up.

Hint : Dealing with the numbers in this case is no different than the first few problems in this section.
Step 2

Before dealing with the coefficient on the trig function let’s notice that we’ll be substituting in for w+3
in this case since that is the quantity that is being squared in the first term.

So, to get the coefficient on the trig function notice that we need to turn the 1 (i.e. the coefficient of the

squared term) into a 100 once we’ve done the substitution. With that in mind it looks like the
substitution should be,

w+3=10sec(0)

Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3

J(w+3)’ =100 = \/(1056c(0))2 ~100 = /100sec? (6) ~100 =10, /sec? (6) -1

= 10\/tan2 (6) = 10|tan(t9)|

Note that because we don’t know the values of @ we can’t determine if the tangent is positive or
negative and so cannot get rid of the absolute value bars here.

5. Use a trig substitution to eliminate the root in 4(9t —5)2 +1

Hint : Just because this looks a little different from the first couple of problems in this section doesn’t
mean that it works any differently. The term under the root still looks vaguely like one of three trig
identities we need to use to convert the quantity under the root into a single trig function.
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Step 1

Okay, first off we need to acknowledge that this does look a little bit different from the first few
problems in this section. However, it isn’t really all that different. We still have a sum of a squared term
with a variable in it and a number. This looks similar to the following trig identity (ignoring the
coefficients as usual).

tan” (8)+1=sec’ (0)

So, tangent is the trig function we’ll need to use for the substitution here and we now need to deal with
the numbers on the terms and get the substitution set up.

Hint : Dealing with the numbers in this case is no different than the first few problems in this section.
Step 2

Before dealing with the coefficient on the trig function let’s notice that we’ll be substituting in for 9¢ —5
in this case since that is the quantity that is being squared in the first term.

So, to get the coefficient on the trig function notice that we need to turn the 4 (i.e. the coefficient of the

squared term) into a 1 once we’ve done the substitution. With that in mind it looks like the substitution
should be,

9t—5=21tan(6)
Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3

J4(9t=35) 1= [a(Ltan(6)) +1= J4(3)tan’ (6)+1 = Jtan’ (6) +1
= \/secz (0) =|jsec(0)|

Note that because we don’t know the values of & we can’t determine if the secant is positive or
negative and so cannot get rid of the absolute value bars here.

6. Use a trig substitution to eliminate the root in /1—4z -2z .

Hint : This doesn’t look much like a term that can use a trig substitution. So, the first step should
probably be to some algebraic manipulation on the quantity under the root to make it look more like a
problem that can use a trig substitution.

Step 1

We know that in order to do a trig substitution we really need a sum or difference of a term with a
variable squared and a number. This clearly does not fit into that form. However, that doesn’t mean
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that we can’t do some algebraic manipulation on the quantity under the root to get into a form that we
can do a trig substitution on.

Because the quantity under the root is a quadratic polynomial we know that we can complete the
square on it to turn it into something like what we need for a trig substitution.

Here is the completing the square work.

1-4z-22> =-2(2* +2z-1) [£(2)] =[1]' =1
=-2(2 +2z+1-1-1)
=-2[(z+1)° -]
—3-2(z+1)’

So, after completing the square the term can be written as,

V1-4z-22% = \[3-2(z+1)’

Hint : At this point the problem works in the same manner as the previous problems in this section.

Step 2
So, in this case we see that we have a difference of a number and a squared term with a variable in it.
This suggests that sine is the correct trig function to use for the substation.

Now, to get the coefficient on the trig function notice that we need to turn the 2 (i.e. the coefficient of
the squared term) into a 3 once we’ve done the substitution. With that in mind it looks like the
substitution should be,

Z+1=%sin(9)

Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3

Ji—4z-22% = \3-2(z+1) :\/3—2(%sin(9))2
= /3-3sin’(0) = /3. /cos> (6)= \/§|COS(9)|

Note that because we don’t know the values of @ we can’t determine if the cosine is positive or
negative and so cannot get rid of the absolute value bars here.
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)

S

7. Use a trig substitution to eliminate the root in (x2 —8x+ 21)

Hint : This doesn’t look much like a term that can use a trig substitution. So, the first step should
probably be to some algebraic manipulation on the quantity under the root to make it look more like a
problem that can use a trig substitution.

Step 1

We know that in order to do a trig substitution we really need a sum or difference of a term with a
variable squared and a number. This clearly does not fit into that form. However, that doesn’t mean
that we can’t do some algebraic manipulation on the quantity under the root to get into a form that we
can do a trig substitution on.

Because the quantity under the root is a quadratic polynomial we know that we can complete the
square on it to turn it into something like what we need for a trig substitution.

Here is the completing the square work.
2 2 1 2 2
X —8x+2l=x"-8x+16-16+21 [1(-8)] =[-4] =16
= (x—4)2 +5
So, after completing the square the term can be written as,

3 2 3 2 ’
(# =8x+21) =((x—4)"+5) =| {(x=4) +5
Note that we also explicitly put the root into the problem as well.
Hint : At this point the problem works in the same manner as the previous problems in this section.
Step 2
So, in this case we see that we have a sum of a squared term with a variable in it and a number. This
suggests that tangent is the correct trig function to use for the substation.
Now, to get the coefficient on the trig function notice that we need to turn the 1 (i.e. the coefficient of

the squared term) into a 5 once we’ve done the substitution. With that in mind it looks like the
substitution should be,

x—4=+/5tan (6)
Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3
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ol

(x2—8x+21) | (x—4)"+ }3:[\/(\/§tan(0))2+5}3

=l /5 tan> (H)+5:|3 =|:\/§ tan’ (9)+1}
= :x/g,/sec2 (G)T = 5%|sec(¢9)|3

Note that because we don’t know the values of & we can’t determine if the secant is positive or
negative and so cannot get rid of the absolute value bars here.

3

8. Use a trig substitution to eliminate the root in Vet -9 .

Hint : This doesn’t look much like a term that can use a trig substitution. So, the first step should
probably be to some algebraic manipulation on the quantity under the root to make it look more like a
problem that can use a trig substitution.

Step 1
We know that in order to do a trig substitution we really need a sum or difference of a term with a
variable squared and a number. Even though this doesn’t look anything like the “normal” trig

substitution problems it is actually pretty close to one. To see this all we need to do is rewrite the term
under the root as follows.

/eSx_g _ (e4x)2 —9

All we did here was take advantage of the basic exponent rules to make it clear that we really do have a
difference here of a squared term containing a variable and a number.

Hint : At this point the problem works in the same manner as the previous problems in this section.
Step 2

The form of the quantity under the root suggests that secant is the correct trig function to use for the
substation.

Now, to get the coefficient on the trig function notice that we need to turn the 1 (i.e. the coefficient of

the squared term) into a 9 once we’ve done the substitution. With that in mind it looks like the
substitution should be,

e =3sec(0)
Now, all we have to do is actually perform the substitution and eliminate the root.

Step 3
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e -9 = (3sec(6?))2 —9 =/9sec’ (6)-9
:3\/sec2 (0)-1 :3\/tan2 (0) = 3|tan(0)|

Note that because we don’t know the values of @ we can’t determine if the tangent is positive or
negative and so cannot get rid of the absolute value bars here.

9. Use a trig substitution to evaluate

[ 2
j—x ;'_16 dx .
X

Step 1
In this case it looks like we’ll need the following trig substitution.

x =4tan(0)

Now we need to use the substitution to eliminate the root and get set up for actually substituting this
into the integral.

Step 2
Let’s first use the substitution to eliminate the root.

Jxl+16 = \/l6tan2 (0)+16 = 4\/sec2 (0) = 4|sec(t9)|

Next, because we are doing an indefinite integral we will assume that the secant is positive and so we
can drop the absolute value bars to get,

Vx? +16 =4sec(0)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!

dx = 4sec? (6)do

Step 3
Now let’s do the actual substitution.

j«/x2+16 dx:J 4sec(0) sec’ (0)

—(4tan(9))4 4sec’ (0)d6 = J—16tan4 ) do
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Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Step 4
We now need to evaluate the integral. In this case the integral looks to be a little difficult to do in terms
of secants and tangents so let’s convert the integrand to sines and cosines and see what we get. Doing

this gives,

=— | ———=do
* 16 sin4(6’)

J\/x2+l6d 1 ( cos(6)
4
X

This is a simple integral to evaluate so here is the integral evaluation.

Jx2+16 el cos(0) 40 u =sin(6)
x* 16 | sin*(0)

_ 1,
== |u"du

=—Lul +c= —%[sin(ﬁ)]_3 +c=—4cse’ (0)+c

Don't forget all the “standard” manipulations of the integrand that we often need to do in order to
evaluate integrals involving trig functions. If you don’t recall them you’ll need to go back to the previous
section and work some practice problems to get good at them.

Every trig substitution problem reduces down to an integral involving trig functions and the majority of
them will need some manipulation of the integrand in order to evaluate.

Step 5
As the final step we just need to go back to x’s. To do this we’ll need a quick right triangle. Here is that
work.

From the substitution we have,

tan(0) = (: ﬂ?j

adj

From the right triangle we get,
Vx*+16

X

cse(8) =
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JE 16

The integral is then,

Jx/x2+16dx [ +16 | (x*+16)
4
X

ol

=——|———| tc=|-——=="+cC
48 X 48x

10. Use a trig substitution to evaluate J.\ll —Tw* dw .

Step 1
In this case it looks like we’ll need the following trig substitution.

w= %sin(@)

Now we need to use the substitution to eliminate the root and get set up for actually substituting this
into the integral.

Step 2
Let’s first use the substitution to eliminate the root.

J1=7w? = \/l—sinz (6) = \/cos2 (6) = |cos(6?)|

Next, because we are doing an indefinite integral we will assume that the cosine is positive and so we
can drop the absolute value bars to get,

VI=7w* =cos(0)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!

dw=%cos(0)d6?

Step 3
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Now let’s do the actual substitution.
J-\/l —Tw* dw = Icos(@)(fcos(@))d@ = fjcos2 (6)do

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Step 4
We now need to evaluate the integral. Here is that work.

[N1=7w" dw=—£[+[1+cos(20) |d0 = ;=[O +1sin(20) ] +c

Don’t forget all the “standard” manipulations of the integrand that we often need to do in order to
evaluate integrals involving trig functions. If you don’t recall them you’ll need to go back to the previous
section and work some practice problems to get good at them.

Every trig substitution problem reduces down to an integral involving trig functions and the majority of
them will need some manipulation of the integrand in order to evaluate.

Step 5
As the final step we just need to go back to w's.

To eliminate the the first term (i.e. the @) we can use any of the inverse trig functions. The easiest is to

probably just use the original substitution and get a formula involving inverse sine but any of the six trig
functions could be used if we wanted to. Using the substitution gives us,

sin(@):\ﬁw = stinfl(\ﬁw)

Eliminating the sin(Z@) requires a little more work. We can’t just use a right triangle as we normally

would because that would only give trig functions with an argument of € and we have an argument of
260 . However, we could use the double angle formula for sine to reduce this to trig functions with
arguments of @ . Doing this gives,

I\/1—7w2 dw = ﬁ[0+sin(9) cos(ﬁ)]+c

We can now do the right triangle work.

From the substitution we have,

From the right triangle we get,
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cos(0) =~1-7w"

7w

The integral is then,

J.\/l—7w2 dw=ﬁ|:sin’l(\/7w)+\/7wxll—7w2}+c

S
11. Use a trig substitution to evaluate ItS (312 —4)2 dr .

Step 1

First, do not get excited about the exponent in the integrand. These types of problems work exactly the
same as those with just a root (as opposed to this case in which we have a root to a power — you do
agree that is what we have right?). So, in this case it looks like we’ll need the following trig substitution.

t=%sec(6’)

Now we need to use the substitution to eliminate the root and get set up for actually substituting this
into the integral.

Step 2
Let’s first use the substitution to eliminate the root.

(312 —4)% =[\/3t2 —4}5 :[ 4sec’ (6’)—4}5 =[2,/tan2 (6’)}5 =32|tan(6)|5

Next, because we are doing an indefinite integral we will assume that the tangent is positive and so we
can drop the absolute value bars to get,

[S1

(3 —4)" =32tan’ (0)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!
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dt =%sec(¢9) tan(6)do

Step 3
Now let’s do the actual substitution.

ItB (Stz —4)% dt = I(%f sec’ (9)(32 tan’ (9))(%sec(9)tan(9))d9
:%jsec4 (0)tan’(0)do

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Step 4
We now need to evaluate the integral. Here is that work.

tan2(6')+1)tan6(9) sec’ (0)dO u =tan(0)

Don’t forget all the “standard” manipulations of the integrand that we often need to do in order to
evaluate integrals involving trig functions. If you don’t recall them you’ll need to go back to the previous
section and work some practice problems to get good at them.

Every trig substitution problem reduces down to an integral involving trig functions and the majority of
them will need some manipulation of the integrand in order to evaluate.

Step 5
As the final step we just need to go back to t's. To do this we’ll need a quick right triangle. Here is that

work.

From the substitution we have,

From the right triangle we get,
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-4
&
2
The integral is then,
9 7
2 2
oo o a= 32| LB oa) 1B oa)
919 2 7 2
(3#—4)% 4(3#—4)%
= + +c
81 63

-5

2
—dy.
L v =25

12. Use a trig substitution to evaluate

Step 1
In this case it looks like we’ll need the following trig substitution.

y=5sec(6)

Now we need to use the substitution to eliminate the root and get set up for actually substituting this
into the integral.

Step 2
Let’s first use the substitution to eliminate the root.

Jy? =25 = \[255ec? ()~ 25 = 5\[tan’ (6) = 5|tan (0)|

Step 3
Okay, in this case we have limits on y and so we can get limits on @ that will allow us to determine if
tangent is positive or negative to allow us to eliminate the absolute value bars.

So, let’s get some limits on 6.
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y=-T7:=7=5sec(0) — sec(d)=—1 —> O=sec(-1)=2.3664
y=-5: =5=5sec(d) — sec(f)=—-1 —> O==x

So, @’s for this problem are in the range 2.3664 < 8 < 7 and these are in the second quadrant. In the
second quadrant we know that tangent is negative and so we can drop the absolute value bars provided
we add in a minus sign. This gives,

y’ =25 =-5tan(6)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!

dy =5sec(0)tan(0)d6

Step 4
Now let’s do the actual substitution.

_5 .
2 2
—dy:j Ssec(@)tan(8))dO
J7 y4\/y2—725 > 3664 5% gec? (0)(_5 tan(@))( ( ) ( ))
2 (7 1
- do
625 J2.3664 sec’ (49)

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Also notice that upon doing the substation we replaced the y limits with the @ limits. This will help with
a later step.

Step 5
We now need to evaluate the integral. In terms of secants this integral would be pretty difficult,
however we a quick change to cosines we get the following integral.

-5

2
-y
S vyt =25

This should be relatively simple to do so here is the integration work.

__ 2 cos*(6)do
625 J23664
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R 2 en
4 2 dy:__ 2.3664
Lytyi-as T 625

S

sin(2.3664)
0
__ 2 [ 1 3:|
=—2|u—1u
625 3 0.69986

Don’t forget all the “standard” manipulations of the integrand that we often need to do in order to
evaluate integrals involving trig functions. If you don’t recall them you’ll need to go back to the previous
section and work some practice problems to get good at them.

(1-sin*(0))cos(0)d®  u=sin(0)

=10.001874

Every trig substitution problem reduces down to an integral involving trig functions and the majority of
them will need some manipulation of the integrand in order to evaluate.

Also, note that because we converted the limits at every substitution into limits for the “new” variable
we did not need to do any back substitution work on our answer!

4
13. Use a trig substitution to evaluate .[1 22°N2492° dz .

Step 1
In this case it looks like we’ll need the following trig substitution.

z:@tan(ﬁ)

Now we need to use the substitution to eliminate the root and get set up for actually substituting this
into the integral.

Step 2
Let’s first use the substitution to eliminate the root.

V2492 :\/2+2tan2 (0) =2 fsec’? (0) =x/§|sec(t9)|

Step 3
Okay, in this case we have limits on z and so we can get limits on @ that will allow us to determine if
tangent is positive or negative to allow us to eliminate the absolute value bars.

So, let’s get some limits on 6.

z=1: 1=Za@n(0) > tn(d)=% - O=tan’(%)=1.1303
z=4: 4=gtan(0) - tan(0)=l—§ - 6’=tan"l(%)=l.4535
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So, 0’s for this problem are in the range 1.1303 <8 <1.4535 and these are in the first quadrant. In
the first quadrant we know that cosine, and hence secant, is positive and so we can just drop the
absolute value bars. This gives,

N249z2% = x/isec(ﬁ)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!

dz =2 sec’ (0)do

Step 4
Now let’s do the actual substitution.

...14225\/2+9zz dz = f:::;b(%)s tan’ (9)(&560(9))(@5%2 (9))d9

=108 (a0 (0) sec’ (6) dO

729 J1 1303

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Also notice that upon doing the substation we replaced the y limits with the @ limits. This will help with
a later step.

Step 5
We now need to evaluate the integral. Here is that work.

f 22°N2+9z% dz = lﬁTf L [sec2 (6)- 1]2 sec’ (0) tan(6)sec(0)do

1.1303

— 1642 Sec(l'4535)[u2 —1]2 u’du u=sec(0)

729 Jsec(1.1303)

8.5444
6 4 2
= % u’ =2u’ +udu
2.3452

8.5444
NPT SO +%u3]|23452 = [14182.86074

Don’t forget all the “standard” manipulations of the integrand that we often need to do in order to
evaluate integrals involving trig functions. If you don’t recall them you’ll need to go back to the previous
section and work some practice problems to get good at them.

Every trig substitution problem reduces down to an integral involving trig functions and the majority of
them will need some manipulation of the integrand in order to evaluate.
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Also, note that because we converted the limits at every substitution into limits for the “new” variable
we did not need to do any back substitution work on our answer!

14. Use a trig substitution to evaluate J

1
dx .
\V9x? —36x+37

Step 1
The first thing we’ll need to do here is complete the square on the polynomial to get this into a form we
can use a trig substitution on.

9x? ~36x+37 =9(x? —4x+32) = 9(x” —4x+4—4+%)=9[(x—2)2 +ﬂ
=9(x-2)" +1

The integral is now,

1 1
J\/9x2—36x+37 dx:J Y
9(x—2) +1

Now we can proceed with the trig substitution.

Step 2
It looks like we’ll need to the following trig substitution.

x—2=1tan(0)

Next let’s eliminate the root.

\/9(x—2)2 +1= \/tan(9)2 +1=[sec’ () = |sec(9)|

Next, because we are doing an indefinite integral we will assume that the secant is positive and so we
can drop the absolute value bars to get,

9(x—2)2 +1 =sec(6)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!

(1)dx =tsec’ (0)do = dx =1sec’ (0)do
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Recall that all we really need to do here is compute the differential for both the right and left sides of
the substitution.

Step 3
Now let’s do the actual substitution.

d@z%jsec(e)dﬁ

J et @l

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Step 4
We now need to evaluate the integral. Here is that work.

1
3

In |sec(9) +tan (49)| +c

1
dx
J \V9x? —36x+37

Note that this was one of the few trig substitution integrals that didn’t really require a lot of
manipulation of trig functions to completely evaluate. All we had to really do here was use the fact that

we determined the integral of sec(@) in the previous section and reuse that result here.

Step 5
As the final step we just need to go back to x’s. To do this we’ll need a quick right triangle. Here is that
work.

From the substitution we have,

tan () =2 =2) (: Oppj

1 adj

From the right triangle we get,

sec(0) = 9(x—2)2 +1

3[:::—2)

The integral is then,

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 47

+c

9(x—2)" +1+3(x-2)

J ! dx = lln
J9x? —36x+37 3

15. Use a trig substitution to evaluate

Step 1
The first thing we’ll need to do here is complete the square on the polynomial to get this into a form we
can use a trig substitution on.

40—6z—2* =—(2* +6z—40)=—(22+6z+9—9—40)=—[(z+3)2 —49}

=49—(z+3)’
The integral is now,
5 5
(z+3) o= (z+3) _d
(40-6z-27) (49-(z+3)")

Now we can proceed with the trig substitution.

Step 2
It looks like we’ll need to the following trig substitution.

z+3="Tsin(0)

Next let’s eliminate the root.

(49-(z+3)° )3 = [\/49—(z+3)T - | 49— 49sin’ (H)T -| 7\Jeos’ (Q)T = 343|cos (6)]

Next, because we are doing an indefinite integral we will assume that the cosine is positive and so we
can drop the absolute value bars to get,

[NSY[o%Y

=343 cos’ (0)

(49—(z+3)2)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!
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(1)dz =7 cos(8)do = dz =7cos(6)d0

Recall that all we really need to do here is compute the differential for both the right and left sides of
the substitution.

Step 3
Now let’s do the actual substitution.

5 .5 - .5
(z+3) 3dZ:J16807s1131 (9)(7COS(9))d9:343J 51112(6?) i
(40-6z-27)’ 343cos’ (0) cos’ (6

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Step 4
We now need to evaluate the integral. Here is that work.

sin(@)d@ u=cos(0)

2
u

2
- —343JM@ - —343ju-2 —2+u’du

= —343(—u’1 —2u+§u3)+c

:—343(—0081(0)—2cos(9)+%c0s3(9)}rc

Don’t forget all the “standard” manipulations of the integrand that we often need to do in order to
evaluate integrals involving trig functions. If you don’t recall them you’ll need to go back to the previous
section and work some practice problems to get good at them.

Every trig substitution problem reduces down to an integral involving trig functions and the majority of
them will need some manipulation of the integrand in order to evaluate.

Step 5
As the final step we just need to go back to z’s. To do this we’ll need a quick right triangle. Here is that

work.

From the substitution we have,
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From the right triangle we get,

Z+3

49—z +3Y

The integral is then,

(z+3) 2401 2 (49—(“3)2)7
—dz = | +98,/49— (2 +3)" - +c
(40-6z-2") 49— (z+3) 3

16. Use a trig substitution to evaluate Icos(x) 9+25sin’ (x) dx .

Step 1
Let’s first rewrite the integral a little bit.

'[cos(x),/9+25sin2 (x)dx= fcos(x)\/9+25 [sin(x)]2 dx

Step 2

With the integral written as it is in the first step we can now see that we do have a sum of a number and
something squared under the root. We know from the problems done previously in this section that
looks like a tangent substitution. So, let’s use the following substitution.

sin (x)=2tan(0)
Do not get excited about the fact that we are substituting one trig function for another. That will
happen on occasion with these kinds of problems. Note however, that we need to be careful and make

sure that we also change the variable from x (i.e. the variable in the original trig function) into @ (i.e. the
variable in the new trig function).
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Next let’s eliminate the root.

\/9+25[sin(x)]2 :\/9+25[%tan(9)]2 =\/9+9tan2 (9) =3\/sec2 (9) :3|sec(9)|

Next, because we are doing an indefinite integral we will assume that the secant is positive and so we
can drop the absolute value bars to get,

\/9 +25 [sin(x)]2 =3sec(6)

For a final substitution preparation step let’s also compute the differential so we don’t forget to use that
in the substitution!

cos(x)dx =1sec’ (0)d0

Recall that all we really need to do here is compute the differential for both the right and left sides of
the substitution.

Step 3
Now let’s do the actual substitution.

Icos(x)1 [9+25sin (x) dx = f\/9 +25 [sin(x)]2 cos(x)dx

= [(3sec(0)) (3sec® (0))d0 = ¢ [ sec’ (0)d0

Do not forget to substitute in the differential we computed in the previous step. This is probably the
most common mistake with trig substitutions. Forgetting the differential can substantially change the
problem, often making the integral very difficult to evaluate.

Step 4
We now need to evaluate the integral. Here is that work.

Icos(x), [9+25sin’ (x) dx = %[sec(@) tan(6)+In |sec(9) + tan(@)” +c

Note that this was one of the few trig substitution integrals that didn’t really require a lot of
manipulation of trig functions to completely evaluate. All we had to really do here was use the fact that

we determined the integral of sec’ ((9) in the previous section and reuse that result here.

Step 5
As the final step we just need to go back to x’s. To do this we’ll need a quick right triangle. Here is that
work.
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From the substitution we have,
5sin(x)

tan () = 3 [

From the right triangle we get,

_ opp
adj

9+25sin’(x)

sec(0) = 3

9+25sin (x)

The integral is then,

51

5sin|[x:l

sin(x)4/9+25sin® (x)

jcos(x) 9+ 25sin’ (x) dx = 5

+iln
10

‘55in(x)+,/9+255in2 (x)‘

3 ‘-I—C
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Section 1-4 : Partial Fractions

4

1. Evaluate the integral jz— x
x +5x-14

Step 1
To get the problem started off we need the form of the partial fraction decomposition of the integrand.
However, in order to get this, we’ll need to factor the denominator.

4 4
————dx= | ————d
Jx2+5x—14 * J(x+7)(x—2) )

The form of the partial fraction decomposition for the integrand is then,

4 A N B
(x+7)(x—2) x+7 x-2

Step 2
Setting the numerators equal gives,

4=A(x-2)+B(x+7)
Step 3

We can use the “trick” discussed in the notes to easily get the coefficients in this case so let’s do that.
Here is that work.

x=2: 4=9B
x=-7: 4=-94

Il
|
YIS

So RN
Il
N-1EN

The partial fraction form of the integrand is then,

4 _
(x+7)(x—2) B x+7+x—2

N=1EN

4
9

Step 4
We can now do the integral.

dx:j it +—2dx= gln|x—2|—gln|x+7|+c
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83t

2. Evaluate the integral fz—dt
10¢" +13¢ -3

Step 1
To get the problem started off we need the form of the partial fraction decomposition of the integrand.
However, in order to get this, we’ll need to factor the denominator.

8—3t 83t
—————dt= | —————dt
107 +13¢ -3 (2¢+3)(5t-1)
The form of the partial fraction decomposition for the integrand is then,

8-3% _ 4 B
1062 +13t=3  2t+3 5¢-1

Step 2
Setting the numerators equal gives,

8—3t=A(5t—1)+B(2t+3)
Step 3

We can use the “trick” discussed in the notes to easily get the coefficients in this case so let’s do that.
Here is that work.

1. 37 _ 17 _ 25
t=5: =58 A=-4
— 3. 25 17 A B _ 37
I==30 =73 =17
The partial fraction form of the integrand is then,
25 37
83t 5,17

= +
102 +13t=3 243 5t-1

Step 4
We can now do the integral.

— —25 37 2
ff—%dt:J4+Ldz= 3—71n|5t—1|——51n|2t+3|+c
10¢% +13¢ -3 2043 5t-1 [85 34

Hopefully you are getting good enough with integration that you can do some of these integrals in your
head. Be careful however with both of these integrals. When doing these kinds of integrals in our head
it is easy to forget about the substitutions that are technically required to do them and then miss the
coefficients from the substitutions that need to show up in the answer.
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0 2
3. Evaluate the integral Jl (W+2)VZW_'-—71;V(W—4) aw .

Step 1
In this case the denominator is already factored and so we can go straight to the form of the partial
fraction decomposition for the integrand.

w+ 7w A B C

(w+2)(w—1)(w—4) w+2 " w—1 " w—4

Step 2
Setting the numerators equal gives,

w +7w:A(w—l)(w—4)+B(w+2)(w—4)+C(w+2)(w—l)
Step 3

We can use the “trick” discussed in the notes to easily get the coefficients in this case so let’s do that.
Here is that work.

w=1: 8=-9B A= —%
w=4: 44 =18C = B:_%
w=-2: —-10=184 C=%
The partial fraction form of the integrand is then,
w+Tw -3 s 2

(w+2)(w—1)(w—4) w+2 - w—1 " w—4

Step 4
We can now do the integral.

0 2 (U1 8 22
J WA Tw dw=f P2 4+ dw
1(W+2)(w—1)(w—4) aw+2 w-1 w-4

Sl 4,

=|2In(4)+2In(2)-2In(5)=%1n(2)-%In(5)

9

Note that we used a quick logarithm property to combine the first two logarithms into a single
logarithm. You should probably review your logarithm properties if you don’t recognize the one that we
used. These kinds of property applications can really simplify your work on occasion if you know them!
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8
4. Evaluate the integral j—dx .

3x° +7x* +4x

Step 1
To get the problem started off we need the form of the partial fraction decomposition of the integrand.
However, in order to get this, we’ll need to factor the denominator.

8 8
————dx= dx
3x"+7x" +4x x(3x+4)(x+1)
The form of the partial fraction decomposition for the integrand is then,

8 A B C

x(xra)(x+1) x 3x+d xtl

Step 2
Setting the numerators equal gives,

8:A(3x+4)(x+1)+Bx(x+1)+Cx(3x+4)
Step 3

We can use the “trick” discussed in the notes to easily get the coefficients in this case so let’s do that.
Here is that work.

x=-%: 8=%p A=2
x=0: 8=44 C=-3%

The partial fraction form of the integrand is then,

8 2 18 8
_l_

x(3x+4)(x+1) x 3x+4 x+1

Step 4
We can now do the integral.

j b= [ 18 Sl e[ Sl e
x(3x+4)(x+1) x 3x+4 x+1

Hopefully you are getting good enough with integration that you can do some of these integrals in your
head. Be careful however with the second integral. When doing these kinds of integrals in our head it is
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easy to forget about the substitutions that are technically required to do them and then miss the
coefficients from the substitutions that need to show up in the answer.

3z2° +1
5. Evaluate the integral J ——dz .

5 (z+l)(z—5)2

Step 1
In this case the denominator is already factored and so we can go straight to the form of the partial
fraction decomposition for the integrand.

327 +1 A N B C

(z41)(z=5) z+1 z-5 (z-5)

Step 2
Setting the numerators equal gives,

322 +1=A(z-5) + B(z+1)(z-5)+C(z+1)

Step 3
We can use the “trick” discussed in the notes to easily get two of the coefficients and then we can just
pick another value of z to get the third so let’s do that. Here is that work.

z=-1: 4=364
z=5: 76=6C =
z=0: 1=254-5B+C=12_5B

9

QO =
I
wlg olg’ o=

The partial fraction form of the integrand is then,

3z +1 _ 5 N N
(z+l)(z—5)2 z+l z-5 (2—5)2

Step 4
We can now do the integral.

4 2 4o 26 38
J 3Z—+12dZ:J —+——+——dz
2(z+1)(z—5) 2Z-i‘l z=5 (2—5)

:(%ln|z+l|+%ln|z—5|— 3 j

4

In(5)-2In(3)+%

o~

z—5

2
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4x-11
6. Evaluate the integral J‘%dx
x —9x

Step 1

To get the problem started off we need the form of the partial fraction decomposition of the integrand.
However, in order to get this, we’ll need to factor the denominator.

J43x—112 dy — ;lx—ll dr
X —9x x*(x-9)

The form of the partial fraction decomposition for the integrand is then,

4x-11 _é £+ C
xz(x—9)_x x> x-9

Step 2
Setting the numerators equal gives,

4x—11:Ax(x—9)+B(x—9)—i-Cx2
Step 3

We can use the “trick” discussed in the notes to easily get two of the coefficients and then we can just
pick another value of x to get the third so let’s do that. Here is that work.

x=0: -11=-9B A:—%
x=9: 25=8IC — B=1
x=1: —7:—8A—SB+C:—8A—% C:%
The partial fraction form of the integrand is then,
-1l _ - Y&
xz(x—9) x x> x-9
Step 4
We can now do the integral.
4x—11 _2 1 25 u
2x—dx=J 81+%+de=—%ln|x|—i+%ln|x—9|+c
X (x—9) x x x-9 X
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2
+2z+3
7. Evaluate the integral J;dz .

(2—6)(22 +4)

Step 1

58

In this case the denominator is already factored and so we can go straight to the form of the partial

fraction decomposition for the integrand.

2242243 _ A +BZ+C
(Z—6)(Z2+4) z—6 z'+4

Step 2
Setting the numerators equal gives,

zz+22+3=A(z2 +4)+(Bz+C)(z—6):(A+B)z2 +(—6B+C)z+44-6C

In this case the “trick” discussed in the notes won’t work all that well for us and so we’ll have to resort

to multiplying everything out and collecting like terms as shown above.

Step 3
Now, setting the coefficients equal gives the following system.

z%: A+B=1 A
Z': —-6B+C=2 = B=-1i
2’ 44-6C=3 C

The partial fraction form of the integrand is then,

2 51 _ 11 1
z°+2z+3 0 w2+

(z—6)<zz+4) Z—6Jr z+4

Step 4
We can now do the integral.

22 +2z+3 dZ:J o +_%Z+%dz
(Z—6)(Zz+4) z—6  zZ°+4

s 1, A
:J 40 240 n 220 dz
z—6 z°'+4 z +4

8 40

_ |51 11 2 7 -
= mln|z—6|——01n|z +4|+ 5 tan

e
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Note that the second integration needed the substitution u = z> +4 while the third needed the
formula provided in the notes.

8+1+6t>—12¢
8. Evaluate the integral J dt

(312 +4)(t2 +7)

Step 1
In this case the denominator is already factored and so we can go straight to the form of the partial
fraction decomposition for the integrand.

8+1+61>—12¢ _At+B Ct+D
(37 +4) (2 +7) 3°+4 P47

Step 2
Setting the numerators equal gives,

8+1+61"—126 =(At+B)(£ +7)+(Ct+D)(3* +4)
=(A4+3C)’ +(B+3D)t* +(74+4C)t+7B+4D

In this case the “trick” discussed in the notes won’t work all that well for us and so we’ll have to resort
to multiplying everything out and collecting like terms as shown above.

Step 3
Now, setting the coefficients equal gives the following system.

£ A+3C=-12 A=3

1 B+3D=6 B=0
=

t': TA+4C =1 =-5

t°: 7B+4D =8 D=2

The partial fraction form of the integrand is then,

8+r+61"—1260 3t L T5t+2
(32 +4)(+7) 3 +4 47

Step 4
We can now do the integral.
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8+1+617—127 _J 3 S5t+2
(3t2+4)(t2+7) 3°+4 47

3¢ 5t 2
= ———5——+t—5——dt
3t°+4 *+7 t°+7

= %1n|3t2 +4|—%1n|t2 +7|+%tan*1 (%)+c

Note that the first and second integrations needed the substitutions u =3¢* +4 and u=¢>+7
respectively while the third needed the formula provided in the notes.

9. Evaluate the integral 6)62—_3xdx
' " )+

Hint : Pay attention to the degree of the numerator and denominator!

Step 1

Remember that we can only do partial fractions on a rational expression if the degree of the numerator
is less than the degree of the denominator. In this case both the numerator and denominator are both
degree 2. This can be easily seen if we multiply the denominator out.

6x* —3x 6x* —3x

(x—2)(x+4) x> +2x-8

So, the first step is to do long division (we’ll leave it up to you to check our Algebra skills for the long
division) to get,

6x* —3x 6 48 —15x

(—2)(x+d)  (x-2)(x+4)

Step 2
Now we can do the partial fractions on the second term. Here is the form of the partial fraction
decomposition.

48—-15x A4 N B
(x—2)(x+4)_x—2 x+4

Setting the numerators equal gives,

48—15x=A(x+4)+B(x—2)
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Step 3
The “trick” will work here easily enough so here is that work.

x=-4: 108=-6B A=3
=
x=2: 18=64 B=-18

The partial fraction form of the second term is then,

48 —15x _ 3 B 18
(x—2)(x+4) x—2 x+4

Step 4
We can now do the integral.

6x° —3x 3 18
SIS o N PR L N 3 Y PO R Y NPT
(x—2)(x+4) x—2 x+4

2+w

10. Evaluate the integral J3—dw .

w +9w
Hint : Pay attention to the degree of the numerator and denominator!

Step 1

Remember that we can only do partial fractions on a rational expression if the degree of the numerator
is less than the degree of the denominator. In this case the degree of the numerator is 4 and the degree
of the denominator is 3.

So, the first step is to do long division (we’ll leave it up to you to check our Algebra skills for the long
division) to get,

Step 2
Now we can do the partial fractions on the second term. Here is the form of the partial fraction
decomposition.

2-9w? A Bw+C
2 =t
w(w +9) w  w +9

Setting the numerators equal gives,

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 62

2-9w" = A(w” +9)+w(Bw+C)=(4+B)w +Cw+94

In this case the “trick” discussed in the notes won’t work all that well for us and so we’ll have to resort
to multiplying everything out and collecting like terms as shown above.

Step 3
Now, setting the coefficients equal gives the following system.

w: A+B=-9 A=3
w: C=0 = B=-%
w 94=2 Cc=0

The partial fraction form of the second term is then,

2-9w? é
w(w2 +9) B w w+9

Step 4
We can now do the integral.

2+w 5 Bw
f3—dW= W+ ——2——dw= %w2+%ln|w|—%ln|w2+9|+c
w +9w w
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Section 1-5 : Integrals Involving Roots

1. Evaluate the integral j

T
2+/x-4

Step 1
The substitution we’ll use here is,

u=~x-4

Step 2
Now we need to get set up for the substitution. In other words, we need so solve for x and get dx.

x=u’+4 = dx =2udu

Step 3
Doing the substitution gives,

14u

7 7
JZ+\/x—4 ) 2+u( ) J2+” !

Step 4
This new integral can be done with the substitution v=u+2 . Doing this gives,

14(v—2)dv=J14_§dv=14v—28ln|v|+c

J#dx_
2++x—-4 v v

Step 5
The last step is to now do all the back substitutions to get the final answer.

e =14(u+2) = 28Infu+ 2]+ =[14(vx—4 +2) - 28In[\x=4 +2|+ ¢

o

Note that we could have avoided the second substitution if we’d used u =+/x—4 + 2 for the original
substitution.

This often doesn’t work, but in this case because the only extra term in the denominator was a constant
it didn’t change the differential work and so would work pretty easily for this problem.

2. Evaluate the integral J

1
dw .
w+2d01—-w+2
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Step 1
The substitution we’ll use here is,

Step 2
Now we need to get set up for the substitution. In other words, we need so solve for w and get dw.

w=1-u? = dw=-2udu

Step 3
Doing the substitution gives,

1 2u

1
dw=| ———(2u)du= | —=——du
Jw+2\/1—w+2 Jl—u2+2u+2( ) ju2—2u—3

Step 4
This integral requires partial fractions to evaluate. Let’s start with the form of the partial fraction
decomposition.

2u A B

(u+l)(u—3) u+1+u—3

Setting the coefficients equal gives,
2u= A(u —3)+B(u+l)
Using the “trick” to get the coefficients gives,

u=3: 6=4B
u=-1: -2=-44

SN
I
v o=

The integral is then,

Jz—udu=J 7 + 7 du=lln|u+1|+zln|u—3|+c
(u+1)(u-3) u+l u-3 2 2

Step 5
The last step is to now do all the back substitutions to get the final answer.

ST+ i -3 e

1
dw=
Jw+2\/1—w+2
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-2

dt .
t-3J2t-4+2

3. Evaluate the integral f

Step 1
The substitution we’ll use here is,

u=+2t-4

Step 2
Now we need to get set up for the substitution. In other words, we need so solve for t and get dt.

t=1u’+2 = dt=udu

Step 3
Doing the substitution gives,

[l
—
:I\)

|
S,
S
+
(02e]

S

t-2 12422
dt = 2 u)du
Jt—3\/2t—4+2 J§u2+2—3u+2( )

Step 4
This integral requires partial fractions to evaluate.

However, we first need to do long division on the integrand since the degree of the numerator (3) is
higher than the degree of the denominator (2). This gives,

u’ Cut64 28u —48
u'—6u+8 (u—2)(u—4)

The form of the partial fraction decomposition on the third term is,

28u—48 A B

(—2)(u-4) u-2 u-a

Setting the coefficients equal gives,
28u—48 = A(u—4)+B(u—2)

Using the “trick” to get the coefficients gives,
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u=4: 64=28B A=-4
u=2: 8=-24 B =32

The integral is then,

3
J”—duzju+6— 1,2 du=%u2+6u—4ln|u—2|+321n|u—4|+c

u—2 u-

Step 5
The last step is to now do all the back substitutions to get the final answer.

JLdu - t—2+6\/2t—4—4ln‘\/2t—4—2‘+32ln‘\/2t—4—4‘+c
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Section 1-6 : Integrals Involving Quadratics

7
1. Evaluate the integral j—dw .

w+3w+3
Step 1

The first thing to do is to complete the square (we’ll leave it to you to verify the completing the square
details) on the quadratic in the denominator.

A PR -
w +3w+3 (w+i) +3

2

Step 2
From this we can see that the following substitution should work for us.

U=w+3 = du = dw

2

Doing the substitution gives,

f#dw:J 27 du
w +3w+3 u +3
Step 3

This integral can be done with the formula given at the start of this section.

J*afw—ﬂtan_l (2—uj+c = ﬁtan_l (Mj+c
w?+3w+3 \/5 \/5 \/5 \/5

Don’t forget to back substitute in for u!

10x

2. Evaluate the integral fz—
4x° —8x+9

Step 1
The first thing to do is to complete the square (we’ll leave it to you to verify the completing the square
details) on the quadratic in the denominator.

J 21ox dx:J 10x2 0
4x" —8x+9 4(x—1) +5
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Step 2
From this we can see that the following substitution should work for us.

u=x-1 = du =dx & x=u+l

Doing the substitution gives,
10(u+1
4x° -8x+9 4u” +5
Step 3

We can quickly do this integral if we split it up as follows,

J—ZIOX dxzj I?u du+J 120 duzj li)u du+§ 21 du
4x" —8x+9 4u”+5 4u”+5 4u”+5 2)Ju+3

After a quick rewrite of the second integral we can see that we can do the first with the substitution

v=4u’ +5 and the second is an inverse trig integral we can evaluate using the formula given at the
start of the notes for this section.

Jlo—xdx—ilnM—i—é 2 tan™' 2u +c
4x* —8x+9 4 25 J5

= %1n|4u2 +5|+\/§tan_1 (Z—u]+c

NG

= %1n‘4(x—1)2 +5‘+\/§tan"' (2x_2j+c

J5

Don’t forget to back substitute in for u!

2t +
3. Evaluate the integral J 49 dt

(:2 —14t+46)

[Ny

Step 1
The first thing to do is to complete the square (we’ll leave it to you to verify the completing the square
details) on the quadratic in the denominator.

j 209 L |_uv9
(£ —14¢ +46)° ((t_7)2 _3)

5
2
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Step 2
From this we can see that the following substitution should work for us.

u=t-7 = du =dt & t=u+7

Doing the substitution gives,

J 249 . _ 2(u+7)+9du:J 2u+235 du
(t2—14t+46) (

ol
—
<
[N}
W
S~
(S

Step 3
Next, we’ll need to split the integral up as follows,

J 21 +9 dt:J 2u dej B
(ﬂ —14t+46) (u2 —3)2 (u* —3)2

The first integral can be done with the substitution v = u> —3 and the second integral will require the

[V

trig substitution u = \/gsecﬁ . Here is the substitution work.

J 2t+9 idtzjv_%dv+ Lﬁ(ﬁsec@tan@)d@
(£ - 14t +46)° J (3sec?0-3)

=Iv7%dv+ 23\/§sec9tan6?dg

(3tan2 (9)%
((23secO

=[viav+ | ==a0
J 9tan™ @

3
:Iv_%dv+§ C9S49
9 ) sin" @

o

do

Now, for the second integral, don’t forget the manipulations we often need to do so we can do these
kinds of integrals. If you need some practice on these kinds of integrals go back to the practice
problems for the second section of this chapter and work some of them.

Here is the rest of the integration process for this problem.
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2
2049 Sdzzjvzdwﬁ 1781070 (05040 w=sing
(141 +46)’ 9J) sin"0

= J.v_% a’v+%J‘w_4 —wZdw
= —%v% +%[—%(sin9)_3 +(sin 6’)_1}+c
Step 4

We now need to do quite a bit of back substitution to get the answer back into t’s. Let’s start with the
result of the second integration. Converting the @’s back to u’s will require a quick right triangle.

From the substitution we have,

secd = L (: h_yp]
3L adj

From the right triangle we get,
[ 2

. u -3

sinf =—— &

u

i

Plugging this into the integral above gives,

J 240 2 2w 2w
(1 ~ 141+ 46) 3w -3)" 27w -3)) V-3

Note that we also back substituted for the v in the first term as well and rewrote the first term a little.
Finally, all we need to do is back substitute for the u.

[
ol

J 249 4 2 (e 7) 23(¢- 7) .
(F-1arvd6)  3((t-7)-3) 27((-7 _3) 9\/t 7Y -3
| 23(e-7)  18423(¢-7) '

(=7 =3 27((e-7 -3)

We'll leave this solution with a final note about these kinds of problems. They are often very long,

messy and there are ample opportunities for mistakes so be careful with these and don’t get into too
much of a hurry when working them.
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3
4, Evaluate the integral J—Zdz .

(1-4z-22*)

Step 1
The first thing to do is to complete the square (we’ll leave it to you to verify the completing the square
details) on the quadratic in the denominator.

J3—2d22 I

Step 2
From this we can see that the following substitution should work for us.

u=z+1 = du=dz & z=u-1

Doing the substitution gives,
3 3(u—-1 3u-3
—szz - (—)2du - ”—2du
2 2 2
(1-4z-22%) (3-2u%) (3-2u%)
Step 3
Next, we’ll need to split the integral up as follows,

J—_ 3f 22dz:J—_3u22du—J—_32zdu
(1 4z 2z) (3 2u) (3 2u)

The first integral can be done with the substitution v =3 —2u* and the second integral will require the

trig substitution u = %sin @ . Here is the substitution work.

J3—Zdz __3 v2dy— %(ﬁcosé’)dé?

(1-4z-227) 4 ) (3-3sin0) "
3., [ 3 s
:_Z-[V dv— (30052 9)2 ($cosﬁ)d9

The second integral for this problem comes down to an integral that was done in the notes for the
second section of this chapter and so we’'ll just use the formula derived in that section to do this
integral.
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Here is the rest of the integration process for this problem.

3z 3 1
———dz="v"'——[secOtan O +In|secH+tan 6
J(142222>2 2=V 2\/6[860 an @ + In[sec 6 + tan |]+c

Step 4
We now need to do quite a bit of back substitution to get the answer back into z’s. Let’s start with the
result of the second integration. Converting the @’s back to u’s will require a quick right triangle.

From the substitution we have,

e

From the right triangle we get,
2u 3
tand = \/—— & secl= L 8
3-2u’ 3-2u’

sin@ =

Jou

Plugging this into the integral above gives,

J 3 3 1 { N 2u|}
(1—42—222)2 4(3_2”) 26| 3-2u’ |V3 2u’ |

Note that we also back substituted for the v in the first term as well and rewrote the first term a little.
Finally, all we need to do is back substitute for the u.

~dz =
(1-4z-22%) 4(3—2(z+1)) 6-4(z+1) ‘ 3-2(z+1)

+c

J 3z 3 z+1 ‘\/§+\/§(2+1)‘

We'll leave this solution with a final note about these kinds of problems. They are often very long,
messy and there are ample opportunities for mistakes so be careful with these and don’t get into too
much of a hurry when working them.
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Section 1-7 : Integration Strategy

Problems have not yet been written for this section.

| was finding it very difficult to come up with a good mix of “new” problems and decided my time was
better spent writing problems for later sections rather than trying to come up with a sufficient number
of problems for what is essentially a review section. |intend to come back at a later date when | have
more time to devote to this section and add problems then.
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Section 1-8 : Improper Integrals

1. Determine if the following integral converges or diverges. If the integral converges determine its
value.

J:(l +2x)e " dx

Hint : Don’t forget that we can’t do the integral as long as there is an infinity in one of the limits!

Step 1
First, we need to recall that we can’t do the integral as long as there is an infinity in one of the limits.
Therefore, we'll need to eliminate the infinity first as follows,

Iw(l +2x)e™" dx =lim t(l +2x)e " dx

0 t—w0 J0

Note that this step really is needed for these integrals! For some integrals we can use basic logic and
“evaluate” at infinity to get the answer. However, many of these kinds of improper integrals can’t be
done that way! This is the only way to make sure we can deal with the infinite limit in those cases.

So even if this ends up being one of the integrals in which we can “evaluate” at infinity we need to be in
the habit of doing this for those that can’t be done that way.

Step 2

Next, let’s do the integral. We'll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we need to do integration by parts to evaluate this integral. Here is the integration work.
u=1+2x - du =2dx
dv=e"dx - v=—e"

[(1+2x)e ™ dx=—(1+2x)e™ +2[ e dr=—(1+2x)e " —2e " +c=—(3+2x)e " +c

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and so we held off dealing with them until the next step.

Step 3
Okay, now let’s take care of the limits on the integral.

ro(lJr2X)e_)C dx = lim(—(3+2x)e‘x)t = lim(3_(3+2t)e—t)

0 t—o 0 t—w

Step 4
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We now need to evaluate the limit in our answer from the previous step and note that, in this case, we
really can’t just “evaluate” at infinity! We need to do the limiting process here to make sure we get the
correct answer.

We will need to do a quick L’Hospital’s Rule on the second term to properly evaluate it. Here is the limit
work.

[“(1+2x)e™ dx=lim3-lim>*2 =3 fim 2 =3-0=3

t—o t—x© e t—w e

Step 5
The final step is to write down the answer!

In this case, the limit we computed in the previous step existed and was finite (i.e. not an infinity).
Therefore, the integral converges and its value is 3.

2. Determine if the following integral converges or diverges. If the integral converges determine its
value.

[ (1+2x)e ax

Hint : Don’t forget that we can’t do the integral as long as there is an infinity in one of the limits!

Step 1
First, we need to recall that we can’t do the integral as long as there is an infinity in one of the limits.
Therefore, we'll need to eliminate the infinity first as follows,

[" (1+2x)e dr=lim ["(1+2x)e ™ dx

—o0 t——o0

Note that this step really is needed for these integrals! For some integrals we can use basic logic and
“evaluate” at infinity to get the answer. However, many of these kinds of improper integrals can’t be
done that way! This is the only way to make sure we can deal with the infinite limit in those cases.

So even if this ends up being one of the integrals in which we can “evaluate” at infinity we need to be in
the habit of doing this for those that can’t be done that way.

Step 2

Next, let’s do the integral. We'll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we need to do integration by parts to evaluate this integral. Here is the integration work.
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u=1+2x - du =2dx

dv=e"dx — v=—e"
[(1+2x)e ™ dx=—(1+2x)e™ +2[ e dr=—(1+2x)e " —2e " +c=—(3+2x)e " +c

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and so we held off dealing with them until the next step.

Step 3
Okay, now let’s take care of the limits on the integral.

j‘) (1+2x)e ™ dr = lim (~(3+2x)e”)[ = lim ((3+2¢)e" -3)

—00 —> —0 t —>—0

Step 4

We now need to evaluate the limit in our answer from the previous step. In this case we can see that
the first term will go to negative infinity since it is just a product of one factor that goes to negative
infinity and another factor that goes to infinity. Therefore, the full limit will also be negative infinity
since the constant second term won’t affect the final value of the limit.

IO (I1+2x)e ™ dx = lim (3+2¢)e” —lim3=(—o0)(0)-3=—0—3=—0

—0 t—>—w0 t—©

Step 5
The final step is to write down the answer!

In this case, the limit we computed in the previous step existed and but was negative infinity. Therefore,
the integral diverges.

3. Determine if the following integral converges or diverges. If the integral converges determine its

value.
1
j ! dz
510+2z

Hint : Don’t forget that we can’t do the integral as long as there is a division by zero in the integrand at
some point in the interval of integration!

Step 1

First, notice that there is a division by zero issue (and hence a discontinuity) in the integrand at z = -5
and this is the lower limit of integration. We know that as long as that discontinuity is there we can’t do
the integral. Therefore, we’ll need to eliminate the discontinuity first as follows,
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1 1
f ! dz = lim dz
510+2z t>-5" ), 10+ 2z

Don't forget that the limits on these kinds of integrals must be one-sided limits. Because the interval of
integration is [—5,1] we are only interested in the values of z that are greater than -5 and so we must

use a right-hand limit to reflect that fact.

Step 2

Next, let’s do the integral. We’ll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we can do a simple Calculus | substitution. Here is the integration work.

f ! dZ:lln|10+2Z|+C
10+2z 2

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and so we held off dealing with them until the next step.

Step 3
Okay, now let’s take care of the limits on the integral.

-5

m (lln|l2|—lln|10+2t|j
"2 2

1
=1l
-

t

1
f L 4= lim (lln|10+2z|]
s10+2z 52

Step 4
We now need to evaluate the limit in our answer from the previous step. Here is the limit work.

1
f L4z = tim (lln|l2|—lln|10+2l|j:lln|12|+oo:oo
51042z s\ 2 2 2

Step 5
The final step is to write down the answer!

In this case, the limit we computed in the previous step existed and but was infinity. Therefore, the
integral diverges.

4. Determine if the following integral converges or diverges. If the integral converges determine its
value.
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2
J 4—de
1 \/3 W2—4

Hint : Don’t forget that we can’t do the integral as long as there is a division by zero in the integrand at
some point in the interval of integration!

Step 1

First, notice that there is a division by zero issue (and hence a discontinuity) in the integrand at w =2
and this is the upper limit of integration. We know that as long as that discontinuity is there we can’t do
the integral. Therefore, we’ll need to eliminate the discontinuity first as follows,

J24—de: lim JI4—de
AW —4 =2 ) At -4

Don't forget that the limits on these kinds of integrals must be one-sided limits. Because the interval of
integration is [1,2] we are only interested in the values of t that are less than 2 and so we must use a
left-hand limit to reflect that fact.

Step 2

Next, let’s do the integral. We'll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we can do a simple Calculus | substitution. Here is the integration work.

wr

4
% dw= 3(w2 —4) +c

:HWZ _4

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral

and so we held off dealing with them until the next step.

Step 3
Okay, now let’s take care of the limits on the integral.

t

IS
W
W

-3(-3)

dw = 1im(3(w2 —4)

2
4w
J1 \]3 w?—4 =2

~lin(3(-4)

| |

We now need to evaluate the limit in our answer from the previous step. Here is the limit work.

Wiy

dw = lim (3(r2 —4)

f% - —3(—3)§)=—3(—3) ~(-3)!
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Step 5
The final step is to write down the answer!

In this case, the limit we computed in the previous step existed and was finite (i.e. not an infinity).

5
Therefore, the integral converges and its value is (—3)3 .

5. Determine if the following integral converges or diverges. If the integral converges determine its

value.
J._lw\/6—y dy

Hint : Don’t forget that we can’t do the integral as long as there is an infinity in one of the limits!

Step 1
First, we need to recall that we can’t do the integral as long as there is an infinity in one of the limits.
Therefore, we'll need to eliminate the infinity first as follows,

[ o=y dy=lim [[Joyay

Note that this step really is needed for these integrals! For some integrals we can use basic logic and
“evaluate” at infinity to get the answer. However, many of these kinds of improper integrals can’t be
done that way! This is the only way to make sure we can deal with the infinite limit in those cases.

So even if this ends up being one of the integrals in which we can “evaluate” at infinity we need to be in
the habit of doing this for those that can’t be done that way.

Step 2

Next, let’s do the integral. We’ll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we can do a simple Calculus | substitution. Here is the integration work.

[Vo—ydy=—2(6-y) +c

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and so we held off dealing with them until the next step.

Step 3
Okay, now let’s take care of the limits on the integral.
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Step 4
We now need to evaluate the limit in our answer from the previous step. Here is the limit work.

[N

JV6=y dv=Jim (~3(5)' +3(6-1)} ) ==3(5)" +0==0

Step 5
The final step is to write down the answer!

In this case, the limit we computed in the previous step existed and but was infinity. Therefore, the
integral diverges.

6. Determine if the following integral converges or diverges. If the integral converges determine its

value.
J 9 4
) (l — 32)

Hint : Don’t forget that we can’t do the integral as long as there is an infinity in one of the limits!

Step 1
First, we need to recall that we can’t do the integral as long as there is an infinity in one of the limits.
Therefore, we'll need to eliminate the infinity first as follows,

J %dz=hmj %dZ
2 (1—32) = 2(1—32)

Note that this step really is needed for these integrals! For some integrals we can use basic logic and
“evaluate” at infinity to get the answer. However, many of these kinds of improper integrals can’t be
done that way! This is the only way to make sure we can deal with the infinite limit in those cases.

So even if this ends up being one of the integrals in which we can “evaluate” at infinity we need to be in
the habit of doing this for those that can’t be done that way.

Step 2

Next, let’s do the integral. We'll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we can do a simple Calculus | substitution. Here is the integration work.
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J 2 dz = ! +c
(1-3z2)" (1-32)

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and so we held off dealing with them until the next step.

Step 3
Okay, now let’s take care of the limits on the integral.

“ 9 . 1 . 1 1
J —4dZ = 111’1’1 3 = hm 3 —(— j
5 (1—3z) 1= (1—3z) i 1> (1—31) 125

Step 4
We now need to evaluate the limit in our answer from the previous step. Here is the limit work

J“’ 9 . 1 1 1
————dz=Ilim T+ =
, (1-32) oo (1-3¢) 125) 125

Step 5
The final step is to write down the answer!

In this case, the limit we computed in the previous step existed and was finite (i.e. not an infinity).

Therefore, the integral converges and its value is % .

7. Determine if the following integral converges or diverges. If the integral converges determine its

value.
Yox
J 5 dx
0o X —9

Hint : Don’t forget that we can’t do the integral as long as there is a division by zero in the integrand at
some point in the interval of integration! Also, do not just assume the division by zero will be at one of
the limits of the integral.

Step 1

First, notice that there is a division by zero issue (and hence a discontinuity) in the integrand at x =3
and note that this is between the limits of the integral. We know that as long as that discontinuity is
there we can’t do the integral.

