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Introduction to Integration

Two main operations in calculus are differentiation and integration. Ironically, these operations can be
thought of as being “opposite operations of each other”.

e When we differentiate, we find a rate of change at a particular point on a curve.

e When we integrate, we are attempting to find the area between the curve and the x-axis in some

particular interval [a, b]
) 1y

Warning: f:f(x)dx measures the difference in area in the interval [a, b] and NOT the area between the

curve and the x-axis.

How did all of this come about?

Let us suppose that we are given a function f(x) and we want to find the area
enclosed between the curve y = f(x), the x-axis, and the lines x = a and

x =b.

In order to do this, mathematicians decided to break up the area into
subdivisions.

My
y=ftx)
P b—a
Length of subdivision = ¥ of rectangles
b_
Ax ==
n
a subdivisions b ¥
My
The area of each section can’t be calculated due | J— v
curved top. In order to account for this, we can T =T
approximate the area by crafting rectangles.
e [If we take the smaller rectangles we get /

the lower sum.
e [f we take the larger rectangles we get

the upper sum. a  lower sum b x @  upper sum b x



Since the lower sum will always give us an area smaller than what we want and the upper sum will give us an
area always larger than what we want we get the following:

Z all lower sum rectangles < Area Under curve < Z all upper sum rectangles

n

n
Z f(xHax <A< Z f(x})Ax where nrep.the number of rectangles used.

i=1 =1
Note: Asthe number of rectangles used increases, our approximations
must get closer and closer to the actual area. i
= N
Therefore, our area in the interval [a, b] must be given by /— \
n
A = lim Zf(xi)Ax
n—-oo

i=1

We will use a much simpler notation for this © division info narrower Smpg_;

A= fbf(x)dx

Note: the f sign is an elongated ‘s’ and stands for ‘sum’, just as the ) did previously. However,
[ means limit of a sum whereas ¥ means finite sum

A Crude Version of The Fundamental Theorem of Calculus

2 [ rwax] = r

This means, if we take the derivative of an integral, both operations cancel each other out and we get back the
original function.
e Note: The opposite is also true, if we integrate a derivative, we get back f (x).

. d .
Moreover, if we want to solve for ff(x)dx then that means we need to move the ™ to the other side.
Therefore, we must “anti-differentiate f(x)” to solve our integral.

Suppose that F(x) is the anti-derivative of f(x). This means, if we take the derivative of F(x) you get f(x).
If we anti-differentiate both sides of the above equation we end up getting

f f(x)dx =F(x)+c where c is an unknown constant

e Note: f(x) inthe integral is called an integrand.



Integration

Anti-differentiation Differentiation
The process of obtaining the original function from its derivative is called /\
“integration’ or “anti-differentiation’.

F(x) fx)

Example: If f (X) = X2 , then f'(X) = 2x, so an anti-derivative (the opposite of a

Integration

derivative) of 2X is x2 or F(x)= x°.

What about f (x) = x2 +1, f () = X2 =7, f(x) = X2 +g? F1(x) =

In fact, there are many possible anti-derivatives of 2x, each one differing from the others by a vertical

2

translation. Hence, the anti-derivative of 2x is F(X) = X~ +¢ wherec € R, and c is called the constant of

integration.
A function F(x) is an anti-derivative of f(x) if F'(x)= f(x) for all x in that interval.

Note: Always check to see if the anti-derivative is correct by differentiating the anti-derivative.
2
X
Example: If f(x) =3x% +5x—2, then F(x)= X3 +7—2X+C . Check: F'(x) =

Here are the anti-derivatives of some of the basic functions:

f(x) F(x)
1 X+C
aXn, n=x-1 an+l+C, n=-1
n+1
n n+1
(ax+b) (ax+Db) ]
a(n+1)
w1 In[x| +¢c,n=-1
(ax+b)t ML ¢ ax +b> 0
aekx aekx
+C
in(kx),k +0 —cos(kx
sin(kx) k( )+ c
kx),k#0 sin(kx
cos(kx) 5{ )_l_ c

Two important rules for derivatives are
e The Constant Multiple Rule: [ kf(x)dx =k [ f(x)dx

e Sum or Difference Rule: [[f(x) £ g(x)]dx = [ f(x)dx + [g(x)dx



Indefinite Integration

The set of all anti-derivatives of a function f(X) is called the indefinite integral of f (x), and is denoted by
[ f (x)dx where the symbol [ is the integral sign like an elongated S indicating summation, and f (x) is the

integrand of the integral. j f (X)dx = F(x)+c where c is the constant of integration
Y
Geometrical interpretation: Integration is a summation process of finding the y=1x)

area under the curve.

1. Find the indefinite integral of the following.

a) j(8x2 +4x —3)dx b) [[2 cos(2x)]dx
3 4 X 2X —4X

c) j(—z——+xjdx d) [(e” +6e“" —8e™"*)dx
X X
Z4—22+3 dz ffsin(x)d

e)-[ 22 ) cos(x) X

§) ] (3x+5)3x h) jsin(éx_%}dx



1-1 Practice

Find the following indefinite integrals:

a) [ xdx b) [x3dx c) [4x3dx d) [3x%+6x +5dx
e) [ ax"dx f) [10 ¥*Z dx g [Z&
5 o x5-3x+7 S x9-10
h) [-dx i) [——dx [ = dx
k) f%exdx ) [3e?**> dx m) [ 5sin(x) dx n) f%cos(x) dx

o) [(x*+5)% dx p) [(x +3)*dx



1-2 Warm Up

Find the indefinite integrals of the following:

1. [(6x — 7) dx 2. [ dt 3. [(x — Vx)dx
4. [(x3 — x% + 4x)dx 5. f%dx 6. fx3+;32+1dx

7. [(8x + cos(x)) dx 8. [(2e* + sin(x))dx



Integrals with Initial Conditions
(Evaluation of the Constant of Integration)

A function has infinitely many anti-derivatives, differing only by an arbitrary constant, c. In applications, one is
usually given additional information that helps to determine a value for the constant of integration, c, thereby

specifying the unique anti-derivative that solves the problem. This information is often called a boundary (or
initial) condition.

1. Find the displacement function s if % =4t whens =8att=0.

2. Given that Z—Z = sin(2x) and that y = 1 when x = % , find y as a function of x.

1
X+2

3. The gradient (slope) at any point on the curve y = f(X) is given by the equation, ﬂ = . The curve

passes through the point (2, 3). Find the equation of this curve.



Application of Integration to Kinematics (Study of Motion)

Recall: v(t) =s'(t) and a(t)=V'(t) = s"(t)
In the context of integration, these ideas give s(t) = [v(t)dt and v(t) = [a(t)dt.

Example 1: A particle is projected in a straight line relative to a fixed point, O with velocity function
v(t) =25-10t, t>0. If the displacement of the particle from O at time t = 2 is 8, find:

a) the displacement function, s(t) of the particle.

b) the displacement of the particle when t = 4.

dv 3
Example 2: The acceleration, in m/s? of a body in a medium is given by pre :n,t > 0. The particle has an
+

initial speed of 6 m/s. Find the speed after 10 s.



Integrals with Initial Conditions Extra Practice

x3
1. Given that f'(x) = x2e*’ and f(2) = 5e2, determine f(x). [f(x) = eT + 5e? — 63—8]

2. Find f(x) if f"(x) = x 2+ x 73, £(0) = 5, and f(1) = 0. [£G) = 222 +225 20 4 5]

3. Afighter jet begins a downward descent