However, recall from the notes in this section that we can only deal with discontinuities that if they
occur at one of the limits of the integral. So, we’ll need to break up the integralat x =3 .
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4 3 4
J 2x dxzj 2x dx+j 2x dx
0o X —9 0o X —9 3 X —9

Remember as well, that we can only break up the integral like this provided both of the new integrals
are convergent! If it turns out that even one of them is divergent then it will turn out that we couldn’t
have done this and the original integral will be divergent.

So, not worrying about if this was really possible to do or not, let’s proceed with the problem.

We can eliminate the discontinuity in each as follows,

2 - 2 2
0o X =9 >3 )ox" =9 s>3t o x" —

4 t 4
J Y dr=lim | ——dx+ lim Y x

Don’t forget that the limits on these kinds of integrals must be one-sided limits.

Step 2

Next, let’s do the integral. We'll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we can do a simple Calc | substitution. Here is the integration work.

X 1
J_ 5 dx=—1n|x2—9|+c
x = 2

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and the integral for each was the same with only the limits being different so no reason to do the
integral twice.

Step 3
Okay, now let’s take care of the limits on the integral.

f ~_dx=lim (lln|x2 —90[ +lim (lln|x2 —9|j
0o X" =9 537\ 2 o O3\ 2

= lim Glnpz —9|—%ln(9)j+ lim [%ln(7)—%ln|s2 —9|j

t—3" s—37

4
S

Step 4
We now need to evaluate the limits in our answer from the previous step. Here is the limit work.
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" . (1 1 . (1 1
L = _9dx=tlir3r1(51n|t2 —9|—Eln(9)J+ lim (Eln(7)—§1n|s2 —9|j

_ [—oo—%ln@)} + {%ln(7)+oo}

Note that we put the answers for each limit in brackets to make it clear what each limit was. This will be
important for the next step.

Step 5
The final step is to write down the answer!

Now, from the limit work in the previous step we see that,

r3

~_dx=lim Glnpz = —%111(9)) :{—oo—%ln@)} =~

Jox =9 13"

3 x°=9 s—3"

(.

r4
S dx = lim Gm(7)-%m|s2 —9|j = [%ln(7)+oo} = oo

Therefore, each of these integrals are divergent. This means that we were, in fact, not able to break up
the integral as we did back in Step 1.

This in turn means that the integral diverges.

8. Determine if the following integral converges or diverges. If the integral converges determine its

value.

ow’

——dw
4
. (w + 1)

Hint : Don’t forget that we can’t do the integral as long as there is an infinity in one of the limits! Also,
don’t forget that infinities in both limits need as extra step to get set up.
Step 1
First, we need to recall that we can’t do the integral as long as there is an infinity in one of the limits.

Note as well that in this case we have infinities in both limits and so we’ll need to split up the integral.

The integral can be split up at any point in this case and w =0 seems like a good point to use for the
split point. Splitting up the integral gives,
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© 0 ©
W e | O e |
. (w4 +1) . (w4 +1) 0 (w4 +1)

Remember as well, that we can only break up the integral like this provided both of the new integrals
are convergent! If it turns out that even one of them is divergent then it will turn out that we couldn’t
have done this and the original integral will be divergent.

So, not worrying about if this was really possible to do or not, let’s proceed with the problem.

Now, we can eliminate the infinities as follows,

0 0 s
3 3 3
O e tim | =2 agwrtim |~ g

7w(w4+1) e, (w4+1) ), (w4+1)

Step 2

Next, let’s do the integral. We’ll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the

appropriate earlier sections.

In this case we can do a simple Calc | substitution. Here is the integration work.

6w’ 3 1
——dw=————+c

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and the integral for each was the same with only the limits being different so no reason to do the
integral twice.

Step 3
Okay, now let’s take care of the limits on the integral.

3
dew= lim (_i ! j
,w(w4+1) t—> -0 2w +1

s

b ( 301 j
+lim| ———
.l 2w+l
. 3 3 1 . 3 1 3
=lim| ——+—-— +lim| ————+—
to-el 2 2t +1) oo\ 285 +1 2
Step 4

We now need to evaluate the limits in our answer from the previous step. Here is the limit work
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Note that we put the answers for each limit in brackets to make it clear what each limit was. This will be
important for the next step.

Step 5
The final step is to write down the answer!

Now, from the limit work in the previous step we see that,

T oew (31 3) 3
W w=tim| -2 —— 42 |=2
(w1 el 2541 2) 2

Therefore, each of the integrals are convergent and have the values shown above. This means that we
could in fact break up the integral as we did in Step 1. Also, the original integral is now,

® 0 ®
%dwz szdeW'F %dw
_Oo(w +1) _m(w +1) 0 (w +l)
_ _% ., 3
—0

Therefore, the integral converges and its value is 0.

9. Determine if the following integral converges or diverges. If the integral converges determine its

value.
4
L X +x—6

Hint : Don’t forget that we can’t do the integral as long as there is a division by zero in the integrand at
some point in the interval of integration! Also, do not just assume the division by zero will be at one of
the limits of the integral.
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Step 1

First, notice that there is a division by zero issue (and hence a discontinuity) in the integrand at x =2
and note that this is between the limits of the integral. We know that as long as that discontinuity is
there we can’t do the integral.

However, recall from the notes in this section that we can only deal with discontinuities that if they
occur at one of the limits of the integral. So, we’ll need to break up the integralat x=2 .

fﬁd":f(ﬂs)l(x-z)d“f(ﬁs)l(x-z)dx

Remember as well, that we can only break up the integral like this provided both of the new integrals
are convergent! If it turns out that even one of them is divergent then it will turn out that we couldn’t
have done this and the original integral will be divergent.

So, not worrying about if this was really possible to do or not, let’s proceed with the problem.

We can eliminate the discontinuity in each as follows,

Y t 1 ) 1
J ———dx=Ilm [ ———————drx+lm | ——————dx
1 X" +x-6 =2 (x+3)(x—2) 52" ) (x+3)(x—2)
Don’t forget that the limits on these kinds of integrals must be one-sided limits.

Step 2

Next, let’s do the integral. We'll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we will need to do some partial fractions in order to the integral. Here is the partial fraction
work.

(x+3)(x—2):x+3+x—2 = 1=A(x—2)+B(x+3)
x=-3: 1=-54 B:%
The integration work is then,
1 1
dexzjxiZ_x—51r3dx:§1n|x_2|_%ln|x+3|+c
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Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and the integral for each was the same with only the limits being different so no reason to do the

integral twice.

Step 3
Okay, now let’s take care of the limits on the integral.

t 4

+ lim (lln|x—2| —lln|x+3|]
: s—>2% 5 5

| 1 1
J z—dxzlim(—ln|x—2|——ln|x+3|j
X +x-6 -2\ 5 5
) 1 1 1 1
—hm(gln|t—2|—gln|t+3|—(gln(l)—gln(4)jj

t—2
. 1 1 1 1
+ lim [gln(2)—gln(7)—(gln|s—2| —gln|s +3|D

s—2F

N

Step 4
We now need to evaluate the limits in our answer from the previous step. Here is the limit work.

| . (1 1 1 1
jl ———drx=1lim (gln|t—2|—§ln|t+3|—(gln(l)—gln(4)n

XX +x—6 =27
+ lim @m(z)-%m(ﬂ-@mp—2|—%1n|s+3|D

s—2F

1

[—w—%ln(5)+éln(4)} s [gln(2)—%ln(7)+%ln(5)+ooJ

Note that we put the answers for each limit in brackets to make it clear what each limit was. This will be
important for the next step.

Step 5
The final step is to write down the answer!

Now, from the limit work in the previous step we see that,
r2

1 1 1 1 1
L x=tim|~Inf=2| =~ <3| ~In(1)=~In(4) | | =—
] (x+3)(x—2) X tir?[s n|t | 5 n|t+ | (5 n( ) 5 n( )D o0

r4
——————dx=1lim| -In(2)-=In(7)-| =1 ] P | 3 _
J2 (x+3)()€—2) o s1)2+(5 1’1( ) 5 n( ) (5 Il|S | —5 1'1|S+ |jj 0

Therefore, each of these integrals are divergent. This means that we were, in fact, not able to break up
the integral as we did back in Step 1.
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This in turn means that the integral diverges.

10. Determine if the following integral converges or diverges. If the integral converges determine its
value.

Hint : Be very careful with this problem as it is nothing like what we did in the notes. However, you
should be able to take the material from the notes and use that to figure out how to do this problem.

Step 1
Now there is clearly an infinite limit here, but also notice that there is a discontinuity at x =0 that we’ll
need to deal with.

Based on the material in the notes it should make sense that, provided both integrals converge, we
should be able to split up the integral at any point. In this case let’s split the integral up at x =—1.
Doing this gives,

o 1 a1 o 1

e; (o e
—E'dX:: —E'dX'+ —E-dx
X X X

-0 —0 -1

Keep in mind that splitting up the integral like this can only be done if both of the integrals converge! If
it turns out that even one of them is divergent then it will turn out that we couldn’t have done this and
the original integral will be divergent.

So, not worrying about if this was really possible to do or not let’s proceed with the problem.
Now, we can eliminate the problems as follows,

o 1 a1 s 1
e’ . e’ . e’
—dx = lim —de+hm —2dx
X t— —o X s—>0" X

—o0 t -1

Step 2

Next, let’s do the integral. We’ll not be putting a lot of explanation/detail into the integration process.
By this point it is assumed that your integration skills are getting pretty good. If you find your
integration skills are a little rusty you should go back and do some practice problems from the
appropriate earlier sections.

In this case we can do a simple Calc | substitution. Here is the integration work.
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1
ex
2
X

1
dx=—e" +c

Note that we didn’t do the definite integral here. The limits don’t really affect how we do the integral
and the integral for each was the same with only the limits being different so no reason to do the
integral twice.

Step 3
Okay, now let’s take care of the limits on the integral.

1
s N o ! !
—dx=1lim|-e" | +lim|—e* | =lim|—e'+e |[+lim| —e’ +e
X {—> - 50~ t— - 550"
o , 4
Step 4
We now need to evaluate the limits in our answer from the previous step. Here is the limit work

1
e ! 1
—dx=lim| —e" +e' |+lim| —e’ +e”'
X t— —© s—0"
= [—e*1 +e°] - [O+e*1}

Note that,
1

lim — = -
s—=0" ¢

since we are doing a left-hand limit and so s will be negative. This in turn means that,

1

lim| —e* [=0
s—0"

Step 5
The final step is to write down the answer!

Now, from the limit work in the previous step we see that,

a1 o 1
(o _ e’ _
—2dX:—e]+1 —de:e]
X X

—o -1

Therefore, each of the integrals are convergent and have the values shown above. This means that we
could in fact break up the integral as we did in Step 1. Also, the original integral is now,
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Therefore, the integral converges and its value is 1.
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Section 1-9 : Comparison Test for Improper Integrals

1. Use the Comparison Test to determine if the following integral converges or diverges.

J31 dx
1x+1

Hint : Start off with a guess. Do you think this will converge or diverge?

Step 1
The first thing that we really need to do here is to take a guess on whether we think the integral
converges or diverges.

The “+1” in the denominator does not really change the size of the denominator as x gets really large
and so hopefully it makes sense that we can guess that this integral should behave like,

“1
f —3dx
1 X
Then, by the fact from the previous section, we know that this integral converges since p =3>1 .

Therefore, we can guess that the integral,

|
j —dx
1 X +1

will converge.

Be careful from this point on! One of the biggest mistakes that many students make at this point is to
say that because we’ve guessed the integral converges we now know that it converges and that’s all that
we need to do and they move on to the next problem.

Another mistake that students often make here is to say that because we’ve guessed that the integral
converges they make sure that the remainder of the work in the problem supports that guess even if the
work they do isn’t correct.

All we’ve done is make a guess. Now we need to prove that our guess was the correct one. This may
seem like a silly thing to go on about, but keep in mind that at this level the problems you are working
with tend to be pretty simple (even if they don’t always seem like it). This means that it will often (or at
least often once you get comfortable with these kinds of problems) be pretty clear that the integral
converges or diverges.

When these kinds of problems arise in other sections/applications it may not always be so clear if our

guess is correct or not and it can take some real work to prove the guess. So, we need to be in the habit
of actually doing the work to prove the guess so we are capable of doing it when it is required.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 92

The hard part with these problems is often not making the guess but instead proving the guess! So let’s
continue on with the problem.

Hint : Now that we’ve guessed the integral converges do we want a larger or smaller function that we
know converges?

Step 2
Recall that we used an area analogy in the notes of this section to help us determine if we want a larger
or smaller function for the comparison test.

We want to prove that the integral converges so if we find a larger function that we know converges the
area analogy tells us that there would be a finite (i.e. not infinite) amount of area under the larger
function.

Our function, which would be smaller, would then also have a finite amount of area under it. There is
no way we can have an infinite amount of area inside of a finite amount of areal!

Note that the opposite situation does us no good. If we find a smaller function that we know converges
(and hence will have a finite amount of area under it) our function (which is now larger) can have either
a larger finite amount of area or an infinite area under it.

In other words, if we find a smaller function that we know converges this will tell us nothing about our
function. However, if we find a larger function that we know converges this will force our function to
also converge.

Therefore we need to find a larger function that we know converges.

Step 3
Okay, now that we know we need to find a larger function that we know converges.

So, let’s start with the function from the integral. It is a fraction and we know that we can make a
fraction larger by making the denominator smaller. Also note that for x >1 (which we can assume from
the limits on the integral) we have,

X +l>x
Therefore, we have,
1 < 1
X+l X

since we replaced the denominator with something that we know is smaller.

Step 4
Finally, we know that,
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“1
—dx
jl x3

converges. Then because the function in this integral is larger than the function in the original integral
the Comparison Test tells us that,
|
J —dx
1 X +1

must also converge.

2. Use the Comparison Test to determine if the following integral converges or diverges.

J 3 1dz
3 2 —

Hint : Start off with a guess. Do you think this will converge or diverge?

Step 1
The first thing that we really need to do here is to take a guess on whether we think the integral
converges or diverges.

The “-1” in the denominator does not really change the size of the denominator as z gets really large and
so hopefully it makes sense that we can guess that this integral should behave like,

o0 2 o0
J Z—3dzf lafz
3 Z 3 Z

Then, by the fact from the previous section, we know that this integral diverges since p=1<1 .

Therefore, we can guess that the integral,

will diverge.
Be careful from this point on! One of the biggest mistakes that many students make at this point is to

say that because we’ve guessed the integral diverges we now know that it diverges and that’s all that we
need to do and they move on to the next problem.
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Another mistake that students often make here is to say that because we’ve guessed that the integral
diverges they make sure that the remainder of the work in the problem supports that guess even if the
work they do isn’t correct.

All we've done is make a guess. Now we need to prove that our guess was the correct one. This may
seem like a silly thing to go on about, but keep in mind that at this level the problems you are working
with tend to be pretty simple (even if they don’t always seem like it). This means that it will often (or at
least often once you get comfortable with these kinds of problems) be pretty clear that the integral
converges or diverges.

When these kinds of problems arise in other sections/applications it may not always be so clear if our
guess is correct or not and it can take some real work to prove the guess. So, we need to be in the habit
of actually doing the work to prove the guess so we are capable of doing it when it is required.

The hard part with these problems is often not making the guess but instead proving the guess! So let’s
continue on with the problem.

Hint : Now that we’ve guessed the integral diverges do we want a larger or smaller function that we
know diverges?

Step 2
Recall that we used an area analogy in the notes of this section to help us determine if we want a larger
or smaller function for the comparison test.

We want to prove that the integral diverges so if we find a smaller function that we know diverges the
area analogy tells us that there would be an infinite amount of area under the smaller function.

Our function, which would be larger, would then also have an infinite amount of area under it. There is
no way we can have an finite amount of area covering an infinite amount of area!

Note that the opposite situation does us no good. If we find a larger function that we know diverges
(and hence will have a infinite amount of area under it) our function (which is now smaller) can have
either a finite amount of area or an infinite area under it.

In other words, if we find a larger function that we know diverges this will tell us nothing about our
function. However, if we find a smaller function that we know diverges this will force our function to
also diverge.

Therefore we need to find a smaller function that we know diverges.

Step 3
Okay, now that we know we need to find a smaller function that we know diverges.

So, let’s start with the function from the integral. It is a fraction and we know that we can make a
fraction smaller by making the denominator larger. Also note that for z >3 (which we can assume

from the limits on the integral) we have,

2-1<z
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Therefore, we have,

since we replaced the denominator with something that we know is larger.

Step 4
Finally, we know that,

Jldz
3 Z

diverges. Then because the function in this integral is smaller than the function in the original integral
the Comparison Test tells us that,

must also diverge.

3. Use the Comparison Test to determine if the following integral converges or diverges.

© LY
J .5
4 Y

Hint : Start off with a guess. Do you think this will converge or diverge?

Step 1
The first thing that we really need to do here is to take a guess on whether we think the integral
converges or diverges.

We need to be a little careful with the guess for this problem. We might be tempted to use the fact
from the previous section to guess diverge since the exponent on the y in the denominatoris p=1<1 .

That would be incorrect however. Recall that the fact requires a constant in the numerator and we

clearly do not have that in this case. In fact what we have in the numerator is € and this goes to zero
very fast as y — o0 and so there is a pretty good chance that this integral will in fact converge.

Be careful from this point on! One of the biggest mistakes that many students make at this point is to
say that because we’ve guessed the integral converges we now know that it converges and that’s all that
we need to do and they move on to the next problem.
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Another mistake that students often make here is to say that because we’ve guessed that the integral
converges they make sure that the remainder of the work in the problem supports that guess even if the
work they do isn’t correct.

All we've done is make a guess. Now we need to prove that our guess was the correct one. This may
seem like a silly thing to go on about, but keep in mind that at this level the problems you are working
with tend to be pretty simple (even if they don’t always seem like it). This means that it will often (or at
least often once you get comfortable with these kinds of problems) be pretty clear that the integral
converges or diverges.

When these kinds of problems arise in other sections/applications it may not always be so clear if our
guess is correct or not and it can take some real work to prove the guess. So, we need to be in the habit
of actually doing the work to prove the guess so we are capable of doing it when it is required.

The hard part with these problems is often not making the guess but instead proving the guess! So let’s
continue on with the problem.

Hint : Now that we’ve guessed the integral converges do we want a larger or smaller function that we
know converges?

Step 2
Recall that we used an area analogy in the notes of this section to help us determine if we want a larger
or smaller function for the comparison test.

We want to prove that the integral converges so if we find a larger function that we know converges the
area analogy tells us that there would be a finite (i.e. not infinite) amount of area under the larger
function.

Our function, which would be smaller, would then also have a finite amount of area under it. There is
no way we can have an infinite amount of area inside of a finite amount of area!

Note that the opposite situation does us no good. If we find a smaller function that we know converges
(and hence will have a finite amount of area under it) our function (which is now larger) can have either
a larger finite amount of area or an infinite area under it.

In other words, if we find a smaller function that we know converges this will tell us nothing about our
function. However, if we find a larger function that we know converges this will force our function to
also converge.

Therefore we need to find a larger function that we know converges.

Step 3
Okay, now that we know we need to find a larger function that we know converges.

So, let’s start with the function from the integral. It is a fraction and we know that we can make a
fraction larger by making the denominator smaller. From the limits on the integral we can see that,
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Therefore, we have,

since we replaced the denominator with something that we know is smaller.

Step 4
Finally, we will need to prove that,

Lw e’ dy

converges. However, after the previous section that shouldn’t be too difficult. Here is that work.

! 4

Lw%e*y dy = }i_glﬂ%e’y dy = lim(—%e’y)

11—

—1; Lot 1a4)_1
—11m(—7e +5e )—Ie

4 t—0

The limit existed and was finite and so we know that,

s

converges.

Therefore, because the function in this integral is larger than the function in the original integral the

Comparison Test tells us that,

© LYy
J, 5o
4 Y

must also converge.

97

4. Use the Comparison Test to determine if the following integral converges or diverges.

- |
—dz
L z4+227°

Hint : Start off with a guess. Do you think this will converge or diverge?

Step 1
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The first thing that we really need to do here is to take a guess on whether we think the integral
converges or diverges.

Both the numerator and denominator of this function are polynomials and we know that as z — o the
behavior of each of the polynomials will be the same as the behavior of the largest power of z.
Therefore, it looks like this integral should behave like,

“z “1
j —4dZ :J —3dZ
1 Z 1 Z
Then, by the fact from the previous section, we know that this integral converges since p=3>1 .

Therefore, we can guess that the integral,

- |
—dz
Jl zt+ 2277

will converge.

Be careful from this point on! One of the biggest mistakes that many students make at this point is to
say that because we’ve guessed the integral converges we now know that it converges and that’s all that
we need to do and they move on to the next problem.

Another mistake that students often make here is to say that because we’ve guessed that the integral
converges they make sure that the remainder of the work in the problem supports that guess even if the
work they do isn’t correct.

All we’ve done is make a guess. Now we need to prove that our guess was the correct one. This may
seem like a silly thing to go on about, but keep in mind that at this level the problems you are working
with tend to be pretty simple (even if they don’t always seem like it). This means that it will often (or at
least often once you get comfortable with these kinds of problems) be pretty clear that the integral
converges or diverges.

When these kinds of problems arise in other sections/applications it may not always be so clear if our
guess is correct or not and it can take some real work to prove the guess. So, we need to be in the habit
of actually doing the work to prove the guess so we are capable of doing it when it is required.

The hard part with these problems is often not making the guess but instead proving the guess! So let’s
continue on with the problem.

Hint : Now that we’ve guessed the integral converges do we want a larger or smaller function that we
know converges?

Step 2

Recall that we used an area analogy in the notes of this section to help us determine if we want a larger
or smaller function for the comparison test.
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We want to prove that the integral converges so if we find a larger function that we know converges the
area analogy tells us that there would be a finite (i.e. not infinite) amount of area under the larger
function.

Our function, which would be smaller, would then also have a finite amount of area under it. There is
no way we can have an infinite amount of area inside of a finite amount of area!

Note that the opposite situation does us no good. If we find a smaller function that we know converges
(and hence will have a finite amount of area under it) our function (which is now larger) can have either
a larger finite amount of area or an infinite area under it.

In other words, if we find a smaller function that we know converges this will tell us nothing about our
function. However, if we find a larger function that we know converges this will force our function to
also converge.

Therefore we need to find a larger function that we know converges.

Step 3
Okay, now that we know we need to find a larger function that we know converges.

So, let’s start with the function from the integral. It is a fraction and we know that we can make a
fraction larger by making numerator larger or the denominator smaller.

Note that for z >1 (which we can assume from the limits on the integral) we have,
z—1l<z
Therefore, we have,

z—1 z _ 1
24222 42722 P42z

since we replaced the numerator with something that we know is larger.

Step 4

It is at this point that students again often make mistakes with this kind of problem. After doing one
manipulation of the numerator or denominator they stop the manipulation and declare that the new
function must converge (since that is what we want after all) and move on to the next problem.

Recall however that we must know that the new function converges and we’ve not gotten to a function

yet that we know converges. To get to a function that we know converges we need to do one more
manipulation of the function.

Again, note that for z >1 we have,

22 4+2z>2°
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Therefore, we have,

1
2 +2z 72

since we replaced the denominator with something that we know is smaller.

Step 5
Finally, putting the results of Steps 3 & 4 together we have,

z—1 <1
zt+2z2 2

1
f —3dZ
1 Z
converges. Then because the function in this integral is larger than the function in the original integral
the Comparison Test tells us that,
* z-1
J ﬁdz
|z 42z

and we know that,

must also converge.

5. Use the Comparison Test to determine if the following integral converges or diverges.

® 2
w+1
J 3 > dw

. W (cos (w)+1)
Hint : Start off with a guess. Do you think this will converge or diverge?
Step 1
The first thing that we really need to do here is to take a guess on whether we think the integral
converges or diverges.
The numerator of this function is a polynomial and we know that as w — oo the behavior of
polynomials will be the same as the behavior of the largest power of w. Also the cosine term in the

denominator is bounded and never gets too large or small.

Therefore, it looks like this integral should behave like,
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J W—sdw=J —dw
6 W 6 W

Then, by the fact from the previous section, we know that this integral diverges since p =1<1 .

Therefore, we can guess that the integral,

: w? +1 dw
w’ (cos2 (w)+ 1)

6
will diverge.

Be careful from this point on! One of the biggest mistakes that many students make at this point is to
say that because we’ve guessed the integral diverges we now know that it diverges and that’s all that we
need to do and they move on to the next problem.

Another mistake that students often make here is to say that because we’ve guessed that the integral
diverges they make sure that the remainder of the work in the problem supports that guess even if the
work they do isn’t correct.

All we’ve done is make a guess. Now we need to prove that our guess was the correct one. This may
seem like a silly thing to go on about, but keep in mind that at this level the problems you are working
with tend to be pretty simple (even if they don’t always seem like it). This means that it will often (or at
least often once you get comfortable with these kinds of problems) be pretty clear that the integral
converges or diverges.

When these kinds of problems arise in other sections/applications it may not always be so clear if our
guess is correct or not and it can take some real work to prove the guess. So, we need to be in the habit
of actually doing the work to prove the guess so we are capable of doing it when it is required.

The hard part with these problems is often not making the guess but instead proving the guess! So let’s
continue on with the problem.

Hint : Now that we’ve guessed the integral diverges do we want a larger or smaller function that we
know diverges?

Step 2
Recall that we used an area analogy in the notes of this section to help us determine if we want a larger

or smaller function for the comparison test.

We want to prove that the integral diverges so if we find a smaller function that we know diverges the
area analogy tells us that there would be an infinite amount of area under the smaller function.

Our function, which would be larger, would then also have an infinite amount of area under it. There is
no way we can have an finite amount of area covering an infinite amount of area!
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Note that the opposite situation does us no good. If we find a larger function that we know diverges
(and hence will have a infinite amount of area under it) our function (which is now smaller) can have
either a finite amount of area or an infinite area under it.

In other words, if we find a larger function that we know diverges this will tell us nothing about our
function. However, if we find a smaller function that we know diverges this will force our function to
also diverge.

Therefore we need to find a smaller function that we know diverges.

Step 3
Okay, now that we know we need to find a smaller function that we know diverges.

So, let’s start with the function from the integral. It is a fraction and we know that we can make a

fraction smaller by making the numerator smaller or the denominator larger. Also note that for w> 6
(which we can assume from the limits on the integral) we have,

w+1>w
Therefore, we have,

w+1 w? 1

3 2 > 3 2 2

w (cos (w)+1) w (cos (w)+1) w(cos (w)+1)
since we replaced the numerator with something that we know is smaller.
Step 4
It is at this point that students again often make mistakes with this kind of problem. After doing one
manipulation of the numerator or denominator they stop the manipulation and declare that the new
function must diverge (since that is what we want after all) and move on to the next problem.
Recall however that we must know that the new function diverges and we’ve not gotten to a function

yet that we know diverges. To get to a function that we know diverges we need to do one more
manipulation of the function.

For this step we know that 0 < cos’ (w) <1 and so we will have,
cos’ (w)+1<1+1=2

Therefore, we have,

1 1 1
> =—

w(cos2 (w)+ 1) w(2) 2w

since we replaced the denominator with something that we know is larger.
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Step 5
Finally, putting the results of Steps 3 & 4 together we have,

w? +1 1

w’ (cos2 (w)+ 1) 2w

and we know that,

de:lj L

62W 26W
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diverges. Then because the function in this integral is smaller than the function in the original integral

the Comparison Test tells us that,

: w?+1 dw
w’ (cos2 (w)+ 1)

6

must also diverge.
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Section 1-10 : Approximating Definite Integrals

7

1. Using n =6 approximate the value of f ——dx using

1 X +1
(a) the Midpoint Rule,

(b) the Trapezoid Rule, and

(c) Simpson’s Rule

Use at least 6 decimal places of accuracy for your work.

(a) Midpoint Rule
While it’s not really needed to do the problem here is a sketch of the graph.

¥

025 ,
I|
| |I
0.20f
0.15f
0.10f \
0.05| o
[ ~—
— + e
1 2 3 4 3 6 7

We know that we need to divide the interval [1,7] into 6 subintervals each with width,

A=

The endpoints of each of these subintervals are represented by the dots on the x axis on the graph
above.

The tick marks between each dot represents the midpoint of each of the subintervals. The x-values of
the midpoints for each of the subintervals are then,

302
27 29 9

7
2

So, to use the Midpoint Rule to approximate the value of the integral all we need to do is plug into the
formula. Doing this gives,
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f x31+1dxz(1)[f(%j+f@j+f(

=10.33197137

(b) Trapezoid Rule

Jo(3)(3)

From the Midpoint Rule work we know that the width of each subinterval is Ax =1 and for reference
purposes the sketch of the graph along with the endpoints of each subinterval marked by the dots is

shown below.

¥
023f

0:20f \
0.15

0.10} \

0.05F h

_1_g—|—*_x

7

So, to use the Trapezoid Rule to approximate the value of the integral all we need to do is plug into the

formula. Doing this gives,

f x31+ldxz@[f(l)+zf(z)+zf(3)+zf(4)+zf(s)+zf(6)+f(7)]

=[0.42620830]

(c) Simpson’s Rule

From the Midpoint Rule work we know that the width of each subinterval is Ax =1 and for reference
purposes the sketch of the graph along with the endpoints of each subinterval marked by the dots is

shown below.
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bl &
(ST %

B — g—: —* x
As with the first two parts all we need to do is plug into the formula to use Simpson’s Rule to
approximate value of the integral. Doing this gives,
f7 :
1

x+1

=[0.37154155]

dxzGj[f(l)+4f(2)+2f(3)+4f(4)+2f(5)+4f(6)+f(7)]

2
2. Using n =6 approximate the value of I 1\/e’xz +1dx using
(a) the Midpoint Rule,
(b) the Trapezoid Rule, and
(c) Simpson’s Rule

Use at least 6 decimal places of accuracy for your work.
(a) Midpoint Rule

While it’s not really needed to do the problem here is a sketch of the graph.
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The endpoints of each of these subintervals are represented by the dots on the x axis on the graph
above.

The tick marks between each dot represents the midpoint of each of the subintervals. The x-values of
the midpoints for each of the subintervals are then,

302

9 b b

1 7
4 4

So, to use the Midpoint Rule to approximate the value of the integral all we need to do is plug into the
formula. Doing this gives,

R e R EO e

(b) Trapezoid Rule
From the Midpoint Rule work we know that the width of each subinterval is Ax :% and for reference

purposes the sketch of the graph along with the endpoints of each subinterval marked by the dots is
shown below.
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So, to use the Trapezoid Rule to approximate the value of the integral all we need to do is plug into the
formula. Doing this gives,

fl\/e"ziﬂdxz(ﬁj{f(—m2f(—%j+2f(o)+2f@)+2f(1)+2f8]+f(2)}

2

=13.69596543

(c) Simpson’s Rule

From the Midpoint Rule work we know that the width of each subinterval is Ax :% and for reference
purposes the sketch of the graph along with the endpoints of each subinterval marked by the dots is
shown below.

10F —

06f

04}

=
(2]
T

¢
*

+
—

.
e
Ea ,—
=

As with the first two parts all we need to do is plug into the formula to use Simpson’s Rule to
approximate value of the integral. Doing this gives,
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fl et +1dxz(?J[f(—l)+4f(—%j+2f(0)+4f[%j+2f(1)+4f(%)+f(2)}
=[3.70358145]

4
3. Using n =8 approximate the value of IO COS(1+\/;) dx using

(a) the Midpoint Rule,
(b) the Trapezoid Rule, and
(c) Simpson’s Rule

Use at least 6 decimal places of accuracy for your work.

(a) Midpoint Rule
While it’s not really needed to do the problem here is a sketch of the graph.

!

b L
I‘J‘_
-l
L

-—

*

"

—02f
—04f
—0sf ~_

~0sf ~

-10k —
We know that we need to divide the interval [0,4] into 8 subintervals each with width,

4-0 1
A_x = —_—
8 2
The endpoints of each of these subintervals are represented by the dots on the x axis on the graph
above.

The tick marks between each dot represents the midpoint of each of the subintervals. The x-values of
the midpoints for each of the subintervals are then,

302

7o no b
,7,4,47”4

1
4
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So, to use the Midpoint Rule to approximate the value of the integral all we need to do is plug into the
formula. Doing this gives,

o3[ (3 23
A2
=|-2.51625938|

(b) Trapezoid Rule
From the Midpoint Rule work we know that the width of each subinterval is Ax :% and for reference

purposes the sketch of the graph along with the endpoints of each subinterval marked by the dots is
shown below.

04

—02
_04f
~0f ~_

—osf ~—

-10F ——

So, to use the Trapezoid Rule to approximate the value of the integral all we need to do is plug into the
formula. Doing this gives,

Io4cos(1+x/;)dxz(%)[f(O)+2f(%}+2f(l)+2f(%j+2f(2)+2f[§]+

zf(3)+zf@+f(4)}
=[-2.43000475]

(c) Simpson’s Rule
From the Midpoint Rule work we know that the width of each subinterval is Ax :% and for reference

purposes the sketch of the graph along with the endpoints of each subinterval marked by the dots is
shown below.
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—-4
—0af E N
—04f
yy:
_0sf

—10F

As with the first two parts all we need to do is plug into the formula to use Simpson’s Rule to

approximate value of the integral. Doing this gives,

J.:COS(1+\/;)dxz(%j{f(O)+4f(%}+2f(1)+4f(%)+2f(2)+4f(%)+

=|-2.47160136

2f(3)+4f(%j+f(4)}
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Chapter 2 : Applications of Integrals

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

Arc Length — In this section we’ll determine the length of a curve over a given interval.

Surface Area — In this section we’ll determine the surface area of a solid of revolution, i.e. a solid
obtained by rotating a region bounded by two curves about a vertical or horizontal axis.

Center of Mass — In this section we will determine the center of mass or centroid of a thin plate where
the plate can be described as a region bounded by two curves (one of which may the x or y-axis).

Hydrostatic Pressure and Force — In this section we’ll determine the hydrostatic pressure and force on a
vertical plate submerged in water. The plates used in the examples can all be described as regions
bounded by one or more curves/lines.

Probability — Many quantities can be described with probability density functions. For example, the
length of time a person waits in line at a checkout counter or the life span of a light bulb. None of these
quantities are fixed values and will depend on a variety of factors. In this section we will look at
probability density functions and computing the mean (think average wait in line or average life span of
a light blub) of a probability density function.
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Section 2-1 : Arc Length

1. Set up, but do not evaluate, an integral for the length of y=+/x+2 , 1<x<7 using,

d 2
(a) ds = 1_{_)/} dx
dx

2
(b) ds = 1+[ﬁ} dy
dy

(a) ds = 1+[a’_y} dx

Step 1
We'll need the derivative of the function first.

1
U VN S
dv 2 2(x+2)2
Step 2
Plugging this into the formula for ds gives,
2
2
ds = 1+|:ﬂ} dx= [1+ ;1 dx = l+;dx: ﬂdx
dx 4(x+2) 4(x+2)

Step 3
All we need to do now is set up the integral for the arc length. Also note that we have a dx in the
formula for ds and so we know that we need x limits of integration which we’ve been given in the

problem statement.
" fax+9
L =I ds = J ‘/ dx
, V4x+38

2
(b) ds = 1+[ﬁ} dy
dy

Step 1
In this case we first need to solve the function for x so we can compute the derivative in the ds.
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y=+x+2 - x=y" -2

The derivative of this is,

Step 2
Plugging this into the formula for ds gives,

2
ds = lw{z—;j dy=\/1+[2y]2 dy =\J1+4y" dy

Step 3
Next, note that the ds has a dy in it and so we’ll need y limits of integration.

We are only given x limits in the problem statement. However, we can plug these into the function we
were given in the problem statement to convert them to y limits. Doing this gives,

x=1:y=\/§ x=7:y=\/§=3
So, the corresponding y limits are : \/§£y£3.

Step 4
Finally, all we need to do is set up the integral.

L:J. ds = J.;\/1+4y2 dy

2. Set up, but do not evaluate, an integral for the length of x = Cos(y) ,0<x<

2
(a) ds=,[1+ [d_y} dx
\/ dx

2
(b) ds = 1+[ﬁ} dy
dy

d 2
(a) ds = 1_{_}/} dx
dx

Step 1
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In this case we first need to solve the function for y so we can compute the derivative in the ds.
x=cos(y) - y=cos™ (x)=arccos(x)

Which notation you use for the inverse tangent is not important since it will be “disappearing” once we
take the derivative.

Speaking of which, here is the derivative of the function.

Ay 1

dx 1-x°

Step 2
Plugging this into the formula for ds gives,

2 2 2
ds = 1{‘1—@ dx = 1+[— 1 } de= Jle— = |22 g
dx 1—x2 I-x 1-x
Step 3
All we need to do now is set up the integral for the arc length. Also note that we have a dx in the
formula for ds and so we know that we need x limits of integration which we’ve been given in the
problem statement.

2 [2—x?
L:I ds = J P dx

2
(b) ds = 1+[ﬂ} dy
dy

Step 1
We'll need the derivative of the function first.

Z—;‘:-sin(y)

Step 2
Plugging this into the formula for ds gives,

ds = 1+{%T dy:\/1+[—sin(y)]2 dy = /1 +sin’ (y)dy

'y

Step 3
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Next, note that the ds has a dy in it and so we’ll need y limits of integration.

We are only given x limits in the problem statement. However, in part (a) we solved the function for y
to get,

y=cos ' (x)=arccos(x)

and all we need to do is plug x limits we were given into this to convert them to y limits. Doing this
gives,

x=0: y=cos_1(0)=arccos(0)=%
1 (1 1 /4
xX=—: y=co0s | — |=arccos| — |=—
2 2 2 3
So, the corresponding y limits are : % <y< %

Note that we used both notations for the inverse cosine here but you only need to use the one you are
comfortable with. Also, recall that we know that the range of the inverse cosine function is,

0<cos™ (x)<rx

Therefore, there is only one possible value of y that we can get out of each value of x.

Step 4
Finally, all we need to do is set up the integral.

L:I ds = || \1+sin’ (y)dy

W[N]y

3. Determine the length of y = 7(6+x)% , 189 <y <875.

Step 1

Since we are not told which ds to use we will have to decide which one to use. In this case the function
is set up to use the ds in terms of x. Note as well that if we solve the function for x (which we’d need to
do in order to use the ds that is in terms of y) we would still have a fractional exponent and the
derivative will not work out as nice once we plug it into the ds formula.

So, let’s take the derivative of the given function and plug into the ds formula.
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D2V )
dce 2

2 2
ds =1+ Q dx= 1+ 2(6+x) dx = 1+ﬂ(6+x)dx
dx 2 \ 4
:,/$+%xdx:%\/2650+441xdx

We did a little simplification that may or may not make the integration easier. That will probably
depend upon the person doing the integration and just what they find the easiest to deal with. The
point is there are several forms of the ds that we could use here. All will give the same answer.

Np—

Step 2

Next, we need to deal with the limits for the integral. The ds that we choose to use in the first step has a
dx in it and that means that we’ll need x limits for our integral. We, however, were given y limits in the
problem statement. This means we’ll need to convert those to x’s before proceeding with the integral.

To do convert these all we need to do is plug them into the function we were given in the problem
statement and solve for the corresponding x. Doing this gives,

[S]%)

S 6+x=27"=9 > x=3

y=189: 189=7(6+x)

(1%}
[%)N)

y=2875: 875:7(6+x) - 6+x=125=25 —> x=19

So, the corresponding ranges of x'sis: 3<x<19.

Step 3
The integral giving the arc length is then,

L=[ ds=[ $2650+441x dv

Step 4
Finally, all we need to do is evaluate the integral. In this case all we need to do is use a quick Calc |
substitution. We'll leave most of the integration details to you to verify.

The arc length of the curve is,

19 3
L= L 142650 + 44 1x dx = 155(2650 + 44 1x )’

19
3

- 4(11029%—3973%)%86.1904

1323
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4. Determine the length of x = 4(3 +y)2 , 1<y <4,

Step 1
Since we are not told which ds to use we will have to decide which one to use. In this case the function
is set up to use the ds in terms of y.

If we were to solve the function for y (which we’d need to do in order to use the ds that is in terms of x)
we would put a square root into the function and those can be difficult to deal with in arc length
problems.

So, let’s take the derivative of the given function and plug into the ds formula.

dx

o83
o G +)
d 2
ds = 1+{d—ﬂ dy=\1+[8(3+ )] dy=\1+64(3+ )" dy

Note that we did not square out the term under the root. Doing that would greatly complicate the
integration process so we’ll need to leave it as it is.

Step 2
In this case we don’t need to anything special to get the limits for the integral. Our choice of ds contains
a dy which means we need y limits for the integral and nicely enough that is what we were given in the

problem statement.

So, the integral giving the arc length is,

L=[ds=[ \1+64(3+y)" dy

Step 3

Finally, all we need to do is evaluate the integral. In this case all we need to do is use a trig substitution.
WEe'll not be putting a lot of explanation into the integration work so if you need a little refresher on trig
substitutions you should go back to that section and work a few practice problems.

The substitution we’ll need is,
3+y=4tand — dy =1sec’ 0dO

In order to properly deal with the square root we’ll need to convert the y limits to @ limits. Here is that
work.
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y=1: 4=1ltand — tanf#=32 — O=tan'(32)=1.5396
y=4: 7=%tanf — tanf=56 — O=tan"(56)=1.5529

Now let’s deal with the square root.

\/1—1-64(3—1-)/)2 :\/1+64(§tan0)2 =+/1+tan> 0 = /sec’ 0 =lsec|

From the work above we know that € isin the range 1.5396 <0 <1.5529. This is in the first and
fourth quadrants and cosine (and hence secant) is positive in this range. So,

1+64(3+y) =sech

Putting all of this together gives,

4 1.5529

Evaluating the integral gives,

L= .[14 J1+64(3+y) dy = (tan @sec @ +Intan 6 + sec ¢9|)|:sz =[130.9570]

Note that if you used more decimal places than four here (the standard number of decimal places that
we tend to use for these problems) you may have gotten a slightly different answer. Using a computer
to get an “exact” answer gives 132.03497085.

These kinds of different answers can be a real issues with these kinds of problems and illustrates the
potential problems if you round numbers too much.

Of course, there is also the problem of often not knowing just how many decimal places are needed to
get an “accurate” answer. In many cases 4 decimal places is sufficient but there are cases (such as this
one) in which that is not enough. Often the best bet is to simply use as many decimal places as you can
to have the best chance of getting an “accurate” answer.
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Section 2-2 : Surface Area

1. Set up, but do not evaluate, an integral for the surface area of the object obtained by rotating

x=4y+5, \/gﬁxéfi about the y-axis using,

2
(a) ds = 1+[d—y} dx

2
(b) ds = 1+[ﬁ} dy
dy

2
(a) ds = 1+[d_y} dx
dx

Step 1
In this case we first need to solve the function for y so we can compute the derivative in the ds.

x=4/y+5 - y=x>-5

The derivative of this is,

Step 2
Plugging this into the formula for ds gives,

’ dy ? [ 2
ds = IJ{E} dx = 1+[2x] dx =~1+4x* dx

Step 3
Finally, all we need to do is set up the integral. Also note that we have a dx in the formula for ds and so
we know that we need x limits of integration which we’ve been given in the problem statement.

S4=| 2zxds= J‘;27rx\/1+4x2 dx

Be careful with the formula! Remember that the variable in the integral is always opposite the axis of
rotation. In this case we rotated about the y-axis and so we needed an x in the integral.

As an aside, note that the ds we chose to use here is technically immaterial. Realistically however, one

ds may be easier than the other to work with. Determining which might be easier comes with
experience and in many cases simply trying both to see which is easier.
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2
(b) ds = 1+[ﬁ} dy
dy

Step 1
We'll need the derivative of the function first.

ﬂ:l(y-l-S)_% :;}
&y 2 2(y+5)2

Step 2
Plugging this into the formula for ds gives,

2
ds = 1+{%} dy= [1+ ;1 dy = l+ﬁdy: %dy
ly 2(y+5)2 (y+5) \4(y+5)
Step 3

Next, note that the ds has a dy in it and so we’ll need y limits of integration.

We are only given x limits in the problem statement. However, we can plug these into the function we
derived in Step 1 of the first part to convert them to y limits. Doing this gives,

x=\/§:y=0 x=3:y=4
So, the corresponding y limitsare: 0< y <4.

Step 4
Finally, all we need to do is set up the integral.

4 4
4y+21 4y +21
SA=I 27rde=J 27x —dy=J 2\ y+5 [——dy
4(y+5) 4(y+5)
0 0

4
Jay+21 4
:L 27zw/y+5ﬁdy: J.O 74y +21dy

Be careful with the formulal Remember that the variable in the integral is always opposite the axis of
rotation. In this case we rotated about the y-axis and so we needed an x in the integral.

Note that with the ds we were told to use for this part we had a dy in the final integral and that means
that all the variables in the integral need to be y’s. This means that the x from the formula needs to be
converted into y’s as well. Luckily this is easy enough to do since we were given the formula for x in
terms of y in the problem statement.
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Finally, make sure you simplify these as much as possible as we did here. Had we not taken the square
root of the numerator and denominator of the rational expression we would not have seen the
cancelation that can happen there. Without that cancelation the integral would be much more difficult
to do!

As an aside, note that the ds we chose to use here is technically immaterial. Realistically however, one
ds may be easier than the other to work with. Determining which might be easier comes with
experience and in many cases simply trying both to see which is easier.

2. Set up, but do not evaluate, an integral for the surface area of the object obtained by rotating
y= sin(Zx) ,0<x< % about the x-axis using,

dy ?
(a) ds=,[1+| —=—| dx
dx

2
(b) ds = 1+[ﬁ} dy
dy

2
(a) ds = 1+[d_y} dx
dx

Step 1
We'll need the derivative of the function first.

% =2cos(2x)

Step 2
Plugging this into the formula for ds gives,

dy ? 2
ds = 1+[d—} dx=\/1+[2cos(2x)] dx = |1+ 4cos? (2x) dx

X

Step 3
Finally, all we need to do is set up the integral. Also note that we have a dx in the formula for ds and so
we know that we need x limits of integration which we’ve been given in the problem statement.

s

3
SA:j 27zyds:J.27ry,/1+4cosz(2x) dx =
0

27 sin(2x)4/1+4cos” (2x) dx

ot— (N
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Be careful with the formula!l Remember that the variable in the integral is always opposite the axis of
rotation. In this case we rotated about the x-axis and so we needed a y in the integral.

Note that with the ds we were told to use for this part we had a dx in the final integral and that means
that all the variables in the integral need to be x’s. This means that the y from the formula needs to be
converted into x’s as well. Luckily this is easy enough to do since we were given the formula for y in
terms of x in the problem statement.

As an aside, note that the ds we chose to use here is technically immaterial. Realistically however, one

ds may be easier than the other to work with. Determining which might be easier comes with
experience and in many cases simply trying both to see which is easier.

2
d
o) ds= 1+ 2| &
dy
Step 1
In this case we first need to solve the function for x so we can compute the derivative in the ds.
y =sin(2x) - x=2sin ()

The derivative of this is,
dx 1 1

1
RN N

Step 2
Plugging this into the formula for ds gives,

> 2
ds = 1+{ﬁ} dy = |1+ _ 1 dy =
dy 241—y?

Step 3
Next, note that the ds has a dy in it and so we’ll need y limits of integration.

We are only given x limits in the problem statement. However, we can plug these into the function we
were given in the problem statement to convert them to y limits. Doing this gives,

x=0:y=sin(0)=0 x=%:y=sin(%)=ﬁ

2

2

Hlf

So, the corresponding y limitsare: 0 < y <

Step 4
Finally, all we need to do is set up the integral.
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SA='[ 27ryds=J 2y /i_j); dy
0

Be careful with the formula! Remember that the variable in the integral is always opposite the axis of
rotation. In this case we rotated about the x-axis and so we needed an y in the integral.

w5

Also note that the ds we chose to use is technically immaterial. Realistically one ds may be easier than
the other to work with but technically either could be used.

3. Set up, but do not evaluate, an integral for the surface area of the object obtained by rotating
y=x"+4,1<x<5 about the given axis. You can use either ds.

(a) x-axis
(b) y-axis
(a) x-axis

Step 1
We are told that we can use either ds here and the function seems to be set up to use the following ds.

ds = 1+[d } dx
dx

Note that we could use the other ds if we wanted to. However, that would require us to solve the
equation for x in terms of y. That would, in turn, would give us fractional exponents that would make
the derivatives and hence the integral potentially messier.

Therefore, we’ll go with our first choice of ds.

Step 2
Now we’ll need the derivative of the function.

& =3x’
dx

Plugging this into the formula for our choice of ds gives,

=./1+ 3x =14+9x* dx

Step 3
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Finally, all we need to do is set up the integral. Also note that we have a dx in the formula for ds and so
we know that we need x limits of integration which we’ve been given in the problem statement.

SA =J- 2y ds =I152ﬁy\/1+9x4 dx = IISZE(x3 +4)\/1+9x4 dx

Be careful with the formulal Remember that the variable in the integral is always opposite the axis of
rotation. In this case we rotated about the x-axis and so we needed a y in the integral.

Finally, with the ds we choose to use for this part we had a dx in the final integral and that means that all
the variables in the integral need to be x’s. This means that the y from the formula needs to be
converted into x’s as well. Luckily this is easy enough to do since we were given the formula for y in
terms of x in the problem statement.

(b) y-axis

Step 1
We are told that we can use either ds here and the function seems to be set up to use the following ds
for the same reasons we choose it in the first part.

2
ds = 1+[d_y} dx
dx

Step 2
Now, as with the first part of this problem we’ll need the derivative of the function and the ds. Here is
that work again for reference purposes.

ﬂ=3x2 ds=,/1+[3x2]2 dx =~1+9x" dx
dx

Step 3
Finally, all we need to do is set up the integral. Also note that we have a dx in the formula for ds and so
we know that we need x limits of integration which we’ve been given in the problem statement.

SA=[ 2zxds = f2ﬂx\/l+9x4 dx

Be careful with the formulal Remember that the variable in the integral is always opposite the axis of
rotation. In this case we rotated about the y-axis and so we needed an x in the integral.

In this part, unlike the first part, we do not do any substitution for the x in front of the root. Our choice
of ds for this part put a dx into the integral and this means we need x’s the integral. Since the variable in
front of the root was an x we don’t need to do any substitution for the variable.
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4. Find the surface area of the object obtained by rotating y =4+ 3x? , 1 < x <2 about the y-axis.

Step 1
The first step here is to decide on a ds to use for the problem. We can use either one, however the
function is set up for,

2
ds = 1+[d_y} dx
dx

Using the other ds will put fractional exponents into the function and make the ds and integral
potentially messier so we’ll stick with this ds.

Step 2
Let’s now set up the ds.

Y _ oy N ds = \J1+[6x] dx=~/1+36x* dx

dx

Step 3
The integral for the surface area is,

S4 = 2mxds= f 27x1436x% dx

Note that because we are rotating the function about the y-axis for this problem we need an x in front
of the root. Also note that because our choice of ds puts a dx in the integral we need x limits of
integration which we were given in the problem statement.

Step 4

Finally, all we need to do is evaluate the integral. That requires a quick Calc | substitution. We'll leave
most of the integration details to you to verify since you should be pretty good at Calc | substitutions by
this point.

2
3
2

SA = Lz 27x\1+36x" dx = %(1+36x2 )%

3
- &(1452 ~37

): 88.4864

1

5. Find the surface area of the object obtained by rotating y = sin(2x) , 0<x <% about the x-axis.

Step 1

Note that we actually set this problem up in Part (a) of Problem 2. So, we’ll just summarize the steps of
the set up part of the problem here. If you need to see all the details please check out the work in
Problem 2.
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Here is ds for this problem.

%=2cos(2x) = ds = \1+4cos’ (2x) dx

X

The integral for the surface area is,

SA4 =

O 0 |

27rsin(2x)/1+4cos’ (2x) dx

Step 2
In order to evaluate this integral we’ll need the following trig substitution.

cos(2x)=1tan(0) - —2sin(2x)dx =1sec’ (0)do
\/1+4cosz (2x) = \/1+tan2 (0) = \/secz (0) = |sec(0)|

In order to deal with the absolute value bars we’ll need to convert the x limits to @ limits. Here’s that
work.

=
Il
S
o
Qo
»n
—_~
(e
~
Il
[
Il
0=
=
o
=]
—_
N
~

— O=tan"' (2)=1.1071
x=Z:cos(Z)=L=1tan(9) — Q:tan‘l(x/z)zo.9553

The corresponding range of @ is 0.9553 <6 <1.1071 . This is in the first quadrant and secant is
positive there. Therefore, we can drop the absolute value bars on the secant.

Step 3
Putting all the work from the previous step together gives,

SA = |27sin(2x),/1+4cos’ (2x)dx = —%Jilo-gm sec’ (0)do

1071

o t—pc0 |

Step 4

Using the formula for the integral of sec’ (9) we derived in the Integrals Involving Trig Functions we

get,

0.9553

=|1.8215

1.1071

SA4 = —%J.IO‘%B sec’ (0)d6 = —%[sec(@)tan (6)+In |sec(6’) + tan(@)u

1071

Note that depending upon the number of decimal places you used your answer may be slightly different
from that give here. The “exact” answer, obtained by computer, is 1.8222.
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Section 2-3 : Center of Mass

1. Find the center of mass for the region bounded by y = 4 — x* that is in the first quadrant.

Step 1
Let’s start out with a quick sketch of the region, with the center of mass indicated by the dot (the
coordinates of this dot are of course to be determined in the final step.....).
¥
4

Laa

(3]

WEe'll also need the area of this region so let’s find that first.

2

AZJ.024—)C2 dx=(4x—%x3)| _16

0 3
Step 2

Next, we need to compute the two moments. We didn’t include the density in the computations below
because it will only cancel out in the final step.

2

M, =j02%(4—x2)2 dxzj‘oz%(l6—8x2 +x4)dx:%(16x—§x3 +§x5)0 128

15

M, :J.OZx(4—x2)dx:I024x—x3 a’x=(2x2 —%x“)i =4

Step 3
Finally, the coordinates of the center of mass is,

LM _p(4)
M (16)

3

The center of mass is then : (%

2. Find the center of mass for the region bounded by y =3—e™", the x-axis, x =2 and the y-axis.
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Step 1
Let’s start out with a quick sketch of the region, with the center of mass indicated by the dot (the
coordinates of this dot are of course to be determined in the final step.....).

(2] Lad
1
=
Il
L
[
1]
&

We'll also need the area of this region so let’s find that first.

2
=5+e¢7
0

A=[3-¢dr=(3x+e™)

Step 2
Next, we need to compute the two moments. We didn’t include the density in the computations below
because it will only cancel out in the final step.

M, =[[4(3-e") de=[T4(9-6e" +e ™ )dr=1(9x+6e ~Le )

0

M, :_[Ozx(fi—e*x)dx:I023x—xe*x abc:(%x2 +xe " +e*")z =5+3¢”

For the second term in the My integration we used the following integration by parts.

—X

Ixe_xdx u=x du=dx dv=e"dx v=—e

J‘xe*x dx =—xe ™" + J. e 'dx=—xe " —e " = —(xe*x + e*")

The minus sign here canceled with the minus sign that was in front of the term in the full integral.

Make sure you don’t forget integration by parts! It is a fairly common integration technique for these
kinds of problems.

Step 3
Finally, the coordinates of the center of mass is,

szyzp(SHe_z):l.oszﬂ y:Mx:p(%f”e_z_e_“)

1
4 —
M p(sre?] m ore?) =1.29523
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The center of mass is then : (1.05271, 1.29523) .

3. Find the center of mass for the triangle with vertices (0, 0), (-4, 2) and (0,6).

Step 1
Let’s start out with a quick sketch of the region, with the center of mass indicated by the dot (the
coordinates of this dot are of course to be determined in the final step.....).

[ I ¥ s L
I

We'll leave it to you verify the equations of the upper and lower leg of the triangle.

We'll also need the area of this region so let’s find that first.
0 0 5 0
A= J_4(x+ 6)—(—1x)dx= I_4%x+6dx = (%x +6x)|74 =12

Step 2
Next, we need to compute the two moments. We didn’t include the density in the computations below
because it will only cancel out in the final step.

M, = J‘i%[(x+6)2 —(—%x)z}dx =" 2 +6x +18dx = (1o +3x° +18x)|: _32

M, =J‘ix((x+6)—(—%x))dx:ji%)cz +6xdx:(§x3 +3xz)i4 =-16
Step 3
Finally, the coordinates of the center of mass is,
f:My:M:_i —:Mx:p(32):§
M p(12) 3 YTM T o(12) 3

The center of mass is then : (—

RIS

8
23 .
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Section 2-4 : Hydrostatic Pressure

1. Find the hydrostatic force on the plate submerged in water as shown in the image below.

Consider the top of the blue “box” to be the surface of the water in which the plate is submerged. Note
as well that the dimensions in the image will not be perfectly to scale in order to better fit the plate in
the image. The lengths given in the image are in meters.

Hint : Start off by defining an “axis system” for the figure.

Step 1
The first thing we should do is define an axis system for the portion of the plate that is below the water.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 134

Note that we started the x-axis at the surface of the water and by doing this x will give the depth of any
point on the plate below the surface of the water. This in turn means that the bottom of the plate will
be defined by x =5.

It is always useful to define some kind of axis system for the plate to help with the rest of the problem.
There are lots of ways to actually define the axis system and how we define them will in turn affect how
we work the rest of the problem. There is nothing special about one definition over another but there is
often an “easier” axis definition and by “easier’ we mean is liable to make some portions of the rest of
the work go a little easier.

Hint : At this point it would probably be useful to break up the plate into horizontal strips and get a
sketch of a representative strip.

Step 2
As we did in the notes we’ll break up the portion of the plate that is below the surface of the water into

n horizontal strips of width A x and we’ll let each strip be defined by the interval [xi_l, xl.] with

i=1,2,3,...n.Finally, we'll let xi* be any point that is in the interval and hence will be some point on

the strip.

Below is yet another sketch of the plate only this time we’ve got a representative strip sketched on the
plate. Note that the strip is “thicker” than the strip really should be but it will make it easier to see what
the strip looks like and get all of the appropriate lengths clearly listed.

[
¥

Now xj is a point from the interval defining the strip and so, for sufficiently thin strips, it is safe to
assume that the strip will be at the point x: below the surface of the water as shown in the figure

above. In other words, the strip is a distance of x; below the surface of the water.

Also, because our plate is a rectangle we know that each strip will have a width of 8.

Hint : What is the hydrostatic pressure and force on the representative strip?
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Step 3
We’'ll assume that the strip is sufficiently thin so the hydrostatic pressure on the strip will be constant
and is given by,

P, = pgd, =(1000)(9.81)x, =9810x;
This, in turn, means that the hydrostatic force on each strip is given by,
F,=P4,=(9810x)[(8)(Ax)]=78480x A x

Hint : How can we use the result from the previous step to approximate the total hydrostatic force on
the plate and how can we modify that to get an expression for the actual hydrostatic force on the plate?

Step 4

We can now approximate the total hydrostatic force on plate as the sum off the force on each of the
strips. Or,

F =) 78480x Ax

i=l1

Now, we can get an expression for the actual hydrostatic force on the plate simply by letting n go to
infinity.

Or in other words, we take the limit as follows,

F =1lim ) 78480x; A x
i=1

n—»c0 =

Hint : You do recall the definition of the definite integral don’t you?
Step 5

Finally, we know from the definition of the definite integral that this is nothing more than the following
definite integral that we can easily compute.

_r _ 2P _
F = IO 78480x dx =39240x |0 =1981,000N

2. Find the hydrostatic force on the plate submerged in water as shown in the image below.
Consider the top of the blue “box” to be the surface of the water in which the plate is submerged. Note

as well that the dimensions in the image will not be perfectly to scale in order to better fit the plate in
the image. The lengths given in the image are in meters.
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Hint : Start off by defining an “axis system” for the figure.

Step 1
The first thing we should do is define an axis system for the portion of the plate that is below the water.

Note that we started the x-axis at the surface of the water and by doing this x will give the depth of any
point on the plate below the surface of the water. This in turn means that the bottom of the plate will
be defined by x =3.

It is always useful to define some kind of axis system for the plate to help with the rest of the problem.
There are lots of ways to actually define the axis system and how we define them will in turn affect how
we work the rest of the problem. There is nothing special about one definition over another but there is
often an “easier” axis definition and by “easier’ we mean is liable to make some portions of the rest of
the work go a little easier.

Hint : At this point it would probably be useful to break up the plate into horizontal strips and get a
sketch of a representative strip.

Step 2
As we did in the notes we’ll break up the plate into n horizontal strips of width A x and we’ll let each

strip be defined by the interval [xl._l, x,.] with i =1,2,3,...n. Finally, we'll let x: be any point that is in

the interval and hence will be some point on the strip.
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Below is yet another sketch of the plate only this time we’ve got a representative strip sketched on the
plate. Note that the strip is “thicker” than the strip really should be but it will make it easier to see what
the strip looks like and get all of the appropriate lengths clearly listed.

Now x: is a point from the interval defining the strip and so, for sufficiently thin strips, it is safe to
assume that the strip will be at the point x: below the surface of the water as shown in the figure

above. In other words, the strip is a distance of xl.* below the surface of the water.

The width of each of the strips will be dependent on the depth of the strip and so temporarily let’s just
call the width a.

To determine the value of a for each strip let’s consider the following set of similar triangles.
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1.5

This is the triangle of “empty” space to the left of the plate. The overall height of the larger triangle is
the same as the plate, namely 3. The overall width of the larger triangle is 1.5. We arrived at this
number by noticing that the top of the plate was 3 meters shorter than the bottom and if we assume
the top was perfectly centered over the bottom there must be 1.5 meters of “empty” space to either
side of the top.

The top of the smaller triangle corresponds to the strip on the plate. We'll call the width of the smaller
triangle b. and the height of the smaller triangle must be 3 —xl.* for each strip.

Because the two triangles are similar triangles we have the following equation.

b 1.5 1 .
*:? b=5(3—xi)

Note that while we looked only at the empty space to the left of the plate we’d get an almost identical
triangle for the empty space to the right of the plate. The only exception would be that it would be a
mirror image of this triangle.

Now, let’s get back to the width of the strip in our picture of the plate. Assuming that the top is
centered over the bottom of the plate we can see that we have to have,

a=7-2b=3-2(3)(3-x)=4+x
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Hint : What is the hydrostatic pressure and force on the representative strip?
Step 3

We'll assume that the strip is sufficiently thin so the hydrostatic pressure on the strip will be constant
and is given by,

P = pgd, =(1000)(9.81)x; =9810x;
This, in turn, means that the hydrostatic force on each strip is given by,

F, = P4, =(9810x])[ (4+x)(Ax)] = 9810[4)5 +(x,.*)2]Ax

1 1

Hint : How can we use the result from the previous step to approximate the total hydrostatic force on
the plate and how can we modify that to get an expression for the actual hydrostatic force on the plate?

Step 4

We can now approximate the total hydrostatic force on plate as the sum off the force on each of the
strips. Or,

- . £)\2
F~ 29810[4)9 +(x7) }Ax
i=1
Now, we can get an expression for the actual hydrostatic force on the plate simply by letting n go to
infinity.
Or in other words, we take the limit as follows,
R ; 2
F =lim 9810[4x,. +(x7) }Ax
1

n—»o0 %
i=

Hint : You do recall the definition of the definite integral don’t you?
Step 5

Finally, we know from the definition of the definite integral that this is nothing more than the following
definite integral that we can easily compute.

F = 9810(4x+ ") dr=9810(22 +1x°) =

3. Find the hydrostatic force on the plate submerged in water as shown in the image below. The plate in
this case is the top half of a diamond formed from a square whose sides have a length of 2.
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Consider the top of the blue “box” to be the surface of the water in which the plate is submerged. Note
as well that the dimensions in the image will not be perfectly to scale in order to better fit the plate in
the image. The lengths given in the image are in meters.

Hint : Start off by defining an “axis system” for the figure.

Step 1
The first thing we should do is define an axis system for the portion of the plate that is below the water.

In this case since we had the top half a diamond formed from a square it seemed convenient to center
the axis system in the middle of the diamond.
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It is always useful to define some kind of axis system for the plate to help with the rest of the problem.
There are lots of ways to actually define the axis system and how we define them will in turn affect how
we work the rest of the problem. There is nothing special about one definition over another but there is
often an “easier” axis definition and by “easier’ we mean is liable to make some portions of the rest of
the work go a little easier.

Hint : At this point it would probably be useful to break up the plate into horizontal strips and get a
sketch of a representative strip.

Step 2

As we did in the notes we’ll break up the plate into n horizontal strips of width A y and we’ll let each
strip be defined by the interval [yl._l, yl.] with i =1,2,3,...n. Finally, we'll let y; be any point that is in
the interval and hence will be some point on the strip.

Below is yet another sketch of the plate only this time we’ve got a representative strip sketched on the
plate. Note that the strip is “thicker” than the strip really should be but it will make it easier to see what
the strip looks like and get all of the appropriate lengths clearly listed.

We've got a few quantities to determine at this point. To do that it would be convenient to have an
equation for one of the sides of the plate. Let’s take a look at the side in the first quadrant. Hereis a
quick sketch of that portion of the plate.
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==

=l

|

Now, as noted above we have the top half of a diamond formed from a square and so we can see that
the “triangle” formed in the first quadrant by the plate must be an isosceles right triangle whose

hypotenuse is 2 and the two interior angles other than the right angle must be Z-. Therefore, the

bottom/left side of the triangle must be,

side = 2cos (%) =+/2

This means we know that the x and y-intercepts are (\/5,0) and (o,ﬁ) respectively and so the

equation for the line representing the hypotenuse must be,
y= \/5 —-X
Okay, let’s get the various quantities in the figure.

We’ll start with x: . This we can get directly from the equation above by acknowledging that if we are

at x,.* then the y value must be y: . In other words, plugging these into the equation and solving gives,
¥ =N2-x - X =2y
Notice as well that the width of each strip in terms of y: is then,
2% =2(v2-)))
Next, let’s get D. First we can see that D is the distance from the surface of the water to the x-axis in our

figure. We know that the distance from the surface of the water to the top of the plate is 4 meters.

Also, we found above that the top point of the plate is a distance of \/5 above the x-axis. So, we then
have,

D=4+2
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Finally, the depth of each strip below the surface of the water is,

d =D~y =4+2-y
Hint : What is the hydrostatic pressure and force on the representative strip?
Step 3

We'll assume that the strip is sufficiently thin so the hydrostatic pressure on the strip will be constant
and is given by,

P =pgd, = (1000)(9.81)(4+\/5—y;“) _ 9810<4+\/§—y:)
This, in turn, means that the hydrostatic force on each strip is given by,

F= R4 =[9810(4+32- ) | (2x)(a¥)]
= 9810(4++2-37) ] 2(v2 -3 )(a )|
=19620(4+2 -7 )(v2 -y )(a )

Hint : How can we use the result from the previous step to approximate the total hydrostatic force on
the plate and how can we modify that to get an expression for the actual hydrostatic force on the plate?

Step 4
We can now approximate the total hydrostatic force on plate as the sum off the force on each of the
strips. Or,

F=3119620(4432 -3 (V2 -7 ) (8 )

Now, we can get an expression for the actual hydrostatic force on the plate simply by letting n go to
infinity.

Or in other words, we take the limit as follows,

n

F=1im "19620(4+2 -y )(v2 - ;) (A7)

n—oo “
i=l1

Hint : You do recall the definition of the definite integral don’t you?
Step 5

Finally, we know from the definition of the definite integral that this is nothing more than the following
definite integral that we can easily compute.
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F:.[Oﬁl9620(4 )( y)dy
=j0ﬁ19620( *~(4+242) y+2+4\/_)dy

=19620(4 " =(2412)* +(2+442) y ) =[96,977.9N]
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Section 2-5 : Probability

1. Let,
3
f(x)=437760
0 otherwise

x*(20—x) if2<x<I8

(a) Show that f (x) is a probability density function.
(b) Find P(X <7).

(¢) Find P(X 27).

(d) Find P(3< X <14).

(e) Determine the mean value of X.

(a) Show that f(x) is a probability density function.

Okay, to show that this function is a probability density function we can first notice that in the range
2 < x £18 the function is positive and will be zero everywhere else and so the first condition is
satisfied.

The main thing that we need to do here is show that on f(x)dx =1.

18
2

Jm f(x)dx:J-

—00

%xz (20—x)dx

=3 1820x2 —Xdr=2 (R Lyt
— 37760 5 37760 \ 3 4

The integral is one and so this is in fact a probability density function.

(b) Find P(X <7).
First note that because of our limits on x for which the function is not zero this is equivalent to
P(2 <X< 7). Here is the work for this problem.

P(X<7)=P(25X<7)= j274x2 (20— x)dx = 35 (2%’ —%x“)E =10.130065

37760 37760 \ 3

Note that we made use of the fact that we’ve already done the indefinite integral itself in the first part.
All we needed to do was change limits from that part to match the limits for this part.

(c) Find P(X >7).
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First note that because of our limits on x for which the function is not zero this is equivalent to
P(7 <X< 18) . Here is the work for this problem.

=10.869935

P(X27)=P(7< X <18)= [ g2 (20— x)dv = g (2x — 2

37760 37760 \ 3 4

Note that we made use of the fact that we’ve already done the indefinite integral itself in the first part.
All we needed to do was change limits from that part to match the limits for this part.

(d) Find P(X >7).

Not much to do here other than compute the integral.

37760 \ 3

P(3< X <14)= [ 250 (20~ x)dy = 535 (2.5 ~4x*)| " =[0.677668

Note that we made use of the fact that we’ve already done the indefinite integral itself in the first part.
All we needed to do was change limits from that part to match the limits for this part.

(e) Determine the mean value of X.
For this part all we need to do is compute the following integral.

e Iixf(x)dx =I:8x[3f%x2 (20—x)]dx

=3[, 206" —x' dx =525 (5x* 1) =11.6705

37760 5

The mean value of X is then 11.6705.

2. For a brand of light bulb the probability density function of the life span of the light bulb is given by

the function below, where t is in months.
t

25 1
f(t): 0.04e ift>0
0 ift<0

(a) Verify that f (t ) is a probability density function.

(b) What is the probability that a light bulb will have a life span less than 8 months?

(c¢) What is the probability that a light bulb will have a life span more than 20 months?

(d) What is the probability that a light bulb will have a life span between 14 and 30 months?
(e) Determine the mean value of the life span of the light bulbs.

(a) Show that f(t) is a probability density function.
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Okay, to show that this function is a probability density function we can first notice that the exponential
portion is always positive regardless of the value of t we plug in and the remainder of the function is
always zero and so the first condition is satisfied.

The main thing that we need to do here is show that fo f(x)dx =1.

! t
Iw f(x)dx= I: 0.04e 2 dt=1lim [ 0.04e > dt

—00 n—ow J0
_L
=lim| —e ¥
n—»o0

The integral is one and so this is in fact a probability density function.

n—»0

=lim£—e_25+1J=0+1=1

0

For this integral do not forget to properly deal with the infinite limit! If you don’t recall how to deal with
these kinds of integrals go back to the Improper Integral section and do a quick review!

(b) What is the probability that a light bulb will have a life span less than 8 months?

What this problem is really asking us to compute is P(X < 8) . Also, because of our limits on t for

which the function is not zero this is equivalent to P(O <X< 8). Here is the work for this problem.

¢ 18

8 L L
P(X <8)=P(0< X <8)=[ 0.0de *di=—e »| =[0.273851

0

(c) What is the probability that a light bulb will have a life span more than 20 months?

What this problem is really asking us to compute is P(X > 20) . Here is the work for this problem.

t t
P(X220)=[ 0.04e *dr=1im |  0.04e * di

n—o0 ¢20
_L
=lim| —e %
n—o0

For this integral do not forget to properly deal with the infinite limit! If you don’t recall how to deal with
these kinds of integrals go back to the Improper Integral section and do a quick review!

n—0

" n 20
= lim[—e Bte B j =10.449329

20

(d) What is the probability that a light bulb will have a life span between 14 and 30 months?

What this problem is really asking us to compute is P(14 <X< 30) . Here is the work for this problem.
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30

=[0.270015]

14

t

30 L -
P(14< X <30)=[ '0.0d4e *di=—e *

(e) Determine the mean value of the life span of the light bulbs.
For this part all we need to do is compute the following integral.

! t
u=["17(t)de=["0.04te * dr=1im ["0.04re > at

n—>0

n—>00 n—>0

B t ¢ 7" n n
~lim| —te * —25e 25} =1in{—ne = _25e 25—(—25)}

0

—lim| ————25¢ 2 +25|=lim —% ~25(0)+25=[25]
n—w eg n— %eg

The mean value of the life span of the light bulbs is then 25 months.

We had to use integration by parts to do the integral. Here is that work if you need to see it.

t

t t
j 0.04te > dt u=0.04 du=0.04ds dv=e 5df v=-25e >

t

t t t t
I0.04te 5 dt=—te % +Ie B dt=—te 3 —25e >

Also, for the limit of the first term we used L’Hospital’s Rule to do the limit.

148

3. Determine the value of ¢ for which the function below will be a probability density function.

f(x): c(8x3—x4) if0<x<8

0 otherwise

Solution
This problem is actually easier than it might look like at first glance.

First, in order for the function to be a probability density function we know that the function must be

positive or zero for all x. We can see that for 0 < x <8 we have 8x* —x* > 0. Therefore, we need to

require that whatever c is it must be a positive number.

To find c we’ll use the fact that we must also have J f(x)dx =1. So, let’s compute this integral (with

the c in the function) and see what we get.
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[ f ()ae= [fe(50 ' )deme(ox' 40, =22

So, we can see that in order for this integral to have a value of 1 (as it must in order for the function to
be a probability density function) we must have,

and note that this is also a positive number as we determined earlier was required.
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Chapter 3 : Parametric Equations and Polar Coordinates

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

Parametric Equations and Curves — In this section we will introduce parametric equations and
parametric curves (i.e. graphs of parametric equations). We will graph several sets of parametric
equations and discuss how to eliminate the parameter to get an algebraic equation which will often help
with the graphing process.

Tangents with Parametric Equations — In this section we will discuss how to find the derivatives % and

d? . . . . A . .
d—zy for parametric curves. We will also discuss using these derivative formulas to find the tangent line
X

for parametric curves as well as determining where a parametric curve in increasing/decreasing and
concave up/concave down.

Area with Parametric Equations — In this section we will discuss how to find the area between a
parametric curve and the x-axis using only the parametric equations (rather than eliminating the
parameter and using standard Calculus | techniques on the resulting algebraic equation).

Arc Length with Parametric Equations — In this section we will discuss how to find the arc length of a
parametric curve using only the parametric equations (rather than eliminating the parameter and using
standard Calculus techniques on the resulting algebraic equation).

Surface Area with Parametric Equations — In this section we will discuss how to find the surface area of
a solid obtained by rotating a parametric curve about the x or y-axis using only the parametric equations
(rather than eliminating the parameter and using standard Calculus techniques on the resulting
algebraic equation).

Polar Coordinates — In this section we will introduce polar coordinates an alternative coordinate system
to the ‘normal’ Cartesian/Rectangular coordinate system. We will derive formulas to convert between
polar and Cartesian coordinate systems. We will also look at many of the standard polar graphs as well
as circles and some equations of lines in terms of polar coordinates.

Tangents with Polar Coordinates — In this section we will discuss how to find the derivative % for polar

curves. We will also discuss using this derivative formula to find the tangent line for polar curves using
only polar coordinates (rather than converting to Cartesian coordinates and using standard Calculus
techniques).

Area with Polar Coordinates — In this section we will discuss how to the area enclosed by a polar curve.
The regions we look at in this section tend (although not always) to be shaped vaguely like a piece of pie
or pizza and we are looking for the area of the region from the outer boundary (defined by the polar
equation) and the origin/pole. We will also discuss finding the area between two polar curves.
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Arc Length with Polar Coordinates — In this section we will discuss how to find the arc length of a polar
curve using only polar coordinates (rather than converting to Cartesian coordinates and using standard
Calculus techniques).

Surface Area with Polar Coordinates — In this section we will discuss how to find the surface area of a
solid obtained by rotating a polar curve about the x or y-axis using only polar coordinates (rather than
converting to Cartesian coordinates and using standard Calculus techniques).

Arc Length and Surface Area Revisited — In this section we will summarize all the arc length and surface
area formulas we developed over the course of the last two chapters.
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Section 3-1 : Parametric Equations and Curves

1. Eliminate the parameter for the following set of parametric equations, sketch the graph of the
parametric curve and give any limits that might exist on x and y.

x=4-2t y=3+6t—4r
Step 1
First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we can do that by solving the x equation for t and plugging that into the y

equation.

Doing that gives (we’ll leave it to you to verify all the algebra bits...),
t=1(4-x) > y=3+6[L(4-x)]-4[L(4-x)] =—x*+5x-1

Step 2
Okay, from this it looks like we have a parabola that opens downward. To sketch the graph of this we’ll
need the x-intercepts, y-intercept and most importantly the vertex.

For notational purposes let’s define f(x) =—x>+5x-1.

The x-intercepts are then found by solving f(x) = 0. Doing this gives,

—5(5) ~4(-1)(-1) _ 52421

—x*+5x-1=0 - x= = > =0.2087, 4.7913

2(-1)

The y-intercept is : (O,f(O)) = (0,—1).

(2 B

Before we sketch the graph of the parametric curve recall that all parametric curves have a direction of
motion, i.e. the direction indicating increasing values of the parameter, t in this case.

Finally, the vertex is,

There are several ways to get the direction of motion for the curve. One is to plug in values of t into the
parametric equations to get some points that we can use to identify the direction of motion.

Here is a table of values for this set of parametric equations.
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t X y
-1 6 -7
0 4 3
3 3 21
4 2 4
1 2 5
2 0 -1
3 -2 -15

Note that ¢ :% is the value of t that give the vertex of the parabola and is not an obvious value of t to

use! In fact, this is a good example of why just using values of t to sketch the graph is such a bad way of
getting the sketch of a parametric curve. It is often very difficult to determine a good set of t's to use.

For this table we first found the vertex t by using the fact that we actually knew the coordinates of the
vertex (the x-coordinate for this example was the important one) as follows,

—5 . 5 3
xX=3 7—4—22‘ —> t—z

Once this value of t was found we chose several values of t to either side for a good representation of t
for our sketch.

Note that, for this case, we used the x-coordinates to find the value of the t that corresponds to the
vertex because this equation was a linear equation and there would be only one solution for t. Had we
used the y-coordinate we would have had to solve a quadratic (not hard to do of course) that would
have resulted in two t’s. The problem is that only one t gives the vertex for this problem and so we’d
need to then check them in the x equation to determine the correct one. So, in this case we might as
well just go with the x equation from the start.

Also note that there is an easier way (probably — it will depend on you of course) to determine direction
of motion. Take a quick look at the x equation.

x=4-2t

Because of the minus sign in front of the t we can see that as t increases x must decrease (we can verify
with a quick derivative/Calculus | analysis if we want to). This means that the graph must be tracing out
from right to left as the table of values above in the table also indicates.

Using a quick Calculus analysis of one, or both, of the parametric equations is often a better and easier
method for determining the direction of motion for a parametric curve. For “simple” parametric
equations we can often get the direction based on a quick glance at the parametric equations and it
avoids having to pick “nice” values of t for a table.

Step 4
We could sketch the graph at this point, but let’s first get any limits on x and y that might exist.
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Because we have a parabola that opens downward and we’ve not restricted t’s in any way we know that
we’ll get the whole parabola. This in turn means that we won’t have any limits at all on x but y must

satisfy y < % (remember the y-coordinate of the vertex?).

So, formally here are the limits on x and y.

—00 < X < 00 y<a

Note that having the limits on x and y will often help with the actual graphing step so it’s often best to
get them prior to sketching the graph. In this case they don’t really help as we can sketch the graph of a
parabola without these limits, but it’s just good habit to be in so we did them first anyway.

Step 5
Finally, here is a sketch of the parametric curve for this set of parametric equations.

For this sketch we included the points from our table because we had them but we won’t always include
them as we are often only interested in the sketch itself and the direction of motion.

2. Eliminate the parameter for the following set of parametric equations, sketch the graph of the
parametric curve and give any limits that might exist on x and y.

x=4-2t y=3+6t—4t" 0<t<3

Step 1

Before we get started on this problem we should acknowledge that this problem is really just a
restriction on the first problem (i.e. it is the same problem except we restricted the values of t to use).
As such we could just go back to the first problem and modify the sketch to match the restricted values
of t to get a quick solution and in general that is how a problem like this would work.

However, we’re going to approach this solution as if this was its own problem because we won’t always

have the more general problem worked ahead of time. So, let’s proceed with the problem assuming we
haven’t worked the first problem in this section.
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First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we can do that by solving the x equation for t and plugging that into the y
equation.

Doing that gives (we’ll leave it to you to verify all the algebra bits...),
t=%(4-x) - y:3+6[%(4—x):|—4[%(4—x)]2:—x2+5x—1

Step 2
Okay, from this it looks like we have a parabola that opens downward. To sketch the graph of this we’ll
need the x-intercepts, y-intercept and most importantly the vertex.

For notational purposes let’s define f(x) =—x>+5x-1.

The x-intercepts are then found by solving f(x) =0. Doing this gives,

—5+,J(5) —4(-1)(-1) s+421

—x*+5x-1=0 N x= = ‘2 =0.2087, 4.7913

2(-1)

The y-intercept is : (O,f(O)) = (0,—1).

Finally, the vertex is,
b (b [5 (3)) (52
(_Z’f[_ﬂn_(z(—l)’f(zn (2’ 4)
Step 3

Before we sketch the graph of the parametric curve recall that all parametric curves have a direction of
motion, i.e. the direction indicating increasing values of the parameter, t in this case.

There are several ways to get the direction of motion for the curve. One is to plug in values of t into the
parametric equations to get some points that we can use to identify the direction of motion.

Here is a table of values for this set of parametric equations. Also note that because we’ve restricted
the value of t for this problem we need to keep that in mind as we chose values of t to use.

t X y
0 4 3
3 3 21
4 2 4
1 2 5
2 0 -1
3 -2 -15
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Note that ¢ :% is the value of t that give the vertex of the parabola and is not an obvious value of t to

use! In fact, this is a good example of why just using values of t to sketch the graph is such a bad way of
getting the sketch of a parametric curve. It is often very difficult to determine a good set of t’s to use.

For this table we first found the vertex t by using the fact that we actually knew the coordinates of the
vertex (the x-coordinate for this example was the important one) as follows,

x=3: 5=4-2t —> t=

N (o8}

Once this value of t was found we chose several values of t to either side for a good representation of t
for our sketch.

Note that, for this case, we used the x-coordinates to find the value of the t that corresponds to the
vertex because this equation was a linear equation and there would be only one solution for t. Had we
used the y-coordinate we would have had to solve a quadratic (not hard to do of course) that would
have resulted in two t's. The problem is that only one t gives the vertex for this problem and so we’d
need to then check them in the x equation to determine the correct one. So, in this case we might as
well just go with the x equation from the start.

Also note that there is an easier way (probably — it will depend on you of course) to determine direction
of motion. Take a quick look at the x equation.

x=4-2¢

Because of the minus sign in front of the t we can see that as t increases x must decrease (we can verify
with a quick derivative/Calculus | analysis if we want to). This means that the graph must be tracing out
from right to left as the table of values above in the table also indicates.

Using a quick Calculus analysis of one, or both, of the parametric equations is often a better and easier
method for determining the direction of motion for a parametric curve. For “simple” parametric
equations we can often get the direction based on a quick glance at the parametric equations and it
avoids having to pick “nice” values of t for a table.

Step 4
Let’s now get the limits on x and y and note that we really do need these before we start sketching the
curve!

In this case we have a parabola that opens downward and we could use that to get a general set of
limits on x and y. However, for this problem we’ve also restricted the values of t that we’re using and
that will in turn restrict the values of x and y that we can use for the sketch of the graph.

As we discussed above we know that the graph will sketch out from right to left and so the rightmost
value of x will come from ¢t =0, whichis x =4 . Likewise, the leftmost value of y will come from ¢t =3,
which is x =—2. So, from this we can see the limits on x must be —2<x<4.

For the limits on the y we’ve got be a little more careful. First, we know that the vertex occurs in the
given range of t's and because the parabola opens downward the largest value of y we will have is
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y= %, i.e. the y-coordinate of the vertex. Also, because the parabola opens downward we know that
the smallest value of y will have to be at one of the endpoints. So, for # =0 we have y =3 and for

t =3 we have y =—15. Therefore, the limits on y must be —15< y <2l

So, putting all this together here are the limits on x and y.
2<x<4 -15<y<2

Note that for this problem we must have these limits prior to the sketching step. Because we’ve
restricted the values of t to use we will have limits on x and y (as we just discussed) and so we will only
have a portion of the graph of the full parabola. Having these limits will allow us to get the sketch of the
parametric curve.

Step 5
Finally, here is a sketch of the parametric curve for this set of parametric equations.

For this sketch we included the points from our table because we had them but we won’t always include
them as we are often only interested in the sketch itself and the direction of motion.

Also note that it is vitally important that we not extend the graph past the f =0 and ¢t =3 points. If we
extend the graph past these points we are implying that the graph will extend past them and of course it
doesn’t!

3. Eliminate the parameter for the following set of parametric equations, sketch the graph of the
parametric curve and give any limits that might exist on x and y.

x=+t+1 y:L t>-1

Step 1
First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations that is actually really easy to do if we notice the following.
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x=At+1 = x> =t+1

With this we can quickly convert the y equation to,

Step 2
At this point we can get limits on x and y pretty quickly so let’s do that.

First, we know that square roots always return positive values (or zero of course) and so from the x
equation we see that we must have x > (0. Note as well that this must be a strict inequality because the
inequality restricting the range of t's is also a strict inequality. In other words, because we aren’t
allowing f =—1 we will never get x=0.

Speaking of which, you do see why we’ve restricted the t’'s don’t you?

Now, from our restriction on t we know that 7 +1> 0 and so from the y parametric equation we can see
that we also must have y > 0. This matches what we see from the equation without the parameter we

found in Step 1.
So, putting all this together here are the limits on x and y.

x>0 y>0

Note that for this problem these limits are important (or at least the x limits are important). Because of
the x limit we get from the parametric equation we can see that we won’t have the full graph of the
equation we found in the first step. All we will have is the portion that corresponds to x > 0.

Step 3
Before we sketch the graph of the parametric curve recall that all parametric curves have a direction of

motion, i.e. the direction indicating increasing values of the parameter, t in this case.

There are several ways to get the direction of motion for the curve. One is to plug in values of t into the
parametric equations to get some points that we can use to identify the direction of motion.

Here is a table of values for this set of parametric equations.

t X y
-0.95 0.2236 20
-0.75 0.5 4

0 1

1
2 V3

W=
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Note that there is an easier way (probably — it will depend on you of course) to determine direction of
motion. Take a quick look at the x equation.

x=At+1

Increasing the value of t will also cause t + 1 to increase and the square root will also increase (we can
verify with a quick derivative/Calculus | analysis if we want to). This means that the graph must be
tracing out from left to right as the table of values above in the table supports.

Likewise, we could use the y equation.

Again, we know that as t increases so does t + 1. Because the t + 1 is in the denominator we can further
see that increasing this will cause the fraction, and hence y, to decrease. This means that the graph
must be tracing out from top to bottom as both the x equation and table of values supports.

Using a quick Calculus analysis of one, or both, of the parametric equations is often a better and easier
method for determining the direction of motion for a parametric curve. For “simple” parametric
equations we can often get the direction based on a quick glance at the parametric equations and it
avoids having to pick “nice” values of t for a table.

Step 4
Finally, here is a sketch of the parametric curve for this set of parametric equations.

[
4
I

For this sketch we included the points from our table because we had them but we won’t always include
them as we are often only interested in the sketch itself and the direction of motion.

4. Eliminate the parameter for the following set of parametric equations, sketch the graph of the
parametric curve and give any limits that might exist on x and y.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 160

x=3sin(¢t) y=—4cos(t) 0<t<2rx
Step 1

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we will make use of the well-known trig identity,

cos’ (8)+sin* () =1
We can solve each of the parametric equations for sine and cosine as follows,

Y

sin(7) = c:os(t):—4

W | =

Plugging these into the trig identity gives,

2 2 2 2
4 3 9 16

Therefore, the parametric curve will be some or all of the ellipse above.

We have to be careful when eliminating the parameter from a set of parametric equations. The graph of
the resulting equation in only x and y may or may not be the graph of the parametric curve. Often,
although not always, the parametric curve will only be a portion of the curve from the equation in terms
of only x and y. Another situation that can happen is that the parametric curve will retrace some or all
of the curve from the equation in terms of only x and y more than once.

The next few steps will help us to determine just how much of the ellipse we have and if it retraces the
ellipse, or a portion of the ellipse, more than once.

Before we proceed with the rest of the problem let’s fist note that there is really no set order for doing
the steps. They can often be done in different orders and in some cases may actually be easier to do in
different orders. The order we’ll be following here is used simply because it is the order that I'm used to
working them in. If you find a different order would be best for you then that is the order you should
use.

Step 2

At this point we can get a good idea on what the limits on x and y are going to be so let’s do that. Note
that often we won’t get the actual limits on x and y in this step. All we are really finding here is the
largest possible range of limits for x and y. Having these can sometimes be useful for later steps and so
we’ll get them here.

We can use our knowledge of sine and cosine to get the following inequalities. Note as discussed above
however that these may not be the limits on x and y we are after.
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—1<sin(t)<1 —1<cos(7)<1
—3<3sin(1)<3 4>—4cos(t)>—4
-3<x<3 -4<y<4

Note that to find these limits in general we just start with the appropriate trig function and then build up
the equation for x and y by first multiplying the trig function by any coefficient, if present, and then
adding/subtracting any numbers that might be present (not needed in this case). This, in turn, gives us
the largest possible set of limits for x and y. Just remember to be careful when multiplying an inequality
by a negative number. Don’t forget to flip the direction of the inequalities when doing this.

Now, at this point we need to be a little careful. What we’ve actually found here are the largest possible
inequalities for the limits on x and y. This set of inequalities for the limits on x and y assume that the
parametric curve will be completely traced out at least once for the range of t's we were given in the
problem statement. It is always possible that the curve will not trace out a full trace in the given range
of t's. In a later step we’ll determine if the parametric curve does trace out a full trace and hence
determine the actual limits on x and y.

Before we move onto the next step there are a couple of issues we should quickly discuss.

First, remember that when we talk about the parametric curve tracing out once we are not necessarily
talking about the ellipse itself being fully traced out. The parametric curve will be at most the full ellipse
and we haven’t determined just yet how much of the ellipse the parametric curve will trace out. So, one
trace of the parametric curve refers to the largest portion of the ellipse that the parametric curve can
possibly trace out given no restrictions on t.

Second, if we can’t completely determine the actual limits on x and y at this point why did we do them
here? In part we did them here because we can and the answer to this step often does end up being the
limits on x and y. Also, there are times where knowing the largest possible limits on x and/or y will be
convenient for some of the later steps.

Finally, we can sometimes get these limits from the sketch of the parametric curve. However, there are
some parametric equations that we can’t easily get the sketch without doing this step. We'll eventually
do some problems like that.

Step 3
Before we sketch the graph of the parametric curve recall that all parametric curves have a direction of

motion, i.e. the direction indicating increasing values of the parameter, t in this case.

There are several ways to get the direction of motion for the curve. One is to plug in values of t into the
parametric equations to get some points that we can use to identify the direction of motion.

Here is a table of values for this set of parametric equations. In this case we were also given a range of
t's and we need to restrict the t's in our table to that range.
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t X y
0 0 -4
z 3 0
2
T 0 4
37 -3 0
2
27 0 -4

Now, this table seems to suggest that the parametric equation will follow the ellipse in a counter
clockwise rotation. It also seems to suggest that the ellipse will be traced out exactly once.

However, tables of values for parametric equations involving sine and/or cosine equations can be
deceptive.

Because sine and cosine oscillate it is possible to choose “bad” values of t that suggest a single trace
when in fact the curve is tracing out faster than we realize and it is in fact tracing out more than once.
We'll need to do some extra analysis to verify if the ellipse traces out once or more than once.

Also, just because the table suggests a particular direction doesn’t actually mean it is going in that
direction. It could be moving in the opposite direction at a speed that just happens to match the points
you got in the table. Go back to the notes and check out Example 5. Plug in the points we used in our
table above and you’ll get a set of points that suggest the curve is tracing out clockwise when in fact it is
tracing out counter clockwise!

Note that because this is such a “bad” way of getting the direction of motion we put it in its own step so
we could discuss it in detail. The actual method we’ll be using is in the next step and we’ll not be doing
table work again unless it is absolutely required for some other part of the problem.

Step 4

As suggested in the previous step the table of values is not a good way to get direction of motion for
parametric curves involving trig function so let’s go through a much better way of determining the
direction of motion. This method takes a little time to think things through but it will always get the
correct direction if you take the time.

First, let’s think about what happens if we start at 1 =0 and increasetto t = 7.

As we cover this range of t's we know that cosine starts at 1, decreasing through zero and finally stops at
-1. So, that means that y will start at y = —4 (i.e. where cosine is 1), go through the x-axis (i.e. where

cosine is zero) and finally stop at y =4 (i.e. where cosine is -1). Now, this doesn’t give us a direction of

motion as all it really tells us that y increases and it could do this following the right side of the ellipse
(i.e. counter clockwise) or it could do this following the left side of the ellipse (i.e. clockwise).

So, let’s see what the behavior of sine in this range tells us. Starting at =0 we know that sine will be
zero and so x will also be zero. As tincreasesto ¢ = % we know that sine increases from zero to one

and so x will increase from zero to three. Finally, as we further increase t to ¢ = 7 sine will decrease
from one back to zero and so x will also decrease from three to zero.
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So, taking the x and y analysis above together we can see that at =0 the curve will start at the point
(0, —4) . Aswe increasetto = % the curve will have to follow the ellipse with increasing x and y until

it hits the point (3,0). The only way we can reach this second point and have the correct increasing

behavior for both x and y is to move in a counter clockwise direction along the right half of the ellipse.

If we further increase t from ¢ = % to t = 7 we can see that y must continue to increase but x now

decreases until we get to the point (0,4) and again the only way we can reach this third point and have

the required increasing/decreasing information for y/x respectively is to be moving in a counter
clockwise direction along the right half.

We can do a similar analysis increasing t from ¢ = 7 to t = 27 to see that we must still move in a
counter clockwise direction that takes us through the point (—3,0) and then finally ending at the point

(0,—4).
So, from this analysis we can see that the curve must be tracing out in a counter clockwise direction.

This analysis seems complicated and maybe not so easy to do the first few times you see it. However,
once you do it a couple of times you’ll see that it’s not quite as bad as it initially seems to be. Also, it
really is the only way to guarantee that you’ve got the correct direction of motion for the curve when
dealing with parametric equations involving sine and/or cosine.

If you had trouble visualizing how sine and cosine changed as we increased t you might want to do a
quick sketch of the graphs of sine and cosine and you’ll see right away that we were correct in our
analysis of their behavior as we increased t.

Step 5

Okay, in the last step notice that we also showed that the curve will trace the ellipse out exactly once in
the given range of t's. However, let’s assume that we hadn’t done the direction analysis yet and see if
we can determine this without the direction analysis.

This is actually pretty simple to do, or at least simpler than the direction analysis. All it requires is that
you know where sine and cosine are zero, 1 and -1. If you recall your unit circle it's always easy to know
where sine and cosine have these values. We'll also be able to verify the ranges of x and y found in Step
2 were in fact the actual ranges for x and y.

Let’s start with the “initial” point on the curve, i.e. the point at the left end of our range of t’s, 1 =0 in
this case. Where you start this analysis is really dependent upon the set of parametric equations, the
parametric curve and/or if there is a range of t’s given. Good starting points are the “initial” point, one
of the end points of the curve itself (if the curve does have endpoints) or = (0. Sometimes one option
will be better than the others and other times it won’t matter.

In this case two of the options are the same point so it seems like a good point to use.
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So, at t =0 we are at the point (0, —4) . We know that the parametric curve is some or all of the ellipse

we found in the first step. So, at this point let’s assume it is the full ellipse and ask ourselves the
following question. When do we get back to this point? Or, in other words, what is the next value of t

after £ =0 (since that is the point we choose to start off with) are we back at the point (O,—4) ?

Before doing this let’s quickly note that if the parametric curve doesn’t get back to this point we’ll
determine that in the following analysis and that will be useful in helping us to determine how much of
the ellipse will get traced out by the parametric curve.

Okay let’s back to the analysis. In order to be at the point (0, —4) we know we must have sin(t) =0
(only way to get x =0!) and we must have Cos(t) =1 (only way to get y =—41). For £ >0 we know

that sin(t) =0att=m,27,3x,... and likewise we know that cos(t) =1att=2x,47,6x,.... The

first value of t that is in both lists is =27 and so this is the next value of t that will put us at that point.

This tells us several things. First, we found that the parametric equation will get back to the initial point
and so it is possible for the parametric equation to trace out the full ellipse.

Secondly, we got back to the point (0, —4) at the very last t from the range of t's we were given in the

problem statement and so the parametric curve will trace out the ellipse exactly once for the given
range of t's.

Finally, from this analysis we found the parametric curve traced out the full ellipse in the range of t’s
given in the problem statement and so we know now that the limits of x and y we found in Step 2 are in
fact the actual limits on x and y for this curve.

As a final comment from this step let’s note that this analysis in this step was a little easier than normal
because the argument of the trig functions was just a t as opposed to say 2t or %t which does make the

analysis a tiny bit more complicated. We'll see how to deal with these kinds of arguments in the next
couple of problems.

Step 6
Finally, here is a sketch of the parametric curve for this set of parametric equations.
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f=0 2

For this sketch we included the points from our table because we had them but we won’t always include
them as we are often only interested in the sketch itself and the direction of motion.

Also, because the problem asked for it here are the formal limits on x and y for this parametric curve.
-3<x<3 —-4<y<4

As a final set of thoughts for this problem you really should go back and make sure you understand the
processes we went through in Step 4 and Step 5. Those are often the best way of getting at the
information we found in those steps. The processes can seem a little mysterious at first but once you’ve
done a couple you’ll find it isn’t as bad as they might have first appeared.

Also, for the rest of the problems in this section we’ll build a table of t values only if it is absolutely
necessary for the problem. In other words, the process we used in Step 4 and 5 will be the processes
we’ll be using to get direction of motion for the parametric curve and to determine if the curve is traced
out more than once or not.

You should also take a look at problems 5 and 6 in this section and contrast the number of traces of the
curve with this problem. The only difference in the set of parametric equations in problems 4, 5 and 6 is
the argument of the trig functions. After going through these three problems can you reach any
conclusions on how the argument of the trig functions will affect the parametric curves for this type of
parametric equations?
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5. Eliminate the parameter for the following set of parametric equations, sketch the graph of the
parametric curve and give any limits that might exist on x and y.

x=3sin(2t) y=—4cos(2¢) 0<t<27

Step 1
First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we will make use of the well-known trig identity,

cos’ (8)+sin* () =1
We can solve each of the parametric equations for sine and cosine as follows,

sin(21) = cos(2t)=—%

X
3
Plugging these into the trig identity (remember the identity holds as long as the argument of both trig
functions, 2t in this case, is the same) gives,

2 2 2 2
4 3 9 16

Therefore, the parametric curve will be some or all of the ellipse above.

We have to be careful when eliminating the parameter from a set of parametric equations. The graph of
the resulting equation in only x and y may or may not be the graph of the parametric curve. Often,
although not always, the parametric curve will only be a portion of the curve from the equation in terms
of only x and y. Another situation that can happen is that the parametric curve will retrace some or all
of the curve from the equation in terms of only x and y more than once.

This observation is especially important for this problem. The next few steps will help us to determine
just how much of the ellipse we have and if it retraces the ellipse, or a portion of the ellipse, more than
once.

Before we proceed with the rest of the problem let’s fist note that there is really no set order for doing
the steps. They can often be done in different orders and in some cases may actually be easier to do in
different orders. The order we'll be following here is used simply because it is the order that I'm used to
working them in. If you find a different order would be best for you then that is the order you should
use.

Step 2

At this point we can get a good idea on what the limits on x and y are going to be so let’s do that. Note
that often we won’t get the actual limits on x and y in this step. All we are really finding here is the
largest possible range of limits for x and y. Having these can sometimes be useful for later steps and so
we’ll get them here.
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We can use our knowledge of sine and cosine to determine the limits on x and y as follows,

—1<sin(27)<1 —1<cos(2r)<1
—3<3sin(27)<3 4>—4cos(2t)>—4
-3<x<3 -4<y<4

Note that to find these limits in general we just start with the appropriate trig function and then build up
the equation for x and y by first multiplying the trig function by any coefficient, if present, and then
adding/subtracting any numbers that might be present (not needed in this case). This, in turn, gives us
the largest possible set of limits for x and y. Just remember to be careful when multiplying an inequality
by a negative number. Don’t forget to flip the direction of the inequalities when doing this.

Now, at this point we need to be a little careful. What we’ve actually found here are the largest possible
inequalities for the limits on x and y. This set of inequalities for the limits on x and y assume that the
parametric curve will be completely traced out at least once for the range of t's we were given in the
problem statement. It is always possible that the curve will not trace out a full trace in the given range
of t's. In a later step we’ll determine if the parametric curve does trace out a full trace and hence
determine the actual limits on x and y.

Before we move onto the next step there are a couple of issues we should quickly discuss.

First, remember that when we talk about the parametric curve tracing out once we are not necessarily
talking about the ellipse itself being fully traced out. The parametric curve will be at most the full ellipse
and we haven’t determined just yet how much of the ellipse the parametric curve will trace out. So, one
trace of the parametric curve refers to the largest portion of the ellipse that the parametric curve can
possibly trace out given no restrictions on t.

Second, if we can’t completely determine the actual limits on x and y at this point why did we do them
here? In part we did them here because we can and the answer to this step often does end up being the
limits on x and y. Also, there are times where knowing the largest possible limits on x and/or y will be
convenient for some of the later steps.

Finally, we can sometimes get these limits from the sketch of the parametric curve. However, there are
some parametric equations that we can’t easily get the sketch without doing this step. We'll eventually
do some problems like that.

Step 3
Before we sketch the graph of the parametric curve recall that all parametric curves have a direction of
motion, i.e. the direction indicating increasing values of the parameter, t in this case.

In previous problems one method we looked at was to build a table of values for a sampling of t’s in the
range provided. However, as we discussed in Problem 4 of this section tables of values for parametric
equations involving trig functions they can be deceptive and so we aren’t going to use them to
determine the direction of motion for this problem.
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Also, as noted in the discussion in Problem 4 it also might help to have the graph of sine and cosine
handy to look at since we’ll be talking a lot about the behavior of sine/cosine as we increase the
argument.

So for this problem we’ll just do the analysis of the behavior of sine and cosine in the range of t’s we
were provided to determine the direction of motion. We'll be doing a quicker version of the analysis
here than we did in Problem 4 so you might want to go back and check that problem out if you have
trouble following everything we’re going here.

Let’s start at £ =0 since that is the first value of t in the range of t's we were given in the problem. This
means we’ll be starting the parametric curve at the point (O,—4) .

Now, what happens if we start to increase t? First, if we increase t then we also increase 2t, the
argument of the trig functions in the parametric equations. So, what does this mean for sin(2t) and

cos(2t) ? Well initially, we know that Sin(Zt) will increase from zero to one and at the same time

Cos(Zt) will also have to decrease from one to zero.

So, this means that x (given by x = 3sin(2t) ) will have to increase from 0 to 3. Likewise, it means that

y (given by y=—4 COS(ZI)) will have to increase from -4 to 0. For the y equation note that while the

cosine is decreasing the minus sign on the coefficient means that y itself will actually be increasing.

Because this behavior for x and y must be happening at simultaneously we can see that the only
possibility is for the parametric curve to start at (0, —4) and as we increase the value of t we must move

to the right in the counter clockwise direction until we reach the point (3,0).

Okay, we’re now at the point (3,0), o) sin(2t) =1 and Cos(2t) =0. Let’s continue to increase t. A

further increase of t will force sin(Zt) to decrease from 1 to 0 and at the same time COS(Zt) will

decrease from 0 to -1.

In terms of x and y this means that, at the same time, x will now decrease from 3 to 0 while y will
continue to increase from 0 to 4 (again the minus sign on the y equation means y must increase as the
cosine decreases from 0 to -1). So, we must be continuing to move in a counter clockwise direction until

we reach the point (0,4).

For the remainder we’ll go a little quicker in the analysis and just discuss the behavior of x and y and skip
the discussion of the behavior of the sine and cosine.

Another increase in t will force x to decrease from 0 to -3 and at the same time y will have to also
decrease from 4 to 0. The only way for this to happen simultaneously is to move along the ellipse

starting that (0,4) in a counter clockwise motion until we reach (—3,0).
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Continuing to increase t and we can see that, at the same time, x will increase from -3 to 0 and y will
decrease from 0 to -4. Or, in other words we’re moving along the ellipse in a counter clockwise motion

from (—3,0) to (O,—4).

At this point we’ve gotten back to the starting point and we got back to that point by always going in a
counter clockwise direction and did not retrace any portion of the graph and so we can now safely say
that the direction of motion for this curve will always counter clockwise.

We have to be very careful here to continue the analysis until we get back to the starting point and see
just how we got back there. It is possible, as we'll see in later problems, for us to get back there by
retracing back over the curve. This will have an effect on the direction of motion for the curve (i.e. the
direction will change!). In this case however since we got back to the starting point without retracing
any portion of the curve we know the direction will remain counter clockwise.

Step 4

Let’s now think about how much of the ellipse is actually traced out or if the ellipse is traced out more
than once for the range of t's we were given in the problem. We'll also be able to verify if the ranges of
x and y we found in Step 2 are the correct ones or if we need to modify them (and we’ll also determine
just how to modify them if we need to).

Be careful to not draw any conclusions about how much of the ellipse is traced out from the analysis in
the previous step. If we follow that analysis we see a full single trace of the ellipse. However, we didn’t
ever really mention any values of t with the exception of the starting value. Because of that we can’t
really use the analysis in the previous step to determine anything about how much of the ellipse we
trace out or how many times we trace the ellipse out.

Let’s go ahead and start this portion out at the same value of t we started with in the previous step. So,
at £ =0 we are at the point (0, —4) . Now, when do we get back to this point? Or, in other words, what

is the next value of t after £ =0 (since that is the point we choose to start off with) are we at the point

(0,—4)?

In order to be at this point we know we must have sin(Zt) =0 (only way to get x =01!) and we must

have COS(ZZ) =1 (only way to get y =—41!). Note the arguments of the sine and cosine! That is very

important for this step.

Now, for ¢ > 0 we know that sin(Zt) =0 at 2t =x,27,3x,... and likewise we know that cos(2t) =1
at 2t =2x,4x,67,.... Again, note the arguments of sine and cosine here! Because we want sin(ZI)

and cos(2t) to have certain values we need to determine the values of 2t we need to achieve the

values of sine and cosine that we are looking for.

The first value of 2t that is in both lists is 2 = 277 . This now tells us the value of t we need to get back
to the starting point. We just need to solve this for t!

2t=2rx = t=rm
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So, we will get back to the starting point, without retracing any portion of the ellipse, important in some
later problems, when we reach f = 7.

But this is in the middle of the range of t's we were given! So, just what does this mean for us? Well

first of all, provided the argument of the sine/cosine is only in terms of t, as opposed to #* or \/; for
example, the “net” range of t’s for one trace will always be the same. So, we got one trace in the range
of 0<¢ <7 and so the “net” range of t's here is 7 —0 =7 and so any range of t's that span 7 will
trace out the ellipse exactly once.

This means that the ellipse will also trace out exactly once in the range 7 <t <27 . So, in this case, it
looks like the ellipse will be traced out twice in the range 0 <t <2rx.

This analysis also has shown us that the parametric curve traces out the full ellipse in the range of t’s
given in the problem statement (more than once in fact!) and so we know now that the limits of x and y
we found in Step 2 are in fact the actual limits on x and y for this curve.

Before we leave this step we should note that once you get pretty good at the direction analysis we did
in Step 3 you can combine the analysis Steps 3 and 4 into a single step to get both the direction and
portion of the curve that is traced out. Initially however you might find them a little easier to do them
separately.

Step 5
Finally, here is a sketch of the parametric curve for this set of parametric equations.

=0T
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For this sketch we included a set of t’s to illustrate a handful of points and their corresponding values of
t's. For some practice you might want to follow the analysis from Step 4 to see if you can verify the
values of t for the other three points on the graph. It would, of course, be easier to just plug them in to
verify, but the practice of the process of the Step 4 analysis might be useful to you.

Also, because the problem asked for it here are the formal limits on x and y for this parametric curve.
—3<x<3 -4<y<4

You should also take a look at problems 4 and 6 in this section and contrast the number of traces of the
curve with this problem. The only difference in the set of parametric equations in problems 4, 5 and 6 is
the argument of the trig functions. After going through these three problems can you reach any
conclusions on how the argument of the trig functions will affect the parametric curves for this type of
parametric equations?

6. Eliminate the parameter for the following set of parametric equations, sketch the graph of the
parametric curve and give any limits that might exist on x and y.

x=3sin(ts) y=—4cos(4r) 0<t<2rx
Step 1

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we will make use of the well-known trig identity,

cos’ (8)+sin’(6)=1

We can solve each of the parametric equations for sine and cosine as follows,

sin(47) = cos(%t):—%

il
3

Plugging these into the trig identity (remember the identity holds as long as the argument of both trig
functions, %t in this case, is the same) gives,

2 X 2 xz 2
R I ) . = * X
4 3 9 16

Therefore, the parametric curve will be some or all of the ellipse above.
We have to be careful when eliminating the parameter from a set of parametric equations. The graph of

the resulting equation in only x and y may or may not be the graph of the parametric curve. Often,
although not always, the parametric curve will only be a portion of the curve from the equation in terms
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of only x and y. Another situation that can happen is that the parametric curve will retrace some or all
of the curve from the equation in terms of only x and y more than once.

This observation is especially important for this problem. The next few steps will help us to determine
just how much of the ellipse we have and if it retraces the ellipse, or a portion of the ellipse, more than
once.

Before we proceed with the rest of the problem let’s fist note that there is really no set order for doing
the steps. They can often be done in different orders and in some cases may actually be easier to do in
different orders. The order we'll be following here is used simply because it is the order that I'm used to
working them in. If you find a different order would be best for you then that is the order you should
use.

Step 2

At this point we can get a good idea on what the limits on x and y are going to be so let’s do that. Note
that often we won’t get the actual limits on x and y in this step. All we are really finding here is the
largest possible range of limits for x and y. Having these can sometimes be useful for later steps and so
we’ll get them here.

We can use our knowledge of sine and cosine to determine the limits on x and y as follows,

~1<sin(47)<1 —1<cos(41)<1
-3<3sin(47)<3 4> —4cos(31)>—4
-3<x<3 -4<y<4

Note that to find these limits in general we just start with the appropriate trig function and then build up
the equation for x and y by first multiplying the trig function by any coefficient, if present, and then
adding/subtracting any numbers that might be present (not needed in this case). This, in turn, gives us
the largest possible set of limits for x and y. Just remember to be careful when multiplying an inequality
by a negative number. Don’t forget to flip the direction of the inequalities when doing this.

Now, at this point we need to be a little careful. What we’ve actually found here are the largest possible
inequalities for the limits on x and y. This set of inequalities for the limits on x and y assume that the
parametric curve will be completely traced out at least once for the range of t's we were given in the
problem statement. It is always possible that the curve will not trace out a full trace in the given range
of t's. In a later step we’ll determine if the parametric curve does trace out a full trace and hence
determine the actual limits on x and y.

Before we move onto the next step there are a couple of issues we should quickly discuss.

First, remember that when we talk about the parametric curve tracing out once we are not necessarily
talking about the ellipse itself being fully traced out. The parametric curve will be at most the full ellipse
and we haven’t determined just yet how much of the ellipse the parametric curve will trace out. So, one
trace of the parametric curve refers to the largest portion of the ellipse that the parametric curve can
possibly trace out given no restrictions on t. This is especially important for this problem!
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Second, if we can’t completely determine the actual limits on x and y at this point why did we do them
here? In part we did them here because we can and the answer to this step often does end up being the
limits on x and y. Also, there are times where knowing the largest possible limits on x and/or y will be
convenient for some of the later steps.

Finally, we can sometimes get these limits from the sketch of the parametric curve. However, there are
some parametric equations that we can’t easily get the sketch without doing this step. We'll eventually
do some problems like that.

Step 3
Before we sketch the graph of the parametric curve recall that all parametric curves have a direction of
motion, i.e. the direction indicating increasing values of the parameter, t in this case.

In previous problems one method we looked at was to build a table of values for a sampling of t's in the
range provided. However, as we discussed in Problem 4 of this section tables of values for parametric
equations involving trig functions they can be deceptive and so we aren’t going to use them to
determine the direction of motion for this problem.

Also, as noted in the discussion in Problem 4 it also might help to have the graph of sine and cosine
handy to look at since we’ll be talking a lot about the behavior of sine/cosine as we increase the
argument.

So for this problem we’ll just do the analysis of the behavior of sine and cosine in the range of t's we
were provided to determine the direction of motion. We’ll be doing a quicker version of the analysis
here than we did in Problem 4 so you might want to go back and check that problem out if you have
trouble following everything we’re going here.

Let’s start at £ = 0 since that is the first value of t in the range of t's we were given in the problem. This
means we’ll be starting the parametric curve at the point (O,—4) .

Now, what happens if we start to increase t? First, if we increase t then we also increase %t , the
argument of the trig functions in the parametric equations. So, what does this mean for sin (%t) and
Cos(%t) ? Well initially, we know that sin (%t)will increase from zero to one and at the same time

cos(%t) will also have to decrease from one to zero.

So, this means that x (given by x =3sin (%t) ) will have to increase from 0 to 3. Likewise, it means that

y (given by y =—4cos (%t) ) will have to increase from -4 to 0. For the y equation note that while the

cosine is decreasing the minus sign on the coefficient means that y itself will actually be increasing.

Because this behavior for the x and y must be happening at simultaneously we can see that the only
possibility is for the parametric curve to start at (0, —4) and as we increase the value of t we must move

to the right in the counter clockwise direction until we reach the point (3,0).
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Okay, we’re now at the point (3,0), so sin (%t) =1 and COS(%Z‘) =0. Let’s continue to increase t. A

further increase of t will force sin (%t) to decrease from 1 to 0 and at the same time cos(%t) will

decrease from 0 to -1.

In terms of x and y this means that, at the same time, x will now decrease from 3 to 0 while y will
continue to increase from 0 to 4 (again the minus sign on the y equation means y must increase as the
cosine decreases from 0 to -1). So, we must be continuing to move in a counter clockwise direction until

we reach the point (0,4).

For the remainder we’ll go a little quicker in the analysis and just discuss the behavior of x and y and skip
the discussion of the behavior of the sine and cosine.

Another increase in t will force x to decrease from 0 to -3 and at the same time y will have to also
decrease from 4 to 0. The only way for this to happen simultaneously is to move along the ellipse

starting that (0,4) in a counter clockwise motion until we reach (—3,0).

Continuing to increase t and we can see that, at the same time, x will increase from -3 to 0 and y will
decrease from 0 to -4. Or, in other words we’re moving along the ellipse in a counter clockwise motion

from (—3,0) to (O,—4).

At this point we’ve gotten back to the starting point and we got back to that point by always goingin a
counter clockwise direction and did not retrace any portion of the graph and so we can now safely say
that the direction of motion for this curve will always counter clockwise.

We have to be very careful here to continue the analysis until we get back to the starting point and see
just how we got back there. It is possible, as we'll see in later problems, for us to get back there by
retracing back over the curve. This will have an effect on the direction of motion for the curve (i.e. the
direction will change!). In this case however since we got back to the starting point without retracing
any portion of the curve we know the direction will remain counter clockwise.

Step 4

Let’s now think about how much of the ellipse is actually traced out or if the ellipse is traced out more
than once for the range of t's we were given in the problem. We'll also be able to verify if the ranges of
x and y we found in Step 2 are the correct ones or if we need to modify them (and we’ll also determine
just how to modify them if we need to).

Be careful to not draw any conclusions about how much of the ellipse is traced out from the analysis in
the previous step. If we follow that analysis we see a full single trace of the ellipse. However, we didn’t
ever really mention any values of t with the exception of the starting value. Because of that we can’t
really use the analysis in the previous step to determine anything about how much of the ellipse we
trace out or how many times we trace the ellipse out.

Let’s go ahead and start this portion out at the same value of t we started with in the previous step. So,
at =0 we are at the point (0, —4) . Now, when do we get back to this point? Or, in other words, what
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is the next value of t after # =0 (since that is the point we choose to start off with) are we at the point

(0,—4)?

In order to be at this point we know we must have sin (%t) =0 (only way to get x =01) and we must

have Cos(%t) =1 (only way to get y =—41). Note the arguments of the sine and cosine! That is very

important for this step.

Now, for ¢ >0 we know that sin (%t) =0 at 3¢ =7,27,37,... and likewise we know that cos (%t) =1
at %t =2rx,47,67,.... Again, note the arguments of sine and cosine here! Because we want sin (%t)

and cos (%t) to have certain values we need to determine the values of %t we need to achieve the

values of sine and cosine that we are looking for.

The first value of %t that is in both lists is %t =27 . This now tells us the value of t we need to get back
to the starting point. We just need to solve this for t!

1t=2rx = t=6r

So, we will get back to the starting point, without retracing any portion of the ellipse, important in some
later problems, when we reach t =67 .

At this point we have a problem that we didn’t have in the previous two problems. We get back to the
point (O, —4) at £ = 6 and this is outside the range of t’s given in the problem statement, 0<¢ <27 !

What this means for us is that the parametric curve will not trace out a full trace for the range of t's we
were given for this problem. It also means that the range of limits for x and y from Step 2 are not the
correct limits for x and y.

We know from the Step 3 analysis that the parametric curve will trace out in a counter clockwise
direction and from the analysis in this step it won’t trace out a full trace.

So, we know the parametric curve will start when ¢ =0 at (0, —4) and will trace out in a counter

clockwise direction until # =27 at which we will be at the point,
(3 sin (%”),—4 cos(%”)) = (%,2)

This “ending” point is in the first quadrant and so we know that the curve has to have passed through
(3,0). This means that the limits on x are 0 < x <3 . The limits on the y are simply those we get from

the points 4<y<2.

Before we leave this step we should note that once you get pretty good at the direction analysis we did
in Step 3 you can combine the analysis Steps 3 and 4 into a single step to get both the direction and
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portion of the curve that is traced out. Initially however you might find them a little easier to do them
separately.

Step 5
Finally, here is a sketch of the parametric curve for this set of parametric equations.

~
(5]
T

For this sketch we included a set of t’s to illustrate a handful of points and their corresponding values of
t's. For some practice you might want to follow the analysis from Step 4 to see if you can verify the
values of t for the other three points on the graph. It would, of course, be easier to just plug them in to
verify, but the practice would of the Step 4 analysis might be useful to you.

Note as well that we included the full sketch of the ellipse as a dashed graph to help illustrate the
portion of the ellipse that the parametric curve is actually covering.

Also, because the problem asked for it here are the formal limits on x and y for this parametric curve.
0<x<3 —4<y<2

You should also take a look at problems 4 and 5 in this section and contrast the number of traces of the
curve with this problem. The only difference in the set of parametric equations in problems 4, 5 and 6 is
the argument of the trig functions. After going through these three problems can you reach any
conclusions on how the argument of the trig functions will affect the parametric curves for this type of
parametric equations?
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7.The path of a particle is given by the following set of parametric equations. Completely describe the
path of the particle. To completely describe the path of the particle you will need to provide the
following information.

(/) A sketch of the parametric curve (including direction of motion) based on the equation you get by
eliminating the parameter.

(ii) Limits on x and y.

(iii) A range of t's for a single trace of the parametric curve.

(iv) The number of traces of the curve the particle makes if an overall range of t's is provided in the
problem.

x=3-2cos(3t) y=1+4sin(3¢)

Step 1

There’s a lot of information we’ll need to find to fully answer this problem. However, for most of it we
can follow the same basic ordering of steps we used for the first few problems in this section. We will
need however to do a little extra work along the way.

Also, because most of the work here is similar to the work we did in Problems 4 — 6 of this section we
won’t be putting in as much explanation to a lot of the work we’re doing here. So, if you need some
explanation for some of the work you should go back to those problems and check the corresponding

steps.

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we will make use of the well-known trig identity,

cos’ (8)+sin* () =1
We can solve each of the parametric equations for sine and cosine as follows,

cos(3t):x—_23 sin(fit):yT_1

Plugging these into the trig identity gives,

IR (=3, 0=

-2 4
Therefore, the parametric curve will be some or all of the graph of this ellipse.
Step 2
At this point let’s get our first guess as to the limits on x and y. As noted in previous problems what
we’re really finding here is the largest possible ranges for x and y. In later steps we’ll determine if this

the actual set of limits on x and y or if we have smaller ranges.

We can use our knowledge of sine and cosine to determine the limits on x and y as follows,
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—1<cos(3r)<1 —1<sin(3¢)<1
2>-2cos(3t)>-2 —4<4sin(3t)<4
5>3-2cos(3t)>1 —3<1+4sin(3r)<5

I<x<5 -3<y<5S

Remember that all we need to do is start with the appropriate trig function and then build up the
equation for x and y by first multiplying the trig function by any coefficient, if present, and then
adding/subtracting any numbers that might be present. We now have the largest possible set of limits
forxand y.

This problem does not have a range of t’s that might restrict how much of the parametric curve gets
sketched out. This means that the parametric curve will be fully traced out.

Remember that when we talk about the parametric curve getting fully traced out this doesn'’t, in
general, mean the full ellipse we found in Step 1 gets traced out by the parametric equation. All “fully
traced out” means, in general, is that whatever portion of the ellipse that is described by the set of
parametric curves will be completely traced out.

However, for this problem let’s also note as well that the ranges for x and y we found above also
correspond the maximum ranges for x and y we get from the equation of the ellipse we found in Step 1.
This means that, for this problem, the ellipse will get fully traced out at least once by the parametric
curve and so these are the full limits on x and y.

Step 3
Let’s next get the direction of motion for the parametric curve.

Let’'s use ¢ =0 as a “starting” point for this analysis. At f =0 we are at the point (1,1) . If we increase t

we can see that both x and y must increase until we get to the point (3,5) . Increasing t further from
this point will force x to continue to increase, but y will now start to decrease until we reach the point
(5,1). Next, when we increase t further both x and y will decrease until we reach the point (3,—3) .
Finally, increasing t even more we get x continuing to decrease while y starts to increase until we get
back to (1,1) , the point we “started” the analysis at.

We didn’t put a lot of “explanation into this but if you think about the parametric equations and how
sine/cosine behave as you increase t you should see what’s going on. In the x equation we see that the
coefficient of the cosine is negative and so if cosine increases x must decrease and if cosine decreases x
must increase. For the y equation the coefficient of the sine is positive and so both y and sine will
increase or decrease at the same time.

Okay, in all of the analysis above we must be moving in a clockwise direction. Also, note that because of
the oscillating nature of sine and cosine once we reach back to the “starting” point the behavior will
simply repeat itself. This in turn tells us that once we arrive back at the “starting” point we will continue
to trace out the parametric curve in a clockwise direction.
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Step 4

From the analysis in the last step we saw that without any range of t's restricting the parametric curve,
which we don’t have here, the parametric curve will completely trace out the ellipse that we found in
Step 1.

Therefore, the next thing we should do is determine a range of t’s that it will take to complete one trace
of the parametric curve. Note that one trace of the parametric curve means that no portion of the
parametric curve will ever be retraced. For this problem that means we trace out the ellipse exactly
once.

7 "

So, as with the last step let’s “start” at the point (1,1) , Which corresponds to 1 =0. So, the next

question to ask is what value of ¢ > 0 will we reach this point again.

In order to be at the point (1,1) we need to require that Cos(3t) =1 and sin(3t) =0. So, for t >0 we

know we’ll have Cos(3t) =1 if 3t =2x,47,6x,... and we'll have Sin(3t) =0if 3t=n,27,3x,... .

The first value of t that is in both of these lists is 3¢ = 27 . So, we’ll get back to the “starting” point at,
3t=2rx = t=2F
Therefore, one trace will be completed in the range,
0<r<3f

Note that this is only one possible answer here. Any range of t's with a “net” range of ZT” t's, with the

endpoints of the t range corresponding to start/end points of the parametric equation, will work. So, for
example, any of the following ranges of t's would also work.

—-22<t<0 <Az —

wl:i
wl:i

There are of course many other possible ranges of t’s for a one trace. Note however, as the last
example above shows, because the full ellipse is traced out, each range doesn’t all need to start/end at
the same place. The range we originally arrived at as well as the first two ranges above all start/end at

(1,1) while the third range above starts/ends at (5,1).

Step 5

Now that we have a range of t’s for one full trace of the parametric curve we could determine the
number of traces the particle makes. However, because we weren’t given an overall range of t's we
can’t do that for this problem.

Step 6
Finally, here is a sketch of the parametric curve for this set of parametric equations.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 180

For this sketch we included a set of t's to illustrate where the particle is at while tracing out of the curve.
For some practice you might want to follow the analysis from Step 4 to see if you can verify the values of
t for the other three points on the graph. It would, of course, be easier to just plug them in to verify, but
the practice would of the Step 4 analysis might be useful to you.

Here is also the formal answers for all the rest of the information that problem asked for.

Range of x :

Range of y : -3<y<s
Range of ¢ for one trace :  0<¢ <2~
Total number of traces : n/a

8.The path of a particle is given by the following set of parametric equations. Completely describe the
path of the particle. To completely describe the path of the particle you will need to provide the
following information.

(/) A sketch of the parametric curve (including direction of motion) based on the equation you get by
eliminating the parameter.

(i) Limits on x and y.

(iii) A range of t’s for a single trace of the parametric curve.

(iv) The number of traces of the curve the particle makes if an overall range of t’s is provided in the
problem.

x=4sin(4t) y=1-2cos’(11) ~527 <t<34r

Step 1
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There’s a lot of information we’ll need to find to fully answer this problem. However, for most of it we
can follow the same basic ordering of steps we used for the first few problems in this section. We will
need however to do a little extra work along the way.

Also, because most of the work here is similar to the work we did in Problems 4 — 6 of this section we
won’t be putting in as much explanation to a lot of the work we’re doing here. So, if you need some
explanation for some of the work you should go back to those problems and check the corresponding

steps.

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations we will make use of the well-known trig identity,

cos’ (6)+sin’ () =1

We can solve each of the parametric equations for sine and cosine as follows,

sin(+7)== cos” (4+1)=—
(4 ) 4 (4 ) )
Plugging these into the trig identity gives,
1 (xY x’
Rimt Y = y=21
) 4 8

Therefore, with a little algebraic manipulation, we see that the parametric curve will be some or all of
the parabola above. Note that while many parametric equations involving sines and cosines are some or
all of an ellipse they won’t all be as this problem shows. Do not get so locked into ellipses when seeing
sines/cosines that you always just assume the curve will be an ellipse.

Step 2

At this point let’s get our first guess as to the limits on x and y. As noted in previous problems what
we’re really finding here is the largest possible ranges for x and y. In later steps we’ll determine if this
the actual set of limits on x and y or if we have smaller ranges.

We can use our knowledge of sine and cosine to determine the limits on x and y as follows,

—lﬁsin(%t)él —lﬁcos(%t)ﬁl
—4<4sin(Lr)<4 0<cos’(Lr)<1
—4<x<4 OZ—ZCOSZ(%t)Z—Z
1>1-2co0s’(47)>-1
-1<y<1

Remember that all we need to do is start with the appropriate trig function and then build up the
equation for x and y by first multiplying the trig function by any coefficient, if present, and then
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adding/subtracting any numbers that might be present. We now have the largest possible set of limits
forxand y.

Now, at this point we need to be a little careful. As noted above what we’ve actually found here are the
largest possible ranges for the limits on x and y. This set of inequalities for the limits on x and y assume
that the parametric curve will be fully traced out at least once for the range of t’s we were given in the
problem statement. It is always possible that the parametric curve will not trace out a full trace in the
given range of t’s. In a later step we’ll determine if the parametric curve does trace out a full trace and
hence determine the actual limits on x and y.

Remember that when we talk about the parametric curve getting fully traced out this doesn’t, in
general, mean the full parabola we found in Step 1 gets traced out by the parametric equation. All “fully
traced out” means, in general, is that whatever portion of the parabola that is described by the set of
parametric curves will be completely traced out.

In fact, for this problem, we can see that the parabola from Step 1 will not get fully traced out by the
particle regardless of any range of t’s. The largest possible portion of the parabola that can be traced
out by the particle is the portion that lies in the range of x and y given above. In a later step we’ll
determine if the largest possible portion of the parabola does get traced out or if the particle only traces
out part of it.

Step 3
Let’s next get the direction of motion for the parametric curve. For this analysis it might be useful to
have a quick sketch of the largest possible parametric curve. So, here is a quick sketch of that.

The dashed line is the graph of the full parabola from Step 1 and the solid line is the portion that falls
into our largest possible range of x and y we found in Step 2. As an aside here note that the two ranges
are complimentary. In other words, if we sketch the graph only for the range of x we automatically get
the range for y. Likewise, if we sketch the graph only for the range of y we automatically get the range
for x. This is a good check for your graph. The x and y ranges should always match up!

When our parametric curve was an ellipse (the previous problem for example) no matter what point we
started the analysis at the curve would eventually trace out around the ellipse and end up back at the
starting point without ever going back over any portion of itself. The main issue we faced with the
ellipse problem was we could rotate around the ellipse in a clockwise or a counter clockwise motion to
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do this and a careful analysis of the behavior of both the x and y parametric equations was required to
determine just which direction we were going.

With a parabola for our parametric curve things work a lot differently. Let’s suppose that we “started”
at the right end point (this is just randomly picked for no other reason that I'm right handed so don’t
think there is anything special about this point!) and it doesn’t matter what t we use to get to that point.

At this point we know that we are at x =4 and in order for x to have that value we must also have
sin (%t) =1. Now, as we increase t from this point (again it doesn’t matter just what the value of t is)

the only option for sine is for it to decrease until it has the value sin (%t) =—1. This in turn means that

if we start at the right end point we have no option but to proceed along the curve going to the left.

However, we don’t just reach the left end point and then stop! Once we are at sin(%l) =—1 ifwe

further increase t we know that sine will also increase until it has the value sin (%t) =1 and so we must

move back along the curve to the right until we are back at the right end point.

Unlike the ellipse however, the only way for this to happen is for the particle to go back over the
parabola moving in a rightward direction. Remember that the particle moves to the right or left it must
trace out a portion of the parabola that we found in Step 1! Any particle traveling along the path given
by the set of parametric equations must follow the graph of the parabola and never leave it.

In other words, if we don’t put any restrictions on t a particle on this parametric curve will simply
oscillate left and right along the portion of the parabola sketched out above. In this case however we do
have a range of t's so we’ll need to determine a range of t's for one trace to fully know the direction of
motion information of the particle on this path and we’ll do that in the next step. With a restriction on
the range of t's it is possible that the particle won’t make a full trace or it might retrace some or all of
the curve so we can’t say anything definite about the direction of motion for the particle over the full
range of t's until the next step when we determine a range of t’s for one full trace of the curve.

Before we move on to the next step there is a quick topic we should address. We only used the x
equation to do this analysis and never addressed the y-equation anywhere in the analysis. It doesn’t
really matter which one we use as both will give the same information.

Step 4

Now we need to determine a range of t’s for one full trace of the parametric curve. It is important for
this step to remember that one full trace of the parametric curve means that no portion of the
parametric curve can be retraced.

Note that one full trace does not mean that we get back to the “starting” point. When we dealt with an
ellipse in the previous problem that was one trace because we did not need to retrace any portion of
the ellipse to get back to the starting point. However, as we saw in the previous step that for our
parabola here we would have to retrace the full curve to get back to the starting point.

So, one full trace of the parametric curve means we move from the right end point to the left end point
only or visa-versa and move from the left end point to the right end point. Which direction we move
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doesn’t really matter here so let’s get a range of t’s that take us from the left end point to the right end
point.

In all the previous problems we’ve used ¢ =0 as our “starting” point but that won’t work for this

problem because that actually corresponds to the vertex of the parabola. We want to start at the left
end point so the first part of this process is actually determine a t that will put us at the left end point.

In order to be at the left end point, (—4,1) , wWe need to require that sin (%t) = —1 which occurs if

tt=...,-3%,—-Z & Iz .. Wealso need to require that cos (%t) =0 which occurs if
%t :...,—%,—§,§,3—,.... There are going to be many numbers that are in both lists here so all we

2
need to do is pick one and proceed. From the numbers that we’ve listed here we could use either

tt=—Z or1t=32. We'lluse 1t =—Z%,i.e. when t =27 , simply because it is the first one that

occurs in both lists. Therefore, we will be at the left end point when ¢ =27 .

Let’s now move to the right end point, (4,1) . In order to get the range of t's for one trace this means

we’ll need the next t with ¢ > —27 (which corresponds to %t > —Z). To do this we need to require that

sin(%t) =1 which occurs if L¢=...,-3% £ 32 32 and we need to that Cos(%t) =0 which occurs
HY S P 3 3
if lp=. -3 —z 232

The first t that is in both of these lists with 47 > —Z isthen ;- =Z,i.e. when t =27 . So, the first t

after t = —27 that puts us at the right end pointis £ =277 . This means that a range of t’s for one full
trace of the parametric curve is then,

2r<tL2rx

Note that this is only one possible answer here. Any range of t’s with a “net” range of
27— (—27[) =47 t's, with the endpoints of the t range corresponding to start/end points of the

parametric curve, will work. So, for example, any of the following ranges of t's would also work.
—6or<t<-2rxw 2r <tLéor or<t<10x

The direction of motion for each may be different range of t’s of course. Some will trace out the curve
moving from left to right while others will trace out the curve moving from right to left. Because the
problem did not specify a particular direction any would work.

Note as well that the range —27 <t <27 falls completely inside the given range of t’s specified in the
problem and so we know that the particle will trace out the curve more than once over the full range of
t's. Determining just how many times it traces over the curve will be determined in the next step.

Step 5

Now that we have a range of t’s for one full trace of the parametric curve we can determine the number
of traces the particle makes.
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This is a really easy step. We know the total time the particle was traveling and we know how long it
takes for a single trace. Therefore,

Total Time Traveled 347 —(-527) 867 _ 43

. = =21.5 traces
Time for One Trace 2 —(—27?) 47

Number Traces =

Step 6
Finally, here is a sketch of the parametric curve for this set of parametric equations.

5 #
% 7 #

% Fs #

z:...,—zﬁ,ﬁﬁ,_f\ 1+ /"::...,zﬁ,m;:r,_.
L P T P I B L -

X
—4 -3l -1 1 23 4

f=__,0 4 8,

For this sketch we indicated the direction of motion by putting arrow heads going both directions in
places on the curve. We also included a set of t’s for a couple of points to illustrate where the particle is
at while tracing out of the curve. The dashed line is the continuation of the parabola from Step 1 to
illustrate that our parametric curve is only a part of the parabola.

Here is also the formal answers for all the rest of the information that problem asked for.

Range of x : -4<x<4
Range of y : -1<y<l1
Range of # for one trace : —27<t<2x
Total number of traces : 21.5

9.The path of a particle is given by the following set of parametric equations. Completely describe the
path of the particle. To completely describe the path of the particle you will need to provide the
following information.

(i) A sketch of the parametric curve (including direction of motion) based on the equation you get by
eliminating the parameter.

(if) Limits on x and y.

(iii) A range of t's for a single trace of the parametric curve.

(iv) The number of traces of the curve the particle makes if an overall range of t's is provided in the
problem.
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x=,/4+cos(3t) y=1++cos(3t) -4Br<t<2rx

Step 1

There’s a lot of information we’ll need to find to fully answer this problem. However, for most of it we
can follow the same basic ordering of steps we used for the first few problems in this section. We will
need however to do a little extra work along the way.

Also, because most of the work here is similar to the work we did in Problems 4 — 6 of this section we
won’t be putting in as much explanation to a lot of the work we’re doing here. So, if you need some
explanation for some of the work you should go back to those problems and check the corresponding
steps.

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations notice that we can quickly and easily eliminate the parameter simply by solving
the y equation for cosine as follows,

cos($t)=3y-3
Plugging this into the cosine in the x equation gives,

X = 4+(3y—3) = x=4/1+3y

So, the parametric curve will be some or all of the graph of this square root function.

Step 2

At this point let’s get our first guess as to the limits on x and y. As noted in previous problems what
we’re really finding here is the largest possible ranges for x and y. In later steps we’ll determine if this
the actual set of limits on x and y or if we have smaller ranges.

We can use our knowledge of cosine to determine the limits on x and y as follows,

—1<cos(31)<1 —1<cos(
s

3S4+cos(%t)£5 —1<1co

V3 < [4+cos(31) <5 2<]+1cos(31)<4

J3<x<5 2<y<d

Remember that all we need to do is start with the cosine and then build up the equation for x and y by
first multiplying the trig function by any coefficient, if present, and then adding/subtracting any
numbers that might be present. We now have the largest possible set of limits for x and y.

Now, at this point we need to be a little careful. As noted above what we’ve actually found here are the
largest possible ranges for the limits on x and y. This set of inequalities for the limits on x and y assume
that the parametric curve will be fully traced out at least once for the range of t's we were given in the
problem statement. It is always possible that the parametric curve will not trace out a full trace in the
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given range of t's. In a later step we’ll determine if the parametric curve does trace out a full trace and
hence determine the actual limits on x and y.

Remember that when we talk about the parametric curve getting fully traced out this doesn'’t, in
general, mean the full square root graph we found in Step 1 gets traced out by the parametric equation.
All “fully traced out” means, in general, is that whatever portion of the square root graph that is
described by the set of parametric curves will be completely traced out.

In fact, for this problem, we can see that the square root from Step 1 will not get fully traced out by the
particle regardless of any range of t’s. The largest possible portion of the square root graph that can be
traced out by the particle is the portion that lies in the range of x and y given above. In a later step we’'ll
determine if the largest possible portion of the square root graph does get traced out or if the particle
only traces out part of it.

Step 3
Let’s next get the direction of motion for the parametric curve. For this analysis it might be useful to
have a quick sketch of the largest possible parametric curve. So, here is a quick sketch of that.

(2]

b | s

B |
)

B |
T
I
I

The dashed line is the graph of the full square root from Step 1 and the solid line is the portion that falls
into our largest possible range of x and y we found in Step 2. As an aside here note that the two ranges
are complimentary. In other words, if we sketch the graph only for the range of x we automatically get

the range for y. Likewise, if we sketch the graph only for the range of y we automatically get the range

for x. This is a good check for your graph. The x and y ranges should always match up!

Before moving on let’s address the fact that is doesn’t look like square root graphs that most of us are
used to seeing. Keep in mind that the typical square root function that we’re used to working at is in the

form y = \/; . Our equation for this problem however is in the form x = \/; . If you think about it the

graph of x = \/; is nothing more than the portion of the graph of y = x* corresponding to x >0
(recall square roots only return positive or zero values!). Of course the function for this problem is not
X =./y butitissimilar enough that the ideas discussed here are still valid just for a slightly different

function.

Okay, let’s get back to the problem.
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This problem is going to be a lot like the previous problem in terms of direction of motion. First note
that if we start at the lower left hand point we need to require that cos (%t) =—1 since that is the only

way for both x and y to have their minimal values (which puts us at the lower left-hand point)! It also
doesn’t matter what value of t we use at this point. All that matters is that we are at the lower left hand
point.

If we now increase t (from whatever “starting” value we had) we know that cosine will need to increase
from Cos(%l‘) = —1 until it reaches a value of COS(%t) =1. By looking at the parametric equations we

can see that this will also force both x and y to increase until it reaches the upper right-hand point.

Now, the graph won’t just stop here. Once cosine reaches a value of cos(%t) =1 we know that

continuing to increase t will now cause cosine to decrease it reaches a value of cos(%l‘) =—1. Thisin

turn forces both x and y to decrease until it once again reaches the lower left-hand point.

In other words, if we don’t put any restrictions on t a particle on this parametric curve will simply
oscillate left and right along the portion of the square root sketched out above. In this case however we
do have a range of t's so we’ll need to determine a range of t’s for one trace to fully know the direction
of motion information of the particle on this path and we’ll do that in the next step. With a restriction
on the range of t’s it is possible that the particle won’t make a full trace or it might retrace some or all of
the curve so we can’t say anything definite about the direction of motion for the particle over the full
range of t's until the next step when we determine a range of t’s for one full trace of the curve.

Step 4

Now we need to determine a range of t's for one full trace of the parametric curve. It is important for
this step to remember that one full trace of the parametric curve means that no portion of the
parametric curve can be retraced.

Note that one full trace does not mean that we get back to the “starting” point. When we dealt with an
ellipse in a previous problem that was one trace because we did not need to retrace any portion of the
ellipse to get back to the starting point. However, as we saw in the previous step that for our square
root here we would have to retrace the full curve to get back to the starting point.

So, one full trace of the parametric curve means we move from the right end point to the left end point
only or visa-versa and move from the left end point to the right end point. Which direction we move
doesn’t really matter here so let’s get a range of t’s that take us from the left end point to the right end
point.

In order to be at the left end point we need to require that cos (%t) =—1 which occurs if

%t =...,—37,—nm,7,37,.... Note as well that unlike the previous problems, which had both sine and
cosine, this set of parametric equations has only cosine and so all we need to do here is look at this.
Also, in order to be at the right end point we need to require that cos (%t) =1 which occurs if

2t=...,-4r,27,0,27,4x,....
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So, if we want to move from the left to right all we need to do is chose one from the list of t's
corresponding to the left end point and then first t that comes that from the list corresponding to the
right end point and we’ll have a range of t's for one trace. To move from the right to left we just go the
opposite direction, i.e. chose a t from the right end point list and then take the first t after that from the
left end point list.

So, for this problem, since we said we were going to move from left to right, we’ll use %t = 7r, which
corresponds to ¢ = %7{, for the left end point. That in turn means that we’ll need to use %t =2,

which corresponds to ¢ = %7{ , for the right end point. That means the range of t’s for one trace is,

[ES

n<t<

v

57T

This is only one possible answer here. Any range of t’s with a “net” range of %7[ —(%ﬂ) = %72' t's, with

the endpoints of the t range corresponding to start/end points of the parametric curve, will work. So,
for example, any of the following ranges of t's would also work.

—27<t<0 0<t<irx

wo
[TIFES

r<t<in

The direction of motion for each may be different range of t’s of course. Some will trace out the curve
moving from left to right while others will trace out the curve moving from right to left. Because the
problem did not specify a particular direction any would work.

Note as well that the range %7[ <t< %7[ falls completely inside the given range of t's specified in the

problem and so we know that the particle will trace out the curve more than once over the full range of
t's. Determining just how many times it traces over the curve will be determined in the next step.

Step 5
Now that we have a range of t’s for one full trace of the parametric curve we can determine the number
of traces the particle makes.

This is a really easy step. We know the total time the particle was traveling and we know how long it
takes for a single trace. Therefore,

Total Time Traveled 27 —(—487) _ 507

Time for One Trace 47 —(37) 2rx

Number Traces = =125 traces

Step 6
Finally, here is a sketch of the parametric curve for this set of parametric equations.
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For this sketch we indicated the direction of motion by putting arrow heads going both directions in
places on the curve. We also included a set of t’s for a couple of points to illustrate where the particle is
at while tracing out of the curve as well as coordinates for the end points since they aren’t “nice”
points.. The dashed line is the continuation of the square root from Step 1 to illustrate that our
parametric curve is only a part of the square root.

Here is also the formal answers for all the rest of the information that problem asked for.

Range of x : V3<x<if5
Range of y : %Sy %
Range of # for one trace : <7 <¢<

Total number of traces : 125

10.The path of a particle is given by the following set of parametric equations. Completely describe the
path of the particle. To completely describe the path of the particle you will need to provide the
following information.

(i) A sketch of the parametric curve (including direction of motion) based on the equation you get by
eliminating the parameter.

(ii) Limits on x and y.

(iii) A range of t's for a single trace of the parametric curve.

(iv) The number of traces of the curve the particle makes if an overall range of t’s is provided in the
problem.

t

x=2e y=cos(1+e3’) 0

IA

~

IA
N[

Step 1

There’s a lot of information we’ll need to find to fully answer this problem. However, for most of it we
can follow the same basic ordering of steps we used for the first few problems in this section. We will
need however to do a little extra work along the way.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 191

Also, because most of the work here is similar to the work we did in Problems 4 — 6 of this section we
won’t be putting in as much explanation to a lot of the work we’re doing here. So, if you need some
explanation for some of the work you should go back to those problems and check the corresponding
steps.

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations let’s first notice that we can solve the x equation for the exponential function as
follows,

(¢-]
Il
o=

3
Now, just recall that e’ = (e’) and so we can plug the above equation into the exponential in the y

equation to get,
y =COS(1+e3Z)=cos(1+(et)3) =cos(1+(%x)3)=cos(1+§x3)

So, the parametric curve will be some or all of the graph of this cosine function.

Step 2
At this point let’s work on the limits for x and y. In this case, unlike most of the previous problems,
things will work a little differently.

Let’s start by noting that unlike sine and cosine functions we know e’ is always an increasing function
(you can do some quick Calculus | work to verify this right?).

Why do we care about this? Well first the x equation is just a constant times ¢’ and we are given a
range of t's for the problem. Next, the fact that e’ is an increasing function means that the x equation,

x=2e',isalso an increasing function (because the 2 is positive). Therefore, the smallest value of x will
occur at the smallest value of t in the range of t’s. Likewise, the largest value of x will occur at the
largest value of t in the range of t’s.

Therefore, the range of x for our parametric curve is,

3 3
2e’ < x < 2e* = 2< x<2e*

Unlike the previous problems where we usually needed to do a little more verification work we know at
this point that this is the range of x’s.

For the range of y’s we will need to do a little work to get the correct range of y’s but it won’t be as
much extra work as in previous problems and we can do it all in this step. First let’s notice that because

the y equation is in the form of y = COS(- . ) The argument of the cosine doesn’t matter for the first

part of the work and so wasn’t included here.
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From the behavior of cosine we then know that the largest possible range of y would then be,
-1<y<1

Now, depending on just what values the argument of the cosine in the y equation takes over the give
range of t's we may or may not cover this full range of values. We could do some work analyzing the
argument of the cosine to figure that out if it does cover this full range. However, there is a really easy
way to figure that if the full range is covered in this case.

Let’s just sketch the graph and see what we get. Here is a quick sketch of the graph.

Given the “messy” nature of the argument of the cosine it’s probably best to use some form of
computational aid to get the graph. The dotted portion of the graph is full graph of the function on
—3 < x £5 without regards to the actual restriction on t. The solid portion of the graph is the portion
that corresponds to the range of t's we were given in the problem.

From this graph we can see that the range of y’sisin fact —1< y <1.

Before proceeding with the direction of motion let’s note that we could also have just graphed the curve
in many of the previous problems to determine if the work in this step was the actual range or not. We
didn’t do that because we could determine if these ranges were correct or not when we did the
direction of motion and range of t's for one trace analysis (which we had to do anyway) and so didn’t
need to bother with a graph in this step for those problems.

Step 3
We now need to do the direction of motion for this curve but note that we actually found the direction
of motion in the previous step.

As noted in the previous step we know that x = 2e’ is an increasing function and so the x’s must be
increasing as t increases. Therefore, the equation must be moving from left to right as the curve is
traced out over the given range of t's.

Also note that unlike the previous problems we know that no portion of the graph will be retraced.
Again, we know the x equation is an increasing equation. If the curve were to retrace any portion we
can see that the only way to do that would be to move back from right to left which would require x to
decrease and that can’t happen.
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This means that we now know as well that the graph will trace out exactly once for the given range of
t's, which in turn tells us that the given range of t’s is also the range of t’s for a single trace.

Step 4
Now that we have all the needed information we can do a formal sketch of the graph.

£=0; (2 ces(2))=(2,-04161)

¥

3 q
t=%; [23‘*,cos[l+e“D:[4.2340,—0.4863)

As with the graph above the dotted portion of the graph is full graph of the function on -3 <¢ <5
without regards to the actual restriction on t. The solid portion of the graph is the portion that
corresponds to the range of t's we were given in the problem. We also included the t value and
coordinates of each end point for clarity although these are often not required for many problems.

Here is also the formal answers for all the rest of the information that problem asked for.

Range of x : 2£x£2e%
Range of y : -1<y<l1
Range of 7 for one trace :  0<¢<3
Total number of traces : 1

11.The path of a particle is given by the following set of parametric equations. Completely describe the
path of the particle. To completely describe the path of the particle you will need to provide the
following information.

(i) A sketch of the parametric curve (including direction of motion) based on the equation you get by
eliminating the parameter.

(if) Limits on x and y.

(iii) A range of t's for a single trace of the parametric curve.

(iv) The number of traces of the curve the particle makes if an overall range of t's is provided in the
problem.
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e’ y=e”+2e -8

=

Step 1

There’s a lot of information we’ll need to find to fully answer this problem. However, for most of it we
can follow the same basic ordering of steps we used for the first few problems in this section. We will
need however to do a little extra work along the way.

Also, because most of the work here is similar to the work we did in Problems 4 — 6 of this section we
won’t be putting in as much explanation to a lot of the work we’re doing here. So, if you need some
explanation for some of the work you should go back to those problems and check the corresponding
steps.

First, we'll eliminate the parameter from this set of parametric equations. For this particular set of
parametric equations let’s first notice that we can solve the x equation for the exponential function as
follows,

e =2x

2
Now, just recall that e = (e_3t) and so we can plug the above equation into the exponential in the y

equation to get,
y=e+2e¥ —8=(e) +2¢ ~8=(2x) +2(2x)-8=4x> +4x -8

So, the parametric curve will be some or all of the graph of this quadratic function.

Step 2
At this point let’s work on the limits for x and y. In this case, unlike most of the previous problems,
things will work a little differently.

Let’s start by noting that unlike sine and cosine functions we know e~ is always a decreasing function
as t increases (you can do some quick Calculus | work to verify this right?).

Why do we care about this? Well first the x equation is just a constant times e and so the fact that

-3t

e’ is a decreasing function means that the x equation, x =1e™’, is also a decreasing function

1
2
(because the coefficient is positive).

Next, we aren’t given a range of t’s for this problem and so we can assume the largest possible range of
t's. Therefore, we are safe in assuming a range of —o0 < ¢ < oo for the t's.

Now, as we’ve already noted the know that the x equation is decreasing and so the largest value of x will
occur at the left “end point” of the range. Likewise, the smallest value of x will occur at the right “end
point” of the range. For this problem both “end points” of our range are in fact infinities so we can’t just
plug in as we did in the previous problem. We can however take the following two limits.
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From this we can see that as we approach the left end point of the t range the value of x is going to
infinity and as we approach the right end point of the t range the x value is going to zero. Note however
that x can never actually be zero because x is still defined in terms of an exponential function (which
can’t be zero). All the limit is telling us is that as we let  — oo we willget x > 0.

The range of x for our parametric curve is therefore,
O<x<o

Again, be careful with the inequalities here! We know that x can be neither zero nor infinity so we must
use strict inequalities for this range. This is something that we always need to be on the lookout for
with variable ranges of parametric equations. Depending on the parametric equations sometimes the
end points of the ranges will be strict inequalities (as with this problem) and for others they include the
end points (as with the previous problems).

For the range of y’s we will need to do a little work to get the correct range of y’s but it won’t be as
much extra work as in previous problems and we can do it all in this step. Let’s just sketch the graph
and see what we get. Here is a quick sketch of the graph.

-4

[T EU- Y

b
|
[y
T
b

;
T
|
L=4]
T T

T
The dotted portion of the graph is full graph of the function on —2 <t <2 without regards to the actual
restriction on x. The solid portion of the graph is the portion of the graph that corresponds to the

restriction on x that we found earlier in this step.

Note the “open dot” on the y-axis for the left end of the graph. This needs to be here to acknowledge
that x # 0. We can also see that the y value at this pointis y =—8 and again we can see that for the

parametric curve we have y # —8§.

Also, keep in mind that we know that x — o0 and so we also know that the y portion of the graph must
also continue up to infinity to match the x behavior.

So, from this quick analysis of the graph we can see that the y range for the parametric curve must be,
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—-8<y<w

Step 3
We now need to do the direction of motion for this curve but note that we actually found the direction
of motion in the previous step.

t

As noted in the previous step we know that x = %e’3 is a decreasing function and so the x’s must be

decreasing as t increases. Therefore, the equation must be moving from right to left as the curve is
traced out.

Also note that unlike most of the previous problems we know that no portion of the graph will be
retraced. Again, we know the x equation is a decreasing equation. If the curve were to retrace any
portion we can see that the only way to do that would be to move back from left to right which would
require x to increase and that can’t happen.

This means that we now know as well that the graph will trace out exactly once.

Step 4
Now that we have all the needed information we can do a formal sketch of the graph.

-t

[T EU - -

#
T T

T
As with the graph above the dotted portion of the graph is full graph of the function on —2<¢ <2 and
the solid portion of the graph is the portion that corresponds to the restrictions x and y we found in Step

2.

Here is also the formal answers for all the rest of the information that problem asked for.

Range of x : 0<x<w
Range of y : —-8<y<w
Range of ¢ for one trace : —o0<f¢ <0
Total number of traces : 1

12. Write down a set of parametric equations for the following equation.
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y=3x—In(4x+2)

Solution
There really isn’t a lot to this problem. All we need to do is use the “formulas” right at the end of the
notes for this section.

A set of parametric equations for the equation above are,

x=t
y=3t"~In(4r+2)

13. Write down a set of parametric equations for the following equation.
x> +y* =36

The parametric curve resulting from the parametric equations should be at (6,0) when ¢ =0 and the

curve should have a counter clockwise rotation.

Solution

If we don’t worry about the “starting” point (i.e. where the curve is at when f = 0) and we don’t worry
about the direction of motion we know from the notes that the following set of parametric equations
will trace out a circle of radius 6 centered at the origin.

x =6cos(?)
y=6sin(t)

All we need to do is verify if the extra requirements are met or not.

First, we can clearly see with a quick evaluation that when ¢ =0 we are at the point (6,0) as we need

to be.

Next, we can either use our knowledge from the examples worked in the notes for this section or an
analysis similar to some of the earlier problems in this section to verify that circles in this form will
always trace out in a counter clockwise rotation.

In other words, the set of parametric equations give above is a set of parametric equations which will
trace out the given circle with the given restrictions. So, formally the answer for this problem is,

x=6cos(t)
y= 6sin(t)
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WEe'll leave this problem with a final note about the answer here. This is possibly the “simplest” answer
we could give but it is completely possible that you may have come up with a different answer to this
problem. There are almost always lots of different possible sets of parametric equations that will trace
out a particular parametric curve according to some particular set of restrictions.

14. Write down a set of parametric equations for the following equation.

x2 2
_+y_:1
4 49

The parametric curve resulting from the parametric equations should be at (0, —7) when ¢ =0 and the

curve should have a clockwise rotation.

Solution

If we don’t worry about the “starting” point (i.e. where the curve is at when ¢ = 0) and we don’t worry
about the direction of motion we know from the notes that the following set of parametric equations
will trace out the ellipse given by the equation above.

x=2cos(1)

y=Tsin(t)

The problem with this set of parametric equations is that when f = 0 we are at the point (7,0) which is

not the point we are supposed to be at. Also, from our knowledge of the examples worked in the notes
for this section or an analysis similar to some of the earlier problems in this section we can see that the
parametric curve traced out by this set of equations will trace out in a counter clockwise rotation — again
not what we need.

So, we need to come up with a different set of parametric equations that meets the requirements.
The first thing to acknowledge is that using sine and cosine will always be the easiest way to get a set of

parametric equations for an ellipse. However, there is no reason at all to always use cosine for the x
equation and sine for the y equation.

Knowing that we need x =0 and y =—7 when ¢ =0 and using the fact that we know that Sin(O) =0

and COS(O) =1 the following set of parametric equations will “start” at the correct point when ¢t =0.

x=-2sin(t)
y=—Tcos(t)

All we need to do now is check if this will trace out the ellipse in a clockwise direction.
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If we start at =0 and increase t until we reach ¢ = % we know that sine will increase from 0 to 1. This

will in turn mean that x must decrease (don’t forget the minus sign on the x equation) from 0 to -2.

Likewise, increasing t from t =0 to ¢ = Z we know that cosine will decrease from 1 to 0. This in turn

means that y will increase (don’t forget the minus sign on the y equation!) from -7 to 0.

The only way for both of these things to happen at the same time is for the curve to start at (0, —7)
when ¢ =0 and trace along the ellipse in a clockwise direction until we reach the point (—2,0) when
t==2.

We could continue in this fashion further increasing t until it reaches ¢ = 27z (which will put us back at

the “starting” point) and convince ourselves that the ellipse will continue to trace out in a clockwise
direction.

Therefore, one possible set of parametric equations that we could use is,

x =-2sin(1)
y=—Tcos(1)

WEe'll leave this problem with a final note about the answer here. This is possibly the “simplest” answer
we could give but it is completely possible that you may have come up with a different answer to this
problem. There are almost always lots of different possible sets of parametric equations that will trace
out a particular parametric curve according to some particular set of restrictions.
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Section 3-2 : Tangents with Parametric Equations

dZ
1. Compute Q and )2/
dx dx

for the following set of parametric equations.

x=4r - +7¢ y=t'-6

Step 1
The first thing we’ll need here are the following two derivatives.

o 247 D _ g
dt dt
Step 2
The first derivative is then,
dy
d_y dt 4¢
dx @ 1262 =2t +7
dt

Step 3
For the second derivative we’ll now need,

(127 ~21+7) (127 ~2047)

d(dyj d( 4 } (12¢%) (1267 =20 +7) -4 (241 -2)  [48¢* —167 +84°
Tt

dt\dx ) df\ 127 —2t+7

Step 4
The second derivative is then,

2
(127 =20+7)" [48* —16¢° + 8412

4 3 2
d(dyj 48t —16t + 84t

d’y dr\ dx
dx’ dx 126 -2t +7 (12t2—2t+7)3
dt
2
2. Compute ? and fl )2} for the following set of parametric equations.
X x

x=e" +2 y=6e"+e —4t

Step 1
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The first thing we’ll need here are the following two derivatives.

d d
L S D _12e¥ —3e -4
dt dt
Step 2
The first derivative is then,
dy

dy _ g _12¢" -3¢V -4 —o——
dx dx ~T7e"! ’ !
dt

Step 3
For the second derivative we'll now need,

d(d d
alay :_(_%e9t+%e4t+%e7t):_¥e9t+%e4t+4e7t
dt\dx) dt

Step 4
The second derivative is then,

d (dyj
— 9 4
dzy dt\ dx —@e’+%et+4e” 108 161 12 110 4 141
Al de e Sl —H€ —7€
dt

3. Find the equation of the tangent line(s) to the following set of parametric equations at the given
point.

x=2cos(3t)—4sin(3r) y=3tan(6r) at =%

Step 1
WEe'll need the first derivative for the set of parametric equations. We'll need the following derivatives,

%=—6sin(3t)—l2cos(3t) %=18S602 (61)

The first derivative is then,
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dy
dy g 18sec’ (6t) ~ 3sec’ (61)
de dx  —6sin(3t)—12cos(3r) —sin(3r)-2cos(3t)
dt
Step 2
The slope of the tangent line at £ = % is then,
2
s =(1)-2(0)

At t =7 the parametric curve is at the point,

Step 3
The (only) tangent line for this problem is then,

y=0+3(x—4) - y=3x-12

4. Find the equation of the tangent line(s) to the following set of parametric equations at the given
point.

x=02-2t-11 y=t(t-4) -3 (t-4)" +7 at (-3,7)

Step 1
WEe'll need the first derivative for the set of parametric equations. We'll need the following derivatives,

X5
d
%:(t—4)3 +30(t—4) —6t(t—4) —61* (1 —4)=(1—4) =3t (1—4)" —61* (1~ 4)

The first derivative is then,

dy 3 2 2
& _ =(t—4) —3t(t—4) -6t (t—4)
dx  dx 2t -2

dt
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Hint : Don’t forget that because the derivative we found above is in terms of t we need to determine
the value(s) of t that put the parametric curve at the given point.

Step 2

Okay, the derivative we found above is in terms of t and we we’ll need to next determine the value(s) of

t that put the parametric curve at (—3,7).

This is easy enough to do by setting the x and y coordinates equal to the known parametric equations
and determining the value(s) of t that satisfy both equations.

Doing that gives,

3=¢-2t-11
0=¢"-2¢-8
0=(t—4)(t+2) N t=-2t=4

T=t(1-4) -3 (1-4) +7
2

0=(t-4)"[t(t-4)-3¢]
0=(t-4) [-4r—2¢]

0=-2¢(t—4)" [2+1] - t=-2,t=0,t=4
We can see from this list that the parametric curve will be at (—3,7) fort=-2 and t=4.

Step 3
From the previous step we can see that we will in fact have two tangent lines at the point. Here are the
slopes for each tangent line.

The slope of the tangent line at t = —2s,

=ﬂ =-24
dx|,__,
and the slope of the tangent line at t =4 is,
dx|,_
Step 4
The tangent line for  =—2 is then,
y=7—24(x+3) - y=-24x-65
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The tangent line for t =4 is then,
y=7-(0)(x+3) - y=7

Do not get excited about the second tangent line! It is just saying that the second tangent line is a
horizontal line.

5. Find the values of t that will have horizontal or vertical tangent lines for the following set of
parametric equations.

x=0-T7t"=3  y=2cos(3r)+4t

Step 1
WEe'll need the following derivatives for this problem.

ﬂ=5t“—28t3—9t2 ﬂ=—6sin(3t)+4
dt dt

Step 2
. . . dy ) dx
We know that horizontal tangent lines will occur where 7 =0, provided 7 # (0 at the same value of
t t
t.

So, to find the horizontal tangent lines we’ll need to solve,

—6sin (3)+4=0 > sin(3r)=2 > 3t=sin"(2)=0.7297

3
Also, a quick glance at a unit circle we can see that a second angle is,
3t=r-0.7297=2.4119

All possible values of t that will give horizontal tangent lines are then,

3t=0.7297+27n t=02432+%7n

- , n=0,£1,£2,43,...
3t=2.4119+427n t=0.8040+27n

Note that we don't officially know these do in fact give horizontal tangent lines until we also determine

dx
that 7 # (0 at these points. We'll be able to determine that after the next step.
t

Step 3
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dx d
We know that vertical tangent lines will occur where — =0, provided 7)/ # (0 at the same value of t.
t

dt

So, to find the vertical tangent lines we’ll need to solve,

5t =28 -9+ =0

28++/964
== >

t2(5t2—28t—9)=0 > t=0,¢t t=0, t=-0.3048, t=5.9048

10
Step 4
From a quick inspection of the two lists of t values from Step 2 and Step 3 we can see there are no
d
values in common between the two lists. Therefore, any values of t that gives ?y =0 will not give
t
dx

— =0 and visa-versa.
dt

Therefore the values of t that gives horizontal tangent lines are,

t=0.2432+27n

, n=0,£1,£2,£3,...
t=0.8040+27n

The values of t that gives vertical tangent lines are,

1=0, t =—0.3048, ¢ =5.9048
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Section 3-3 : Area with Parametric Equations

1. Determine the area of the region below the parametric curve given by the following set of parametric
equations. You may assume that the curve traces out exactly once from right to left for the given range
of t. You should only use the given parametric equations to determine the answer.

o y=t'+27 1<t<3

x=4t —t
Solution
There really isn’t too much to this problem. Just recall that the formula from the notes assumes that
xX= f(t) and y= g(t). So, the area under the curve is,
(3.4 2 2
A= (¢ +20) (126 — 2t ) dt

- flzﬁ L2654 24¢ — 48 dy

3
= (2071 w20 )| =[BE = 4586.3619

7 1 105

2. Determine the area of the region below the parametric curve given by the following set of parametric
equations. You may assume that the curve traces out exactly once from right to left for the given range
of t. You should only use the given parametric equations to determine the answer.

x=3-cos’(t)  y=4+sin(t) 0<i<x

Solution

There really isn’t too much to this problem. Just recall that the formula from the notes assumes that

xX= f(t) and y= g(t). So, the area under the curve is,
A :J‘:(4+sin(t))(3cos2 (t)sin(t))dt
+3cos® (¢)sin® (¢)dt

)
t)sin t)+3[%sin(2t)]2 dt
)

= (—4(:0s3 (t)+%t—3—325in(4t))|: =8+3rx
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You did recall how to do all the trig manipulations and trig integrals to do this integral correct? If not
you should go back to the Integrals Involving Trig Functions section to do some review/problems.
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Section 3-4 : Arc Length with Parametric Equations

1. Determine the length of the parametric curve given by the following set of parametric equations. You
may assume that the curve traces out exactly once for the given range of t's.

87 y=3+(8-1) 0<r<4

X

Step 1
The first thing we’ll need here are the following two derivatives.

dx 1 1
— =12t —=-3(8-1)
dt dt H(8-1)

Step 2
WEe'll need the ds for this problem.

1 2 = 2
ds=\/[12z2] +[—%(8—r)5} dt = 1441 +2(8—1) dt = L1 +18 dt

Step 3
The integral for the arc length is then,

L=| ds=j:1/%t+18 dt

Step 4
This is a simple integral to compute with a quick substitution. Here is the integral work,

4

L=[ S 18dr =5 (3)(% 1 +18)}

3 3
~ |3 (585% ~18%) = 66.1865

0

2. Determine the length of the parametric curve given by the following set of parametric equations. You
may assume that the curve traces out exactly once for the given range of t's.

x=3t+1 y=4—-1t -2<t<0

Step 1
The first thing we’ll need here are the following two derivatives.

dx Q_

=2t

dt dt

Step 2
WEe'll need the ds for this problem.
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ds =\[3]" +[-2¢]" dt =~N9+4¢ dr
Step 3

The integral for the arc length is then,

L=[ds=[ orara

Step 4
This integral will require a trig substitution (as will quite a few arc length integrals!).

Here is the trig substitution we’ll need for this integral.

t=2tanf a’t=%sec2 0do

V9 +47> =v/9+9tan® 6 = 3v/1 + tan® @ = 3sec® 6 = 3sec )|

To get rid of the absolute value on the secant will need to convert the limits into @ limits.

t=-2: —2=3tand — tanf=-% =tan"' (—4)=-0.9273

- 0
t=0: 0=2tand — tanf=0 - 6=0

Okay, the corresponding range of @ for this problem is —0.9273 <@ <0 (fourth quadrant) and in this
range we know that secant is positive. Therefore the root becomes,

\9+4¢* =3sect

The integral is then,

L=jo 9+ 44 a’t=J
2

0
-0.9273

=" %sec’0do= %[sec@tan9+ In|sec & + tan 6’|]|(i09273 =[7.4719]

~0.9273 2

(3sec 9)(%5602 9)(19

3. A particle travels along a path defined by the following set of parametric equations. Determine the
total distance the particle travels and compare this to the length of the parametric curve itself.

x=4sin(4r)  y=1-2cos’(¢) —527 <t <34r
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Hint : Be very careful with this problem. Note the two quantities we are being asked to find, how they
relate to each other and which of the two that we know how to compute from the material in this
section.

Step 1

This is a problem that many students have issues with. First note that we are being asked to find both
the total distance traveled by the particle AND the length of the curve. Also, recall that of these two
guantities we only discussed how to determine the length of a curve in this section.

Therefore, let’s concentrate on finding the length of the curve first, then we’ll worry about the total
distance traveled.

Step 2
To find the length we’ll need the following two derivatives,

d d .
d—jzcos(%t) 7);=cos(%t)sm(%t)

The ds for this problem is then,

ds = \/[cos (%t)}z +[cos(%t)sin(%t)]2 dt = \/0052 (%t) +cos’ (%t)sin2 (%t) dt

Now, this is where many students run into issues with this problem. Many students use the following
integral to determine the length of the curve.

34” \/cosz (41)+cos® (41)sin® (L) dt

527z
Can you see what is wrong with this integral?

Step 3
Remember from the discussion in this section that in order to use the arc length formula the curve can
only trace out exactly once over the range of the limits in the integral.

Therefore, we can’t even write down the formula that we did in the previous step until we first
determine if the curve traces out exactly once in the given range of t's.

If it turns out that the curve traces out more than once in the given range of s then the integral we
wrote down in the previous step is simply wrong. We will then need to determine a range of t's for one
trace so we can write down the proper integral for the length.

Luckily enough for us we actually did this in a practice problem in the Parametric Equations and Curves
section. Examining this set of parametric equations was problem #8 from that section. From the
solution to that problem we found a couple of pieces of information that will be needed for this
problem.
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First, we determined that the curve does trace out more than once in the given range of t's for the
problem. In fact, we determined that the curve traced out 21.5 times over the given range of t's.

Secondly, and more importantly at this point, we also determined that the curve would trace out exactly
once in the range of =27 <t <27 . Note that we actually listed several possible ranges of t's for one
trace and we can use any of them. This is simply the first one found and so it’s the one we decided to

use for this problem.

So, we can now see that the integral we wrote down in the previous step was in fact not correct and will
not give the length of the curve.

Using the range of t's we found in the earlier problem we can see that the integral for the length is,

L= f; \/cosz (%t) +cos’ (%z‘)sin2 (%t) dt

Before proceeding with the next step we should address the fact that, in this case, we already had the
information in hand to write down the proper integral for the length. In most cases this will not be the
case and you will need to go back and do a shortened version of the analysis we did in the Parametric
Equations and Curves section. We don’t need all the information but to get the pertinent information
we will need to go through most of the analysis.

If you need a refresher on how to do that analysis you should go back to that section and work through
a few of the practice problems.

Step 4

Okay, let’s get to work on evaluating the integral. At first glance this looks like a really unpleasant
integral (and there’s no ignoring the fact that it’s not a super easy integral) however if we're careful it
isn’t as difficult as it might appear at first glance.

First, let’s notice that we can do a little simplification as follows,

2z

L= [ Jeos (3o) 1’ (b)) i = [

—LTr

cos (%t)| 1+sin® (41) dt

As always, be very careful with the absolute value bars! Depending on the range of t's we used for the
integral it might not be possible to just drop them. So, the next thing let’s do is determine how to deal
with them.

We know that, for this integral, we used the following range of t’s.

2 <tL2rx

Now, notice that we don't just have a t in the argument for the trig functions in our integral. In fact
what we have is %t . So, we can see that as t ranges over —27 <t <27 we will get the following range

for %t (just divide the above inequality by 4!),
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—><+t<

o8
oy

L
4

We know from our trig knowledge that as long as %t stays in this range, which it will for our integral,

then cos (%t) > 0 and so we can drop the absolute values from the cosine in the integral.

As a final word of warning here keep in mind that for other ranges of t's we might have had negative
cosine in the range of t's and so we’d need to add in a minus sign to the integrand when we dropped the
absolute value bars. Whether or not we need to do this will depend upon the range of t's we chose to
use for one trace and so this quick analysis will need to be done for these kinds of integrals.

Step 5
Okay, at this point the integral for the length of the curve is now,

L=[" cos(4e)|l+sin’ (31) dr

This still looks to be an unpleasant integral. However, in this case note that we can use the following
simply substitution to convert it into a relatively easy integral.

(

u =sin
t==2r: u:sin(—

1) — sin’($1)=u’  du=Ltcos(+t)dt

ENE

r)=-1 t=2r: wu=sin(+7)=1

=

Under this substitution the integral of the length of the curve is then,

L= f14\/1+u2 du

Step 6
Now, at this point we can see that we have a fairly simple trig substitution we’ll need to evaluate to find
the length of the curve. The trig substitution we’ll need for this integral is,

t=tan@ dt=sec*6d0O \/lJru2 =\/l+tan2 0 =\/S6029 =|sec9|

To get rid of the absolute value on the secant will need to convert the limits into @ limits.

u=-1: —-l=tand¢ — tand=-1 —> 0O
u=1: I=tand — tanf=1 - 0==

T

Okay, the corresponding range of @ for this problem is —% <0< + (first and fourth quadrant) and in

this range we know that secant is positive. Therefore the root becomes,

V1+u* =secé

The length of the curve is then,
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L= J.Z[\/COSZ (%t)(l-i-Sinz (%t)) dt = fﬁWdu
=I% 4sec’ 6?d6?=2[sec0tan6’+1n|secz9+tan6’|]|%” :
7 4

e
4

Step 7

Okay, that was quite a bit of work to get the length of the curve. We now need to recall that we were
also asked to get the total distance traveled by the particle. This is actually quite easy to get now that
we have the length of the curve.

To get the total distance traveled all we need to recall is that we noted in Step 3 above that we
determined in problem #8 from the Parametric Equations and Curves section that the curve will trace
out 21.5 times. Since we also know the length of a single trace of the curve we know that the total
distance traveled by the particle must be,

Total Distance Travled = (9.1824)(21.5) =1197.4216

4. Set up, but do not evaluate, an integral that gives the length of the parametric curve given by the
following set of parametric equations. You may assume that the curve traces out exactly once for the
given range of t's.

x=2+1>  y=e'sin(2r) 0<r<3

Step 1
The first thing we’ll need here are the following two derivatives.

ﬂ=2z Q=et sin(21)+2e’ cos(2¢)
dt dt

Step 2
WEe'll need the ds for this problem.

ds = \/[2t]2 + [et sin(21)+2e’ cos(2t)]2 dt = \/4t2 + [et sin(21)+2e’ cos(Zt)]2 dt

Step 3
The integral for the arc length is then,

3
L :I ds = L \/4t2 +[e’ sin(27)+ 2e' cos(ZI)]2 dt
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5. Set up, but do not evaluate, an integral that gives the length of the parametric curve given by the
following set of parametric equations. You may assume that the curve traces out exactly once for the
given range of t's.

x =cos’ (21) y:sin(l—tz) -3<1<0

Step 1
The first thing we’ll need here are the following two derivatives.

%:—60052(21)5in(21) %:—21005(1—#)

Step 2
We'll need the ds for this problem.

ds = \/[—6 cos’ (2t)sin(2t)]2 + [—21 cos(l -1 )T dt

= \/360054 (2t)sin’ (2¢)+4¢* cos (l—tz)dt

Step 3
The integral for the arc length is then,

L= I ds = IO3 \/36 cos* (2¢)sin’ (2t ) +4¢’ cos® (1 —tz) dt
2
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Section 3-5 : Surface Area with Parametric Equations

1. Determine the surface area of the object obtained by rotating the parametric curve about the given
axis. You may assume that the curve traces out exactly once for the given range of t's.

Rotate x =3+2¢ y=9-3t 1<t<4 about the y-axis.

Step 1
The first thing we’ll need here are the following two derivatives.

@ _, 4 _
dt dt

-3

Step 2
We'll need the ds for this problem.

ds = \[2] +[-3] dt =13 dt
Step 3

The integral for the surface area is then,
Sa=[ 2mxds=| 22(3+20)V13dr =2213[ 3+ 20

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about.

Step 4
This is a really simple integral...

54 =2N§f3+2zdr =2NE(3¢+¢2)? 482413

2. Determine the surface area of the object obtained by rotating the parametric curve about the given
axis. You may assume that the curve traces out exactly once for the given range of t's.

Rotate x =9+2¢ y=4t 0<t<2 about the x-axis.

Step 1
The first thing we’ll need here are the following two derivatives.

&y Doy
dt dt
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Step 2
WEe’'ll need the ds for this problem.

ds = \[41] +[4]" dr =~N161> +16 dt = 4> +1dt

Note that we factored a 16 out of the root to make the rest of the work a little simpler to deal with.

Step 3
The integral for the surface area is then,

Sd=| 2myds= f227r(4t)(4 £ de =327 [ e+t
0

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about.

Step 4
This is a simple integral to compute with a quick substitution. Here is the integral work,

2 3
2

sa=32[ W T 1di=2x(r +1)

= %7[(5

—1):341.1464

0

3. Determine the surface area of the object obtained by rotating the parametric curve about the given
axis. You may assume that the curve traces out exactly once for the given range of t’s.

Rotate x=3cos(zt)  y=5t+2 0<r<1 about the y-axis.

Step 1
The first thing we’ll need here are the following two derivatives.

@:—37rsin(7rt) PY_s
dt dt

Step 2
We'll need the ds for this problem.

ds = \/[—37r sin(m)]2 + [5]2 dt = \/97r2 sin” (7t )+ 25 dt

Step 3
The integral for the surface area is then,
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1
S4=[ 2zxds = [ 27 (3cos(nt))|9r” sin’ (rrt) + 25 dt

= 67zf cos(7rt)\/97r2 sin® () +25 dt

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about.

Step 4

Okay, this is a particularly unpleasant looking integral but we need to be able to deal with these kinds of
integrals on occasion. We’ll be able to do quite a bit of simplification if we first use the following
substitution.

u=sin(zt) — sin’(7t)=u’

t=0: u=sin(0)=0 t=1: w=sin(ir)=1

du = 7 cos(7t)

With this substitution the integral becomes,
! 2,2
SA=6] Noxu’ +25 du

Step 5
This integral can be evaluated with the following (somewhat messy...) trig substitution.

t=2tan@ dt ==sec’0do

V72 +25 =+/25tan? 0+ 25 = 5y/tan> O +1 = 5y/sec? 6 :5|sece|

To get rid of the absolute value on the secant will need to convert the limits into @ limits.

u=0: 0=2tan — tanfd=0 - 6=0
l=>2tand — tanf=3% - 6=tan_1(3”)=1.0830

u=1 3z

Okay, the corresponding range of @ for this problem is 0 <6 <1.0830 (first quadrant) and in this range
we know that secant is positive. Therefore, the root becomes,

V97U +25 =5secd

The surface area is then,
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SA = Ij27z(3 cos(7rt))\/97z2 sin® (7¢)+25 dt
= 6[ or?u® +25 du
0
- 6!01'0830(5 sec ) (% sec’ 0)d0
= 6!;'0830§—2sec3 0do

=143.0705

=2 (sec@tan 6+ In|secd + tan 9|)|;'0830

This problem was a little messy but don’t let that make you decide that you can’t do these types of
problems! They can be done and often can be simplified with some relatively simple substitutions.

4. Set up, but do not evaluate, an integral that gives the surface area of the object obtained by rotating
the parametric curve about the given axis. You may assume that the curve traces out exactly once for
the given range of t's.

Rotate x =1+ ln(S + t2) y=2t-2t* 0<t<2 about the x-axis.

Step 1
The first thing we’ll need here are the following two derivatives.

de_ 21 Doy
dt 5+t dt

Step 2
We'll need the ds for this problem.

26 T 2 4t 2
ds = - | +[2-4t] dt= |———=+(2-4t) dr
S+t (5+7)

Step 3
The integral for the surface area is then,

2
SA=| 2zyds=|| 27(2t-28) |——=+(2-4t) dt

0

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about.
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5. Set up, but do not evaluate, an integral that gives the surface area of the object obtained by rotating
the parametric curve about the given axis. You may assume that the curve traces out exactly once for
the given range of t’s.

Rotate x=1+3r>  y=sin(2t)cos(4f) 0<r<l about the y-axis.

Step 1
The first thing we’ll need here are the following two derivatives.

dx dy . .
E=6t E=2cos(2t)cos(%t)—%sm(2t)sm(%t)

Step 2
WEe'll need the ds for this problem.

ds = \/[6t]2 +[ 2cos(2¢)cos(4£)—Lsin(2¢)sin (%t)]z dt

Step 3
The integral for the surface area is then,

L
SA=| 2zxds = fzzn(1+3z2)\/36t2 +(2cos(21)cos (L) ~Lsin(2¢)sin (L)) ar

0

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about.
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Section 3-6 : Polar Coordinates

1. For the point with polar coordinates (2,%) determine three different sets of coordinates for the

same point all of which have angles different from Z and are in the range 2r<0L2r.

Step 1
This problem is really as exercise in how well we understand the unit circle. Here is a quick sketch of the
point and some angles.

8
; (2%)
_ L
T
/’ 7
T
-."-I‘l-l‘ K
a3
T

We can see that the negative angle ending at the solid red line that is in the range specified in the
problem statement is simply £ —27 = —13%.
If we extend the solid line into the third quadrant (i.e. the dashed red line) then the positive angle

ending at the dashed red line is %+ T = 87” Likewise, the negative angle ending at the dashed red line

_6r

N
IS === 2]

With these angles getting the other three points should be pretty simple.

Step 2
For the first “new” point we can use the negative angle that ends on the solid red line to get the point.

25

Step 3

For the remaining points recall that if we use a negative r then we go “backwards” from where the angle
ends to get the point. So, if we use » = —2, any angle that ends on the dashed red line will go
“backwards” into the first quadrant 2 units to get to the point.

This gives the remaining two points using both the positive and negative angle ending on the dashed red
line,
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2. The polar coordinates of a point are (—5,0.23) . Determine the Cartesian coordinates for the point.

Solution

There really isn’t too much to this problem. From the point we can see that we have » =—-5 and

6 =0.23 (in radians of course!). Once we have these all we need to is plug into the formulas from this
section to get,

x=rcos@=(-5)cos(0.23) =-4.8683 y=rsinf=(-5)sin(0.23) =-1.1399

So, the Cartesian coordinates for the point are then,

(—4.8683,-1.1399)

3. The Cartesian coordinate of a point are (2,—6) . Determine a set of polar coordinates for the point.

Step 1
Let’s first determine r. That’s always simple.

r=yx’+y = \/(2)2 -1-(—6)2 =40 =210

Step 2
Next let’s get 8. As we do this we need to remember that we actually have two possible values of
which only one will work with the r we found in the first step.

Here are the two possible values of 6.
0,=tan"' (£)=tan"' () =—1.2490 0, =0, +7=18926

So, we can see that —2 =—1.57 <@, =-1.2490 <0 and so &, is in the fourth quadrant. Likewise,
Z=157<6,=1.8926 <7 =3.14 and so 6, is in the second quadrant.

We can also see from the Cartesian coordinates of the point that our point must be in the fourth
quadrant and so, for this problem, &, is the correct value.
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The polar coordinates of the point using the r from the first step and & from this step is,

(2\/5,—1.2490)

Note of course that there are many other sets of polar coordinates that are just as valid for this
point. These are simply the set that we get from the formulas discussed in this section.

4. The Cartesian coordinate of a point are (—8,1). Determine a set of polar coordinates for the point.

Step 1
Let’s first determine r. That’s always simple.

Step 2
Next let’s get 8. As we do this we need to remember that we actually have two possible values of
which only one will work with the r we found in the first step.

Here are the two possible values of 6.
0,=tan"' (£)=tan"' (&) =-0.1244 0,=0,+7=3.0172

So, we can see that —Z =—1.57 <6, =—0.1244 <0 and so 6, is in the fourth quadrant. Likewise,
2=157<6,=3.0172< 7 =3.14 and so 0, is in the second quadrant.

We can also see from the Cartesian coordinates of the point that our point must be in the second
quadrant and so, for this problem, 8, is the correct value.

The polar coordinates of the point using the r from the first step and & from this step is,

(V65, 3.0172)

Note of course that there are many other sets of polar coordinates that are just as valid for this
point. These are simply the set that we get from the formulas discussed in this section.

5. Convert the following equation into an equation in terms of polar coordinates.
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4x

Wi oY

Solution

Basically, what we need to do here is to convert all the x’s and y’s into r’'s and @’s using the following
formulas.

x=rcosf y=rsinf P =x"+y’

Don’t forget about the last one! If it is possible to use this formula (and you can see where we’ll use it in
the case can’t you?) it will save a lot of work!

First let’s substitute in the equations as needed.

4(rcosd)

37 =6—(rcos@)(rsind)
r

Finally, as we need to do is take care of little simplification to get,

4cosO
3r

=6—r’cosfsind

6. Convert the following equation into an equation in terms of polar coordinates.

x? :4—x—3y2+2

Y

Solution

Basically, what we need to do here is to convert all the x’s and y’s into r’s and @’s using the following
formulas.

x=rcosd y=rsinf rr=x>+y’

Don’t forget about the last one! If it is possible to use this formula (which won’t do us a lot of good in
this problem) it will save a lot of work!

First let’s substitute in the equations as needed.

4(rcosd)

) =
(FCOS ) rsiné

—?a(;’siné?)2 +2
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Finally, as we need to do is take care of little simplification to get,

12 cos? 6 = 4cot @ — 31 sin 0+ 2|

7. Convert the following equation into an equation in terms of Cartesian coordinates.
6r°sin@ =4—cos @

Solution
There is a variety of ways to work this problem. One way is to first multiply everything by r and then
doing a little rearranging as follows,

6r*sin@ = 4r—rcosé = 6r° (rsin@)=4r—rcosd
We can now use the following formulas to finish this problem.

x=rcosf y=rsinf F=yx" 4+

Here is the answer for this problem,

6y[«/x2 +y° T =4 x* +y* —x

8. Convert the following equation into an equation in terms of Cartesian coordinates.

E:sine—secﬁ
r

Solution
There is a variety of ways to work this problem. One way is to first do the following
rearranging/rewriting of the equation.

ing— 1 N 2cosf

— =sinfcosfd—1
r cosd r

At this point we can multiply everything by 7* and do a little rearranging as follows,
2rcos@ =r’sinfcosd—r’ - 2rcos @ =(rsinf)(rcosd)—r’

We can now use the following formulas to finish this problem.
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x=rcosd y=rsind rr=x"+y

Here is the answer for this problem,

2x=yx—<x2+y2)

9. Sketch the graph of the following polar equation.

cos6’:é
r

Solution
Multiplying both sides by r gives,

rcosd =6

and we know from the notes on this section that this is simply the vertical line x = 6. So here is the
graph of this function.

(B8]

Solution
We know from the notes on this section that this is simply the line that goes through the origin and has

slope of tan(—%) = —«/5 .
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So here is the graph of this function.

(=]
T

11. Sketch the graph of the following polar equation.

r=—14cosé
Solution
We can rewrite this as,

r=2(-7)cosé

and so we know from the notes on this section that this is simply the circle with radius 7 and center

(-7,0).

So here is the graph of this function.
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12. Sketch the graph of the following polar equation.

r=7
Solution
We know from the notes on this section that this is simply the circle with radius 7 and centered at the
origin.

So here is the graph of this function.

13. Sketch the graph of the following polar equation.
r=9sind

Solution
We can rewrite this as,

r=2(2)sin®

and so we know from the notes on this section that this is simply the circle with radius % and center
(0:3)-

So here is the graph of this function.
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14. Sketch the graph of the following polar equation.

Solution

r=8+8cosd

We know from the notes on this section that this is a cardioid and so all we really need to get the graph

is a quick chart of points.

So here is the graph of this function.
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Be careful when plotting these points and remember the rules for graphing polar coordinates. The “tick
marks” on the graph are really the Cartesian coordinate tick marks because those are the ones we are
familiar with. Do not let them confuse you when you go to plot the polar points for our sketch.

15. Sketch the graph of the following polar equation.

r=5-2sind
Solution
We know from the notes on this section that this is a limacon without an inner loop and so all we really
need to get the graph is a quick chart of points.

' (r.0)
0 5 (5.0)
sl | e
g : (5.7)
£ | 7| o
27 5 (5,27)

So here is the graph of this function.
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@

Be careful when plotting these points and remember the rules for graphing polar coordinates. The “tick
marks” on the graph are really the Cartesian coordinate tick marks because those are the ones we are
familiar with. Do not let them confuse you when you go to plot the polar points for our sketch.

Also, many of these graphs are vaguely heart shaped although as this sketch has shown many do and

this one is more circular than heart shaped.

16. Sketch the graph of the following polar equation.

r=4-9sin@

Solution

We know from the notes on this section that this is a limacon with an inner loop and so all we really

need to get the graph is a quick chart of points.

0

0
T
2
T
3z
2
27

So here is the graph of this function.
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(r.9)
(4.0)
(=5.:%)
(4.7)
(13.%)
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(4, 7] L (4.0)

(13.3)

Be careful when plotting these points and remember the rules for graphing polar coordinates. The “tick
marks” on the graph are really the Cartesian coordinate tick marks because those are the ones we are
familiar with. Do not let them confuse you when you go to plot the polar points for our sketch.
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Section 3-7 : Tangents with Polar Coordinates

1. Find the tangent line to r = sin(49)cos(9) at ¢ :% .

Step 1
First, we'll need to following derivative,

% =4cos(46)cos(8)—sin(46)sin(0)

Step 2
Next using the formula from the notes on this section we have,

ﬂsin9+rcosﬁ
dy _ do

dx ﬂcos@—rsin&
do

(4 cos(48)cos(8)— sin(46’)sin(9))sin 0+ (sin(49)cos(0))cos 0
(4 cos(48)cos(8)—sin(46)sin (:9)) cos —(sin(40)cos(6’))sin 0

This is a very messy derivative (these often are) and, at least in this case, there isn’t a lot of
simplification that we can do...

Step 3
T
Next, we’ll need to evaluate both the derivative from the previous step as well asrat 6 = g
dy 1

—_— v =

3
dxl,: 343 =% 4

You can see why we need both of these right?
Step 4
T
Last, we need the x and y coordinate that we’ll be at when @ =—. These values are easy enough to

find given that we know what r is at this point and we also know the polar to Cartesian coordinate
conversion formulas. So,

= reos(9) = $eos(£) = £ y=rsin(0)=sin(£) =3
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Of course, we also have the slope of the tangent line since it is just the value of the derivative we
computed in the previous step.

Step 5
The tangent line is then,

2. Find the tangent lineto r =6 — cos(@) at @ = Tﬂ )

Step 1
First, we'll need to following derivative,

%=1+sin(9)

Step 2
Next using the formula from the notes on this section we have,

J ﬁsin9+rcos6’
ay _do

dx

ﬂcos@—rsiné’
do

_ (1+sin(8))sin 6+ (6 —cos(8))cos b
(1 + sin(&))cos 6 — (9 - cos(@))sin 0

This is a somewhat messy derivative (these often are) and, at least in this case, there isn’t a lot of
simplification that we can do...

Step 3

kY4
Next, we’ll need to evaluate both the derivative from the previous step as well asrat 6 = T

— =0.2843 r =3.0633

_3r
0=

You can see why we need both of these right?

Step 4
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RY/4
Last, we need the x and y coordinate that we’ll be at when 6 = T These values are easy enough to

find given that we know what r is at this point and we also know the polar to Cartesian coordinate
conversion formulas. So,

x=rcos(6)=3.0633cos(¥)=-2.1661  y=rsin(8)=3.0633sin(3)=2.1661

Of course, we also have the slope of the tangent line since it is just the value of the derivative we
computed in the previous step.

Step 5
The tangent line is then,

y=2.1661+ 0.2843(x+ 2.1661) =0.2843x+2.7819
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Section 3-8 : Area with Polar Coordinates

1. Find the area inside the inner loop of ¥ =3—8cos@ .

Step 1
First, here is a quick sketch of the graph of the region we are interested in.

Step 2
Now, we’ll need to determine the values of @ that the graph goes through the origin (indicated by the
black lines on the graph in the previous step).

There are easy enough to find. Because they are where the graph goes through the origin we know that
we must have » =0. So,

3-8cosf=0
cosf =2 = 6 =cos (3)=1.1864
This is the angle in the first quadrant where the graph goes through the origin.
We next need the angle in the fourth quadrant. We need to be a little careful with this second angle.
We need to always remember that the limits on the integral we’ll eventually be computing must go from
smaller to larger value. Also, as the angle moves from the smaller to larger value they must trace out

the boundary curve of the region we are interested in.

From a quick sketch of a unit circle we can quickly get two possible values for the angle in the fourth
guadrant.

0=2r—-1.1864 =5.0968 0 =-1.1864
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Depending upon the problem we are being asked to do either of these could be the one we need.
However, in this case we can see that if we use the first angle (i.e. the positive angle) we actually end up
tracing out the outer portion of the curve and that isn’t what we want here. However, if we use the
second angle (i.e. the negative angle) we will trace out the inner loop as we move from this angle to the
angle in the first quadrant.

So, for this particular problem, we need to use @ =—1.1864.
The ranges of @ for this problem is then —1.1864 <0 <1.1864.

Step 3
The area of the inner loop is then,

A

[ 1(3-8cos0)" ab

1864 2
11864

- 48cos @+ 64cos’ (8)do

1
2

=

1.1

L
[ 9-48cos0-+32(1+cos(26))d6
[

41—48cos9+32cos(29)d9

1
2 ) 11864

1(416 - 48sin )+16sin(2¢9))|1_'1'_8f;4:

Make sure you can do the trig manipulations required to do these integrals. Most of the
integrals in this section will involve this kind of manipulation. If you don’t recall how to do
them go back and take a look at the Integrals Involving Trig Functions section.

2. Find the area inside the graph of ¥ =7+ 3cos# and to the left of the y-axis.

Step 1
First, here is a quick sketch of the graph of the region we are interested in.
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Step 2
For this problem there isn’t too much difficulty in getting the limits for the problem. We will need to use
the limits % <0< 37” to trace out the portion of the graph to the left of the y-axis.

Remember that it is important to trace out the portion of the curve defining the area we are interested
in as the @’s increase from the smaller to larger value.

Step 3
The area is then,

3z

A= 4(7+3cos0) do

2
e
%J.Tﬂ 9+42c056’+%(1+cos(26’))d6’

J

= %(% +425sin H)—i—%sin(Ze))

N‘N

49+42cos @ +9cos’ (6)d6

=

Il
N‘: N o

o=

17+ 42 cos 0 +4cos(26)dO

=142.0376

SRS

Make sure you can do the trig manipulations required to do these integrals. Most of the
integrals in this section will involve this kind of manipulation. If you don’t recall how to do
them go back and take a look at the Integrals Involving Trig Functions section.

3. Find the area that is inside #» =3+ 3sin @ and outside » =2.
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Step 1
First, here is a quick sketch of the graph of the region we are interested in.

¥

Step 2
Now, we’ll need to determine the values of & where the graphs intersect (indicated by the black lines
on the graph in the previous step).

There are easy enough to find. Because they are where the graphs intersect we know they must have
the same value of r. So,

3+3sin@ =2

sinf = - = 0 =sin”' (~1)=-0.3398

1
3
This is the angle in the fourth quadrant where the graphs intersect.

From a quick sketch of a unit circle we can quickly get the angle in the third quadrant where the two
graphs intersect.

0=r+0.3398=3.4814
The ranges of @ for this problem is then —0.3398 <6 <3.4814.
Step 3
From the graph we can see that » =3+ 3sin @ is the “outer” graph for this region and » =2 is the

“inner” graph.

The area is then,
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A

[ t[(3+35in0)" = (2)" |ao

3.4814

5+18s1n6’+9sm (6)do

1
2

=

3.4

814
L +18s1n5——cos(25)d9

=

0.3

o
[ 5+185in0+2(1-cos(20))d6
(.
(30

4814
4(20-18cos(0)-2sin(20)) " =[33.7074
Make sure you can do the trig manipulations required to do these integrals. Most of the
integrals in this section will involve this kind of manipulation. If you don’t recall how to do
them go back and take a look at the Integrals Involving Trig Functions section.

4. Find the area that is inside # =2 and outside » =3 +3siné.

Step 1
First, here is a quick sketch of the graph of the region we are interested in.

¥

Step 2
Now, we’ll need to determine the values of @ where the graphs intersect (indicated by the black lines
on the graph in the previous step).
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There are easy enough to find. Because they are where the graphs intersect we know they must have
the same value of r. So,

3+3sin@ =2

sin @ =— = 6 =sin"' (1) =-0.3398

1
3
This is one possible value for the angle in the fourth quadrant where the graphs intersect.

From a quick sketch of a unit circle we can quickly get the angle in the third quadrant where the two
graphs intersect.

0=r+0.3398=3.4814

Now, we’ll have a problem if we use these two angles for our area integral. Recall that the angles must
go from smaller to larger values and as they do that they must trace out the boundary curves of the
enclosed area. These two clearly will not do that. In fact, they trace out the area from the previous
problem.

To fix this problem it is probably easiest to use a quick sketch of a unit circle to see that another value
for the angle in the fourth quadrant is,

0=27-0.3398=5.9434

Using this angle along with the angle we already have in the third quadrant will trace out the area we
are interested in.

Therefore, the ranges of @ for this problem is then 3.4814 <0 <5.9434.
Step 3
From the graph we can see that 7 =2 is the “outer” graph for this region and » =3+ 3sin @ is the
“inner” graph.
The areais then,
5.9434
a=[ 4 (2) ~(3+3sin0)’ |d6

5.9434
—5-18sin#—9sin*(6)do

1
2 J34814

=%"‘5.'9434—%—18sin¢9+%cos(26’)d9

= 1(~26+18cos(0) +sin(20)) =
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Do not get too excited about all the minus signs in the second step above. Just because all the
terms have minus signs in front of them does not mean that we should get a negative value from
out integral!

5. Find the area that is inside # =4 —2co0s@ and outside ¥ =6+2cos 6.

Step 1
First, here is a quick sketch of the graph of the region we are interested in.

Step 2
Now, we’ll need to determine the values of & where the graphs intersect (indicated by the black lines
on the graph in the previous step).

There are easy enough to find. Because they are where the graphs intersect we know they must have
the same value of r. So,

6+2cos@=4-2cosl
cosd =~ = 0=cos' (1)

This is the value for the angle in the second quadrant where the graphs intersect.

From a quick sketch of a unit circle we can quickly see two possible values for the angle in the third
qguadrant where the two graphs intersect.

— _2r _Am =_2z
O=27-2%=4 6=-1
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Now, we need to recall that the angles must go from smaller to larger values and as they do that they
must trace out the boundary curves of the enclosed area. Keeping this in mind and we can see that we’ll
need to use the positive angle for this problem. If we used the negative angle we’d be tracing out the
“right” portions of our curves and we need to trace out the “left” portions of our curves.

Therefore, the ranges of @ for this problem is then 27” <0< 47”

Step 3
From the graph we can see that » =4 —2cos# is the “outer” graph for this region and » =6+ 2cos &
is the “inner” graph.

The area is then,

A= %[(4—2(:0549)2 —(6+2cos€)2}d9

7

=|"-10-20cos@d8b

2

vl wlg W‘g) u‘_\f

S

y4

© =113.6971

2

= (~106—-20sin(9))

wf

Do not get too excited about all the minus signs in the integral. Just because all the terms have
minus signs in front of them does not mean that we should get a negative value from out integral!

6. Find the area that is inside both ¥ =1—sin@ and r =2+sin@.

Step 1
First, here is a quick sketch of the graph of the region we are interested in.
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(3]

Step 2
Now, we’ll need to determine the values of & where the graphs intersect (indicated by the black lines
on the graph in the previous step).

There are easy enough to find. Because they are where the graphs intersect we know they must have
the same value of r. So,

2+sin@=1-sin@

sinf =—1 = O=sin"'(-4)=-%

This is one possible value for the angle in the fourth quadrant where the graphs intersect. From a quick
sketch of a unit circle we can see that a second possible value for this angle is,

= —_z 1z
0=2n—-Z=11

From a quick sketch of a unit circle we can quickly get a value for the angle in the third quadrant where
the two graphs intersect.

—gax_IT
O=r+%=%

Okay. We now have a real problem. Recall that the angles must go from smaller to larger values and as
they do that they must trace out the boundary curves of the enclosed area.

If we use —% <0< 77” we actually end up tracing out the large “open” or unshaded region that lies

above the shaded region.
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Likewise, if we use 77” <0< ”T” we actually end up tracing out the smaller “open” or unshaded region

that lies below the shaded region.
In other words, we can’t find the shaded area simply by using the formula from this section.

Step 3

As we saw in the previous step we can’t just compute an integral in order to get the area of the shaded
region. However, that doesn’t mean that we can’t find the area of the shaded region. We just need to
work a little harder at it for this problem.

To find the area of the shaded area we can notice that the shaded area is really nothing more than the
remainder of the area inside =2 +sin @ once we take out the portion that is also outside
r=1-sinf.

Another way to look at is that the shaded area is simply the remainder of the area inside » =1—sin &
once we take out the portion that is also outside » =2 +sin 6.

We can use either of these ideas to find the area of the shaded region. We’'ll use the first one for no
other reason that it was the first one listed.

If we knew the total area that is inside » =2 +sin @ (which we can find with a simple integral) and if we
also knew the area that is inside » =2 +sin @ and outside » =1—sin @ then the shaded area is nothing
more than the difference between these two areas.

Step 4
Okay, let’s start this off by getting the total area that is inside » = 2+sin & . This can be found by
evaluating the following integral.

A=["4(2+sin0) do
=1["4+4sin0+sin’ (0)d0

= 1[4+ 4sin0+1(1-cos(26)) a6
=4[ 2+ 45in0~Lcos(20)do

- %(%6’—4(:05(9)—%sin(29))|§” =

IM

Note that we need to do a full “revolution” to get all the area inside » =2 +sin & and so we used the
range 0 < 8 < 2rx for this integral.

Step 5
Now, the area that is inside » =2 +sin @ and outside ¥ =1—siné is,
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= 27r+3\/§

Note that we found the limits for this region in Step 2.

Step 6
Finally, the shaded area is simply,

A=97”—(27r+3\/§)=

$7-343=2.6578

245

© 2018 Paul Dawkins

http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 246

Section 3-9 : Arc Length with Polar Coordinates

1. Determine the length of the following polar curve. You may assume that the curve traces out exactly
once for the given range of 4.
r=—4sinf, 0<0<r

Step 1
The first thing we’ll need here is the following derivative.

ﬂ=—4cosé’

do

Step 2
WEe'll need the ds for this problem.

ds = \/[—4 sin 0]2 +[—4cos 6’]2 dé

—J16sin> O +16cos> 0 dO = 4/sin> O+ cos> 0 dO = 4d6O

Step 3
The integral for the arc length is then,

L:j ds=j0”4d9

Step 4
This is a really simple integral to compute. Here is the integral work,

L=["4d6=46]; =[4z]

2. Set up, but do not evaluate, and integral that gives the length of the following polar curve. You may
assume that the curve traces out exactly once for the given range of 6.

r=0cosf,0<0<r

Step 1
The first thing we’ll need here is the following derivative.

1=cos€—95in9
do

Step 2
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WEe’'ll need the ds for this problem.

ds = \[0cos O] +[cos0—Osin 0] do

Step 3
The integral for the arc length is then,

L= J':\/[ﬁcosﬁ]z +[cos6’—6’sin6’]2 deo

3. Set up, but do not evaluate, and integral that gives the length of the following polar curve. You may
assume that the curve traces out exactly once for the given range of 6.

r=cos(20)+sin(30), 0<0 <27

Step 1
The first thing we’ll need here is the following derivative.

% =—2sin(20)+3cos(30)

Step 2
WEe'll need the ds for this problem.

ds = \/[cos (26)+sin (3(9)]2 + [—2 sin (26)+3cos (349)]2 do

Step 3
The integral for the arc length is then,

L= fozﬂ\/[cos(%’) + sin(36’)]2 + [—2 sin (20)+ 3cos(39)]2 do
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Section 3-10 : Surface Area with Polar Coordinates

1. Set up, but do not evaluate, an integral that gives the surface area of the curve rotated about the
given axis. You may assume that the curve traces out exactly once for the given range of 6.

r=5-4sind, 0 <60 < r rotated about the x-axis.

Step 1
The first thing we’ll need here is the following derivative.

£=—4COSH
deo

Step 2
WEe'll need the ds for this problem.

ds = \/[5—4sin6’]2 +[—4cost9]2 do

=\/25—4OSin6?+16sin2 6+16cos’ 0 d6 =+41-40sin6 db

Step 3
The integral for the surface area is then,

SA=[ 2zyds =|[ 27 (5—4sin0)sin 041~ 40sin 6 d6

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about. Also, do not forget to substitute the polar conversion formula for y!

2. Set up, but do not evaluate, an integral that gives the surface area of the curve rotated about the
given axis. You may assume that the curve traces out exactly once for the given range of 6.

r=cos’ @, —Z <0 <Z rotated about the y-axis.

Step 1
The first thing we’ll need here is the following derivative.

ﬂ=—2c056’sin9

do

Step 2
WEe'll need the ds for this problem.
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ds = \/[0052 0]2 +[—200$95in 9]2 do = \/cos4 6 +4cos’ Osin”> 0 dO

Step 3
The integral for the surface area is then,

SA :I drxds=[° 27r(cos2 9)005 OJcos* O +4cos? Osin’ O do

z
6

= J._% 277 cos® O cos* O+ 4cos? Osin® 0 dO

4
6

Remember to be careful with the formula for the surface area! The formula used is dependent upon the
axis we are rotating about. Also, do not forget to substitute the polar conversion formula for x!
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Section 3-11 : Arc Length and Surface Area Revisited

Problems have not yet been written for this section and probably won’t be to be honest since this is just
a summary section.
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Chapter 4 : Series & Sequences

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

Sequences — In this section we define just what we mean by sequence in a math class and give the basic
notation we will use with them. We will focus on the basic terminology, limits of sequences and
convergence of sequences in this section. We will also give many of the basic facts and properties we’ll
need as we work with sequences.

More on Sequences — In this section we will continue examining sequences. We will determine if a
sequence in an increasing sequence or a decreasing sequence and hence if it is a monotonic sequence.
We will also determine a sequence is bounded below, bounded above and/or bounded.

Series — The Basics — In this section we will formally define an infinite series. We will also give many of
the basic facts, properties and ways we can use to manipulate a series. We will also briefly discuss how
to determine if an infinite series will converge or diverge (a more in depth discussion of this topic will
occur in the next section).

Convergence/Divergence of Series — In this section we will discuss in greater detail the convergence and
divergence of infinite series. We will illustrate how partial sums are used to determine if an infinite
series converges or diverges. We will also give the Divergence Test for series in this section.

Special Series — In this section we will look at three series that either show up regularly or have some
nice properties that we wish to discuss. We will examine Geometric Series, Telescoping Series, and
Harmonic Series.

Integral Test — In this section we will discuss using the Integral Test to determine if an infinite series
converges or diverges. The Integral Test can be used on a infinite series provided the terms of the series
are positive and decreasing. A proof of the Integral Test is also given.

Comparison Test/Limit Comparison Test — In this section we will discuss using the Comparison Test and
Limit Comparison Tests to determine if an infinite series converges or diverges. In order to use either
test the terms of the infinite series must be positive. Proofs for both tests are also given.

Alternating Series Test — In this section we will discuss using the Alternating Series Test to determine if
an infinite series converges or diverges. The Alternating Series Test can be used only if the terms of the
series alternate in sign. A proof of the Alternating Series Test is also given.

Absolute Convergence — In this section we will have a brief discussion on absolute convergence and
conditionally convergent and how they relate to convergence of infinite series.

Ratio Test — In this section we will discuss using the Ratio Test to determine if an infinite series
converges absolutely or diverges. The Ratio Test can be used on any series, but unfortunately will not
always yield a conclusive answer as to whether a series will converge absolutely or diverge. A proof of
the Ratio Test is also given.
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Root Test — In this section we will discuss using the Root Test to determine if an infinite series converges
absolutely or diverges. The Root Test can be used on any series, but unfortunately will not always yield
a conclusive answer as to whether a series will converge absolutely or diverge. A proof of the Root Test
is also given.

Strategy for Series — In this section we give a general set of guidelines for determining which test to use
in determining if an infinite series will converge or diverge. Note as well that there really isn’t one set of
guidelines that will always work and so you always need to be flexible in following this set of guidelines.
A summary of all the various tests, as well as conditions that must be met to use them, we discussed in
this chapter are also given in this section.

Estimating the Value of a Series — In this section we will discuss how the Integral Test, Comparison Test,
Alternating Series Test and the Ratio Test can, on occasion, be used to estimating the value of an infinite
series.

Power Series — In this section we will give the definition of the power series as well as the definition of
the radius of convergence and interval of convergence for a power series. We will also illustrate how
the Ratio Test and Root Test can be used to determine the radius and interval of convergence for a
power series.

Power Series and Functions — In this section we discuss how the formula for a convergent Geometric
Series can be used to represent some functions as power series. To use the Geometric Series formula,
the function must be able to be put into a specific form, which is often impossible. However, use of this
formula does quickly illustrate how functions can be represented as a power series. We also discuss
differentiation and integration of power series.

Taylor Series — In this section we will discuss how to find the Taylor/Maclaurin Series for a function. This
will work for a much wider variety of function than the method discussed in the previous section at the
expense of some often unpleasant work. We also derive some well known formulas for Taylor series of

e*, cos(x) and sin(x) around x=0.

Applications of Series — In this section we will take a quick look at a couple of applications of series. We
will illustrate how we can find a series representation for indefinite integrals that cannot be evaluated
by any other method. We will also see how we can use the first few terms of a power series to
approximate a function.

Binomial Series — In this section we will give the Binomial Theorem and illustrate how it can be used to
quickly expand terms in the form (a +b)n when nis an integer. In addition, when n is not an integer an

extension to the Binomial Theorem can be used to give a power series representation of the term.
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Section 4-1 : Sequences

1. List the first 5 terms of the following sequence.

4n 1~
n2 _7 n=0
Solution

There really isn’t all that much to this problem. All we need to do is, starting at n =0, plug in the first
five values of n into the formula for the sequence terms. Doing that gives,

n=0: 4(0) =0
(0)°~7
il ) 42
(1)2_7 -6 3
i 4(2) _8 _ 8
' (2))-7 3 3
=3 W) 12
(3)-7 2
i 4(4) 16
| (4)-7 9

So, the first five terms of the sequence are,

09 _%5 _§’ 6: Ea
33 9

Note that we put the formal answer inside the braces to make sure that we don’t forget that we are

dealing with a sequence and we made sure and included the “...” at the end to reminder ourselves that
there are more terms to this sequence that just the five that we listed out here.

2. List the first 5 terms of the following sequence.

(_I)IHI ®
2n+(-3)" .
Solution
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There really isn’t all that much to this problem. All we need to do is, starting at # =2, plug in the first
five values of n into the formula for the sequence terms. Doing that gives,

n=2:
n=3:
n=4:
n=>5:
n==6:

So, the first five terms of the sequence are,

Note that we put the formal answer inside the braces to make sure that we don’t forget that we are

(_1)2+1 _—_1__i
2(2)+(-3)7 13 13
(_1)3+1 ) 1 __L
2(3)+(=3) 21 21
(_1)4+1 _—_1__L
2(4)+(-3)" 89 89
(_1)5+1 ) 1 - 1
2(5)+(-3) 233 233
(_1)6+1 _1 1

{

1

21

1

1 1 1
89" 2337 741"

o ”

dealing with a sequence and we made sure and included the “...” at the end to reminder ourselves that

there are more terms to this sequence that just the five that we listed out here.

3. Determine if the given sequence converges or diverges. If it converges what is its limit?

Step 1

|

1+10n —4n?

n*—=Tn+3 }w
n=3

To answer this all we need is the following limit of the sequence terms.

lim————=
n>o]4+10n—4n 4

n’—7Tn+3 1

You do recall how to take limits at infinity right? If not you should go back into the Calculus | material do
some refreshing on limits at infinity as well at L’Hospital’s rule.
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Step 2

We can see that the limit of the terms existed and was a finite number and so we know that the

sequence converges and its limit is —% .

4. Determine if the given sequence converges or diverges. If it converges what is its limit?

(1)

4+n’

0

n=0

Step 1
To answer this all we need is the following limit of the sequence terms.

_ n-2 9
T G AL

n—o 44 I’l3

-2 S R
However, because of the (—1)" we can’t compute this limit using our knowledge of computing limits

from Calculus I.

Step 2
Recall however, that we had a nice Fact in the notes from this section that had us computing not the
limit above but instead computing the limit of the absolute value of the sequence terms.

_n—22 2
Lll_g_:nm -0

lim 3
o 44 p

ol d4n

This is a limit that we can compute because the absolute value got rid of the alternating sign, i.e. the
2
(_1)n+ )

Step 3
Now, by the Fact from class we know that because the limit of the absolute value of the sequence terms
was zero (and recall that to use that fact the limit MUST be zero!) we also know the following limit.

n-2 9
1m$19—{1=0
e dn

Step 4
We can see that the limit of the terms existed and was a finite number and so we know that the
sequence converges and its limit is zero.
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5. Determine if the given sequence converges or diverges. If it converges what is its limit?

Step 1
To answer this all we need is the following limit of the sequence terms.

Sn S5n

lim —=lim —= lim—e* = -
n—>00 3 — e n n—>00 —2e n n—>0 —2

You do recall how to use L’Hospital’s rule to compute limits at infinity right? If not you should go back
into the Calculus | material do some refreshing.

Step 2
We can see that the limit of the terms existed and but was infinite and so we know that the sequence
diverges.

6. Determine if the given sequence converges or diverges. If it converges what is its limit?

0

ln(n +2)
1n(1+4n)

Step 1
To answer this all we need is the following limit of the sequence terms.

1
02 o Fiay o tedn
e In(1+4n) M%+4n e 4(n+2)

You do recall how to use L’'Hospital’s rule to compute limits at infinity right? If not, you should go back
into the Calculus | material do some refreshing.

Step 2
We can see that the limit of the terms existed and was a finite number and so we know that the
sequence converges and its limit is one.
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Section 4-2 : More on Sequences

1. Determine if the following sequence is increasing, decreasing, not monotonic, bounded below,
bounded above and/or bounded.
1 o0
4n),_,

Hint : There is no one set process for finding all this information. Sometimes it is easier to find one set
of information before the other and at other times it doesn’t matter which set of information you find
first. This is one of those sequences that it doesn’t matter which set of information you find first and
both sets should be fairly easy to determine the answers without a lot of work.

Step 1
For this problem let’s get the bounded information first as that seems to be pretty simple.

First note that because both the numerator and denominator are positive then the quotient is also
positive and so we can see that the sequence must be bounded below by zero.

Next let’s note that because we are starting with # =1 the denominator will always be 4n>4>1 and
so we can also see that the sequence must be bounded above by one. Note that, in this case, this not
the “best” upper bound for the sequence but the problem didn’t ask for that. For this sequence we’ll be
able to get a better one once we have the increasing/decreasing information.

Because the sequence is bounded above and bounded below the sequence is also bounded.

Step 2
For the increasing/decreasing information we can see that, for our range of n>1, we have,

4n<4(n+1)

and so,

1 1

4n g 4(n+1)

If we define ¢ = € this in turn tells us that @, > @, for all n>1 and so the sequence is decreasing
" 4n

and hence monotonic.

Note that because we have now determined that the sequence is decreasing we can see that the “best”

upper bound would be the first term of the sequence or, %
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2. Determine if the following sequence is increasing, decreasing, not monotonic, bounded below,
bounded above and/or bounded.

0

n(-1)"}

Hint : There is no one set process for finding all this information. Sometimes it is easier to find one set
of information before the other and at other times it doesn’t matter which set of information you find
first. This is one of those sequences that it doesn’t matter which set of information you find first and
both sets should be fairly easy to determine the answers without a lot of work.

n=0

Step 1
For this problem let’s get the increasing/decreasing information first as that seems to be pretty simple
and will help at least a little bit with the bounded information.

In this case let’s just write out the first few terms of the sequence.

{n(_l)n+2}

Just from the first three terms we can see that this sequence is not an increasing sequence and it is not
a decreasing sequence and therefore is not monotonic.

[’e]

={0,-1,2,-3,4,-5,6,-7,...}

n=0

Step 2
Now let’s see what bounded information we can get.

From the first few terms of the sequence we listed out above we can see that each successive term will
get larger and change signs. Therefore, there cannot be an upper or a lower bound for the sequence.
No matter what value we would try to use for an upper or a lower bound all we would need to do is take
n large enough and we would eventually get a sequence term that would go past the proposed bound.

Therefore, this sequence is not bounded.

3. Determine if the following sequence is increasing, decreasing, not monotonic, bounded below,
bounded above and/or bounded.

B

Hint : There is no one set process for finding all this information. Sometimes it is easier to find one set
of information before the other and at other times it doesn’t matter which set of information you find
first. For this sequence it might be a little easier to find the bounds (if any exist) if you first have the
increasing/decreasing information.

Step 1
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For this problem let’s get the increasing/decreasing information first as that seems to be pretty simple
and will help at least a little bit with the bounded information.

We’ all agree that, for our range of n >0, we have,

n<n+l
This in turn gives,
3—n — l 1 — 37(n+1)
371 3n+1

So, if we define @, = 37" we have a,>a,, forall n>0 and so the sequence is decreasing and hence

is also monotonic.

Step 2
Now let’s see what bounded information we can get.

First, it is hopefully obvious that all the terms are positive and so the sequence is bounded below by
zero.

Next, we saw in the first step that the sequence was decreasing and so the first term will be the largest
term and so the sequence is bounded above by 37 =1 (i.e. the n =0 sequence term).

Therefore, because this sequence is bounded below and bounded above the sequence is bounded.

4. Determine if the following sequence is increasing, decreasing, not monotonic, bounded below,
bounded above and/or bounded.

2#—1w

n

n=2

Hint : There is no one set process for finding all this information. Sometimes it is easier to find one set
of information before the other and at other times it doesn’t matter which set of information you find
first. For this sequence having the increasing/decreasing information will probably make the
determining the bounds (if any exist) somewhat easier.

Step 1
For this problem let’s get the increasing/decreasing information first.

For Problems 1 — 3 in this section it was easy enough to just ask what happens if we increase n to
determine the increasing/decreasing information for this problem. However, in this case, increasing n
will increase both the numerator and denominator and so it would be somewhat more difficult to do
that analysis here.
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Therefore, we will resort to some quick Calculus | to determine increasing/decreasing information. We
can define the following function and take its derivative.

f(x)zﬁ - ff(x)zzx_z”

X X

We can clearly see that the derivative will always be positive for x # 0 and so the function is increasing
for x # 0. Therefore, because the function values are the same as the sequence values when x is an

integer we can see that the sequence, which starts at # =2, must also be increasing and hence it is also
monotonic.

Step 2
Now let’s see what bounded information we can get.

First, it is hopefully obvious that all the terms are positive for our range of n > 2 and so the sequence is
bounded below by zero. We could also use the fact that the sequence is increasing the first term would
have to be the smallest term in the sequence and so a better lower bound would be the first sequence

term which is % Either would work for this problem.

Now let’s see what we can determine about an upper bound (provided it has one of course...).

We know that the function is increasing but that doesn’t mean there is no upper bound. Take a look at
Problems 1 and 3 above. Each of those were decreasing sequences and yet they had a lower bound. Do
not make the mistake of assuming that an increasing sequence will not have an upper bound or a
decreasing sequence will not have a lower bound. Sometimes they will and sometimes they won’t.

For this sequence we’ll need to approach any potential upper bound a little differently than the previous
problems. Let’s first compute the following limit of the terms,

2_
lim 21 lim(2n—l) —w

n—>0 n n—»0 n

Since the limit of the terms is infinity we can see that the terms will increase without bound. Therefore,
in this case, there really is no upper bound for this sequence. Please remember the warning above
however! Just because this increasing sequence had no upper bound does not mean that every
increasing sequence will not have an upper bound.

Finally, because this sequence is bounded below but not bounded above the sequence is not bounded.

5. Determine if the following sequence is increasing, decreasing, not monotonic, bounded below,
bounded above and/or bounded.
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4-n "

2n+3J,
Hint : There is no one set process for finding all this information. Sometimes it is easier to find one set
of information before the other and at other times it doesn’t matter which set of information you find

first. For this sequence having the increasing/decreasing information will probably make the
determining the bounds (if any exist) somewhat easier.

Step 1
For this problem let’s get the increasing/decreasing information first.

For Problems 1 — 3 in this section it was easy enough to just ask what happens if we increase n to
determine the increasing/decreasing information for this problem. However, in this case, increasing n
will increase both the numerator and denominator and so it would be somewhat more difficult to do
that analysis here.

Therefore, we will resort to some quick Calculus | to determine increasing/decreasing information. We
can define the following function and take its derivative.

_4—x
2x+3

11
(2x+3)°

/(x)

= f’(x)=

I . . 3 Lo
We can clearly see that the derivative will always be negative for X # =35 and so the function is

. 3 .
decreasing for X # —3 . Therefore, because the function values are the same as the sequence values

when x is an integer we can see that the sequence, which starts at # =1, must also be decreasing and
hence it is also monotonic.

Step 2
Now let’s see what bounded information we can get.

First, because the sequence is decreasing we can see that the first term of the sequence will be the
largest and hence will also be an upper bound for the sequence. So, the sequence is bounded above by

3 .
5 (i.e. the n =1 sequence term).

Next let’s look for the lower bound (if it exists). For this problem let’s first take a quick look at the limit
of the sequence terms. In this case the limit of the sequence termsis,

. 4—n 1
lim =——
n—e 2pn+3 2

Recall what this limit tells us about the behavior of our sequence terms. The limit means that as

. 1
I —> 0 the sequence terms must be getting closer and closerto —75 .

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 262

’ L. ’
Now, for a second, let’s suppose that that —7 is not a lower bound for the sequence terms and let’s

also keep in mind that we’ve already determined that the sequence is decreasing (means that each
successive term must be smaller than (i.e. below) the previous one...).

. L.
So, if —% is not a lower bound then we know that somewhere there must be sequence terms below (or
1 .
smaller than) —5 . However, because we also know that terms must be getting closer and closer to
1 1 . .
—5 and we’ve now assumed there are terms below —5 the only way for that to happen at this point

. . 1
is for at least a few sequence terms to increase up towards —7 (remember we’ve assumed there are

terms below this!). That can’t happen however because we know the sequence is a decreasing
sequence.

Okay, what was the point of all this? Well recall that we got to this apparent contradiction to the

. . . 1 . . .
decreasing nature of the sequence by first assuming that —3 was not a lower bound. Since making this

. . , . . 1 .
assumption led us to something that can’t possibly be true that in turn means that —35 must in fact be

a lower bound since we’ve shown that sequence terms simply cannot go below this value!

Therefore, the sequence is bounded below by —% .

Finally, because this sequence is both bounded above and bounded below the sequence is bounded.

Before leaving this problem a quick word of caution. The limit of a sequence is not guaranteed to be a
bound (upper or lower) for a sequence. It will only be a bound under certain circumstances and so we
can’t simply compute the limit and assume it will be a bound for every sequence! Can you see a
condition that will allow the limit to be a bound?

6. Determine if the following sequence is increasing, decreasing, not monotonic, bounded below,
bounded above and/or bounded.
n’+25J,,

Hint : There is no one set process for finding all this information. Sometimes it is easier to find one set
of information before the other and at other times it doesn’t matter which set of information you find
first. For this sequence having the increasing/decreasing information will probably make the
determining the bounds (if any exist) somewhat easier.

Step 1
For this problem let’s get the increasing/decreasing information first.
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For Problems 1 — 3 in this section it was easy enough to just ask what happens if we increase n to
determine the increasing/decreasing information for this problem. However, in this case, increasing n
will increase both the numerator and denominator and so it would be somewhat more difficult to do
that analysis here.

Therefore, we will resort to some quick Calculus | to determine increasing/decreasing information. We
can define the following function and take its derivative.

-X v x> =25
Vs = )= sy

/()

Hopefully, it’s fairly clear that the critical points of the function are x =%5. We’ll leave it to you to
draw a quick number line or sign chart to verify that the function will be decreasing in the range

2 <x <5 andincreasing in the range x > 5. Note that we just looked at the ranges of x that
correspond to the ranges of n for our sequence here.

Now, because the function values are the same as the sequence values when x is an integer we can see
that the sequence, which starts at #n = 2, has terms that increase and terms that decrease and hence
the sequence is not an increasing sequence and the sequence is not a decreasing sequence. That also
means that the sequence is not monotonic.

Step 2
Now let’s see what bounded information we can get.

In this case, unlike many of the previous problems in this section, we don’t have a monotonic sequence.
However, we can still use the increasing/decreasing information above to help us out with the bounds.

First, we know that the sequence is decreasing in the range 2 <7n <5 and increasing in therange n > 5.
From our Calculus | knowledge we know that this means # =5 must be a minimum of the sequence

. S 1.
terms and hence the sequence is bounded below by 55 = —7; (i.e. the n =35 sequence term).

Next let’s look for the upper bound (if it exists). For this problem let’s first take a quick look at the limit
of the sequence terms. In this case the limit of the sequence termsiis,

lim———=
noop” 425
Recall what this limit tells us about the behavior of our sequence terms. The limit means that as

I — 0 the sequence terms must be getting closer and closer to zero.

Now, for a second, let’s look at just the portion of the sequence with n > 5 and let’s further suppose
that zero is not an upper bound for the sequence terms with z# > 5. Let’s also keep in mind that we’ve
already determined that the sequence is increasing for n > 5 (means that each successive term must
be larger than (i.e. above) the previous one...).
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So, if zero is not an upper bound (for 7 > 5 ) then we know that somewhere there must be sequence
terms with 7 > 5 above (or larger than) zero. So, we know that terms must be getting closer and closer
to zero and we’ve now assumed there are terms above zero. Therefore the only way for the terms to
approach the limit of zero is for at least a few sequence terms with 7 > 5 to decrease down towards
zero (remember we’ve assumed there are terms above this!). That can’t happen however because we
know that for n > 5 the sequence is increasing.

Okay, what was the point of all this? Well recall that we got to this apparent contradiction to the
increasing nature of the sequence for n > 5 by first assuming that zero was not an upper bound for the
portion of the sequence with 7 > 5. Since making this assumption led us to something that can’t
possibly be true that in turn means that zero must in fact be an upper bound for the portion of the
sequence with 7 > 5 since we’ve shown that sequence terms simply cannot go above this value!

Note that we’ve not yet actually shown that zero in an upper bound for the sequence and in fact it
might not actually be an upper bound. However, what we have shown is that it is an upper bound for
the vast majority of the sequence, i.e. for the portion of the sequence with n > 5.

All we need to do to finish the upper bound portion of this problem off is check what the first few terms
of the sequence are doing. There are several ways to do this. One is to just compute the remaining
initial terms of the sequence to see if they are above or below zero. For this sequence that isn’t too bad
as there are only 4 terms (n =2,3,4,5). However, if there’d been several hundred terms that wouldn’t
be so easy so let’s take a look at another approach that will always be easy to do in this case because we
have the increasing/decreasing information for this initial portion of the sequence.

Let’s simply note that for the first part of this sequence we’ve already shown that the sequence is

decreasing. Therefore, the very first sequence term of —2—29 (i.e. the n =2 sequence term) will be the

largest term for this initial bit of the sequence that is decreasing. This term is clearly less than zero and
so zero will also be larger than all the remaining terms in the initial decreasing portion of the sequence
and hence the sequence is bounded above by zero.

Finally, because this sequence is both bounded above and bounded below the sequence is bounded.
Before leaving this problem a couple of quick words of caution.

First, the limit of a sequence is not guaranteed to be a bound (upper or lower) for a sequence so be
careful to not just always assume that the limit is an upper/lower bound for a sequence.

Second, as this problem has shown determining the bounds of a sequence can sometimes be a fairly
involved process that involves quite a bit of work and lots of various pieces of knowledge about the
other behavior of the sequence.
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Section 4-3 : Series - The Basics

1. Perform an index shift so that the following series starts at n=3.

5 (3

n=1

Solution

There really isn’t all that much to this problem. Just remember that, in this case, we’ll need to increase
the initial value of the index by two so it will start at # =3 and this means all the n’s in the series terms
will need to decrease by the same amount (two in this case...).

Doing this gives the following series.

R B

n=1 n=3 n=3

Be careful with parenthesis, exponents, coefficients and negative signs when “shifting” the n’s in the
series terms. When replacing n with 7 —2 make sure to add in parenthesis where needed to preserve
coefficients and minus signs.

2. Perform an index shift so that the following series starts at n =3.

0

>

n=7 n

Solution

There really isn’t all that much to this problem. Just remember that, in this case, we’ll need to decrease
the initial value of the index by four so it will start at # =3 and this means all the n’s in the series terms
will need to increase by the same amount (four in this case...).

Doing this gives the following series.

n+4

o n s ( n+4 +1 = (n+4) +1

MS

Be careful with parenthesis, exponents, coefficients and negative signs when “shifting” the n’s in the
series terms. When replacing n with n+4 make sure to add in parenthesis where needed to preserve
coefficients and minus signs.
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3. Perform an index shift so that the following series starts at 7 =3.

n3
s 0]

n+2)

14+2n
n=2 5

Solution

There really isn’t all that much to this problem. Just remember that, in this case, we’ll need to increase
the initial value of the index by one so it will start at # =3 and this means all the n’s in the series terms
will need to decrease by the same amount (one in this case...).

Doing this gives the following series.

i(—1)” (n+2):i(—1)” (n-1+2) i n+1)

1+2(n-1 2n-1
5 ( ) n=3 5

Be careful with parenthesis, exponents, coefficients and negative signs when “shifting” the n’s in the
series terms. When replacing n with n—1 make sure to add in parenthesis where needed to preserve
coefficients and minus signs.

—-n

4. Strip out the first 3 terms from the series z R
Pl

Solution

Remember that when we say we are going to “strip out” terms from a series we aren’t really getting rid
of them. All we are doing is writing the first few terms of the series as a summation in front of the
series.

So, for this series stripping out the first three terms gives,

0 2n —I 2—2 —3 0 -
,Zn2 1> +1 22+1 3% +1 Zt

I 1 1 & 27
=—t—+—+
4 20 80 ,,Z:{n2+1

5 & 2
= E—I_Z 2

n=4 N +1

This first step isn’t really all that necessary but was included here to make it clear that we were plugging
inn=1, n=2 and n=3 (i.e. the first three values of n) into the general series term. Also, don’t
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forget to change the starting value of n to reflect the fact that we’ve “stripped out” the first three values
of n or terms.

0 o0 1
5. Given that Z 3 =1.6865 determine the value of 3

n=0 1 +1 n=2 N +1
Step 1
First notice that if we strip out the first two terms from the series that starts at 7 =0 the result will

involve a series that startsat n=2.

Doing this gives,

=1 1 1 =1 3 & 1
= + + =4
;n3+1 0°+1 I’+1 Z;‘n3+l 2 Z;‘n3+l

Step 2

Now, for this situation we are given the value of the series that starts at » =0 and are asked to
determine the value of the series that starts at 7 =2. To do this all we need to do is plug in the known
value of the series that starts at n =0 into the “equation” above and “solve” for the value of the series
that startsat n=2.

This gives,

1.6865:%+ 1 = > 31 1:1.6865—%:

n=2 7’l3+1 n=2 N +
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Section 4-4 : Convergence/Divergence of Series

1. Compute the first 3 terms in the sequence of partial sums for the following series.
ZnZ”
n=l1

Solution
Remember that n term in the sequence of partial sums is just the sum of the first n terms of the series.
So, computing the first three terms in the sequence of partial sums is pretty simple to do.

Here is the work for this problem.

s, =(1)2"'=2
s, =(1)2"+(2)2* =10
s, =(1)2'+(2)2° +(3)2° =34

2. Compute the first 3 terms in the sequence of partial sums for the following series.

= 2n
2

Shnt2

Solution
Remember that n term in the sequence of partial sums is just the sum of the first n terms of the series.
So, computing the first three terms in the sequence of partial sums is pretty simple to do.

Here is the work for this problem.

~
(@)

2(3)

312 5

Y342 442 15
_203),2(4) 2(5) _416
> 342 442 5+2 105

S3=
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3. Assume that the n'" term in the sequence of partial sums for the series Zan is given below.
n=0

Determine if the series Z a, is convergent or divergent. If the series is convergent determine the value
n=0
of the series.

5+8n?
§ =—
"2-Tn?

Solution
There really isn’t all that much that we need to do here other than to recall,

0
Z a,=lims,

n—»0
n=0

So, to determine if the series converges or diverges, all we need to do is compute the limit of the
sequence of the partial sums. The limit of the sequence of partial sums is,

) . 5+8n? 8
lims, =lim———=—-—
n—ow n—o 2'—'771 7

Now, we can see that this limit exists and is finite (i.e. is not plus/minus infinity). Therefore, we now

o0
know that the series, Z a, , converges and its value is,
n=0

= 8

If you are unfamiliar with limits at infinity then you really need to go back to the Calculus | material and
do some review of limits at infinity and L'Hospital’s Rule as we will be doing quite a bit of these kinds of
limits off and on over the next few sections.

4. Assume that the n" term in the sequence of partial sums for the series Zan is given below.
n=0

Determine if the series Z a, is convergent or divergent. If the series is convergent determine the value
n=0
of the series.

2
n

s, =
5+2n
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Solution
There really isn’t all that much that we need to do here other than to recall,

o0

Z a,=lims,

n—m
n=0

So, to determine if the series converges or diverges, all we need to do is compute the limit of the
sequence of the partial sums. The limit of the sequence of partial sums is,

2

lims, =lim =00
n—o0 n>o 54 92n

Now, we can see that this limit exists and is infinite. Therefore, we now know that the series, Zan ,
n=0
diverges.

If you are unfamiliar with limits at infinity then you really need to go back to the Calculus | material and
do some review of limits at infinity and L’'Hospital’s Rule as we will be doing quite a bit of these kinds of
limits off and on over the next few sections.

5. Show that the following series is divergent.

0

Z 3ne"

pr: n* +1

Solution

First let’s note that we’re being asked to show that the series is divergent. We are not being asked to
determine if the series is divergent. At this point we really only know of two ways to actually show
this.

The first option is to show that the limit of the sequence of partial sums either doesn’t exist or is infinite.
The problem with this approach is that for many series determining the general formula for the n* term
of the sequence of partial sums is very difficult if not outright impossible to do. That is true for this
series and so that is not really a viable option for this problem.

Luckily enough for us there is actually an easier option to simply show that a series is divergent. All we
need to do is use the Divergence Test.

The limit of the series terms is,

n

. . 3ne
lims, =lim > =0z0
n—o0 n—w p +1
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The limit of the series terms is not zero and so by the Divergence Test we know that the series in this
problem is divergence.

6. Show that the following series is divergent.

i6+8n+9n2
~ 34 2n+n’

Solution

First let’s note that we’re being asked to show that the series is divergent. We are not being asked to
determine if the series is divergent. At this point we really only know of two ways to actually show
this.

The first option is to show that the limit of the sequence of partial sums either doesn’t exist or is infinite.
The problem with this approach is that for many series determining the general formula for the n term
of the sequence of partial sums is very difficult if not outright impossible to do. That is true for this
series and so that is not really a viable option for this problem.

Luckily enough for us there is actually an easier option to simply show that a series is divergent. All we
need to do is use the Divergence Test.

The limit of the series terms is,

2
lims, = lim &X 319 g0
n—0 n—»o 34+ 2n+n

The limit of the series terms is not zero and so by the Divergence Test we know that the series in this
problem is divergence.
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Section 4-5 : Special Series

1. Determine if the series converges or diverges. If the series converges give its value.

o0
z 32+n 21—3;1
n=0

Step 1
Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is a geometric series.

Step 2
Let’s also notice that the initial value of the index is 7 =0 and so we can put this into the form,

Zar”
n=0
At that point we’ll be able to determine if it converges or diverges and the value of the series if it does
happen to converge.
In this case it’s pretty simple to put the series into the form above so here is that work.
- 2+n A1-3n - 2An AlA-3n ~ 3)1 - ! 00 3 "
D3 =333 =3 (9)(2) =D 18- =D 18| =
n=0 n=0 n=0 2 n=0 8 =0 8
Make sure you properly deal with any negative exponents that might happen to be in the terms!

Also recall that all the exponents must be simply n and can’t be 3n or anything else. So, for this

n
problem, we’ll need to use basic exponent rules to write 2*" = (23) =8".

Step 3
With the series in “proper” form we can see that ¢ =18 and r =%. Therefore, because we can clearly

see that |r| = % <1, the series will converge and its value is,

0

Z32+n213n2218(§] _ 18 _ E
n=0 n=0 8 1_% 5

2. Determine if the series converges or diverges. If the series converges give its value.
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Step 1
Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is a harmonic series.

Step 2
So because this is a harmonic series we know that it will diverge.

3. Determine if the series converges or diverges. If the series converges give its value.

3-n
& (=6)
2
n=l 8 !
Step 1
Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is a geometric series.

Step 2
Let’s also notice that the initial value of the index is 7 =1 and so we can put this into the form,

o0
-1
Sar
n=1

At that point we’ll be able to determine if it converges or diverges and the value of the series if it does
happen to converge.

So, let’s get started on the work to put the series into the form above. First, let’s get take care of the
fact that both the n’s in the exponents are negative and they should be positive. Converting to positive
n’s gives,

0 _6 3-n 0 8n—2
pILEEY

n= n=l1 (_6)"_3

Note that how you chose to deal with the 3 and the 2 in the respective exponents is up to you. You can
either do it the way we did here or strip them out and then move the terms to the numerator or
denominator.

As noted above we need the two exponents to be #—1. This is an easy “fix” if we note that using basic
exponent properties we can write each term as follows,

8n—2 — 8n—18—l (_6)n73 — (_6)n—1 (_6)—2

With these two rewrites the series becomes,
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3_

S ey

n=1 n=1 (_6)n71 (_6)72 n=1 n=l1

Step 3
With the series in “proper” form we can see that a :% and r = —%. Therefore, because we can clearly

see that |r| = |—§| =4%>1, the series will diverge.

4. Determine if the series converges or diverges. If the series converges give its value.

;n +7n+12

Step 1
Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is not a geometric or harmonic series. That only leaves telescoping as a possibility.

Step 2
Now, we need to be careful here. There is no way to actually identify the series as a telescoping series
at this point. We are only hoping that it is a telescoping series.

Therefore, the first real step here is to perform partial fractions on the series term to see what we get.
Here is the partial fraction work for the series term.

3 3 A B
= = 3=A(n+4)+B(n+3
W +7n+12 (n+3)(n+4) n+3 n+d - (n+4)+B(n+3)
n=-3 3=4 A=3
%
n=—4 3=-B =_3

The series term in partial fraction form is then,

3 3 B 3
n”+Tn+12 n+3 n+4

Step 3
The partial sums for this series are then,

sl
Sp = P —
Tli+3 i+4
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Step 4
Expanding the partial sums from the previous step give,

sl A A

Lm mj Lm\ ,mH,/is‘niJ

3 3

4 n+4

It is important when doing this expanding to expand out from both the initial and final values of i and to
expand out until all the parts of a series term cancel. Once that has been done it is safe to assume that
the cancelling will continue until we get near the end of the expansion.

Note that at this point we now know that the series was a telescoping series since we got all the
“interior” terms to cancel out.

Step 5
At this point all we need to do is look at the limit of the partial sums to get,

3 3 3
lims, =lim| —- =—
n—o n—wo| 4 n+4 4

Step 6
The limit of the partial sums exists and is a finite number (i.e. not infinity) and so we can see that the
series converges and its value is,

- 3
2 4

~n*+Tn+12

5. Determine if the series converges or diverges. If the series converges give its value.

0 5n+1

>

n=1

Step 1
Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is a geometric series.

Step 2
Let’s also notice that the initial value of the index is 7 =1 and so we can put this into the form,
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At that point we’ll be able to determine if it converges or diverges and the value of the series if it does
happen to converge.

As noted above we need the two exponents to be n—1. This is an easy “fix” if we note that using basic
exponent properties we can write each term as follows,

5!1+1 — 5n—152 7}1—2 — 7}1—17—1

With these two rewrites the series becomes,

Step 3
With the series in “proper” form we can see that ¢ =175 and r = % . Therefore, because we can clearly

see that |r| = % <1, the series will converge and its value is,

z 5 & s\'"' 175 [1225
Z 7n—2 z (7] l_i 2

n=1 n=1 7

6. Determine if the series converges or diverges. If the series converges give its value.

0 5n+1

z 7n—2

n=2

Step 1
Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is a geometric series.

Step 2
Now, while we have correctly identified this as a geometric series it doesn’t start at either of the two
standard starting values of n, i.e. n=0 or n=1.

This won'’t stop us from determining if the series converges or diverges because that only depends on
the value of r which we can determine regardless of the starting value of n with enough work. However,
if the series does converge we won'’t be able to use the formula for determining the value of the series
as that also needs the value of a and that does require the series to start at one of the two standard
starting values.
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We have two options for taking care of this problem. One is to use an index shift to convert this into a
series that starts at one of the standard starting values of n. In most cases this is probably the only real
option.

However, in this case let’s notice that this series is almost identical to the series from the previous
problem. The only difference is that this series starts at # =2 while the series in the previous problem
starts at n =1. This means that we can use the results of the previous problem to greatly reduce the
amount of work needed here.

Step 3

We know that the series in the previous problem converged and since we’re only changing the starting
value of n that will not affect the convergence of the series. Therefore, the series in this problem will
also converge.

1225
2
series in this problem. All we need to do is strip out one term from the series in the previous problem to

get,

Since we also know that the value of the series in the previous series is we can find the value of the

0 5n+1 52 © 5n+1
Z 7n—2 = F-’_Z 7n—2

n=1 n=2

Then using the value we found in the previous problem can get the value of the series from this problem
as follows,

1225 x5l = 571 1225 875
—=175+ = =———-175=|—
HZZZ: 7}1—2 nZ:;‘ 7}1—2 2 2

On a quick side note if you did chose to do an index shift here are the two series (for each possible
starting value of n) that you should have gotten.

Both of the last two are in the “standard” form and can be used to arrive at the same result as above.

7. Determine if the series converges or diverges. If the series converges give its value.

< 10
Z *—4n+3

n=4 N

Step 1
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Given that all three of the special series we looked at in this section are all pretty distinct it is hopefully
clear that this is not a geometric or harmonic series. That only leaves telescoping as a possibility.

Step 2
Now, we need to be careful here. There is no way to actually identify the series as a telescoping series
at this point. We are only hoping that it is a telescoping series.

Therefore, the first real step here is to perform partial fractions on the series term to see what we get.
Here is the partial fraction work for the series term.

10 10 A B
n’—4n+3 (n—l)(n—3) n—1+n—3 - (n )+ (n )
n=1 10=-24 A=-5
%
n=3 10=28B B=5

The series term in partial fraction form is then,

10 5 B 5
n*—4n+3 n-3 n-1

Step 3
The partial sums for this series are then,

Step 4
Expanding the partial sums from the previous step give,

=3 5]
A
EOSILR AR AL
Famr=iaraa=
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It is important when doing this expanding to expand out from both the initial and final values of i and to
expand out until all the parts of a series term cancel. Once that has been done it is safe to assume that
the cancelling will continue until we get near the end of the expansion.

Also, as seen above these can be quite messy to expand out until everything starts to cancel out so don’t
get too excited about it when it does get messy like this. It just happens sometimes and we have to be
careful with all the expansion.

Note that at this point we now know that the series was a telescoping series since we got almost all the
“interior” terms to cancel out.

Step 5
At this point all we need to do is look at the limit of the partial sums to get,

15 5 5 15
lims, =lim| ————-— =—
n—> el 20 n=2 n-1 2

Step 6
The limit of the partial sums exists and is a finite number (i.e. not infinity) and so we can see that the
series converges and its value is,
i 15
2

i/} 2_4n+3
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Section 4-6 : Integral Test

1. Determine if the following series converges or diverges

Solution
There really isn’t all that much to this problem. We could use the Integral Test on this series or we could
just use the p-series Test we discussed in the notes for this section.

We can clearly see that p = 7 >1 and so by the p-series Test this series must converge.

2. Determine if the following series converges or diverges.

= 2
z3+5n

n=0

Step 1
Okay, prior to using the Integral Test on this series we first need to verify that we can in fact use the
Integral Test!

Step 2
The series terms are,

2
a,=
3+5n

We can clearly see that for the range of n in the series the terms are positive and so that condition is
met.

Step 3
In this case because there is only one n in the denominator and because all the terms in the
denominator are positive it is (hopefully) clear that,

2 2
an: > :a11+1
3+5n 3+5(n+1)

and so the series terms are decreasing.

Okay, we now know that both of the conditions required for us to use the Integral Test have been
verified we can proceed with the Integral Test.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 281

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 4
Now, let’s compute the integral for the test.

t

J 2 de=lim [ -2 dx:Iim(gln|3+5x|j
0 3+5x oo 03+5x )

= 1im(31n|3+5t|—31n|3|j = o0
o 5 5

Step 5
Okay, the integral from the last step is a divergent integral and so by the Integral Test the series must
also be a divergent series.

3. Determine if the following series converges or diverges.

>y

n=2 (21’1 + 7)3

Step 1
Okay, prior to using the Integral Test on this series we first need to verify that we can in fact use the
Integral Test!

Step 2
The series terms are,

1
a,=——3
(2n + 7)

We can clearly see that for the range of n in the series the terms are positive and so that condition is
met.

Step 3
In this case because there is only one n in the denominator and because all the terms in the
denominator are positive it is (hopefully) clear that,

a = ! > ! =a
"(2n+7) (2(n+1)+7)

n+l

and so the series terms are decreasing.

Okay, we now know that both of the conditions required for us to use the Integral Test have been
verified we can proceed with the Integral Test.
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It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 4
Now, let’s compute the integral for the test.

Step 5
Okay, the integral from the last step is a convergent integral and so by the Integral Test the series must
also be a convergent series.

4. Determine if the following series converges or diverges.

~n+1
Step 1

Okay, prior to using the Integral Test on this series we first need to verify that we can in fact use the
Integral Test!

Step 2

The series terms are,

2
n

a =
"o+l

We can clearly see that for the range of n in the series the terms are positive and so that condition is
met.

Step 3

In this case we need to be a little more careful with checking the decreasing condition. We can’t just
plugin n + 1 into the series term as we’ve done in the first couple of problems in this section. Doing that
would suggest that both the numerator and denominator will increase and so it’s not all that clear cut of
a case that the terms will be decreasing.

Therefore, we’ll need to do a quick Calculus | increasing/decreasing analysis. Here the function for the
series terms and its derivative.
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X B 2x—x* _x(2—x3)

S(x)= S'(x) ; ;
(x3 +1) (x3 +1)

41

With a quick number line or sign chart we can see that the function will increase for

O<x< 3/5 =1.2599 and will decrease for %/E =1.2599 < x < 0. Because the function and series
terms are the same we know that the series terms will have the same increasing/decreasing behavior.

So, from this analysis we can see that the series terms are not always decreasing but will be decreasing

for n> 3/5 which is sufficient for us to use to say that this condition is also met.

Okay, we now know that both of the conditions required for us to use the Integral Test have been
verified we can proceed with the Integral Test.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 4
Now, let’s compute the integral for the test.

t

[e] 2 t 2
X . b . (1 (1
f —dx=lim | ——dx=lim —ln|x3+1| =lim —1n|t3+1|—1n(1) =0
0o X +1 oo Jox +1 t—o| 3 t>o| 3
Step 5
Okay, the integral from the last step is a divergent integral and so by the Integral Test the series must
also be a divergent series.

0

5. Determine if the following series converges or diverges.
i 3
~n*-3n+2
Step 1
Okay, prior to using the Integral Test on this series we first need to verify that we can in fact use the

Integral Test!

Step 2
The series terms are,
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We can clearly see that for n >3 (which matches our range of n for the series) we will have,
n*>3n = n*=3n>=0 = n*=3n+2>n"-3n>0

Therefore, the series terms are positive and so that condition is met.

Note that on occasion we’ll need to do more than just state that the series terms are positive by
inspection and do a little work to show that the terms really are positive!

Step 3
In this case we need to be a little more careful with checking the decreasing condition. We can’t just
plugin n + 1 into the series term as we’ve done in the first couple of problems in this section.

Doing that the first term in the denominator would be getting larger which would suggest the series
term is decreasing. However, because the second term in the denominator is subtracted off if we
increase n that would suggest the denominator is getting larger and hence the series term is increasing.

Because we have these “competing” interests we’ll need to do a quick Calculus I increasing/decreasing
analysis. Here the function for the series terms and its derivative.

e f(x)=

Cx?—3x+2

9—6x
(x2 —3x+2)2

With a quick number line or sign chart we can see that the function will increase for x < % and will

decrease for x > % . Because the function and series terms are the same we know that the series terms

will have the same increasing/decreasing behavior.

So, from this analysis we can see that the series terms are always decreasing for the range n in our series
and so this condition is also met.

Okay, we now know that both of the conditions required for us to use the Integral Test have been
verified we can proceed with the Integral Test.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series

that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 4
Now, let’s compute the integral for the test. The integral we’ll need to compute is,

J s
3 X" —3x+2

This integral will however require us to do some quick partial fractions in order to do the evaluation.
Here is that quick work.
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3 A B
(x—l)(x—2)=x—1+x—2 —> 3:A(x—2)+B(x—1)
x=1 =—A N A=-3

The integral is then,

f 33 getim [ 3 ~—_x=lim(3Infv -2 ~3In[x1])[
3

x=2 x-1 oo Jax—=2 x-1 10

=1im| 3In|t—2~3In|t— 1|~ (3In[|-3In|2]) ]

t—w0
zlim[3ln tt_—f +31n|2|} :31nG]+31n(2):31n(2)

Be careful with the limit of the first two terms! To correctly compute the limit they need to be
combined using logarithm properties as shown and we can then do a L'Hospital’s Rule on the argument

of the log to compute the limit.

Step 5
Okay, the integral from the last step is a convergent integral and so by the Integral Test the series must

also be a convergent series.
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Section 4-7 : Comparison Test/Limit Comparison Test

1. Determine if the following series converges or diverges.
2
(1
Z(—2+ 1]
n=l1 n

Step 1
First, the series terms are,

1 2
a =|—+1
=)

and it should pretty obvious in this case that they are positive and so we know that we can use the
Comparison Test on this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 2

For most of the Comparison Test problems we usually guess the convergence and proceed from there.
However, in this case it is hopefully clear that for any n,

(izﬂjz >(1)" =1

n

Now, let’s take a look at the following series,

Because lim1=1== 0 we can see from the Divergence Test that this series will be divergent.

n—>0

So we’ve found a divergent series with terms that are smaller than the original series terms. Therefore,
by the Comparison Test the series in the problem statement must also be divergent.
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As a final note for this problem notice that we didn’t actually need to do a Comparison Test to arrive at
this answer. We could have just used the Divergence Test from the beginning since,

1 2
lim(—2+lj =120

n—x0 n

This is something that you should always keep in mind with series convergence problems. The
Divergence Test is a quick test that can, on occasion, be used to quickly determine that a series diverges
and hence avoid a lot of the hassles of some of the other tests.

2. Determine if the following series converges or diverges.

0 2
>

n=4 N —

Step 1
First, the series terms are,

2
n

a =
3
n n _3

and it should pretty obvious that as long as n > \/5 (which we’ll always have for this series) that they
are positive and so we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

The “-3” in the denominator won't really affect the size of the denominator for large enough n and so it
seems like for large n that the term will probably behave like,

We also know that the series,
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will diverge because it is a harmonic series or by the p-series Test.

Therefore, it makes some sense that we can guess the series in the problem statement will probably
diverge as well.

Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series diverges we’ll need to find a series with smaller terms that we
know, or can prove, diverges.

Note as well that we'll also need to prove that the new series terms really are smaller than the terms
from the series in the problem statement. We can’t just “hope” that the will be smaller.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms smaller by either making the numerator smaller or the denominator
larger.

In this case it should be pretty clear that,
n>n -3
Therefore, we’ll have the following relationship.

2 2
n n

—<
n o on’=3

You do agree with this right? The numerator in each is the same while the denominator in the left term
is larger than the denominator in the right term. Therefore, the rational expression on the left must be
smaller than the rational expression on the right.

Step 4
Now, the series,
0 2 ©
n
2 =2

n=4 n n=4

I |~

is a divergent series (as discussed above) and we’ve also shown that the series terms in this series are
smaller than the series terms from the series in the problem statement.

Therefore, by the Comparison Test the series given in the problem statement must also diverge.
Be careful with these kinds of problems. The series we used in Step 2 to make the guess ended up being

the same series we used in the Comparison Test and this will often be the case but it will not always be
that way. On occasion the two series will be different.
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3. Determine if the following series converges or diverges.

< 7
Z (n+l)

n=2 1

Step 1
First, the series terms are,

7
" _n(n+1)

and it should pretty obvious that for the range of n we have in this series that they are positive and so
we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

The “+1” in the denominator won’t really affect the size of the denominator for large enough n and so it
seems like for large n that the term will probably behave like,

We also know that the series,

n=2 n
will converge by the p-series Test (p =2 >1).

Therefore, it makes some sense that we can guess the series in the problem statement will probably
converge as well.

Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
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So, because we’re guessing that the series converge we’ll need to find a series with larger terms that we
know, or can prove, converge.

Note as well that we’ll also need to prove that the new series terms really are larger than the terms
from the series in the problem statement. We can’t just “hope” that the will be larger.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms larger by either making the numerator larger or the denominator smaller.

In this case it should be pretty clear that,
n<n+l = n(n)<n(n+1)

Therefore, we’ll have the following relationship.

7 7
>

n(n) n(n+1)

You do agree with this right? The numerator in each is the same while the denominator in the left term
is smaller than the denominator in the right term. Therefore, the rational expression on the left must be
larger than the rational expression on the right.

Step 4
Now, the series,

is a convergent series (as discussed above) and we’ve also shown that the series terms in this series are
larger than the series terms from the series in the problem statement.

Therefore, by the Comparison Test the series given in the problem statement must also converge.
Be careful with these kinds of problems. The series we used in Step 2 to make the guess ended up being

the same series we used in the Comparison Test and this will often be the case but it will not always be
that way. On occasion the two series will be different.

4. Determine if the following series converges or diverges.

d 4
Z 2 _2n-3

n=1 M —

Step 1
First, the series terms are,
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4

a =—————————
2
" on =2n-3

You can verify that for n>7 we have n> >2n+3 andso n° —2n-3=n" —(2n + 3) > (. Therefore,

the series terms are positive and so we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

For large enough n we know that the n’ (a quadratic term) in the denominator will increase at a much

faster rate than the —2n—3 (a linear term) portion of the denominator. Therefore the n” portion of
the denominator will, in all likelihood, define the behavior of the denominator and so the terms should
behave like,

We also know that the series,

will converge by the p-series Test (p =2 >1).

Therefore, it makes some sense that we can guess the series in the problem statement will probably
converge as well.

Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series converge we’ll need to find a series with larger terms that we

know, or can prove, converge.

Note as well that we’ll also need to prove that the new series terms really are larger than the terms
from the series in the problem statement. We can’t just “hope” that the will be larger.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms larger by either making the numerator larger or the denominator smaller.
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We now have a problem however. The obvious thing to try is to drop the last two terms on the
denominator. Doing that however gives the following inequality,

n*>n*-2n-3
This in turn gives the following relationship.

4 4

n nt-2n-3

The denominator on the left is larger and so the rational expression on the left must be smaller. This
leads to the problem. While the series,

will definitely converge (as discussed above) it’s terms are smaller than the series terms in the problem
statement. Just because a series with smaller terms converges does not, in any way, imply a series with
larger terms will also converge!

There are other manipulations we might try but they are all liable to run into similar issues or end up
with new terms that we wouldn’t be able to quickly prove convergence on.

Hint : So, if the Comparison Test won’t easily work what else is there to do?

Step 4

So, the Comparison Test won’t easily work in this case. That pretty much leaves the Limit Comparison
Test to try. This test only requires positive terms (which we have) and a second series that we’re pretty
sure behaves like the series we want to know the convergence for. Note as well that, for the Limit
Comparison Test, we don’t care if the terms for the second series are larger or smaller than problem
statement series terms.

If you think about it we already have exactly what we need. In Step 2 we used a second series to guess
at the convergence of the problem statement series. The terms in the new series are positive (which we

need) and we’re pretty sure it behaves in the same manner as the problem statement series.

So, let’s compute the limit we need for the Limit Comparison Test.
.a, . 1 . 4 n o n’
c=lim—*=1lim| g, — |=1lim - — = lim 5 |=1
n—o bn n—om bn nool p—2p—=3 4 nso| p®—2n—73
Step 5

Okay. We now have 0 <c=1< 0, j.e. cis not zero or infinity and so by the Limit Comparison Test the
two series must have the same convergence. We determined in Step 2 that the second series converges
and so the series given in the problem statement must also converge.
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Be careful with the Comparison Test. Too often students just try to “force” larger or smaller by just
hoping that the second series terms has the correct relationship (i.e. larger or smaller as needed) to the
problem series terms. The problem is that this often leads to an incorrect answer. Be careful to always
prove the larger/smaller nature of the series terms and if you can’t get a series term of the correct
larger/smaller nature then you may need to resort to the Limit Comparison Test.

5. Determine if the following series converges or diverges.

> n—1
2

n=2\Nn +l
Step 1
First, the series terms are,
n-—1
a =
n
n®+1

and it should pretty obvious that for the range of n we have in this series that they are positive and so
we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

The “-1” in the numerator and the “+1” in the denominator won’t really affect the size of the numerator
and denominator respectively for large enough n and so it seems like for large n that the term will
probably behave like,

We also know that the series,

will converge by the p-series Test (p =2 >1).
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Therefore, it makes some sense that we can guess the series in the problem statement will probably
converge as well.

Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series converge we’ll need to find a series with larger terms that we

know, or can prove, converge.

Note as well that we'll also need to prove that the new series terms really are larger than the terms
from the series in the problem statement. We can’t just “hope” that the will be larger.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms larger by either making the numerator larger or the denominator smaller.

In this case we can work with both the numerator and the denominator. Let’s start with the numerator.
It should be pretty clear that,

n>n—1
Using this we can make the numerator larger to get the following relationship,
n—1 .
\/n6 +1 \/n6 +1

Now, in the denominator it again is hopefully clear that,

n® <n®+1
Using this we can make the denominator smaller (and hence make the rational expression larger) to get,

-1 n n 1

n
< < =—
\/n6+1 \/n6+1 \/n_6 n’

Step 4
Now, the series,

is a convergent series (as discussed above) and we’ve also shown that the series terms in this series are
larger than the series terms from the series in the problem statement.

Therefore, by the Comparison Test the series given in the problem statement must also converge.
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Be careful with these kinds of problems. The series we used in Step 2 to make the guess ended up being
the same series we used in the Comparison Test and this will often be the case but it will not always be
that way. On occasion the two series will be different.

6. Determine if the following series converges or diverges.

°°23+7
> )

“~ pn*sin’

Step 1
First, the series terms are,

B 2n* +7
" n*sin® (n)

and it should pretty obvious that they are positive and so we know that we can attempt the Comparison
Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

The “+7” in the numerator and the “sin’ (n) " in the denominator won’t really affect the size of the

numerator and denominator respectively for large enough n and so it seems like for large n that the
term will probably behave like,

We also know that the series,
n=1 n

will diverge because it is a harmonic series or by the p-series Test.

Therefore, it makes some sense that we can guess the series in the problem statement will probably
diverge as well.
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Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series diverges we’ll need to find a series with smaller terms that we

know, or can prove, diverges.

Note as well that we'll also need to prove that the new series terms really are smaller than the terms
from the series in the problem statement. We can’t just “hope” that the will be smaller.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms smaller by either making the numerator smaller or the denominator

larger.

In this case we can work with both the numerator and the denominator. Let’s start with the numerator.
It should be pretty clear that,

2n’ <2n* +7
Using this we can make the numerator smaller to get the following relationship,

2n +7 g 2n’
n4sin2(n) n4sin2(n)

Now, we know that 0 < sin’ (n) <1 and so in the denominator we can see that if we replace the

sin’ (n) with its largest possible value we have,
n*sin’(n)<n*(1)=n*

Using this we can make the denominator larger (and hence make the rational expression smaller) to get,

2n +7 2n’ 2n° 2
4 - 2 > > ==
n*sin’(n) n'sin’(n) n* n
Step 4
Now, the series,
=2
n=1 n

is a divergent series (as discussed above) and we’ve also shown that the series terms in this series are
smaller than the series terms from the series in the problem statement.

Therefore, by the Comparison Test the series given in the problem statement must also diverge.
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Be careful with these kinds of problems. The series we used in Step 2 to make the guess ended up being
the same series we used in the Comparison Test and this will often be the case but it will not always be
that way. On occasion the two series will be different.

7. Determine if the following series converges or diverges.

= 2"gin’ (Sn)

; 4" +cos’ (n)

Step 1
First, the series terms are,

2" sin* (5n)

%= 4" + cos’ (n)

and it should pretty obvious that for the range of n we have in this series that they are positive and so
we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

The trig functions in the numerator and in the denominator won’t really affect the size of the numerator
and denominator for large enough n and so it seems like for large n that the term will probably behave

like,
4" 4

)

will converge because it is a geometric series with 7 = % <1.

Il
VR
N |~
~—

We also know that the series,

Therefore, it makes some sense that we can guess the series in the problem statement will probably
converge as well.
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Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series converge we’ll need to find a series with larger terms that we
know, or can prove, converge.

Note as well that we'll also need to prove that the new series terms really are larger than the terms
from the series in the problem statement. We can’t just “hope” that the will be larger.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms larger by either making the numerator larger or the denominator smaller.

In this case we can work with both the numerator and the denominator. Let’s start with the numerator.
We know that 0 < sin’ (Sn) <1 and so replacing the sin’ (Sn) in the numerator with the largest

possible value we get,
2"sin*(5n)<2"(1)=2"
Using this we can make the numerator larger to get the following relationship,

2" sin? (Sn) - 2"
4" +cos’(n) 4" +cos’(n)

Now, in the denominator we know that 0 < cos’ (n) <1 and so replacing the cos’ (n) with the

smallest possible value we get,
4" +cos’(n)>4"+0=4"
Using this we can make the denominator smaller (and hence make the rational expression larger) to get,

2" sin’ (Sn) 2" 2" ( 1 jn
< < ==
4" +cos’(n) 4" +cos’(n) 4" \2

Step 4
Now, the series,

)

is a convergent series (as discussed above) and we’ve also shown that the series terms in this series are
larger than the series terms from the series in the problem statement.
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Therefore, by the Comparison Test the series given in the problem statement must also converge.

Be careful with these kinds of problems. The series we used in Step 2 to make the guess ended up being
the same series we used in the Comparison Test and this will often be the case but it will not always be
that way. On occasion the two series will be different.

8. Determine if the following series converges or diverges.

s} efl’l
)
=n +2n
Step 1
First, the series terms are,
e—l’l
a =
" ont+2n

and it should pretty obvious that for the range of n we have in this series that they are positive and so
we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2

In this case let’s first notice the exponential in the numerator will go to zero as n goes to infinity. Let’s
also notice that the denominator is just a polynomial. In cases like this the exponential is going to go to
zero so fast that behavior of the denominator will not matter at all and in all probability the series in the
problem statement will probably converge as well.

Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we're guessing that the series converge we’ll need to find a series with larger terms that we

know, or can prove, converge.

Note as well that we'll also need to prove that the new series terms really are larger than the terms
from the series in the problem statement. We can’t just “hope” that the will be larger.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms larger by either making the numerator larger or the denominator smaller.
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In this case we can work with both the numerator and the denominator. Let’s start with the numerator.
We can use some quick Calculus | to prove that e " is a decreasing function and so,
e"<e <1

Using this we can make the numerator larger to get the following relationship,

e 1

2 < 2
n+2n n +2n

Now, in the denominator it should be fairly clear that,

n*+2n>n’

Using this we can make the denominator smaller (and hence make the rational expression larger) to get,

2

e 1 1
2 < 2
n+2n n +2n n

Step 4
Now, the series,

is a convergent series (p-series Test with p =2 >1) and we’ve also shown that the series terms in this
series are larger than the series terms from the series in the problem statement.

Therefore, by the Comparison Test the series given in the problem statement must also converge.

9. Determine if the following series converges or diverges.

0

4n* —n
z_

~ P +9
Step 1
First, the series terms are,
4n* —n
a =———
" +9
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You can verify that for n > 1 we have 4n* >n andso 4n° —n>0. Therefore, the series terms are
positive and so we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

For large enough n we know that the n’ (a quadratic term) in the numerator will increase at a much

faster rate than the —n (a linear term) portion of the numerator. Therefore the n’ portion of the
numerator will, in all likelihood, define the behavior of the numerator. Likewise, the “+9” in the
denominator will not affect the size of the denominator for large n and so the terms should behave like,

We also know that the series,

will diverge because it is a harmonic series or by the p-series Test.

Therefore, it makes some sense that we can guess the series in the problem statement will probably
diverge as well.

Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series diverge we’ll need to find a series with smaller terms that we
know, or can prove, diverge.

Note as well that we'll also need to prove that the new series terms really are smaller than the terms
from the series in the problem statement. We can’t just “hope” that the will be smaller.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms smaller by either making the numerator smaller or the denominator

larger.

We now have a problem however. The obvious thing to try is to drop the last term in both the
numerator and the denominator. Doing that however gives the following inequalities,
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4n* —n < 4n? n+9>n

Using these two in the series terms gives the following relationship,

4n2—n< 4n’ <4n2 4
n

n+9 n+9

Now the series,

will definitely diverge (as discussed above) it’s terms are larger than the series terms in the problem
statement. Just because a series with larger terms diverges does not, in any way, imply a series with
smaller terms will also diverge!

There are other manipulations we might try but they are all liable to run into similar issues or end up
with new terms that we wouldn’t be able to quickly prove convergence on.

Hint : So, if the Comparison Test won’t easily work what else is there to do?

Step 4

So, the Comparison Test won’t easily work in this case. That pretty much leaves the Limit Comparison
Test to try. This test only requires positive terms (which we have) and a second series that we’re pretty
sure behaves like the series we want to know the convergence for. Note as well that, for the Limit
Comparison Test, we don’t care if the terms for the second series are larger or smaller than problem
statement series terms.

If you think about it we already have exactly what we need. In Step 2 we used a second series to guess
at the convergence of the problem statement series. The terms in the new series are positive (which we
need) and we’re pretty sure it behaves in the same manner as the problem statement series.

So, let’s compute the limit we need for the Limit Comparison Test.

. a ) 1 |l 4n*=nn | 4n’ =n?
c=lim—*=lim|q,— |=lm| ——— —|=lim| ——— | =1
n—o0 bn n—w b n—>wo| pn +9 4 n—o 4”1 +36

n

Step 5

Okay. We now have 0 <c=1< 0, i.e. cis not zero or infinity and so by the Limit Comparison Test the
two series must have the same convergence. We determined in Step 2 that the second series diverges
and so the series given in the problem statement must also diverge.

Be careful with the Comparison Test. Too often students just try to “force” larger or smaller by just

hoping that the second series terms has the correct relationship (i.e. larger or smaller as needed) to the
problem series terms. The problem is that this often leads to an incorrect answer. Be careful to always
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prove the larger/smaller nature of the series terms and if you can’t get a series term of the correct
larger/smaller nature then you may need to resort to the Limit Comparison Test.

10. Determine if the following series converges or diverges.

i\/2n +4n+1

s n+9

Step 1
First, the series terms are,

N2n? +4n+1

n+9

n

and it should pretty obvious that for the range of n we have in this series that they are positive and so
we know that we can attempt the Comparison Test for this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Hint : Can you make a guess as to whether or not the series should converge or diverge?

Step 2
Let’s first see if we can make a reasonable guess as to whether this series converges or diverges.

For large enough n we know that the 2n> (a quadratic term) in the numerator will increase at a much

faster rate than the 47 +1 (a linear term) portion of the numerator. Therefore the 2n> portion of the
numerator will, in all likelihood, define the behavior of the numerator. Likewise, the “+9” in the
denominator will not affect the size of the denominator for large n and so the terms should behave like,

\2n? _\/E
T
n

b =
3
" n

Z 7)
2
n=l

will converge by the p-series Test (p =2 >1).

Therefore, it makes some sense that we can guess the series in the problem statement will probably
converge as well.
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Hint : Now that we have our guess, if we’re going to use the Comparison Test, do we need to find a
series with larger or a smaller terms that has the same convergence/divergence?

Step 3
So, because we’re guessing that the series converge we’ll need to find a series with larger terms that we
know, or can prove, converge.

Note as well that we'll also need to prove that the new series terms really are larger than the terms
from the series in the problem statement. We can’t just “hope” that the will be larger.

In this case, because the terms in the problem statement series are a rational expression, we know that
we can make the series terms larger by either making the numerator larger or the denominator smaller.

We now have a problem however. The obvious thing to try is to drop the last two terms in the
numerator and the last term in the denominator. Doing that however gives the following inequalities,

2n* <2n* +4n+1 n+9>n’

This leads to a real problem! If we use the inequality for the numerator we’re going to get a smaller
rational expression and if we use the inequality for the denominator we’re going to get a larger rational
expression. Because these two can’t both be used at the same time it will make it fairly difficult to use
the Comparison Test since neither one individually give a series we can quickly deal with.

Hint : So, if the Comparison Test won’t easily work what else is there to do?

Step 4

So, the Comparison Test won’t easily work in this case. That pretty much leaves the Limit Comparison
Test to try. This test only requires positive terms (which we have) and a second series that we’re pretty
sure behaves like the series we want to know the convergence for. Note as well that, for the Limit
Comparison Test, we don’t care if the terms for the second series are larger or smaller than problem
statement series terms.

If you think about it we already have exactly what we need. In Step 2 we used a second series to guess
at the convergence of the problem statement series. The terms in the new series are positive (which we
need) and we’re pretty sure it behaves in the same manner as the problem statement series.

So, let’s compute the limit we need for the Limit Comparison Test.

{a j_} 20 +4n+1 n?
ﬂb

=lm| ——— —

c=lim% = lim
n->o n’+9 J2

n—wo b n—o0
n

n’\n’ (2+%+n%)
=lim

T (ien) | VEw(es) |2
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Step 5

Okay. We now have 0 <c=1< 0, j.e. cis not zero or infinity and so by the Limit Comparison Test the
two series must have the same convergence. We determined in Step 2 that the second series converges
and so the series given in the problem statement must also converge.

Be careful with the Comparison Test. Too often students just try to “force” larger or smaller by just
hoping that the second series terms has the correct relationship (i.e. larger or smaller as needed) to the
problem series terms. The problem is that this often leads to an incorrect answer. Be careful to always
prove the larger/smaller nature of the series terms and if you can’t get a series term of the correct
larger/smaller nature then you may need to resort to the Limit Comparison Test.
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Section 4-8 : Alternating Series Test

1. Determine if the following series converges or diverges.

-1

= (1)
; T+2

n

Step 1
First, this is (hopefully) clearly an alternating series with,

b, = !
7+2n

and it should pretty obvious the b, are positive and so we know that we can use the Alternating Series
Test on this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 2
Let’s first take a look at the limit,

limb, = lim 1 =0
n—»w n—o 7+ 2n

So, the limit is zero and so the first condition is met.

Step 3
Now let’s take care of the decreasing check. In this case it should be pretty clear that,

1 S 1
7+2n  T+2(n+1)

since increasing n will only increase the denominator and hence force the rational expression to be
smaller.

Therefore the b, form a decreasing sequence.

Step 4
So, both of the conditions in the Alternating Series Test are met and so the series is convergent.

2. Determine if the following series converges or diverges.
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i 1)n+3

' +4n+1

Step 1
First, this is (hopefully) clearly an alternating series with,
_ 1
" on+4n+1

and it should pretty obvious the b, are positive and so we know that we can use the Alternating Series
Test on this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 2
Let’s first take a look at the limit,

limb, = hm;
n— e’ 4+ 4n+1

So, the limit is zero and so the first condition is met.

Step 3
Now let’s take care of the decreasing check. In this case it should be pretty clear that,

1 1
3 > 3
n+4n+l (n+1) +4(n+1)+1

since increasing n will only increase the denominator and hence force the rational expression to be
smaller.

Therefore the b, form a decreasing sequence.

Step 4
So, both of the conditions in the Alternating Series Test are met and so the series is convergent.

3. Determine if the following series converges or diverges.

n:O (2" +3" )
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Step 1

Do not get excited about the (—1)” is in the denominator! This is still an alternating series! All the

(—1)" does is change the sign regardless of whether or not it is in the numerator.

Also note that we could just as easily rewrite the terms as,

! (=) L G ) A ) )

(@) () ) () er) (@)
Note that (—1)2" =1 because the exponent is always even!

So, we now know that this is an alternating series with,

B 1
S e

and it should pretty obvious the b, are positive and so we know that we can use the Alternating Series
Test on this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 2
Let’s first take a look at the limit,

limb, = lim—— =0
n—»m n—o Q" 4 3”

So, the limit is zero and so the first condition is met.

Step 3
Now let’s take care of the decreasing check. In this case it should be pretty clear that,

1 1
>
211 +3n 2n+l +3n+1

since increasing n will only increase the denominator and hence force the rational expression to be
smaller.

Therefore the b, form a decreasing sequence.

Step 4

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 309

So, both of the conditions in the Alternating Series Test are met and so the series is convergent.

4. Determine if the following series converges or diverges.

i (_l)n+6 n
~ n*+9
Step 1

First, this is (hopefully) clearly an alternating series with,

n
h =
" n?+9

and it should pretty obvious the b, are positive and so we know that we can use the Alternating Series
Test on this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 2
Let’s first take a look at the limit,

. . n
limb, =lim——=0
n—»w n—wo p° +9

So, the limit is zero and so the first condition is met.

Step 3

Now let’s take care of the decreasing check. In this case increasing n will increase both the numerator
and denominator and so we can’t just say that clearly the terms are decreasing as we did in the first few
problems.

We will have no choice but to do a little Calculus | work for this problem. Here is the function and
derivative for that work.

2
X 9—x

S (x)= S'(x)= ;
(x2 +9)

x*+9

It should be pretty clear that the function will be increasing in 0 < x <3 and decreasing in x >3 (the
range of x that corresponds to our range of n).
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So, the b, do not actually form a decreasing sequence but they are decreasing for n >3 and so we can

say that they are eventually decreasing and as discussed in the notes that will be sufficient for us.

Step 4
So, both of the conditions in the Alternating Series Test are met and so the series is convergent.

5. Determine if the following series converges or diverges.

i(—l)"”(l—n)

2
‘™ 3n—n

Step 1
First, this is (hopefully) clearly an alternating series with,

1-n

- 2
3n—n

n

and b, are positive for n >4 and so we know that we can use the Alternating Series Test on this series.

It is very important to always check the conditions for a particular series test prior to actually using the
test. One of the biggest mistakes that many students make with the series test is using a test on a series
that don’t meet the conditions for the test and getting the wrong answer because of that!

Step 2
Let’s first take a look at the limit,
1-n

limbp, =lim——=0
n—»o n—o 3 —n

So, the limit is zero and so the first condition is met.

Step 3

Now let’s take care of the decreasing check. In this case increasing n will increase both the numerator
and denominator and so we can’t just say that clearly the terms are decreasing as we did in the first few
problems.

We will have no choice but to do a little Calculus | work for this problem. Here is the function and
derivative for that work.

I-x , —x*+2x-3
f(x)=r—5 f(x):(3x+——x2)2

- 2
3x—x
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The numerator of the derivative is never zero for any real number (we’ll leave that to you to verify) and
since it is clearly negative at x =0 we know that the function will always be decreasing for x > 4 .

Therefore the b, form a decreasing sequence.

Step 4
So, both of the conditions in the Alternating Series Test are met and so the series is convergent.
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Section 4-9 : Absolute Convergence

1. Determine if the following series is absolutely convergent, conditionally convergent or divergent.

~ '+l

Step 1
Okay, let’s first see if the series converges or diverges if we put absolute value on the series terms.

© (_l)nH ~ © 1
z HZ:;‘n3+l

'+l

Now, notice that,

and we know by the p-series test that

converges.

Therefore, by the Comparison Test we know that the series from the problem statement,

Z“’: 1

=n+l

will also converge.

Step 2
So, because the series with the absolute value converges we know that the series in the problem
statement is absolutely convergent.

2. Determine if the following series is absolutely convergent, conditionally convergent or divergent.

- (_l)n—3
2

Step 1
Okay, let’s first see if the series converges or diverges if we put absolute value on the series terms.
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n=3

e e s
2 T

1
n=1 V1 n=1 N>

Now, by the by the p-series test we can see that this series will diverge.

Step 2

So, at this point we know that the series in the problem statement is not absolutely convergent so all we
need to do is check to see if it’s conditionally convergent or divergent. To do this all we need to do is
check the convergence of the series in the problem statement.

The series in the problem statement is an alternating series with,

h =L

n \/;
Clearly the b, are positive so we can use the Alternating Series Test on this series. It is hopefully clear

that the b, are a decreasing sequence and limb, =0.

n—»0
Therefore, by the Alternating Series Test the series from the problem statement is convergent.

Step 3
So, because the series with the absolute value diverges and the series from the problem statement
converges we know that the series in the problem statement is conditionally convergent.

3. Determine if the following series is absolutely convergent, conditionally convergent or divergent.

i(—l)”“(nﬂ)

— n +1

Step 1
Okay, let’s first see if the series converges or diverges if we put absolute value on the series terms.

n+1

ii(l)’“”(mizi nel

n=3

We know by the p-series test that the following series converges.

If we now compute the following limit,
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we know by the Limit Comparison Test that the two series in this problem have the same convergence

o0

because c is neither zero or infinity and because Z_z converges we know that the series from the
n=3

problem statement must also converge.

Step 2
So, because the series with the absolute value converges we know that the series in the problem
statement is absolutely convergent.
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Section 4-10 : Ratio Test

315

1. Determine if the following series converges or diverges.

0 3]—2}1

2=

n=1 n

+1

Step 1
WEe’'ll need to compute L.

1-2(n+1) 2
L=1imm=1iman+l—=lim| S nl_jl|
elq n—>e0 a, ””°°|(n+l) +1 37
lim|— ”2+1|:1im| ! n2+1|:lim‘ e
el (1) +1 37" ,Hoo|(n+1)2+1 3’ | > 9[(n+1)2+1ﬂ

1
9

When computing a,,, be careful to pay attention to any coefficients of n and powers of n. Failure to

properly deal with these is one of the biggest mistakes that students make in this computation and

mistakes at that level often lead to the wrong answer!

Step 2

Okay, we can see that L = % <1 and so by the Ratio Test the series converges.

2. Determine if the following series converges or diverges.

© (2n)!
= Sn+l

Step 1
We'll need to compute L.

. la
L =lim|—L

n—>0

=lim

n—0

a

(2n+2)!5n+1|_lim|(2n+2)(2n+1)(2n)!5n+1|_li |(2n+2)(2n+1)(5n+1

n

=1lim

n—>x0

an+1 7
a,

Sn+6 (2n)) |
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n—>0

|(2(n+1))! 5041
I5(n+1)+1(2n)!|

Sn+6

(2n)!| )

)_.,
|
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When computing a,,, be careful to pay attention to any coefficients of n and powers of n. Failure to

properly deal with these is one of the biggest mistakes that students make in this computation and
mistakes at that level often lead to the wrong answer!

Step 2
Okay, we can see that L = o0 > 1 and so by the Ratio Test the series diverges.

3. Determine if the following series converges or diverges.

o l+3n +1
nZ: Slgn )

Step 1
WEe'll need to compute L.

|(_2)1+3(’7+1)(n+1+1) n251+n |
(n+1)° 5 (<2)"" (n+ 1)|

T2y s | (2)' (ne2) w |
n—w (n+1)252+n (_2)1+3n(n+1)| nﬁw| (I’l+l)2(5) (l’l+1)|

. —8n* n+2 |
=lim

= 5(n+1 n+l)|

. la
L =lim |-

n—0 a

—{=1im
an n—>»00

= lim|a

n—»0

n

8
5

When computing a,,, be careful to pay attention to any coefficients of n and powers of n. Failure to

properly deal with these is one of the biggest mistakes that students make in this computation and
mistakes at that level often lead to the wrong answer!

Step 2
Okay, we can see that L = % > 1 and so by the Ratio Test the series diverges.

4. Determine if the following series converges or diverges.
i e4n
n=3 (l’l - 2)'

Step 1
WEe’'ll need to compute L.
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£ —tim|%| imle = € (1=2)Y

nool g oo | 1l a, "%w|(l’l+1—2)' e4n |

iy L (}’l—2)'|_ _ | 4n+4 (n—2)' o | o |_
e I e T e T

When computing a,,, be careful to pay attention to any coefficients of n and powers of n. Failure to

properly deal with these is one of the biggest mistakes that students make in this computation and
mistakes at that level often lead to the wrong answer!

Step 2
Okay, we can see that L =0 <1 and so by the Ratio Test the series converges.

317

5. Determine if the following series converges or diverges.

2(6 %

n=

Step 1
We'll need to compute L.

=lim

n—»w

L =lim |2t

n—0 a

1 L | (_1 n+l+l 6n+7|
N Hw|6(n+1 +7 (<1

n

=11m( 1)n+2 67/l+71| 1m (67’l+7 |
nr 6n+13 (-1)" nw| 6n+13 |

When computing a ., be careful to pay attention to any coefficients of n and powers of n. Failure to

n+l
properly deal with these is one of the biggest mistakes that students make in this computation and
mistakes at that level often lead to the wrong answer!

Step 2
Okay, we can see that L =1 and so by the Ratio Test tells us nothing about this series.

Step 3
Just because the Ratio Test doesn’t tell us anything doesn’t mean we can’t determine if this series

converges or diverges.

In fact, it’s actually quite simple to do in this case. This is an Alternating Series with,
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B 1
"oen+7

The b, are clearly positive and it should be pretty obvious (hopefully) that they also form a decreasing

sequence. Finally, we also can see that limb, =0 and so by the Alternating Series Test this series will

n—>0

converge.

Note, that if this series were not in this section doing this as an Alternating Series from the start would
probably have been the best way of approaching this problem.
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Section 4-11 : Root Test

1. Determine if the following series converges or diverges.

i( 3n+1 jz”
n=1 4_2n

Step 1
We'll need to compute L.

n
=lim

n—>0

=limy/la, | =lim
n—>»0 n—»0

3n+1Y"|" 3n+1Y| ((3Y 9
4-2n 2) 4
Step 2

Okay, we can see that L = % >1 and so by the Root Test the series diverges.

2. Determine if the following series converges or diverges.

Z.o:nl—'jl’l
o 42n
Step 1
We'll need to compute L.
1 1, 1
l 3n -3
n . n" n' n 1 0
L=limy/|a, —hm > =lim —= > z()( ):O
n—»w n—w| 4 n n—o| 4 ‘ 4 ‘ 16

Step 2
Okay, we can see that L =0 <1 and so by the Root Test the series converges.

3. Determine if the following series converges or diverges.
_ )1+2n

Z 25n 3

n=4
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Step 1
WEe’'ll need to compute L.

(_5)I+2n "

e tmilel e =t ‘I > |§

Step 2
Okay, we can see that L = % <1 and so by the Root Test the series converges.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 321

Section 4-12 : Strategy for Series

Problems have not yet been written for this section.

| was finding it very difficult to come up with a good mix of “new” problems and decided my time was
better spent writing problems for later sections rather than trying to come up with a sufficient number
of problems for what is essentially a review section. |intend to come back at a later date when | have
more time to devote to this section and add problems then.
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Section 4-13 : Estimating the Value of a Series

1. Use the Integral Test and 7 =10 to estimate the value of Z -
n=1 (n2 +1)

n

Step 1
Since we are being asked to use the Integral Test to estimate the value of the series we should first
make sure that the Integral Test can actually be used on this series.

First, the series terms are clearly positive so that condition is met.

Now, let’s do a little Calculus | on the following function.

1-3x7
(x2 +1)3

f¥) = f(x)=
(x2 +1)

The derivative of the function will be negative for x > % =0.5774 and so the function will be

decreasing in this range. Because the function and the series terms are the same we can also see that
the series terms are decreasing for the range of n in our series.

Therefore, the conditions required to use the Integral Test are met! Note that it is really important to
test these conditions before proceeding with the problem. It doesn’t make any sense to use a test to
estimate the value of a series if the test can’t be used on the series. We shouldn’t just assume that
because we are being asked to use a test here that the test can actually be used!

Step 2
Let’s start off with the partial sum using n =10. This s,

10 n

=» ———=0.392632317
Sio ;(nz +1)2

Step 3
Now, to increase the accuracy of the partial sum from the previous step we know we can use each of the
following two integrals.

[ ® !

X dv=tlim | —— dv=tim| -———— | =tim| | =]
Jo(@+l) ) (ear) el 2t )| e 2020 2(41) | 202

oo rt
X . by | 1 _: 1 3 1 _ 1
. (x2+1)2 dx_}gg 11(x2+1)2 dx—}gg 2(x2+1) }1—{2 244 2(t2+1) 244

J
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Step 4
Okay, we know from the notes in this section that if s represents that actual value of the series that it
must be in the following range.

0.392632317 + L <5<0.392632317 + L
244 202

0.396730678 < s <0.397582813

Step 5
Finally, if we average the two numbers above we can get a better estimate of,

s ~0.397156745|

- 1
2. Use the Comparison Test and n =20 to estimate the value of 23— .

= n*ln(n)

Step 1
Since we are being asked to use the Comparison Test to estimate the value of the series we should first
make sure that the Comparison Test can actually be used on this series.

In this case that is easy enough because, for our range of n, the series terms are clearly positive and so
we can use the Comparison Test.

Note that it is really important to test these conditions before proceeding with the problem. It doesn’t
make any sense to use a test to estimate the value of a series if the test can’t be used on the series. We
shouldn’t just assume that because we are being asked to use a test here that the test can actually be
used!

Step 2

Let’s start off with the partial sum using n=20. This is,

Sy =), ———=0.057315878

= n’In(n)
Step 3

Now, let’s see if we can get can get an error estimate on this approximation of the series value. To do
that we’ll first need to do the Comparison Test on this series.

That is easy enough for this series once we notice that ln(n) is an increasing function and so

ln(n) > ln(3). Therefore, we get,
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1 1 1
<

p—

n*In(n) n’In(3) - In(3) n’

Step 4
We now know, from the discussion in the notes, that an upper bound on the value of the remainder (i.e.
the error between the approximation and exact value) is,

1 1 1
=1 - =
35{800111(3) 2t21n(3)] 8001n(3)

Step 5
So, we can estimate that the value of the series is,

ls ~0.057315878|

and the error on this estimate will be no more than m =0.001137799.

= (-1)"n
3. Use the Alternating Series Test and n =16 to estimate the value of Z ( > ) T
n=2 n+

Step 1
Since we are being asked to use the Alternating Series Test to estimate the value of the series we should
first make sure that the Alternating Series Test can actually be used on this series.

First, note that the bn for this series are,

n
b =
"ot 41

and they are positive and with a quick derivative we can see they are decreasing and so the Alternating
Series Test can be used here.

Note that it is really important to test these conditions before proceeding with the problem. It doesn’t
make any sense to use a test to estimate the value of a series if the test can’t be used on the series. We
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shouldn’t just assume that because we are being asked to use a test here that the test can actually be
used!

Step 2
Let’s start off with the partial sum using n =16. This s,

16

5y = 2% — 0.260554530

Step 3
Now, we know, from the discussion in the notes, that an upper bound on the absolute value of the
remainder (i.e. the error between the approximation and exact value) is nothing more than,

b, = 17 =0.058620690
290

Step 4
So, we can estimate that the value of the series is,

s ~ 0.260554530]

and the error on this estimate will be no more than 0.058620690.

0 1+n

4. Use the Ratio Test and 7 =8 to estimate the value of z

n=1

3+2n °

Step 1

First notice that the terms are positive and so we can use the Ratio Test to do the estimate. Remember
that this is a requirement only to use the Ratio Test to get an estimate of the series value and is not an
actual requirement to use the Ratio Test to determine if the series converges or diverges.

So, let’s start off with the partial sum using n =8. This s,

8 1+n
Sy = anw =0.509881435

n=1

Step 2
Now, to get an upper bound on the value of the remainder (i.e. the error between the approximation
and exact value) we need the following ratio,
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2 3+2
a,, 37 n2" 3n
r = = =

" a (n+l)25+2” 3t 4(n+1)

n

WEe’ll also potentially need the limit,

) 3n 3
=lim ==
ol | e d(n+l) 4

Step 3
Next, we need to know if the 7, form an increasing or decreasing sequence. A quick application of
Calculus | will answer this.

3x vy 3 S
f(x):m f(x)—4(x—+l)z 0

As noted above the derivative is always positive and so the function, and hence the 7, are increasing.

Step 4
The upper bound on the remainder is then,

6561

R, < - = 2PLZ _ (012514114
-1 1-3

4

Step 5
So, we can estimate that the value of the series is,

s ~ 0.509881435]

and the error on this estimate will be no more than 0.012514114.
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Section 4-14 : Power Series

1. For the following power series determine the interval and radius of convergence.

i ! (4x-12)"

=0 (—3)2“’ (n2 + 1)

Step 1
Okay, let’s start off with the Ratio Test to get our hands on L.

‘ (4x-12) (n2+1)‘

(-3)((n1y +1) 1 ‘

(4x-12)""  (=3)""(w’ +1)‘ _

L=1lim = > - m
(_3) n((n+1) +1) (4)(,‘—12) ‘ n—w

2
1im&=§|4x—12|

o 3((n +1)2 +1)

=|4x-12

Step 2
So, we know that the series will converge if,

l|4x—12|<1 — i|x—3|<1 — |x—3|<E
3 3 4

Step 3

So, from the previous step we see that the radius of convergence is | R

Il
EN o8}

Step 4
Now, let’s start working on the interval of convergence. Let’s break up the inequality we got in Step 2.

3 3 9 15
——<x-3<— - —<Xx<—
4 4 4 4

Step 5
To finalize the interval of convergence we need to check the end points of the inequality from Step 4.
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Now, we can do a quick Comparison Test on the first series to see that it converges and we can do a
quick Alternating Series Test on the second series to see that is also converges.

WEe'll leave it to you to verify both of these statements.
Step 6

The interval of convergence is below and for summary purposes the radius of convergence is also
shown.

H
()
| wo

2. For the following power series determine the interval and radius of convergence.

0 2n+1

Z” (2x+17)"

n=

Step 1
Okay, let’s start off with the Root Test to get our hands on L.

1 2+l 2+l
n2n+l n " n
L =lim (2x+17)‘ =lim|——(2x+17)| =[2x +17|1i
n—w n—»0 n—o 4
Okay, we can see that, in this case, L will be infinite provided x # —1Z and so the series will diverge for

X # —177 . We also know that the power series will converge for x = 177 (this is the value of a for this

series!).

Step 2

~

Therefore, we know that the interval of convergence is | x = —=-| and the radius of convergence is

R=0

3. For the following power series determine the interval and radius of convergence.
> n+l "
2o (x=2)
,,:0 2n +1

Step 1
Okay, let’s start off with the Ratio Test to get our hands on L.
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L [+2) (=2 (nen)t | (n+2)(x-2)  (2n+1)
Cr o (2043) (n+1)(x |Hw (2n+3)(2n+2)(2n +1)! n+1|
2
21 T ~0
== |ni”o‘o(zn+3)(zn+z)(n+1)

Okay, we can see that, in this case, L =0 for every x.

Step 2
Therefore, we know that the interval of convergence is and the radius of convergence is
R=o0|.

4. For the following power series determine the interval and radius of convergence.

0 1+2n

Z e x+3

n=0

Step 1
Okay, let’s start off with the Ratio Test to get our hands on L.

42 x+3)

5

[+ 3flim > = 3

n—o 5

L lim|43+2n (x+ 3)’1“ gl | .
|5 4 (xe3y o

n—>0

Step 2
So, we know that the series will converge if,

E|x+3|<1 - |x+3|<i
5 16

Step 3

So, from the previous step we see that the radius of convergence is |R = =|.

Step 4
Now, let’s start working on the interval of convergence. Let’s break up the inequality we got in Step 2.

5 5 53 43
——<x+3<— - —<x< -
16 16 16 16

Step 5
To finalize the interval of convergence we need to check the end points of the inequality from Step 4.
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x:_ﬁ | i4142n (_ijn =i4(16n)(_l)n5n =i4(_l)n

=5(5) 160 =5

. .4 4
— Does not exist lim—=—

Therefore, each of these two series diverge by the Divergence Test.

Step 6
The interval of convergence is below and for summary purposes the radius of convergence is also
shown.

Interval : —f—3<x< 43 R=i

16 16

5. For the following power series determine the interval and radius of convergence.

0 n

> —(4x-1)"

n=1 N

Step 1
Okay, let’s start off with the Ratio Test to get our hands on L.

n+l 1\
L=lim6 (4x 1) " l|=hm|6n 4x 1|—|4x 1{lim —6|4x 1|
] Ryl T U
Step 2
So, we know that the series will converge if,
1
6l4x-1<1 - 24x-4<1 > |x—%<£

Step 3

So, from the previous step we see that the radius of convergence is |R = =|.
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Step 4
Now, let’s start working on the interval of convergence. Let’s break up the inequality we got in Step 2.

——<X——<— - —<x<l
24 4 24 24 24

Step 5

7 &6 (1) &6 1 &6
x_ﬂ'z (6) _;n6"’l_zn

n=1 n n=l

Now, the first series is an alternating harmonic series which we know converges (or you could just do a
quick Alternating Series Test to verify this) and the second series diverges by the p-series test.

Step 6
The interval of convergence is below and for summary purposes the radius of convergence is also
shown.

Interval : i£x<l R=—
24 24 24
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Section 4-15 : Power Series and Functions

1. Write the following function as a power series and give the interval of convergence.

6
1+7x*

/(%)

Step 1
First, in order to use the formula from this section we know that we need the numerator to be a one.
That is easy enough to “fix” up as follows,

b
1+7x*

f(x)=6
Step 2
Next, we know we need the denominator to be in the form 1— p and again that is easy enough, in this

case, to rewrite the denominator to get the following form of the function,

Step 3
At this point we can use the formula from the notes to write this as a power series. Doing this gives,

1 > n .
f(x)= 6m = 6;(—7)5‘) provided |—7x4| <1

Step 4
Now, recall the basic “rules” for the form of the series answer. We don’t want anything out in front of
the series and we want a single x with a single exponent on it.

These are easy enough rules to take care of. All we need to do is move whatever is in front of the series
to the inside of the series and use basic exponent rules to take care of the x “rule”. Doing all this gives,

0

f(x)= 26(—7)" (x4 )” =>6(-7)" x* provided |—7x4| <1

n=0 n=0

Step 5
To get the interval of convergence all we need to do is do a little work on the “provided” portion of the
result from the last step to get,

|—7x4|<1—> 7|x|4<1 — |x|4<l — |x|<Ll — —L1<x<i1
7 74 74 74
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Note that we don’t need to check the endpoints of this interval since we already know that we only get
convergence with the strict inequalities and we will get divergence for everything else.

Step 6
The answers for this problem are then,

. © 1 1
Power Series : Z 6(— Interval : ——<x<—
1+ 7x e 73 74

2. Write the following function as a power series and give the interval of convergence.

Step 1
First, in order to use the formula from this section we know that we need the numerator to be a one.
That is easy enough to “fix” up as follows,

Step 2
Next, we know we need the denominator to be in the form 1— p and again that is easy enough, in this

case, to rewrite the denominator by factoring a 3 out of the denominator as follows,
3
X
e
31—
Step 3
At this point we can use the formula from the notes to write this as a power series. Doing this gives,
3

f(x) =x? =2 i( ) provided |§x2| <1

-1y ?nzo

w\-—

Step 4
Now, recall the basic “rules” for the form of the series answer. We don’t want anything out in front of
the series and we want a single x with a single exponent on it.

These are easy enough rules to take care of. All we need to do is move whatever is in front of the series
to the inside of the series and use basic exponent rules to take care of the x “rule”. Doing all this gives,
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3

=52 (40) =20 () ()

n=0 n=0 n=0

ntl op43
) x

I
[Ms
—~
W=

provided |§x2 | <1

Step 5
To get the interval of convergence all we need to do is do a little work on the “provided” portion of the
result from the last step to get,

|§x2|<1—> I <1 > <3 - <3 - -B<x<B

Note that we don’t need to check the endpoints of this interval since we already know that we only get
convergence with the strict inequalities and we will get divergence for everything else.

Step 6
The answers for this problem are then,

- i(%)nﬂ X Interval : —+3<x<+/3

n=0

Power Series

3. Write the following function as a power series and give the interval of convergence.

3x?

T=50%

Step 1
First, in order to use the formula from this section we know that we need the numerator to be a one.
That is easy enough to “fix” up as follows,

1

f(x)=3x m

Step 2
Next, we know we need the denominator to be in the form 1— p and again that is easy enough, in this

case, to rewrite the denominator by factoring a 5 out of the denominator as follows,

Step 3
At this point we can use the formula from the notes to write this as a power series. Doing this gives,
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(% Ux )n provided

%i/;|<1

Step 4
Now, recall the basic “rules” for the form of the series answer. We don’t want anything out in front of
the series and we want a single x with a single exponent on it.

These are easy enough rules to take care of. All we need to do is move whatever is in front of the series
to the inside of the series and use basic exponent rules to take care of the x “rule”. Doing all this gives,

f(x)= Ei(%%)n = i%xz (2) (x% )n = i%(%)n X3 provided

%3/;‘<1

Step 5
To get the interval of convergence all we need to do is do a little work on the “provided” portion of the
result from the last step to get,

%i/;‘<1—> %|x|%<1 N |x|%<% - |H<E 5 Byl

Note that we don’t need to check the endpoints of this interval since we already know that we only get
convergence with the strict inequalities and we will get divergence for everything else.

Step 6
The answers for this problem are then,

. 3x2 2 n Lly4o
Power Series : ————= > 3(2)"x"" Interval : —1Z<x<1

5_2%/; n=0

4. Give a power series representation for the derivative of the following function.

Hint : While we could differentiate the function and then attempt to find a power series representation
that seems like a lot of work. It’s a good think that we know how to differentiate power series.

Step 1
First let’s notice that we can quickly find a power series representation for this function. Here is that
work.
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Step 2
Now, we know how to differentiate power series and we know that the derivative of the power series
representation of a function is the power series representation of the derivative of the function.

Therefore,

{25( )Snﬂ 25(5n+1)(3n)x5,7

Remember that to differentiate a power series all we need to do is differentiate the term of the power
series with respect to x.

5. Give a power series representation for the integral of the following function.

4

X
h(x): 9+ x*

Hint : Integrating this function seems like (potentially) a lot of work, not to mention determining a
power series representation of the result. It’s a good think that we know how to integrate power series.

Step 1
First let’s notice that we can quickly find a power series representation for this function. Here is that
work.

4

h(x)zxgm:%i(é x) i%x '

O |—
N—
B

=
)

e
n=0

n n=0

Step 2
Now, we know how to integrate power series and we know that the integral of the power series
representation of a function is the power series representation of the integral of the function.

Therefore,

Jrle)ar= S ()" 0 = lor sy (3)"
n=0

n=0

Remember that to integrate a power series all we need to do is integrate the term of the power series
and we can’t forget to add on the “+c” since we’re doing an indefinite integral.
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Section 4-16 : Taylor Series

1. Use one of the Taylor Series derived in the notes to determine the Taylor Series for f(x) = COS (4x)

about x=0.

Step 1
There really isn’t all that much to do here for this problem. We are working with cosine and want the
Taylor series about x =0 and so we can use the Taylor series for cosine derived in the notes to get,

(=)' (42)"

cos(4x) = i
n=0

Step 2
Now, recall the basic “rules” for the form of the series answer. We don’t want anything out in front of
the series and we want a single x with a single exponent on it.

In this case we don’t have anything out in front of the series to worry about so all we need to do is use
the basic exponent rules on the 2x term to get,

_) 42n 2n _ ”16n 2n

n=0

o0
cos 4x z
n=0

3
2. Use one of the Taylor Series derived in the notes to determine the Taylor Series for f(x) = x%*"
about x=0.
Step 1

There really isn’t all that much to do here for this problem. We are working with the exponential
function and want the Taylor series about x =0 and so we can use the Taylor series for the exponential
function derived in the notes to get,

3 _ x(’i (2)63

n=0 .

Note that we only convert the exponential using the Taylor series derived in the notes and, at this point,
we just leave the x° alone in front of the series.

Step 2
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Now, recall the basic “rules” for the form of the series answer. We don’t want anything out in front of

the series and we want a single x with a single exponent on it.

These are easy enough rules to take care of. All we need to do is move whatever is in front of the series
to the inside of the series and use basic exponent rules to take care of the x “rule”. Doing all this gives,

3. Find the Taylor Series for f(x) =e " about x=—4.

Step 1

Because we are working about x =—4 in this problem we are not able to just use the formula derived in
class for the exponential function because that requires us to be working about x=0.

Step 2

So, we’ll need to start over from the beginning and start taking some derivatives of the function.

n=0: f(x)=e™
n=1:  f'(x)=-6e""
n=2: f"(x) =(—6)2 e
n=3: j@“x)zﬁﬁfe*x
n=4: fY(x) :(—6)4 e

Remember that, in general, we’re going to need to go out to at least # =4 for most of these problems
to make sure that we can get the formula for the general term in the Taylor Series.

Also, remember to NOT multiply things out when taking derivatives! Doing that will make your life

much harder when it comes time to find the general formula.

Step 3

It is now time to see if we can get a formula for the general term in the Taylor Series.

In this case, it is (hopefully) pretty simple to catch the pattern in the derivatives above. The general

term is given by,

1 (x)= () e
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As noted this formula works all the way backto n =0. It is important to make sure that you check this
formula to determine just how far back it will work. We will, on occasion, get formulas that will not
work for the first couple of n’s and we need to know that before we start writing down the Taylor Series.

Step 4

Now, recall that we don’t really want the general term at any x. We want the general term at x = —4.
This is,

f(”)(_4):(_6)n e n =0,1,2,3,...

Step 5
Okay, at this point we can formally write down the Taylor Series for this problem.

Oc(n)_ w_nz4
:251_5f9(x+4y ;: 6) (x+4)'

n=0

4. Find the Taylor Series for f( ) (3+4x) about x=0.

Step 1
Okay, we'll need to start off this problem by taking a few derivatives of the function.

n=0:  f(x)=1 (3+4x)

n=1 fxx):3+4x 4(3+4x)"
n=2:  f"(x)=—4(3+4x)"

n=3: fU(x)=4(2)(3+4x)"

n=di ()= ()E)(3+41)
n=5: 9 (x)=4(2)(3)(4)(3+4x)”

Remember that, in general, we’re going to need to go out to at least # =4 for most of these problems
to make sure that we can get the formula for the general term in the Taylor Series.

Also, remember to NOT multiply things out when taking derivatives! Doing that will make your life
much harder when it comes time to find the general formula. In this case we “merged” all the 4’s that
came from the chain rule into a single term but left it as an exponent rather than get an actual value.
This is not uncommon with these kinds of problems. The exponents we dropped down for the
derivatives we left alone with the exception of dealing with the signs.

Step 2
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It is now time to see if we can get a formula for the general term in the Taylor Series.

Hopefully you can see the pattern in the derivatives above. The general term is given by,

7 (x)=In(3+4x) n=0
S ()= (1) 4 (n=1)1(3+4x)" n=1,23,...

As noted this formula works all the way back to n =1 but clearly does not work for n=0. Itis
problems like this one that make it clear why we always need to check our proposed formula for the
general solution to see just how far back it works.

Step 3
Now, recall that we don’t really want the general term at any x. We want the general termat x=0.
This is,

F(0)=In(3) n=0
sU0)=(-1)" 4" (n-1)1(3)"
=(-1)" 4" (n—1)!=

We did a little simplification for the second one just to make it a little simpler.

Step 4

Okay, at this point we can formally write down the Taylor Series for this problem. However, before we
actually do that recall that our general term formula did not work for n =0 and so we’ll need to first
strip that out of the series before we put the general formula in.

Don’t forget to simplify/cancel where we can in the final answer. In this case we could do some
simplifying with the factorials.
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5. Find the Taylor Series for f(x) = 14 about x =-3.
X

Step 1
Okay, we’ll need to start off this problem by taking a few derivatives of the function.

n=0 f(x)z%:%c_4
n=1 f'(x)=-7(4)x~
n=2: f"(x):7(4)(5)x_6
n=30 10()=-7()5)(6)x
n=4: fU(x)=7(4)(5)(6)(7)x"

Remember that, in general, we’re going to need to go out to at least # =4 for most of these problems
to make sure that we can get the formula for the general term in the Taylor Series.

Also, remember to NOT multiply things out when taking derivatives! Doing that will make your life
much harder when it comes time to find the general formula. In this case the only “simplification” we
did was to multiply out the minus signs that came from the exponents upon doing the derivatives. That
is a fairly common thing to do with these kinds of problems.

Step 2
It is now time to see if we can get a formula for the general term in the Taylor Series.

Hopefully you can see the pattern in the derivatives above. The general term is given by,

75) =7 ) 6)-(r+2)
oy QOO (3)

This formula may have been a little trickier to get. We almost had a factorial in the derivatives but each
one was missing the (2)(3) part that would be needed to get the factorial to show up. Because that

was all that was missing and it was missing in each of the derivatives we multiplied each derivative by
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(2)3)
(2)3)
factorial and the denominator was just left alone.

(i.e. a really fancy way of writing one...). We could then use the numerator of this to complete the

Also, as noted this formula works all the way back to #=0. Itis important to make sure that you check
this formula to determine just how far back it will work. We will, on occasion, get formulas that will not
work for the first couple of n’s and we need to know that before we start writing down the Taylor Series.

Step 3
Now, recall that we don’t really want the general term at any x. We want the general term at x =-3.
This is,

n=12,3,...
We did a little simplification here so we could cancel out all the alternating signs that were present in
the term.

Step 4
Okay, at this point we can formally write down the Taylor Series for this problem.

7(n+3)(n+2)(n+1)
6

( )n+4

Don’t forget to simplify/cancel where we can in the final answer. In this case we could do some
simplifying with the factorials.

w () (_ oo %
:;fn—(!”(xu)" B SNAGLE) YT S

_— x+3)
n=0 6(3)n+4 I’l' n=0 ( )

6. Find the Taylor Series for f(x) =7x" —6x+1 about x =2.

Step 1
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First, let’s not get too excited about the fact that we have a polynomial here for this problem. It works
exactly the same way with a few small differences.

We’ll start off by taking a few derivatives of the function and evaluating them at x =2

n=0: f(x)=7x*-6x+1  f(2)=17
n= f'(x)=14x-6 f'(2)=22

=2:  f"(x)=14 f"(2)=14
n>3: f"(x)=0 f"(2)=0

Okay, this is where one of the differences between a polynomial and the other types of functions we
typically see with Taylor Series problems. After some point all the derivatives will be zero. That is not
something to get excited about. In fact, it actually makes the problem a little easier!

Because all the derivatives are zero after some point we don’t need a formula for the general term. All
we need are the values of the non-zero derivative terms.

Step 2

Once we have the values from the previous step all we need to do is write down the Taylor Series. To do
that all we need to do is strip all the non-zero terms from the series and then acknowledge that the
remainder will just be zero (all the remaining terms are zero after all!).

Doing this gives,

w £(n)
7x* —6x+1 :zf—fz)(x—2)"
n!

n=0

w £(n)
@)+ @) x-2)+ @) -2 + 2 L

n=3 n:

=17+22(x-2)+7(x-2)’

It looks a little strange but there it is. Do not multiply/simplify this out. This really is the answer we are
looking for.

Also, don’t think that this is a problem that is just done to make you work another problem. There are
applications of series (beyond the scope of this course however...) that really do require this kind of
thing to be done as strange as that might sound!
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Section 4-17 : Applications of Series

1. Determine a Taylor Series about x =0 for the following integral.

e -1
J dx
X
Step 1

This problem isn’t quite as hard as it might first appear. We know how to integrate a series so all we
really need to do here is find a Taylor series for the integrand and then integrate that.

Step 2
Okay, let’s start out by noting that we are working about x =0 and that means we can use the formula
for the Taylor Series of the exponential function. For reference purposes this is,

ex:ix_”'

n=0 N

Next, let’s strip out the n =0 term from this and then subtract one. Doing this gives,

Of course, in doing the above step all we really managed to do was eliminate the n =0 term from the
series. In fact, that was not a bad thing to have happened as well see shortly.

Finally, let’s divide the whole thing by x. This gives,

ex _1 1 i xn 0 xn—l

X xoan! 5 on!

We moved the x that was outside the series into the series. This is required in order to do the integral of
the series. We only want a single x in the problem and we now have that.

Also note that while the function on the left has a division by zero issue the series on the right does not
have this problem. All of the x’s in the series have positive or zero exponents! This is a really good

thing.

Of course, the other good thing that we have at this point is that we’ve managed to find a series
representation for the integrand!

Step 3
All we need to do now is compute the integral of the series to get a series representation of the integral.
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e _ldx—JZ—dx— c+i;—n

n=l1 n n=1 (n

2. Write down 7, (x) , I (x) and T, (x) for the Taylor Series of f(x) =" about x =—4. Graph all
three of the Taylor polynomials and f(x) on the same graph for the interval [—8, —2] .

Step 1
The first thing we need to do here is get the Taylor Series for f(x) =

e—6x

about x =—4. Luckily

enough for us we did that in Problem 3 of the previous section. Here is the Taylor Series we derived in
that problem.

w )n 24
Z x+4)”

Step 2
Here are the three Taylor polynomials needed for this problem.
T, (x)=e —6e™ (x+4)+18e™ (x+4)’
Ty(x)=e* —6e™ (x+4)+18e* (x+4)" —36e* (x+4)’
T,(x)=e* —6e™ (x+4)+18e™ (x+4)" —36e* (x+4) +54e* (x+4)’

Step 3
Here is the graph for this problem.

.
7 [x:l e %
2w 102 L
T (x) :
7(x) 1x10Mf
X L

i |\\ gl | I ::.;
-3 -4 -3 -2 -1 [
-1x10M

We can see that as long as we stay “near” x = —4 the graphs of the polynomial are pretty close to the
graph of the exponential function. However, if we get too far away the graphs really do start to diverge
from the graph of the exponential function.
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3. Write down 7 (x), 7,(x) and T, (x) for the Taylor Series of f (x)=1In(3+4x) about x=0.

Graph all three of the Taylor polynomials and f(x) on the same graph for the interval [—%,2] .

Step 1
The first thing we need to do here is get the Taylor Series for f(x) = ln(3 + 4x) about x =0. Luckily

enough for us we did that in Problem 4 of the previous section. Here is the Taylor Series we derived in
that problem.

w (_ n+l 4\"
In(3+4x) = +Z ) () x"
n=1

Step 2
Here are the three Taylor polynomials needed for this problem.

2

T (x)=In(3)+$x—5x" +54x
T,(x)=In(3)+4x—5x* +8x° -8 y*
T, (3) =In(3) 4452+ 8hx' x4
Step 3
Here is the graph for this problem.
¥
200
15
10

PR
[ f
II
(3]

_1|}:

We can see that as long as we stay “near” x =0 the graphs of the polynomial are pretty close to the
graph of the exponential function. However, if we get too far away the graphs really do start to diverge
from the graph of the exponential function.
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Section 4-18 : Binomial Series

1. Use the Binomial Theorem to expand (4+3x)5 .

Solution
Not really a lot to do with this problem. All we need to do is use the formula from the Binomial
Theorem to do the expansion. Here is that work.

— 4 +(5)(4“)(3x)+%(43)(3x)2 +M(42)(3x)3 +(5)(4)(3x)" +(3x)’

3!

= 1024 + 3840x + 5760x> + 4320x° +1620x" + 243x°|

2. Use the Binomial Theorem to expand (9 —x)4.

Solution
Not really a lot to do with this problem. All we need to do is use the formula from the Binomial
Theorem to do the expansion. Here is that work.

=9 +(4)(93)(—x)+ﬂ(92)(—x)2 +(4)(9")(=x)" +(=x)’

21
—(6561-2916x +486x> —36x° + x*|
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3. Write down the first four terms in the binomial series for (1 + 3x)_6 .

Step 1
First, we need to make sure it is in the proper form to use the Binomial Series from the notes which in
this case we are already in the proper form with k£ =—6.

Step 2
Now all we need to do is plug into the formula from the notes and write down the first four terms.

(143x)° = i(ﬂ(sxy

i=0

1 (=6)(3x) + EOED) (3,7 COENES) (50,

2!

=[1-18x+189x* ~1512x +-|

4. Write down the first four terms in the binomial series for 3/8 —2x .

Step 1
First, we need to make sure it is in the proper form to use the Binomial Series. Here is the proper form
for this function,

1 1 1

Y8-2x = (8(1—%x))é =83 (1-4x)3 = 2(1+(_%x))5

Recall that for proper from we need it to be in the form “1+” and so we needed to factor the 8 out of the
root and “move” the minus sign into the second term. Also, as we can see we will have & =%

Step 2
Now all we need to do is plug into the formula from the notes and write down the first four terms.

[
[\S]
|
o
=
|
I
=
|
=
+
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Chapter 5 : Vectors

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

Basic Concepts — In this section we will introduce some common notation for vectors as well as some of
the basic concepts about vectors such as the magnitude of a vector and unit vectors. We also illustrate
how to find a vector from its starting and end points.

Vector Arithmetic — In this section we will discuss the mathematical and geometric interpretation of the
sum and difference of two vectors. We also define and give a geometric interpretation for scalar
multiplication. We also give some of the basic properties of vector arithmetic and introduce the
common i, j, k notation for vectors.

Dot Product — In this section we will define the dot product of two vectors. We give some of the basic
properties of dot products and define orthogonal vectors and show how to use the dot product to
determine if two vectors are orthogonal. We also discuss finding vector projections and direction
cosines in this section.

Cross Product — In this section we define the cross product of two vectors and give some of the basic
facts and properties of cross products.
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Section 5-1 : Vectors - The Basics

1. Give the vector for the line segment from (—9,2) to (4,—1) . Find its magnitude and determine if

the vector is a unit vector.

Step 1

Writing down a vector for a line segment is really simple. Just recall that the components of the vector
are always the coordinates of the ending point minus the coordinates of the starting point. Always keep
in mind that the starting and ending points are important!

Here is the vector for this line segment.

¥ =(4-(-9),-1-2)=|(13,-3)

Step 2
To compute the magnitude just recall the formula we gave in the notes. The magnitude of this vector is
then,
7= (13)"+(-3)" =[+A78
Step 3

Because we can see that ||\7|| =+/178 #1 we know that this vector is not a unit vector.

2. Give the vector for the line segment from (4, 5,6) to (4, 6,6). Find its magnitude and determine if

the vector is a unit vector.

Step 1

Writing down a vector for a line segment is really simple. Just recall that the components of the vector
are always the coordinates of the ending point minus the coordinates of the starting point. Always keep
in mind that the starting and ending points are important!

Here is the vector for this line segment.

v=(4-4,6-5,6-6)=|(0,1,0)

Step 2
To compute the magnitude just recall the formula we gave in the notes. The magnitude of this vector is
then,

[7]=(0)* +(1)* +(0)* =[1

Step 3
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Because we can see that ||\7|| =1 we know that this vector is a unit vector.

3. Give the vector for the position vector for (—3,2,10). Find its magnitude and determine if the vector

is a unit vector.

Step 1
Writing down a vector for a line segment is really simple. Just recall that the components of the vector
are always the coordinates of the ending point minus the coordinates of the starting point.

Just recall that the starting point for any position vector is the origin and the ending point is the point
we’re working with. In other words, the components of the position vector are simply the coordinates

of the point.

Here is the position vector for this point.

v =(-3,2,10)

Step 2
To compute the magnitude just recall the formula we gave in the notes. The magnitude of this vector is
then,

[F]=y(=3) +(2)° +(10)’ =[Vi13

Step 3

Because we can see that ||\7|| =+/113 #1 we know that this vector is not a unit vector.

4. Give the vector for the position vector for E’_T . Find its magnitude and determine if the
vector is a unit vector.

Step 1

Writing down a vector for a line segment is really simple. Just recall that the components of the vector
are always the coordinates of the ending point minus the coordinates of the starting point.

Just recall that the starting point for any position vector is the origin and the ending point is the point
we’re working with. In other words, the components of the position vector are simply the coordinates

of the point.

Here is the position vector for this point.
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Step 2
To compute the magnitude just recall the formula we gave in the notes. The magnitude of this vector is
then,
2 2
; 1 3 4
F=(3) +(-3] =2 -0
2 2 4

Step 3

Because we can see that ”17” =1 we know that this vector is a unit vector.

5. The vector v = <6, —4, 0> starts at the point P = (—2,5,—1). At what point does the vector end?

Step 1
To answer this problem we just need to recall that the components of the vector are always the
coordinates of the ending point minus the coordinates of the starting point.

So, if the ending point of the vector is given by O = (xz,yz,zz) then we know that the vector v can be

written as,

—_—

V=P0=(x,+2,y,-5,z,+1)
Step 2
But we also know just what the components of V are so we can set the vector from Step 1 above equal
to what we know v is. Doing this gives,

(x,42,y,-5,2,+1)=(6,-4,0)

Step 3
Now, if two vectors are equal the corresponding components must be equal. Or,

x2+2:6 - x2:4
y,=5=-4 = y, =1
z,+1=0 = z,=-1

As noted above this results in three very simple equations that we can solve to determine the
coordinates of the ending point.
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The endpoint of the vector is then,

Q

(4,1,-1)

354
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Section 5-2 : Vector Arithmetic

1. Given a = <8,5> and b = <—3,6> compute each of the following.
(a) 6a
(b) 7b —2d
(c) 0@+ 35|

(a) 6a
This is just a scalar multiplication problem. Just remember to multiply each component by the scalar, 6
in this case.

6d =6(8,5) =|(48,30)

(b) 7 —2d

Here we’ll just do each of the scalar multiplications and then do the subtraction. With the subtraction
just remember to subtract corresponding components from each vector and recall that order is
important here since we are doing subtraction!

7b—2d =7(-3,6)—2(8,5)=(-21,42)—(16,10) =|(-37,32)

() ||1oa + 3E||

So, first we compute the vector inside the magnitude bars and the compute the magnitude.
10G +3b =10(8,5)+3(~3,6) = (80,50) +(-9,18) = (71,68)

The magnitude is then,

10d +3b||=/(71)" +(68)" =|-/9665
) +(68)

2.Given ii =8 — j + 3k and v = 77 —4k compute each of the following.
(a) —3v
(b) 1266 +v
(c) [-9v — 2|

(a) —3v
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This is just a scalar multiplication problem. Just remember to multiply each component by the scalar, -3
in this case.

30 =-3(7] -4k ) =|-21] +12k

(b) 12u +v
Here we’ll just do each of the scalar multiplications and then do the subtraction. With the addition just
remember to add corresponding components from each vector.

12ﬁ+v:12(8?—]+31€)+(7]—4l€):(96?—12}+361€)+(7j—41€): 961 —5] +32k

(c) -9 —2i|

So, first we compute the vector inside the magnitude bars and the compute the magnitude.
93 - 2ii =~9(7] — 4k )~ 2(8i - j +3k)

= (637 +36k )-(167 —27 + 6k ) =—167 —617 +30k

Be careful with the lack of an 7 component in the first vector here. Just recall that means the
coefficient of 7 in the first vector is just zero!

The magnitude is then,

|97 - 2ii] = |(~16)’ +(=61)’ +(30)’ =|-/4877

3. Find a unit vector that points in the same directionas G =i +3; + Ok .

Step 1
Of course, the first step here really should be to check and see if we are lucky enough to actually have a
unit vector already. It’s unlikely we do have a unit vector but you never know until you check!

Jal = (1)’ +(3)° + (o) =o1

Okay, as we pretty much had already guessed, this isn’t a unit vector (its magnitude isn’t one!) but we
can use this to help find the answer.

Step 2

Recall that all we need to do to turn any vector into a unit vector is divide the vector by its magnitude.
Doing that for this vector gives,
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9 -

1 - 3 =
i+ |+ k
NN TR T

N

?+3]+9l€):

I/_i: =

As a quick check, not really required of course, we can compute a quick magnitude to verify that we do
in fact have a unit vector.

i) () () -

So, we do have a unit vector!

il
N

]

4. Find a vector that points in the same direction as ¢ = <—1,4> with a magnitude of 10.

Step 1
At first glance this doesn’t appear to be all that similar to the previous problem. However, it’s actually
very similar.

First, let’s check to see what the magnitude of this vector is.
Jé=y(-1) +(4) =17
Step 2

Okay, oddly enough let’s determine a unit vector that points in the same direction. This doesn’t seem all
that useful but it’s actually a very good thing to do in this case.

The unit vector is,

|Ql

ol

<y
I
Ql
I

S‘_
~

Now, let’s think about what we did here. We took the original vector and multiplied it by a number, ﬁ

in this case, to change its magnitude. The result is a new vector, pointing in the same direction as the
original vector, and has a new magnitude of one.

So, how can we use this new vector (and the process by which we found it) to get an answer for this
problem?

Step 3
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We know that scalar multiplication can change the magnitude of a vector. We’ve got a vector with
magnitude of one that points in the correct direction. To convert this into a vector with magnitude of 10
all we need to do is multiply this new unit vector by 10 to get,

ool o))

Now, let’s verify that this does what we want it to do with a quick magnitude computation.

EER .

So, we do have a vector with magnitude 10 as predicted!

5. Determineif a = <3,—5,1> and b = <6, —2,2> are parallel vectors.

Step 1
Recall that two vectors are parallel if they are scalar multiples of each other. In other words, these two
vectors will be scalar multiples if we can find a number k such that,

i=kb

Step 2
Let’s just take a look at the first component from each vector. It is obvious that 6 = 2(3). So, to

convert the first components we’d need to multiply @ by 2. However, if we did that we’d get,

2d =(6,-10,2) #b
This is clearly not b . The first component is correct and the third component is correct but the second
isn’t correct. Therefore, there is no single number, k, that we can use to convert d into b through

scalar multiplication.

This in turn means that @ and 5 cannot possibly be parallel.

6. Determine if ¥ =97 —6]'—241; and w= <—15,10,40> are parallel vectors.
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Step 1
Recall that two vectors are parallel if they are scalar multiples of each other. In other words, these two
vectors will be scalar multiples if we can find a number k such that,

v=kw

Step 2
Let’s just take a look at the first component from each vector. It is should be clear that —15 = (—%)(9)

So, to convert the first components we’d need to multiply v by —% .
if we did that we’d get,

~37 =(-15,10,40) =

So, we were able to find a number k that we could use to convert vV into W through scalar
multiplication and so the two vectors are parallel.

7. Prove the property : V+w=w+V .

Step 1

These types of proofs always seem mysterious to students the first time they run across them. The main
reason for the mystery is probably that it just seems obvious that it is true. That tends to make is
difficult to prove.

We know that this property is true for numbers. However, we can’t assume that just because it’s true
for numbers that it will be true for all other types of objects, vectors in this case!

So, let’s start off with two general vectors.

v=<vl,v2,... v> w=<w1,w2,...w>

>"n n

To do this type of proof all we need to do is start with the left side perform the indicated operation,
addition in this case, and then use properties about numbers that we already know to be true to try and
manipulate it to look like the right side.

Step 2

So, let’s start off with the vector addition on the left side. All we want to do here is use the definition of
vector addition to write the sum of the two vectors. This is,

v+w:<v1,v2,...,vn>+<w1,w2,...wn>:<vl +W,v, W, Y, +wn>

Step 3
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Okay, as we noted above we know that 2+3 =3+2. In other words, we know that the order we do
addition of numbers doesn’t matter.

Why bring this up again?
Well, note that each of the components of the “new” vector on the right side is just a sum of two
numbers. Therefore, we can use this property to flip the order of the addition in each of the
components.
Doing this gives,

\7+Vv=<v] WLV, W, Y, +wn> =<w1 VLW, Yy, LW, +vn>
Step 4
Now, recall that according to the definition of vector arithmetic the first number in the sum in each
component of the vector on the right is the component of the first vector while the second number in

the sum is the component of the second vector.

So, all we need to do now is “undo” the sum that gave the vector on the right to get,

\7+Vv=<wl+vl,w2+v2,...,wn+vn>=fv+\7

This is exactly what we were asked to prove and so we are done!
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Section 5-3 : Dot Product

1. Determine the dot product, Gob if G= <9,5,—4,2> and b = <—3,—2,7,—1>.

Solution
Not really a whole lot to do here. We just need to run through the definition of the dot product.

d+b =(9)(=3)+(5)(=2) +(=4)(7) +(2)(~1) =|=67

2. Determine the dot product, Geb if G= <O,4, —2> and b = 217—]+7l€.
Solution

Not really a whole lot to do here. We just need to run through the definition of the dot product and do
not get excited about the “mixed” notation here. We know that they are equivalent notations!

5 = (0)(2)+(4)(~1)+(-2)(7) =18

3. Determine the dot product, ﬁ-l; if ”5” =5,

-1 3
b” = 7 and the angle between the two vectors is

9=".
12
Solution

Not really a whole lot to do here. We just need to run through the formula from the geometric
interpretation of the dot product.

4. Determine the angle between v = <1, 2,3,4> and W= <0,—1, 4, —2> .

Solution
Not really a whole lot to do here. All we really need to do is rewrite the formula from the geometric
interpretation of the dot product as,
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Voip
080 = —rr—
G

This will allow us to quickly determine the angle between the two vectors.

We'll first need the following quantities (we’ll leave it to you to verify the arithmetic involved in these
computations....).

Feip=2 [ =+30 =21

The angle between the vectors is then,

cos 6 = =0.07968 =  @=cos ' (0.07968)=]1.49103 radians

2
V30421

5. Determine the angle between @ =i + 3] —2k and b = <—9, 1,—5> .

Solution
Not really a whole lot to do here. All we really need to do is rewrite the formula from the geometric
interpretation of the dot product as,

cosf = a bﬁ
b

lal [
This will allow us to quickly determine the angle between the two vectors.

WEe'll first need the following quantities (we’ll leave it to you to verify the arithmetic involved in these
computations....).

Geb =4 b = V14 [ =107

The angle between the vectors is then,

cosf = =0.1033 = 6 =cos™ (0. 1034) = |1 4673 radians

4
J14-107

6. Determine if ¢ = <4, —2,7> and p=-3i +j+ 2k are parallel, orthogonal or neither.
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Step 1

Based on a quick inspection of the components we can see that the first and second components of the
two vectors have opposite signs and the third doesn’t. This means there is no possible way for these
two vectors to be scalar multiples since there is no number that will change the sign on the first two
components and leave the sign of the third component unchanged.

Therefore, we can quickly see that the two vectors are not parallel.

Step 2
Let’s do a quick dot product on the two vectors next.

qop:()

Okay, the dot product is zero and we know from the notes that this in turn means that the two
vectors must be orthogonal.

On a side note an alternate method for working this problem is to find the angle between the two
vectors and using that to determine the answer.

Depending on which method you find easiest either will get you the correct answer.

7. Determineif a = <3,10> and b = <4,—1> are parallel, orthogonal or neither.

Step 1

Based on a quick inspection of the components we can see that the first components of the vectors have
the same sign and the second have opposite signs. This means there is no possible way for these two
vectors to be scalar multiples since there is no number that will change the sign on the second
components and leave the sign of the first component unchanged.

Therefore, we can quickly see that the two vectors are not parallel.

Step 2
Let’s do a quick dot product on the two vectors next.

Okay, the dot product is not zero and we know from the notes that this in turn means that the two
vectors are not orthogonal.

The answer to the problem is therefore the two vectors are neither parallel or orthogonal.

On a side note an alternate method for working this problem is to find the angle between the two
vectors and using that to determine the answer.
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Depending on which method you find easiest either will get you the correct answer.

8. Determine if W=1i + 4]’ —2k and v =-37 —12j+ 6k are parallel, orthogonal or neither.

Solution
Based on a quick inspection is seems (hopefully) fairly clear that we have,

v ==3w
Therefore, the two vectors are parallel.

On a side note an alternate method for working this problem is to find the angle between the two
vectors and using that to determine the answer.

Depending on which method you find easiest either will get you the correct answer.

9. Given a = <—8, 2> and b = <—1,—7> compute proj. b .

Solution
All we really need to do here is use the formula from the notes. That will need the following quantities.

[ Y

b=-6 |a| =68

The projection is then,

S 12 3
i b=—A(-82)=|({=,-——
Prola 68< ’> <17’ 17>

10. Given u =7f—]+l€ and w=-2i +5/ —6k compute proj ;i .

Solution
All we really need to do here is use the formula from the notes. That will need the following quantities.

-25 %" =65

w

<)

The projection is then,
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25, - . 0> 25- 30
roi i =22 (—2f +57—6k) =07 227,39
POl 65( j=6k) EREEARE

_ 1
11. Determine the direction cosines and direction angles for 7 = <—3,—Z,1> .

Solution

All we really need to do here is use the formulas from the notes. That will need the following quantity.

(e
16 4

The direction cosines and angles are then,

coso = -3 =— 12 = a =cos” (—ij =2.8106 radians
\/16% J161 Ji61
_1
cosfB = A S = S =cos™ [—;j =1.6497 radians
\/16% J161 J161
1 4 o 4 )
Cosy = = = y=cos | —=|=1.2501 radians
\/16% J161 [ 161]
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Section 5-4 : Cross Product

1.If 171/:<3,—1,5> and v :<0,4,—2> compute VX Ww.

Solution

Not really a whole lot to do here. We just need to run through one of the various methods for
computing the cross product. We'll be using the “trick” we used in the notes.

A
vxw=0 4 -2 0 4
3 -1 5 3 -1

=20i —6/+0k —07—2i —12k =|18i =6 —12k

2.If vT/=<1,6,—8> and \7=<4,—2,—1> compute WXV .

Solution
Not really a whole lot to do here. We just need to run through one of the various methods for
computing the cross product. We'll be using the “trick” we used in the notes.

=—6i —32j -2k —(—j)—16i —24k =|-22i —31j —26k

3. Find a vector that is orthogonal to the plane containing the points P = (3, O,l), 0= (4, —2,1) and
R=(5,3,-1).

Step 1

We first need two vectors that are both parallel to the plane. Using the points that we are given (all in
the plane) we can quickly get quite a few vectors that are parallel to the plane. We'll use the following
two vectors.

PQ =(1,-2,0) PR=(2,3,-2)
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Step 2

Now we know that the cross product of any two vectors will be orthogonal to the two original vectors.
Since the two vectors from Step 1 are parallel to the plane (they actually lie in the plane in this case!) we
know that the cross product must then also be orthogonal, or normal, to the plane.

So, using the “trick” we used in the notes the cross product is,
A R 2 B

POxPR=|1 -2 0| 1
2 3 =21 2 3

=47 +07 +3k (=27 ) - 07 —(—4k ) = |47 +2] + 7k

4. Are the vectors U = <1, 2, —4> , V= <—5,3,—7> and W= <—l, 4,2> are in the same plane?

Solution
As discussed in the notes to answer this question all we need to do is compute the following quantity,

12 -4 1

us(vxw)=|-5 3 -7 -5 3
-1 4 2| -1 4
=6+14+80—(-20)—(-28)-12=136

Okay, since this is not zero we know that they are not in the same plane.
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Chapter 6 : 3-Dimensional Space

Here is a listing of sections for which practice problems have been written as well as a brief description
of the material covered in the notes for that particular section.

The 3-D Coordinate System — In this section we will introduce the standard three dimensional
coordinate system as well as some common notation and concepts needed to work in three dimensions.

Equations of Lines — In this section we will derive the vector form and parametric form for the equation
of lines in three dimensional space. We will also give the symmetric equations of lines in three
dimensional space. Note as well that while these forms can also be useful for lines in two dimensional
space.

Equations of Planes — In this section we will derive the vector and scalar equation of a plane. We also
show how to write the equation of a plane from three points that lie in the plane.

Quadric Surfaces — In this section we will be looking at some examples of quadric surfaces. Some
examples of quadric surfaces are cones, cylinders, ellipsoids, and elliptic paraboloids.

Functions of Several Variables — In this section we will give a quick review of some important topics
about functions of several variables. In particular we will discuss finding the domain of a function of
several variables as well as level curves, level surfaces and traces.

Vector Functions — In this section we introduce the concept of vector functions concentrating primarily
on curves in three dimensional space. We will however, touch briefly on surfaces as well. We will
illustrate how to find the domain of a vector function and how to graph a vector function. We will also
show a simple relationship between vector functions and parametric equations that will be very useful
at times.

Calculus with Vector Functions — In this section here we discuss how to do basic calculus, i.e. limits,
derivatives and integrals, with vector functions.

Tangent, Normal and Binormal Vectors — In this section we will define the tangent, normal and
binormal vectors.

Arc Length with Vector Functions — In this section we will extend the arc length formula we used early
in the material to include finding the arc length of a vector function. As we will see the new formula
really is just an almost natural extension of one we’ve already seen.

Curvature — In this section we give two formulas for computing the curvature (i.e. how fast the function
is changing at a given point) of a vector function.

Velocity and Acceleration — In this section we will revisit a standard application of derivatives, the
velocity and acceleration of an object whose position function is given by a vector function. For the
acceleration we give formulas for both the normal acceleration and the tangential acceleration.
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Cylindrical Coordinates — In this section we will define the cylindrical coordinate system, an alternate
coordinate system for the three dimensional coordinate system. As we will see cylindrical coordinates
are really nothing more than a very natural extension of polar coordinates into a three dimensional
setting.

Spherical Coordinates — In this section we will define the spherical coordinate system, yet another
alternate coordinate system for the three dimensional coordinate system. This coordinates system is
very useful for dealing with spherical objects. We will derive formulas to convert between cylindrical
coordinates and spherical coordinates as well as between Cartesian and spherical coordinates (the more
useful of the two).
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Section 6-1 : The 3-D Coordinate System

1. Give the projection of P = (3,—4, 6) onto the three coordinate planes.

Solution

There really isn’t a lot to do with this problem. We know that the xy-plane is given by the equation

z =0 and so the projection into the xy-plane for any point is simply found by setting the z coordinate to
zero. We can find the projections for the other two coordinate planes in a similar fashion.

So, the projects are then,

xy —plane : (3,-4,0)
xz — plane : (3,0, 6)
yz —plane : (0, —4,6)

2. Which of the points P = (4, —2,6) and Q= (—6, —3,2) is closest to the yz-plane?

Step 1
The shortest distance between any point and any of the coordinate planes will be the distance between
that point and its projection onto that plane.

Let’s call the projections of P and Q onto the yz-plane P and Q respectively. They are,
P=(0,-2,6) 0=(0,-3,2)

Step 2

To determine which of these is closest to the yz-plane we just need to compute the distance between

the point and its projection onto the yz-plane.

Note as well that because only the x-coordinate of the two points are different the distance between
the two points will just be the absolute value of the difference between two x coordinates.

Therefore,
d(P,P)=4 d(0.0)=6

Based on this is should be pretty clear that P = (4, —2,6) is closest to the yz-plane.
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3. Which of the points P = (—l, 4, —7) and Q0 = (6,—1,5) is closest to the z-axis?

Step 1
First, let’s note that the coordinates of any point on the z-axis will be (O, 0, z) .

Also, the shortest distance from any point not on the z-axis to the z-axis will occur if we draw a line
straight from the point to the z-axis in such a way that it forms a right angle with the z-axis.

So, if we start with any point not on the z-axis, say (xl,yl,zl ) , the point on the z-axis that will be closest

to this point is (O, 0,z )

Let’s call the point closest to P and Q on the z-axis closest to be P and Q respectively. They are,
P =(0,0,-7) 0=(0,0,5)
Step 2
To determine which of these is closest to the z-axis we just need to compute the distance between the

point and its projection onto the z-axis.

The distances are,

a(P.P)=\(~1-0) +(4-0)" +(-7~(-7)
d(0.0)=(6-0) +(~1-0)" +(5-5) =

9

Based on this is should be pretty clear that P = (—l, 4, —7) is closest to the z-axis.

4. List all of the coordinates systems (R, R*, R?) that the following equation will have a graph in. Do
not sketch the graph.

7x* =9y’ =3x+1
Solution
First notice that because there are two variables in this equation it cannot have a graph in R

since equations in that coordinate system can only have a single variable.

There are two variables in the equation so we know that it will have a graph in R?.
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Likewise, the fact that the equation has two variables means that it will also have a graph in R*.
Although in this case the third variable, z, can have any value.

5. List all of the coordinates systems (R, R*, R’) that the following equation will have a graph in. Do
not sketch the graph.

Xy +1-62=2

Solution
This equation has three variables and so it will have a graph in R’.

On other hand because the equation has three variables in it there will be no graph in R? (can have at
most two variables) and it will not have a graph in IR (can only have a single variable).
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Section 6-2 : Equations of Lines

1. Give the equation of the line through the points (2,—4,1) and (0, 4,—10) in vector form, parametric

form and symmetric form.

Step 1
Okay, regardless of the form of the equation we know that we need a point on the line and a vector that
is parallel to the line.

We have two points that are on the line. We can use either point and depending on your choice of
points you may have different answers that we get here. We will use the first point listed above for our
point for no other reason that it is the first one listed.

The parallel vector is really simple to get as well since we can always form the vector from the first point

to the second point and this vector will be on the line and so will also be parallel to the line. The vector
is,

v =(-2,8,-11)

Step 2
The vector form of the line is,

F(t)=(2,-4,1)+1(-2,8,-11)=(2-2¢,—4+81,1-11r)

Step 3
The parametric form of the line is,

Xx=2-2t  y=—4+8 z=1-11

Step 4
To get the symmetric form all we need to do is solve each of the parametric equations for t and then set
them all equal to each other. Doing this gives,

2-x 44y 1-z
2 8 11

2. Give the equation of the line through the point (—7,2,4) and parallel to the line given by x =5—8t¢,

y=6+t, z=—12¢ in vector form, parametric form and symmetric form.
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Step 1
Okay, regardless of the form of the equation we know that we need a point on the line and a vector that
is parallel to the line.

We were given a point on the line so no need to worry about that for this problem.
The parallel vector is really simple to get as well since we were told that the new line must be parallel to
the given line. We also know that the coefficients of the t’s in the equation of the line forms a vector

parallel to the line.

So,
v =(-8,1,-12)

is a vector that is parallel to the given line.

Now, if V is parallel to the given line and the new line must be parallel to the given line then vV must
also be parallel to the new line.

Step 2
The vector form of the line is,

F(t)=(-7,2,4)+1(-8,1,-12) =(~7—8t,2+1,4—121)

Step 3
The parametric form of the line is,

x=—7-8  y=2+¢ z=4-12¢

Step 4
To get the symmetric form all we need to do is solve each of the parametric equations for t and then set
them all equal to each other. Doing this gives,

—T—x _ 4-z
8 12

3. Is the line through the points (2, 0,9) and (—4, 1, —5) parallel, orthogonal or neither to the line given
by 7(¢)=(5,1-9,-8—4¢)?

Step 1
Let’s start this off simply by getting vectors parallel to each of the lines.
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For the line through the points (2, 0,9) and (—4,1, —5) we know that the vector between these two

points will lie on the line and hence be parallel to the line. This vector is,
v, =(6,-1,14)

For the second line the coefficients of the t's are the components of the parallel vector so this vector is,
v, =(0,-9,-4)

Step 2

Now, from the first components of these vectors it is hopefully clear that they are not scalar multiples.

There is no number we can multiply to zero to get 6.

Likewise, we can only multiply 6 by zero to get 0. However, if we multiply the first vector by zero all the
components would be zero and that is clearly not the case.

Therefore, they are not scalar multiples and so these two vectors are not parallel. This also in turn
means that the two lines can’t possibly be parallel either (since each vector is parallel to its respective

line).

Step 3
Next,

7 o¥, = —47

The dot product is not zero and so these vectors aren’t orthogonal. Because the two vectors are
parallel to their respective lines this also means that the two lines are not orthogonal.

4. Determine the intersection point of the line givenby x =8+¢, y=5+6¢, z=4—2t and the line
given by ?(t) = <—7 +12¢,3—1,14+ 8t> or show that they do not intersect.

Step 1
If the two lines do intersect then they must share a point in common. In other words there must
be some value, say ¢ =¢,, and some (probably) different value, say ¢ =t,, so that if we plug ¢,

into the equation of the first line and if we plug ¢, into the equation of the second line we will get

the same x, y and z coordinates.

Step 2
This means that we can set up the following system of equations.
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8+t =-T+12t,
5+6t =3-1t,
4-2¢t =14+8t,

If this system of equations has a solution then the lines will intersect and if it doesn’t have a solution
then the lines will not intersect.

Step 3

Solving a system of equations with more equations than unknowns is probably not something that
you’ve run into all that often to this point. The basic process is pretty much the same however with a
couple of minor (but very important) differences.

Start off by picking any two of the equations (so we now have two equations and two unknowns) and
solve that system. For this problem let’s just take the first two equations. We’ll worry about the third
equation eventually.

Solving a system of two equations and two unknowns is something everyone should be familiar with at
this point so we’ll not put in any real explanation to the solution work below.

t,=-15+12t, — 5+6(-15+12t,)=3-1,
—85+72t, =31,

73t, =88 - t, =8

f=-15+12(%)=-%

73

Step 4
Okay, this is a somewhat “messy” solution, but they will often be that way so we shouldn’t get too
excited about it!

Now, recall that to get this solution we used the first two equations. What this means is that if we use
this value of ¢, and #, in the equations of the first and second lines respectively then the x and y
coordinates will be the same (remember we used the x and y equations to find this solution....).

At this point we need to recall that we did have a third equation that also needs to be satisfied at these

values of t. In other words, we need to plug 7, = —% and z, =% into the third equation and see what

E]
we get. Doing this gives,

W=4-2(-8)=14+8(%) =10

73

Okay, the two sides are not the same. Just what does this mean? In terms of systems of equations it

% and 7, = % are NOT a solution to the system of equations in Step 2. Had they

been a solution then we would have gotten the same number from both sides.

means that ¢, = —
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In terms of whether or not the lines intersect we need to only recall that the third equation corresponds
to the z coordinates of the lines. We know that at #, =—2% and ¢, = £ the two lines will have the same
x and y coordinates (since they came from solving the first two equations). However, we’ve just shown

that they will not give the same z coordinate.

In other words, there are no values of #, and ¢, for which the two lines will have the same x, y and z
coordinates. Hence, we can now say that the two lines do not intersect.

Before leaving this problem let’s note that it doesn’t matter which two equations we solve in Step 3.
Different sets of equations will lead to different values of #, and ¢, but they will still not satisfy the

remaining equation for this problem and we will get the same result of the lines not intersecting.

5. Determine the intersection point of the line through the points (1, —2,13) and (2, 0, —5) and the line
given by F(t) = <2 +4t,—1— t,3> or show that they do not intersect.

Step 1
Because we don’t have the equation for the first line that will be the first thing we’ll need to do. The
vector between the two points (and hence parallel to the line) is,

v =(1,2,-18)
Using the first point listed the equation of the first line is then,
F(1)=(1,-2,13)+1(1,2,~18) = (1+1,-2+21,13-18¢)

Step 2

If t:e two lines do intersect then they must share a point in common. In other words there must be
some value, say ¢ =f,, and some (probably) different value, say ¢ =¢,, so that if we plug ¢, into the
equation of the first line and if we plug , into the equation of the second line we will get the same x, y
and z coordinates.

Step 3
This means that we can set up the following system of equations.

1+ =2+4t,
—2+2t, =-1-t,
1318, =3

If this system of equations has a solution then the lines will intersect and if it doesn’t have a solution
then the lines will not intersect.
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Step 4

Solving a system of equations with more equations than unknowns is probably not something that
you’ve run into all that often to this point. The basic process is pretty much the same however with a
couple of minor (but very important) differences.

Start off by picking any two of the equations (so we now have two equations and two unknowns) and
solve that system. For this problem let’s just take the first and third equation. We’ll worry about the
second equation eventually.

Note that for this system the third equation should definitely be used here since we can quickly just
solve that for ¢,.

Solving a system of two equations and two unknowns is something everyone should be familiar with at
this point so we'll not put in any real explanation to the solution work below.

=5 - 1+5=2+4, — t,=—
Step 5
Now, recall that to get this solution we used the first and third equations. What this means is that if we

use this value of f#, and ¢, in the equations of the first and second lines respectively then the x and z
coordinates will be the same (remember we used the x and z equations to find this solution....).

At this point we need to recall that we did have another equation that also needs to be satisfied at these
values of t. In other words, we need to plug #, :% and 7, = —% into the second equation and see what
we get. Doing this gives,

2+2(3)=—3=-1-(=3)

Okay, the two sides are the same. Just what does this mean? In terms of systems of equations it means
that ¢, =% and 1, = —% is a solution to the system of equations in Step 3.

In terms of whether or not the lines intersect we now know that at #, = and ¢, = — the two lines will

have the same x, y and z coordinates (since they satisfy all three equations).
In other words, these two lines do intersect.

Before leaving this problem let’s note that it doesn’t matter which two equations we solve in Step 4.
Different sets of equations will lead to the same values of #, and 7, leading to the two lines intersecting.

6. Does the line given by x =9+21¢, y=-7, z =12—-11¢ intersect the xy-plane? If so, give the point.
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Step 1
If the line intersects the xy-plane there will be a point on the line that is also in the xy-plane.
Recall as well that any point in the xy-plane will have a z coordinate of z=0.

Step 2
So, to determine if the line intersects the xy-plane all we need to do is set the equation for the z
coordinate equal to zero and solve it for t, if that’s possible.

Doing this gives,

12-11z=0 — t= %
Step 3
So, we were able to solve for t in this case and so we can now say that the line does intersect the xy-
plane.

Step 4
All we need to do to finish this off this problem is find the full point of intersection. We can find this

simply by plugging ¢ = % into the x and y portions of the equation of the line.

Doing this gives,

x=9+21(&£)=3 y=-T7

11 1

The point of intersection is then : (%,—7,0) .

7. Does the line given by x =9+21¢, y=-7, z =12—-11¢ intersect the xz-plane? If so, give the point.

Step 1
If the line intersects the xz-plane there will be a point on the line that is also in the xz-plane.
Recall as well that any point in the xz-plane will have a y coordinate of y=0.

Step 2
So, to determine if the line intersects the xz-plane all we need to do is set the equation for the y
coordinate equal to zero and solve it for t, if that’s possible.

However, in this case we can see that is clearly not possible since the y equation is simply y =—7 and
this can clearly never be zero.

Step 3
Therefore, the line does not intersect the xz-plane.
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Section 6-3 : Equations of Planes

1. Write down the equation of the plane containing the points (4,—3,1), (—3,—1,1) and (4, —2,8).

Step 1
To make the work on this problem a little easier let’s “name” the points as,

P=(4,-3,1) 0=(-3,-11) R=(4,-2,8)

Now, we know that in order to write down the equation of a plane we’ll need a point (we have three so
that’s not a problem!) and a vector that is normal to the plane.

Step 2
WEe’'ll need to do a little work to get a normal vector.

First, we'll need two vectors that lie in the plane and we can get those from the three points we’re
given. Note that there are lots of possible vectors that we could use here. Here are the two that we’ll
use for this problem.

PO =(-7,2,0) PR=(0,1,7)
Step 3
Now, these two vectors lie in the plane and we know that the cross product of any two vectors will be

orthogonal to both of the vectors. Therefore, the cross product of these two vectors will also be
orthogonal (and so normal!) to the plane.

So, let’s get the cross product.

I ] k| i Jj
i=POxPR=|-7T 2 0| -7 2=14i -7k —(-49j)=14i +49/ -7k
0 1 7 0 1

Note that we used the “trick” discussed in the notes to compute the cross product here.

Step 4
Now all we need to do is write down the equation.

We have three points to choose form here. We'll use the first point simply because it is the first point
listed. Any of the others could also be used.

The equation of the plane is,
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14(x—4)+49(y+3)—7(z—1):0 — 14x+49y-7z=-98

Note that depending on your choice of vectors in Step 2, the order you chose to use them in the cross
product computation in Step 3 and the point chosen here will all affect your answer. However,
regardless of your choices the equation you get will be an acceptable answer provided you did all the
work correctly.

2. Write down the equation of the plane containing the point (3,0, —4) and orthogonal to the line given

by 7(¢)=(12—1,1+8t,4+61).

Step 1
We know that we need a point on the plane and a vector that is normal to the plane. We’ve were given
a point that is in the plane so we’re okay there.

Step 2
The normal vector for the plane is actually quite simple to get.

We are told that the plane is orthogonal to the line given in the problem statement. This means that the
plane will also be orthogonal to any vector that just happens to be parallel to the line.

From the equation of the line we know that the coefficients of the t's are the components of a vector
that is parallel to the line. So, a vector parallel to the line is then,

v =(-1,8,6)

Now, as mentioned above because this vector is parallel to the line then it will also need to be
orthogonal to the plane and hence be normal to the plane. So, a normal vector for the plane is,

ii=(-1,8,6)

Step 3
Now all we need to do is write down the equation. The equation of the plane is,

—(x—3)+8(y—0)+6(z+4)=0 - - x+8y+6z=-27

3. Write down the equation of the plane containing the point (—8,3,7) and parallel to the plane given
by 4x+8y—2z=45.
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Step 1
We know that we need a point on the plane and a vector that is normal to the plane. We’ve were given
a point that is in the plane so we’re okay there.

Step 2
The normal vector for the plane is actually quite simple to get.

We are told that the plane is parallel to the plane given in the problem statement. This means that any
vector normal to one plane will be normal to both planes.

From the equation of the plane we were given we know that the coefficients of the x, y and z are the
components of a vector that is normal to the plane. So, a vector normal to the given plane is then,

ii=(4,8,-2)

Now, as mentioned above because this vector is normal to the given plane then it will also need to be
normal to the plane we want to find the equation for.

Step 3
Now all we need to do is write down the equation. The equation of the plane is,

4(x+8)+8(y—3)—2(z—7):O - 4x+8y—-2z=-22

4. Determine if the plane given by 4x -9y —z =2 and the plane givenby x+2y—14z =—6 are
parallel, orthogonal or neither.

Step 1
Let’s start off this problem by noticing that the vector 7, = <4,—9,—1> will be normal to the first plane

and the vector 7, = <1, 2,—14> will be normal to the second plane.

Now try to visualize the two planes and these normal vectors. What would the two planes look like if
the two normal vectors where parallel to each other? What would the two planes look like if the two
normal vectors were orthogonal to each other?

Step 2
If the two normal vectors are parallel to each other the two planes would also need to be parallel.

So, let’s take a quick look at the normal vectors. We can see that the first component of each vector

have the same sign and the same can be said for the third component. However, the second
component of each vector has opposite signs.
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Therefore, there is no number that we can multiply to 7, that will keep the sign on the first and third

component the same and simultaneously changing the sign on the second component. This in turn
means the two vectors can’t possibly be scalar multiples and this further means they cannot be parallel.

If the two normal vectors can’t be parallel then the two planes are not parallel.

Step 3
Now, if the two normal vectors are orthogonal the two planes will also be orthogonal.

So, a quick dot product of the two normal vectors gives,
nyen, =0

The dot product is zero and so the two normal vectors are orthogonal. Therefore, the two planes
are orthogonal.

5. Determine if the plane given by —3x+ 2y + 7z =9 and the plane containing the points (—2, 6,1) ,
(—2,5,0) and (—1,4,—3).

Step 1
Let’s start off this problem by noticing that the vector 7, = <—3, 2,7> will be normal to the first plane

and it would be nice to have a normal vector for the second plane.

We know (Problem 1 from this section!) how to determine a normal vector given three points in the
plane. Here is that work.

P=(-2,6,1) 0=(-2,5,0) R=(-1,4,-3)
0P =(0,1,1) RO =(-1,1,3)
ij ok T
i, =OPxRO=(0 1 1| 0 1=3i—j-i—(-k)=27-j+k
-1 1 3] -1 1

Note that we used the “trick” discussed in the notes to compute the cross product here.
Now try to visualize the two planes and these normal vectors. What would the two planes look like if
the two normal vectors where parallel to each other? What would the two planes look like if the two

normal vectors were orthogonal to each other?

Step 2
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If the two normal vectors are parallel to each other the two planes would also need to be parallel.

So, let’s take a quick look at the normal vectors. We can see that the third component of each vector
have the same sign while the first and second components each have opposite signs.

Therefore, there is no number that we can multiply to 7, that will keep the sign on the third component

the same and simultaneously changing the sign on the first and second components. This in turn means
the two vectors can’t possibly be scalar multiples and this further means they cannot be parallel.

If the two normal vectors can’t be parallel then the two planes are not parallel.

Step 3
Now, if the two normal vectors are orthogonal the two planes will also be orthogonal.

So, a quick dot product of the two normal vectors gives,
nyen, =—1

The dot product is not zero and so the two normal vectors are not orthogonal. Therefore, the two
planes are not orthogonal.

6. Determine if the line given by F(t) = <—2t, 24+ 7t,—1— 4t> intersects the plane given by
4x+9y -2z =-8 or show that they do not intersect.

Step 1
If the line and the plane do intersect then there must be a value of t such that if we plug that t into the

equation of the line we’d get a point that lies on the plane. We also know that if a point (x,y,z) ison

the plane the then the coordinates will satisfy the equation of the plane.

Step 2
If you think about it the coordinates of all the points on the line can be written as,

(—2¢,2+71,-1-41)

for all values of t.

Step 3
So, let’s plug the “coordinates” of the points on the line into the equation of the plane to get,

4(-20)+9(2+71)~2(~1-41)=-8

Step 4
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Let’s solve this for t as follows,
63t +20=-8 - t=-3

Step 5
We were able to find a t from this equation. What that means is that this is the value of t that, once we
plug into the equation of the line, gives the point of intersection of the line and plane.

So, the line and plane do intersect and they will intersect at the point (%,—%,%) )

Note that all we did to get the pointis plug 7 = —% into the general form for points on the line we wrote
down in Step 2.

7. Determine if the line given by F(t) = <4+t,—1 +8¢,3+ 2l‘> intersects the plane given by
2x—y+3z =15 or show that they do not intersect.

Step 1
If the line and the plane do intersect then there must be a value of t such that if we plug that t into the

equation of the line we’d get a point that lies on the plane. We also know that if a point (x,y,z) ison

the plane the then the coordinates will satisfy the equation of the plane.

Step 2
If you think about it the coordinates of all the points on the line can be written as,

(4+12,—1+8,3+21)

for all values of t.

Step 3
So, let’s plug the “coordinates” of the points on the line into the equation of the plane to get,

2(4+1)—(-1+81)+3(3+2t) =15

Step 4
Let’s solve this for t as follows,

18=157?

Step 5
Hmmm...
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So, either we’ve just managed to prove that 18 and 15 are in fact the same number or there is
something else going on here.

Clearly 18 and 15 are not the same number and so something else must be going on. In fact, all this
means is that there is no t that will satisfy the equation we wrote down in Step 3. This in turn means
that the line and plane do not intersect.

8. Find the line of intersection of the plane given by 3x+ 6y —5z = -3 and the plane given by
—2x+T7y—z=24.

Step 1
Okay, we know that we need a point and vector parallel to the line in order to write down the equation
of the line. In this case neither has been given to us.

First let’s note that any point on the line of intersection must also therefore be in both planes and it’s
actually pretty simple to find such a point. Whatever our line of intersection is it must intersect at least
one of the coordinate planes. It doesn’t have to intersect all three of the coordinate planes but it will
have to intersect at least one.

So, let’s see if it intersects the xy-plane. Because the point on the intersection line must also be in both
planes let’s set z =0 (so we’ll be in the xy-plane!) in both of the equations of our planes.

Doing this gives,

3x+6y=-3
—2x+7y=24

Step 2
This is a simple system to solve so we’ll leave it to you to verify that the solution is,

The fact that we were able to find a solution to the system from Step 1 means that the line of
intersection does in fact intersect the xy-plane and it does so at the point (—5,2,0) . Thisis also then a

point on the line of intersection.

Note that if the system from Step 1 didn’t have a solution then the line of intersection would not have
intersected the xy-plane and we’d need to try one of the remaining coordinate planes.

Step 3

Okay, now we need a vector that is parallel to the line of intersection. This might be a little hard to
visualize, but if you think about it the line of intersection would have to be orthogonal to both of the
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normal vectors from the two planes. This in turn means that any vector orthogonal to the two normal
vectors must then be parallel to the line of intersection.

Nicely enough we know that the cross product of any two vectors will be orthogonal to each of the two
vectors. So, here are the two normal vectors for our planes and their cross product.

i, =(3,6,-5) iy, =(-2,7,-1)
2
mxi,=|3 6 -5 3 6
=2 7 - 27

= —6?+1oj+211€—(—3])—(—35?)—(—1212) =297 +13) +33k
Note that we used the “trick” discussed in the notes to compute the cross product here.
Step 4

So, we now have enough information to write down the equation of the line of intersection of the two
planes. The equation is,

() =(-5,2,0)+1(29,13,33) = (-5+29,2+13¢,33¢)

9. Determine if the line given by x =8 —15¢, y =9¢, z =5+18¢ and the plane given by
10x -6y —12z =7 are parallel, orthogonal or neither.

Step 1
Let’s start off this problem by noticing that the vector v = <—15,9,18> will be parallel to the line and

the vector 71 = <10, —6,—12> will be normal to the plane.

Now try to visualize the line and plane and their corresponding vectors. What would the line and plane
look like if the two vectors were orthogonal to each other? What would the line and plane look like if
the two vectors were parallel to each other?

Step 2
If the two vectors are orthogonal to each other the line would be parallel to the plane. If you think

about this it does make sense. If V is orthogonal to 7 then it must be parallel to the plane because 7 is
orthogonal to the plane. Then because the line is parallel to V it must also be parallel to the plane.

So, let’s do a quick dot product here.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 389

Peii = —420

The dot product is not zero and so the two vectors aren’t orthogonal to each other. Therefore, the line
and plane are not parallel.

Step 3

If the two vectors are parallel to each other the line would be orthogonal to the plane. If you think
about this it does make sense. The line is parallel to Vv which we’ve just assumed is parallel to n. We
also know that 7 is orthogonal to the plane and so anything that is parallel to 7 (the line for instance)

must also be orthogonal to the plane.
In this case it looks like we have the following relationship between the two vectors.

V=—2n

o |w

The two vectors are parallel and so the line and plane are orthogonal.
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Section 6-4 : Quadric Surfaces

1. Sketch the following quadric surface.

Solution
This is a cylinder that is centered on the x-axis. The cross sections of the cylinder will be ellipses.

Make sure that you can “translate” the equations given in the notes to the other coordinate axes. Once
you know what they look like when centered on one of the coordinates axes then a simple and
predictable variable change will center them on the other coordinate axes.

Here are a couple of sketches of the region. We’ve given them with the more traditional axes as well as
“boxed” axes to help visualize the surface.

=
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-3 -2 -l

2. Sketch the following quadric surface.

Solution
This is an ellipsoid and because the numbers in the denominators of each of the terms are not the same
we know that it won’t be a sphere.

Here are a couple of sketches of the region. We’ve given them with the more traditional axes as well as
“boxed” axes to help visualize the surface.
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3. Sketch the following quadric surface.

Solution
This is an elliptic paraboloid that is centered on the z-axis. Because the x and y terms are positive we
know that it will open upwards. The “-6” tells us that the surface will start at z=—6. We can also say
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that because the coefficients of the x and y terms are identical the cross sections of the surface will be
circles.

Here are a couple of sketches of the region. We’ve given them with the more traditional axes as well as
“boxed” axes to help visualize the surface.
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4. Sketch the following quadric surface.
V' =4x’ +162°

Solution
This is a cone that is centered on the y-axis and because the coefficients of the x and z terms are
different the cross sections of the surface will be ellipses.

Make sure that you can “translate” the equations given in the notes to the other coordinate axes. Once
you know what they look like when centered on one of the coordinates axes then a simple and
predictable variable change will center them on the other coordinate axes.

Here are a couple of sketches of the region. We’ve given them with the more traditional axes as well as
“boxed” axes to help visualize the surface.
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5. Sketch the following quadric surface.
x=4-5y"-97°

Solution

This is an elliptic paraboloid that is centered on the x-axis. Because the y and z terms are negative we
know that it will open in the negative x direction. The “4” tells us that the surface will start at x =4.
We can also say that because the coefficients of the y and z terms are different the cross sections of the
surface will be ellipses.

Make sure that you can “translate” the equations given in the notes to the other coordinate axes. Once
you know what they look like when centered on one of the coordinates axes then a simple and

predictable variable change will center them on the other coordinate axes.

Here are a couple of sketches of the region. We’ve given them with the more traditional axes as well as
“boxed” axes to help visualize the surface.
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Section 6-5 : Functions of Several Variables

1. Find the domain of the following function.

f(xy)=yx* -2y

Solution
There really isn’t all that much to this problem. We know that we can’t have negative numbers under

the square root and so the we’ll need to require that whatever (x,y) is it will need to satisfy,

X =2y>0

Let’s do a little rewriting on this so we can attempt to sketch the domain.
x2>2y = y <

So, it looks like we need to be on or below the parabola above. The domain is illustrated by the green
area and red line in the sketch below.

i
I

Laa
I

(2]

2. Find the domain of the following function.
f(x,y) = ln(2x—3y+l)
Solution

There really isn’t all that much to this problem. We know that we can’t have negative numbers or zero

in a logarithm so we’ll need to require that whatever (x,y) is it will need to satisfy,
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2x-3y+1>0
Since this is the only condition we need to meet this is also the domain of the function.

Let’s do a little rewriting on this so we can attempt to sketch the domain.
2 1
2x+1>3y = y<§x+§

So, it looks like we need to be below the line above. The domain is illustrated by the green area in the
sketch below.

baa
I

- X
-3 -2 v 1 2 3
~1F
-2k
-3k

Note that we dashed the graph of the “bounding” line to illustrate that we don’t take points from the
line itself.

3. Find the domain of the following function.

1
x*+y° +4z

S(%.2)=

Solution
There really isn’t all that much to this problem. We know that we can’t have division by zero so we’ll

need to require that whatever (x,y,z) is it will need to satisfy,

X+ +4z20
Since this is the only condition we need to meet this is also the domain of the function.

Let’s do a little rewriting on this so we can attempt to identify the domain a little better.
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X
42;15—)62—)/2 = Z¢___y_

So, it looks like we need to avoid points, (x, y,z), that are on the elliptic paraboloid given by the

equation above.

4. Find the domain of the following function.

f(y) =y rd -

Solution
There really isn’t all that much to this problem. We know that we can’t have division by zero and we

can’t take square roots of negative numbers and so we’ll need to require that whatever (x,y) is it will

need to satisfy the following three conditions.
x2-1, x#0 y=-4
This is also our domain since these are the only conditions require in order for the function to exist.

A sketch of the domain is shown below. We can take any point in the green area or on the red lines with
the exception of the y-axis (i.e. x #0) as indicated by the black dashes on the y-axis.

5. Identify and sketch the level curves (or contours) for the following function.

2x—3y+z° =1
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Step 1
We know that level curves or contours are given by setting z = k. Doing this in our equation gives,

2x-3y+k*=1

Step 2
A quick rewrite of the equation from the previous step gives us,

_2, Kl
YRS

So, the level curves for this function will be lines with slope % and a y-intercept of (O,%).

Note as well that there will be no restrictions on the values of k that we can use, as there sometimes
are. Also note that the sign of k will not matter so, with the exception of the level curve for £k =0, each
level curve will in fact arise from two different values of k.

Step 3
Below is a sketch of some level curves for some values of k for this function.
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6. Identify and sketch the level curves (or contours) for the following function.

4z+2y° —x=0

Step 1
We know that level curves or contours are given by setting z = k. Doing this in our equation gives,

4k+2y* —x=0

Step 2
A quick rewrite of the equation from the previous step gives us,

x=2y" +4k
So, the level curves for this function will be parabolas opening to the right and starting at 4k.

Note as well that there will be no restrictions on the values of k that we can use, as there sometimes
are.

Step 3
Below is a sketch of some level curves for some values of k for this function.

I
|
[

[F¥}
I

b1

B Ee A E
o
=

I
—

7. Identify and sketch the level curves (or contours) for the following function.
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Y =2x"+z

Step 1
We know that level curves or contours are given by setting z = k. Doing this in our equation gives,

y =2x"+k

Step 2
For this problem the value of k will affect the type of graph of the level curve.

First, if £ =0 the equation will be,
¥y =2x = y=42 x

So, in this case the level curve (actually curves if you think about it) will be two lines through the origin.
One is increasing and the other is decreasing.

Next, let’s take a look at what we get if £ > (0. In this case a quick rewrite of the equation from Step 2
gives,

Because we know that k is positive we see that we have a hyperbola with the y term the positive term
and the x term the negative term. This means that the hyperbola will be symmetric about the y-axis and
opens up and down.

Finally, what do we get if £ < 0. In this case the equation is,

2 2
_2xT Y
k k

Now, be careful with this equation. In this case we have negative values of k. This means that the x
term is in fact positive (the minus sign will cancel against the minus sign in the k). Likewise, the y term
will be negative (it’s got a negative k in the denominator). Therefore, we’ll have a hyperbola that is
symmetric about the x-axis and opens right and left.

Step 3
Below is a sketch of some level curves for some values of k for this function.
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8. Identify and sketch the traces for the following function.
2x—3y+z° =1
Step 1

We have two traces. One we get by plugging x = a into the equation and the other we get by plugging
y = b into the equation. Here is what we get for each of these.

=
I
1N}

2a-3y+z°=1 —» y=1iz7+
b : 2x-3b+z'=1 > «x

<
Il

Step 2

Okay, we’re now into a realm that many students have issues with initially. We no longer have
equations in terms of x and y. Instead we have one equation in terms of x and z and another in terms of
y and z.
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Do not get excited about this! They work the same way that equations in terms of x and y work! The
only difference is that we need to make a decision on which variable will be the horizontal axis variable
and which variable will be the vertical axis variable.

Just because we have an x doesn’t mean that it must be the horizontal axis and just because we have a y
doesn’t mean that it must be the vertical axis! We set up the axis variables in a way that will be
convenient for us.

In this case since both equation have a z in them and it is squared we’ll let z be the horizontal axis
variable for both of the equations.

So, given that convention for the axis variables this means that for the x = a trace we’ll have a parabola

that opens upwards with vertex at (0,%) and for the y =b trace we’ll have a parabola that opens

downwards with vertex at (0,%) .

Step 3
Below is a sketch for each of the traces.

Trace forx = a
P

-
a

(3]
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Tracefory=b

4

o
(i)
-~

9. Identify and sketch the traces for the following function.
4z+2y° —x=0
Step 1

We have two traces. One we get by plugging x = a into the equation and the other we get by plugging
y =b into the equation. Here is what we get for each of these.

4z+2y°—a=0 — z=-1y’4«
y=b : 4z+2b°-x=0 —> x=4z+2b°

=
Il
S}

Step 2

Okay, we’re now into a realm that many students have issues with initially. We no longer have
equations in terms of x and y. Instead we have one equation in terms of x and z and another in terms of
yand z.

Do not get excited about this! They work the same way that equations in terms of x and y work! The

only difference is that we need to make a decision on which variable will be the horizontal axis variable
and which variable will be the vertical axis variable.
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Just because we have an x doesn’t mean that it must be the horizontal axis and just because we have a y
doesn’t mean that it must be the vertical axis! We set up the axis variables in a way that will be
convenient for us.

In this case since both equation have a z in them we’ll let z be the horizontal axis variable for both of the
equations.

So, given that convention for the axis variables this means that for the x = a trace we’ll have a parabola
that opens to the left with vertex at (%,O) and for the y = b trace we’ll have a line with slope of 4 and

an x-intercept at (0, 2b2) .

Step 3
Below is a sketch for each of the traces.

Trace forx =a
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Section 6-6 : Vector Functions

- 1
1. Find the domain for the vector function : 7 (t) = <t2 +1,—2,\/t + 4>
t+

Step 1
The domain of the vector function is simply the largest possible set of t’s that we can use in all the
components of the vector function.

The first component will exist for all values of t and so we won’t exclude any values of t from that
component.

The second component clearly requires us to avoid ¢ = —2 so we don’t have division by zero in that
component.

We’ll also need to require that ¢ > —4 so avoid taking the square root of negative numbers in the third
component.

Step 2
Putting all of the information from the first step together we can see that the domain of this function is,

t>-4, t+#-2

Note that we can’t forget to add the ¢ # —2 onto this since -2 is larger than -4 and would be included
otherwise!

2. Find the domain for the vector function : F(t) = <ln(4 —tz),\/t + l>

Step 1
The domain of the vector function is simply the largest possible set of t's that we can use in all the
components of the vector function.

We know that we can’t take logarithms of negative values or zero and so from the first term we know
that we’ll need to require that,

4-1*>0 - —2<t<2

We'll also need to require that > —1 so avoid taking the square root of negative numbers in the
second component.
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Step 2
Putting all of the information from the first step together we can see that the domain of this function is,

Remember that we want the largest possible set of t's for which all the components will exist. So we
can’t take values of —2 <t < —1 because even though those are okay in the first component but they
aren’t in the second component. Likewise, even though we can include ¢ > 2 in the second component
we can’t plug them into the first component and so we can’t include them in the domain of the function.

3. Sketch the graph of the vector function : 77(1) = <4t, 10— 2t>

Step 1
One way to sketch the graph of vector functions of course is to just compute a bunch of vectors and
then recall that we consider them to be position vectors and plot the “points” we get out of them.

This will work provided we pick the “correct” values of t that gives us good points that we can use to
actually determine what the graph is.

So, to avoid doing that, recall that because we consider these to be position vectors we can write down
a corresponding set of parametric equations that we can use to sketch the graph. The parametric
equations for this vector function are,

x =4t

y=10-2¢
Step 2
Now, recall from when we looked at parametric equations we eliminated the parameter from the
parametric equations to get an equation involving only x and y that will have the same graph as the

vector function.

We can do this as follows,

x o y=10-2(4x)=10-1x

ENE

So, it looks like the graph of the vector function will be a line with slope —% and y-intercept of (0,10) .

Step 3
A sketch of the graph is below.
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For illustration purposes we also put in a set of vectors for variety of t’s just to show that with enough
them we would have also gotten the graph. Of course, it was easier to eliminate the parameter and just
graph the algebraic equations (i.e. the equation involving only x and y).

4. Sketch the graph of the vector function : F(t) = <t + 1,%l‘2 + 3>

Step 1
One way to sketch the graph of vector functions of course is to just compute a bunch of vectors and
then recall that we consider them to be position vectors and plot the “points” we get out of them.

This will work provided we pick the “correct” values of t that gives us good points that we can use to
actually determine what the graph is.

So, to avoid doing that, recall that because we consider these to be position vectors we can write down
a corresponding set of parametric equations that we can use to sketch the graph. The parametric
equations for this vector function are,

x=t+1

y=1’+3
Step 2
Now, recall from when we looked at parametric equations we eliminated the parameter from the
parametric equations to get an equation involving only x and y that will have the same graph as the

vector function.

We can do this as follows,

x=t+1 —> t=x-1 — y=%(x—1)2+3
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So, it looks like the graph of the vector function will be a parabola with vertex (1,3) and opening

upwards.

Step 3
A sketch of the graph is below.

-5 -4 -3 -2 -1 0 1 2 3 4 3 6 7

For illustration purposes we also put in a set of vectors for variety of t’s just to show that with enough
them we would have also gotten the graph. Of course, it was easier to eliminate the parameter and just
graph the algebraic equations (i.e. the equation involving only x and y).

5. Sketch the graph of the vector function : 17(1‘) = <4 sin (t),800$(t)>

Step 1
One way to sketch the graph of vector functions of course is to just compute a bunch of vectors and
then recall that we consider them to be position vectors and plot the “points” we get out of them.

This will work provided we pick the “correct” values of t that gives us good points that we can use to
actually determine what the graph is.

So, to avoid doing that, recall that because we consider these to be position vectors we can write down

a corresponding set of parametric equations that we can use to sketch the graph. The parametric
equations for this vector function are,
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x=4sin(r)
y =8cos(?)

Step 2

Now, recall from our look at parametric equations we now know that this will be the graph of an ellipse
centered at the origin with right/left points a distance of 4 from the origin and top/bottom points a
distance of 8 from the origin.

Step 3
A sketch of the graph is below.

For illustration purposes we also put in a set of vectors for variety of t’s just to show that with enough
them we would have also gotten the graph. Of course, it was easier to eliminate the parameter and just
graph the algebraic equations (i.e. the equation involving only x and y).

6. Identify the graph of the vector function without sketching the graph.

(1) = <3 cos(6¢),—4, sin(6t)>
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Step 1
To identify the graph of this vector function (without graphing) let’s first write down the set of
parametric equations we get from this vector function. They are,

X = 3cos(6t)
y=—4
z =sin(6¢)

Step 2
Now, from the x and z equations we can see that we have an ellipse in the xz-plane that is given by the

following equation.
2

X2 =1
9

From the y equation we know that this ellipse will not actually be in the xz-plane but parallel to the xz-
planeat y=—4.

7. Identify the graph of the vector function without sketching the graph.
F(t)=(2-1,4+71,—1-31)
Solution
There really isn’t a lot to do with this problem. The equation should look very familiar to you. We saw

quite a few of these types of equations in the Equations of Lines and Equations of Planes sections.

From those sections we know that the graph of this equation is a line in R’ that goes through the point
(2, 4,—1) and parallel to the vector v = <—1,7,—3>.

8. Write down the equation of the line segment starting at (1,3) and ending at(—4,6) .

Solution
There really isn’t a lot to do with this problem. All we need to do is use the formula we derived in the
notes for this section.

The line segment is,

F(t)=(1-1)(1,3)+1(-4,6) 0<t<I
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Don’t forget the limits on t! Without that you have the full line that goes through those two points
instead of the line segment from (1,3) to (—4,6) .

9. Write down the equation of the line segment starting at (0, 2,—1) and ending at(7,—9,2).

Solution
There really isn’t a lot to do with this problem. All we need to do is use the formula we derived in the
notes for this section.

The line segment is,

F(t)=(1-1)(0,2,-1)+1(7,-9,2) 0<r<1

Don't forget the limits on t! Without that you have the full line that goes through those two points
instead of the line segment from (0,2,—1) to (7,—9,2).
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Section 6-7 : Calculus with Vector Functions

1. Evaluate the following limit.

) a r—1

11m<et L4t — >

t—1 " =1
Solution

There really isn’t a lot to do here with this problem. All we need to do is take the limit of all the
components of the vector.

lim <e’_1,4t,t2—_1> = <lim e lim 4, lim -~ >
t—1 t°—1 t—1 t—>1 N |

(-+3)
2

= <lim e lim4t, limL> = <e0,4,l> =
t—1 t—1 -1 Dt 2

Don’t forget L’Hospital’s Rule! We needed that for the third term.

2. Evaluate the following limit.

lim il?+i+(f2+6t)]€
| P

Solution
There really isn’t a lot to do here with this problem. All we need to do is take the limit of all the
components of the vector.

lim ihw(zu&)é —hmihnm%nm(zzwt)l?
t—-2 t2+t_2 J t—>—2t2+t_2 t—>—2] t—-2

t+2

= lim i +lim j+lim (£ + 6t )k = %7+j—8k

->22¢t+1 t—>-2 t—-2

Don’t forget L'Hospital’s Rule! We needed that for the first term.

3. Evaluate the following limit.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 416

Solution
There really isn’t a lot to do here with this problem. All we need to do is take the limit of all the

components of the vector.
o2 N\ /12
hm<—2,—2,e t> <hm—2,hm—2,hme !
t»o \ 1 —t—t (>0t oo | —f — 7 1o

2
lim - lim—2—_ lime™ )= (0,-2,0)

t—o tz ’t~>oo t2 (%_%_1) t—w
t

Don’t forget your basic limit at infinity processes/facts.

4. Compute the derivative of the following limit.

F(t)=(t3 —1)17+e2t]+cos(t)k

Solution
There really isn’t a lot to do here with this problem. All we need to do is take the derivative of all the
components of the vector.

F(1)=36" +2e* j—sin(t)k

5. Compute the derivative of the following limit.
(1) = <ln(t2 + 1),te"t,4>
Solution

There really isn’t a lot to do here with this problem. All we need to do is take the derivative of all the
components of the vector.

2+1

F'(t):< 2 et—te’,0>

Make sure you haven’t forgotten your basic differentiation formulas such as the chain rule (the first
term) and the product rule (the second term).
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6. Compute the derivative of the following limit.

t—1

7 (1) :<ﬂ,tan(4f),sin2 (t)>

Solution
There really isn’t a lot to do here with this problem. All we need to do is take the derivative of all the

components of the vector.

F(1)= () _(13__1()1; () ,4sec” (41),2sin(1)cos(¢)

= ﬁ,%ecz (4t),2sin(t)cos(r)

Make sure you haven’t forgotten your basic differentiation formulas such as the quotient rule (the first
term) and the chain rule (the third term).

7. Evaluate If(t)dt , Where F(t) =17 - t22t " J +cos’ (3t)1€ .
+

Solution
There really isn’t a lot to do here with this problem. All we need to do is integrate of all the components

of the vector.

- (3 .7 2t - 2 -
[7(e)de= [ dri —jt2+ldtj + [ cos® (3¢)dt

—

- 2t -
ItB dti _Jtz Jtrldt] +J.%(1+cos(6t))dtk

rt —1n|t2 +1|]‘+%(t+%sin(6t))l€+6

1
4

Don’t forget the basic integration rules such as the substitution rule (second term) and some of the basic
trig formulas (half angle and double angle formulas) you need to do some of the integrals (third term).

We didn’t put a lot of the integration details into the solution on the assumption that you do know your
integration skills well enough to follow what is going on. If you are somewhat rusty with your
integration skills then you’ll need to go back to the integration material from both Calculus | and
Calculus Il to refresh your integration skills.
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8. Evaluate Iz F(t)dt where F(t) = <6, 61> —4t, te2t>

Solution
There really isn’t a lot to do here with this problem. All we need to do is integrate of all the components
of the vector.

J?(t)dt=<j6dt,j6t2 —4zdt,jte” dt>

:<I6df,j6lz—4tdt lre? —1 2tdt> <6t 243 —22‘2 1te2t 1 2t>

Don’t forget the basic integration rules such integration by parts (third term). Also recall that one way
to do definite integral is to first do the indefinite integral and then do the evaluation.

The answer for this problem is then,

J'z F(t)de = (61,26 =26 L1’ —%e2’>2

_1 -1
=(12,8,3¢")~(-6,-4,~3¢?) = [(18,12,3(¢* +¢7))

We didn’t put a lot of the integration details into the solution on the assumption that you do know your
integration skills well enough to follow what is going on. If you are somewhat rusty with your
integration skills then you’ll need to go back to the integration material from both Calculus | and
Calculus Il to refresh your integration skills.

9. Evaluate IF(t)dt, where ?(t) = <(1—z‘)cos(t2 —2t),cos(t)sin( ).sec (4t)>

Solution
There really isn’t a lot to do here with this problem. All we need to do is integrate of all the components
of the vector.

cos(¢)sin (¢ )dt,Jsec (4 )dt>

Lsin(2¢)dt Isec >

—_—
~)
—~
~
~—"
S3
Il
TN
—
—~
—_—
|
~
N—"
(@]
]
w2
—
~
i8]
|
[\
~
S—" ~—
=
—_—

Don’t forget the basic integration rules such as the substitution rule (all terms) and some of the basic
trig formulas (half angle and double angle formulas) you need to do some of the integrals (second term).
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We didn’t put a lot of the integration details into the solution on the assumption that you do know your
integration skills well enough to follow what is going on. If you are somewhat rusty with your
integration skills then you’ll need to go back to the integration material from both Calculus | and
Calculus Il to refresh your integration skills.

© 2018 Paul Dawkins http://tutorial. math.lamar.edu



Calculus Il = Solutions to Practice Problems 420

Section 6-8 : Tangent, Normal and Binormal Vectors

1. Find the unit tangent vector for the vector function : F(t) = <t2 +1,3—1¢, t3>

Step 1
From the notes in this section we know that to get the unit tangent vector all we need is the derivative
of the vector function and its magnitude. Here are those quantities.

F(1)= <2t,—1,3t2>

[P (o) = (2) +(-1) +(36) =14 +0r

Step 2
The unit tangent vector for this vector function is then,

7 (1) = (201,38 = | (e ] 3
4wt Y T D N va 1ot 148 19t 1+ 48 19

2. Find the unit tangent vector for the vector function : F(t) =te’ i + (2 —1 )j —e¥k

Step 1
From the notes in this section we know that to get the unit tangent vector all we need is the derivative
of the vector function and its magnitude. Here are those quantities.

F ()= (e +2t€ )i -2t j -2k

||7'(t)|| = \/(eZ’ +2te” )2 + (—2t)2 - (—2e2t )2 = \/(eZ’ +2te” )2 +4¢% +4e"

Step 2
The unit tangent vector for this vector function is then,

T(t)= ! (e” +2te2’)f—2t]—2e2’l€)

\/ (e” +2te* )2 +41% + 4e¥
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Note that because of the “mess” with this one we didn’t distribute the magnitude through to each term
as we usually do with these. This problem is a good example of just how “messy” these can get.

3. Find the tangent line to F(t) = cos(4t)z7 + 3sin(4t)]'+t3l€ att=r.

Step 1
First, we'll need to get the tangent vector to the vector function. The tangent vector is,

7 (t)=—4sin(4¢)7 +12cos(4¢) j +3°k

Note that we could use the unit tangent vector here if we wanted to but given how messy those tend to
be we'll just go with this.

Step 2

Now we actually need the tangent vector at the value of t given in the problem statement and not the
“full” tangent vector. We'll also need the point on the vector function at the value of t from the
problem statement. These are,

F(ﬂ) =cos(47r)z7+3sin(47r)j+7r3l€ =i +7'k
() =—4sin(4x)i +12cos(4x)j +37°k =12 +37°k
Step 3
To write down the equation of the tangent line we need a point on the line and a vector parallel to the

line. Of course, these are just the quantities we found in the previous step.

The tangent line is then,

F(t):f+ﬂ3l€+t(12]+37r21€):7+12t]'+(7r3 +37r2t)l€

- 16
4. Find the tangent line to r(t) :<7e2 t,—3,5—t> atr=2.
t

Step 1
First, we'll need to get the tangent vector to the vector function. The tangent vector is,
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Note that we could use the unit tangent vector here if we wanted to but given how messy those tend to
be we'll just go with this.

Step 2

Now we actually need the tangent vector at the value of t given in the problem statement and not the
“full” tangent vector. We'll also need the point on the vector function at the value of t from the
problem statement. These are,

Step 3
To write down the equation of the tangent line we need a point on the line and a vector parallel to the
line. Of course, these are just the quantities we found in the previous step.

The tangent line is then,

F(1)=(7,2,3)+1(-7,-3,-1) = (7-71,2-31,3~1)

5. Find the unit normal and the binormal vectors for the following vector function.

(1) = <cos(2t),sin(2t) ,3>

Step 1
We first need the unit tangent vector so let’s get that.

7 (1) = (~2sin(2r),2cos(2t),0) |7 (2)]| = J4sin® (2¢) + 4cos? (2¢) =2

T(t)= %<—251n(2t),2003(2t),0> = <—sin(2t),cos(2t),0>

Step 2
The unit normal vector is then,

f’(t):<—2cos(2t),—2sin(2t),0> |

T'(t)|=J4cos’ (2t) + 4sin’ (2¢) =2

]V(t) = %<—2 cos(2¢),-2 sin(2t),0> = <—cos(2t),—sin(2t),0>

Step 3
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Finally, the binormal vector is,

i j k
B(t)=T(t)xN(t)=|-sin(2¢) cos](Zt) 0
—cos(2¢) —sin(2t) 0

=sin’ (2¢)k —(—cos2 (2t)l€) = (sin2 (2¢)+cos’ (Zt))lg =

423

oo

(1)

k =(0,0,1)=
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Section 6-9 : Arc Length with Vector Functions

1. Determine the length of F(I) =(3 —41)1T + 6t]'—(9+ 2t)1€ from -6 <7 <8.

Step 1
We first need the magnitude of the derivative of the vector function. This is,

F(t)=—-47 +6 -2k

7 (1) =V16+36+4 =56 =214

Step 2
The length of the curve is then,

= 28V14

L=] 214dr =214

8
-6

2. Determine the length of F(t) = <%l‘3,4l,\/§l2> from 0<¢r<2.

Step 1
We first need the magnitude of the derivative of the vector function. This is,

7(t)= <12,4, 2ﬁt>

”?’(t)||=\/t4+16+8t2 =t +8 +16 = (12+4)2 —244

For these kinds of problems make sure to simplify the magnitude as much as you can. It can mean the
difference between a really simple problem and an incredibly difficult problem.

Step 2
The length of the curve is then,

L=j()2t2 +4dt :(%IS +4t)|(2) =

Note that if we’d not simplified the magnitude this would have been a very difficult integral to compute!
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3. Find the arc length function for ?(t) = <t2,2t3,1—t3>.

Step 1
We first need the magnitude of the derivative of the vector function. This is,

7 (1) =(2t,6*,-3¢")

PO =4 +3660 900 = [ (4+450) =N A+ 457 = |4+ 457 =14+ 458

For these kinds of problems make sure to simplify the magnitude as much as you can. It can mean the
difference between a really simple problem and an incredibly difficult problem.

Note as well that because we are assuming that we are starting at # = 0 for this kind of problem it is

safe to assume that 1 > 0 and so \/t_2 = |t| =t.

Step 2
The arc length function is then,

t

s(1)=[ unl4+450> du = %(4+45u2)%

= %[(4+45z2)3 —8}

0

4. Find the arc length function for f(t) = <4t,—2t,\/§ t2>.

Step 1
We first need the magnitude of the derivative of the vector function. This is,

F(t) = <4, 2,245 t>

|7 ()] =V16+4+20> =v20+200* =201+1> =251+

Step 2
The arc length function is then,

S(t):f;2\/§\/1+u2 du
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Do not always expect these integrals to be “simple” integrals. They will often require techniques more
involved than just a standard Calculus | substitution. In this case we need the following trig substitution.

u=tand du=sec’0do J1+u? =1 +tan® @ = \sec? 0 =|sec6?|
The limits of the integral become,
u=0:0=tanf — 6=0 wu=r>0:¢t=tand — O=tan" (¢)

Now, as noted we know that ¢ >0 and so we can safely assume that from the u =¢ limit we will get
0 <@ <Z. Thisin turn means that we will always be in the first quadrant and we know that secant is
positive in the first quadrant. Therefore, we can remove the absolute values bars on the secant above.

The arc length function is now,

tan™! (1)

s(t)= J‘Otanfl(t) 23/5sec’ 0dO = \/g(secé?tan6’+ ln|sec€ +tan 0|)

0

= \/g[sec(tanfl (t)) tan(tam*l (t)) + ln|sec(tan*1 (t)) + tan(tan*1 (t))H

Now we know that tan (tan’1 (t)) =t so that will simplify our answer a little. Let’s take a look at the

secant term to see if we can simplify that as well. First, from our limit work recall that 8 = tan™’ (t) . Or

with a little rewrite we have,

tan@=1="L= m
1 adjacent

Construct a right triangle with opposite side being t and the adjacent side being 1. The hypotenuse is

then v/#> +1. This in turn means that sec@ =+/¢* +1. So,
sec(tan_1 (t)) =sec(@)=r’+1
With this simplification our arc length function is then,

s(t)=\/§[t t2+1+ln‘\/m+zﬂ

There was some slightly unpleasant simplification here but once we did that we got a much nicer arc
length function.

5. Determine where on the curve given by ;7(1‘) = <t2,2t3,1—t3> we are after traveling a distance of 20.
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Step 1
From Problem 3 above we know that the arc length function for this vector function is,

s(t):ﬁ[(4+45t2)% —8]

We need to solve this for t. Doing this gives,

(4+45t2)%—8=1355
4+ 45¢* %:135s+8
( )

2
3

44452 = (1355 +8)

W

£ =] (1355+8)

—4} S = \/%[(1353%8)% —4}

Note that we only used the positive t after taking the root because the implicit assumption from the arc
length function is that t is positive.

Step 2
We could use this to reparametrize the vector function however that would lead to a particularly
unpleasant function in this case.

The key here is to simply realize that what we are being asked to compute is the value of the
reparametrized vector function, F(t(s)) when s =20. Or, in other words, we want to compute

7((20)).

So, first,

Wl

- 4} =2.05633

t(20)= \/4%[(135(20)+8)

Our position after traveling a distance of 20 is then,

7(£(20))=7(2.05633) =|(4.22849,17.39035,-7.69518)
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Section 6-10 : Curvature

1. Find the curvature of F(t) = <cos(2t),—sin(2t),4t>.

Step 1
We have two formulas we can use here to compute the curvature. One requires us to take the
derivative of the unit tangent vector and the other requires a cross product.

Either will give the same result. The real question is which will be easier to use. Cross products can be a
pain to compute but then some of the unit tangent vectors can be quite messy to take the derivative of.
So, basically, the one we use will be the one that will probably be the easiest to use.

In this case it looks like the unit tangent vector won’t be that bad to work with so let’s go with that
formula. Here’s the unit tangent vector work.

7(t)=(-2sin(2r),~2cos(2r),4) [ (¢)| = 4sin* (2) + 4cos® (2¢) +16 =20 =245

T(z) = ;<—2 sin(2t),—2 cos(Zt),4> — <_ sin(20)  cos(21) L>

25 50 s 0

Step 2
Now, what we really need is the magnitude of the derivative of the unit tangent vector so here is that
work,

T'(1) = (=2 cos(2r), %sin(21),0) |7 ()]| = y£cos® (2¢) + £sin’ (21) =

Step 3
The curvature is then,

~ 2
Fol_ 75 0
O
So, in this case, the curvature will be independent of t. That won’t always be the case so don’t expect
this to happen every time.

2. Find the curvature of F(t) = <4t,—t2,2t3> .

Step 1
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We have two formulas we can use here to compute the curvature. One requires us to take the
derivative of the unit tangent vector and the other requires a cross product.

Either will give the same result. The real question is which will be easier to use. Cross products can be a
pain to compute but then some of the unit tangent vectors can be quite messy to take the derivative of.

So, basically, the one we use will be the one that will probably be the easiest to use.

In this case it looks like the unit tangent vector will involve lots of quotients that would probably be
unpleasant to take the derivative of. So, let’s go with the cross product formula this time.

We'll need the first and second derivative of the vector function. Here are those.
7(t)=(4,-21.6¢") 7" (£)=(0,-2,12¢)

Step 2
Next, we need the cross product of these two derivatives. Here is that work.

i ]k
F6)x7"(t)=|4 =2t 6|=-2407 -8k —48tj+120°7 =—121"7 — 48t j -8k
0 -2 12t

Step 3
We now need a couple of magnitudes.

F (1) 7" (1) = N1441* +23047 + 64

F (1) =V16+4 + 361!

The curvature is then,

[ (2)<#"(£)|  |144¢* + 23047 + 64

(Gl (16+4¢ +36¢* )%

A fairly messy formula here, but these will often be that way.
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Section 6-11 : Velocity and Acceleration

1. An objects acceleration is given by @ =3¢i —4e™ ] +12¢% . The objects initial velocity is
v (O) = ] —3k andthe objects initial position is F(O) =5 + 2]‘ —3k . Determine the objects velocity

and position functions.

Step 1
To determine the velocity function all we need to do is integrate the acceleration function.

= [3t7 —de j+120k dt =307 +4e” j+4r'k +¢

Don’t forget the “constant” of integration, which in this case is actually the vector ¢ = cll7 + czj +ck .

To determine the constant of integration all we need is to use the value v (0) that we were given in the

problem statement.
J-3k=v(0)=4]+ci+c,j+ck
To determine the values of ¢,, ¢,, and c¢; all we need to do is set the various components equal.

:0=c¢
1=4+c, = ¢ =0, ¢,=-3, ¢;=-3
-3=c,

Ll IR |

The velocity is then,

V(1) =307 +(4e" =3)j+(4£ -3)k

Step 2
The position function is simply the integral of the velocity function we found in the previous step.

= (307 +(4e7 =3) ]+ (46 =3)kdt =107 + (e’ =3t)j +(¢' =3t)k +&
We’ll use the value of 7 (0) from the problem statement to determine the value of the constant of

integration.

~51 +27 -3k =7 (0)=—4] +ci +c,] +cik
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2=-4+c, = ¢=-5 ¢=6 c¢=-3

O~

The position function is then,

F(t)=(46 —5)7 +(—4e" =3t+6)j +(t' =3t -3)k

2. Determine the tangential and normal components of acceleration for the object whose position is
given by 7 (t)= <cos(2t),—sin(2t),4t>.

Step 1
First, we need the first and second derivatives of the position function.

7 (t)=(-2sin(2t),—2cos(2¢).4) 7"(t)=(~4cos(2t),4sin(2¢),0)

Step 2
Next, we’ll need the following quantities.

|7 (1)) = \/4sin® (2¢) + 4 cos® (21) +16 =420 =245

F'(1)s7" () =8sin(2¢)cos(2¢)—8sin(2¢)cos(2¢)+0=0

i J k
F(t)x7"(t)=|-2sin(2r) —2cos(2t) 4
—4cos(2t) 4sin(2t) 0
=—16cos(2¢) ] —8sin® (2¢)k —8cos” (2¢)k —16sin(2¢)7
=—16sin(2¢)7 —16cos(2t) j -8k

7 (£)x7" (1) = /256 sin’ (2¢) + 256 cos? (2) + 64 = /320 = 8/5

Step 3
The tangential component of the acceleration is,
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F'(t)F" (1) _
T o

T:

The normal component of the acceleration is,

PO ()] sE
POl 2

ay =
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Section 6-12 : Cylindrical Coordinates

1. Convert the Cartesian coordinates for (4,—5,2) into Cylindrical coordinates.

Step 1
From the point we’re given we have,

x=4 y=-5 z=2
So, we already have the z coordinate for the Cylindrical coordinates.
Step 2
Remember as well that for rand @ we’re going to do the same conversion work as we did in converting

a Cartesian point into Polar coordinates.

So, getting ris easy.

Step 3
Finally, we need to get 6.

6, = tan™' (_TS) =-0.8961 0, =-0.8961+ 7 =2.2455

If we look at the three dimensional coordinate system from above we can see that 6, is in the fourth

quadrant and 6, is in the second quadrant. Likewise, from our x and y coordinates the point is in the
fourth quadrant (as we look at the point from above).

This in turn means that we need to use @, for our point.

The Cylindrical coordinates are then,

(V41,-0.8961,2)

2. Convert the Cartesian coordinates for (—4,—1,8) into Cylindrical coordinates.

Step 1
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From the point we’re given we have,
x=—4 y=-1 z=28
So, we already have the z coordinate for the Cylindrical coordinates.
Step 2
Remember as well that for rand @ we’re going to do the same conversion work as we did in converting

a Cartesian point into Polar coordinates.

So, getting ris easy.

Step 3
Finally, we need to get 6.

6, = tan™' (_—IJ =0.2450 6, =0.2450+ 7 =3.3866

If we look at the three dimensional coordinate system from above we can see that @, is in the first

quadrant and @, is in the third quadrant. Likewise, from our x and y coordinates the point is in the third

quadrant (as we look at the point from above).

This in turn means that we need to use @, for our point.

The Cylindrical coordinates are then,

(¥17.3.3866.8)

3. Convert the following equation written in Cartesian coordinates into an equation in Cylindrical
coordinates.

¥ +2x°—6z=4-2y"

Step 1
There really isn’t a whole lot to do here. All we need to do is plug in the following x and y polar
conversion formulas into the equation where (and if) possible.

x=rcosf y=rsin6 P =x"+y’
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Step 2
However, first we’ll do a little rewrite.

X +2x*+2y° —6z=4 - X +2(x"+y)-62=4

Step 3
Now let’s use the formulas from Step 1 to convert the equation into Cylindrical coordinates.

(rcos9)3+2(r2)—6z:4 - [P cos’ 0+ 22 —62 =4

4. Convert the following equation written in Cylindrical coordinates into an equation in Cartesian
coordinates.

zr=2-r"

Solution

There is not really a lot to do here other than plugin » = «/x2 + y2 into the equation. Doing this is,

ZxX*+y° :2—(x2 +y2)

5. Convert the following equation written in Cylindrical coordinates into an equation in Cartesian
coordinates.

4sin(6)—2cos(0) = !

z

Step 1
There really isn’t a whole lot to do here. All we need to do is to use the following x and y polar
conversion formulas in the equation where (and if) possible.

x=rcosd y=rsinf rr=x"+y

Step 2
To make the conversion a little easier let’s multiply the equation by r to get,

2

4rsin(6)-2rcos(6) =

z

Step 3
Now let’s use the formulas from Step 1 to convert the equation into Cartesian coordinates.
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2 2
X+

4y —-2x =

6. Identify the surface generated by the equation : > —4r cos(@) =14

Step 1
To identify the surface generated by this equation it’s probably best to first convert the equation into
Cartesian coordinates. In this case that’s a pretty simple thing to do.

Here is the equation in Cartesian coordinates.
X' +y' —4x=14
Step 2
To identify this equation (and you do know what it is!) let’s complete the square on the x part of

the equation.

¥ —4x+y’ =14
X’ —4x+4+y° =14+4
()6—2)2+y2 =18

So, we can see that this is a circle centered at (2, 0) with radius /18 .

7. ldentify the surface generated by the equation: z="7 —45?

Step 1
To identify the surface generated by this equation it’s probably best to first convert the equation into
Cartesian coordinates. In this case that’s a pretty simple thing to do.

Here is the equation in Cartesian coordinates.
z:7—4(x2 +)/2):7—4)c2 —4y°

Step 2
From the Cartesian equation in Step 1 we can see that the surface generated by the equation is an
elliptic paraboloid that starts at z=7 and opens down.
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Section 6-13 : Spherical Coordinates

1. Convert the Cartesian coordinates for (3,—4,1) into Spherical coordinates.

Step 1
From the point we’re given we have,

Step 2
Let’s first determine p.

Step 3
We can now determine ¢ .
1 1
CosQ=—=—o @ =cos' (—j:1.3734

p 26 V26

Step 4
Let’s use the x conversion formula to determine &.

3

cosd = =
psing  /265sin (1.3734)

=06 — 6 =cos"(0.6)=09273

This angle is in the first quadrant and if we sketch a quick unit circle we see that a second angle in the
fourth quadrantis 8, =27 —0.9273 =5.3559.

If we look at the three dimensional coordinate system from above we can see that from our x and y
coordinates the point is in the fourth quadrant. This in turn means that we need to use 6, for our point.

The Spherical coordinates are then,

(v26.5.3559,13734)

2. Convert the Cartesian coordinates for (—2,—1, —7) into Spherical coordinates.
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Step 1
From the point we’re given we have,

x:—z y:—l z=-7

Step 2
Let’s first determine p.

Step 3
We can now determine ¢.
y4 _7 -1 _7
COSQP=—=—— @p=cos | — |=2.8324
p 54 (Jsi ]
Step 4

Let’s use the y conversion formula to determine 6.

-1 ~1
psing  54sin(2.8324)

sinf = =-0.4472 — @ =sin"' (—0.4472) =-0.4636

This angle is in the fourth quadrant and if we sketch a quick unit circle we see that a second angle in the
third quadrantis 8, = 7 +0.4636 = 3.6052.

If we look at the three dimensional coordinate system from above we can see that from our x and y
coordinates the point is in the third quadrant. This in turn means that we need to use 6, for our point.

The Spherical coordinates are then,

(V54.3.6052,2.8324)

3. Convert the Cylindrical coordinates for (2,0.345,—3) into Spherical coordinates.

Step 1
From the point we’re given we have,

r=2 0=0.345 z=-3

So, we already have the value of @ for the Spherical coordinates.
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Step 2
Next, we can determine p.

Step 3
Finally, we can determine ¢ .

cosQ =

z _3 —1 _3
—=— =cos | —— |=2.5536
P ~N13 v (VBJ

The Spherical coordinates are then,

(V13.0.345,2.5536)

4. Convert the following equation written in Cartesian coordinates into an equation in Spherical
coordinates.

X +y =dx+z-2
Step 1
All we need to do here is plug in the following conversion formulas into the equation and do a little
simplification.

x = psinpcosd y = psin@sinf Z=pCoSQ

Step 2
Plugging the conversion formula in gives,

(psingocos@)2 +(psin(psin6’)2 =4(psingcosf)+ pcosp—2
The first two terms can be simplified as follows.

p’sin’ pcos® @+ p*sin’® psin® @ =4psinpcosf+ pcosp—2
p’sin’ gz)(cos2 0 +sin’ 0) =4psingpcosf+ pcosp—2
p’sin’ g =4psinpcosf+ pcosp—2
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5. Convert the equation written in Spherical coordinates into an equation in Cartesian coordinates.

p> =3—cosp

Step 1
There really isn’t a whole lot to do here. All we need to do is to use the following conversion formulas in
the equation where (and if) possible

x = psinpcosd y = psin@sinf Z=pCcoSQ

p2:x2+y2+22

Step 2
To make this problem a little easier let’s first multiply the equation by p . Doing this gives,

p’=3p—pcosp
Doing this makes recognizing the right most term a little easier.

Step 3
Using the appropriate conversion formulas from Step 1 gives,

3

(x2+y2+zz)E =3 X’ +y +z25 —z

6. Convert the equation written in Spherical coordinates into an equation in Cartesian coordinates.
cscp =2cos@+4sinf

Step 1

There really isn’t a whole lot to do here. All we need to do is to use the following conversion formulas in

the equation where (and if) possible

x = psinpcosd y = psin@sinf Z=,pCcoSQ

p2:x2+y2+22

Step 2
To make this problem a little easier let’s first do some rewrite on the equation.

First, let’s deal with the cosecant.
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——=2cosf+4sind - 1=2sin@cosd+4sin@sin
sin @

Next, let’s multiply everything by p to get,
p=2psin@pcosf+4psin@sinf
Doing this makes recognizing the terms on the right a little easier.

Step 3
Using the appropriate conversion formulas from Step 1 gives,

X +y +z28 =2x+4y

4r
7. Identify the surface generated by the given equation: @ = ?

Solution
Okay, as we discussed this type of equation in the notes for this section. We know that all points on the

surface generated must be of the form (,0, 19,47”) .

So, we can rotate around the z-axis as much as want them to (i.e. @ can be anything) and we can move
as far as we want from the origin (i.e. p can be anything). All we need to do is make sure that the point

will always make an angle of 47” with the positive z-axis.

Ill

In other words, we have a cone. It will open downwards and the “wal

47” with the positive z-axis and it will form an angle of % with the negative z-axis.

of the cone will form an angle of

8. Identify the surface generated by the given equation : p =—-2sin¢cosé

Step 1
Let’s first multiply each side of the equation by p to get,

p° =-2psingpcosd

Step 2
We can now easily convert this to Cartesian coordinates to get,
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X' +y 4zt =-2x
X +2x+y"+22=0
Let’s complete the square on the x portion to get,

X +2x+1+y° +2° =0+1

(x+1)" +)*+27 =1

Step 3

443

So, it looks like we have a sphere with radius 1 that is centered at (—1,0,0) .
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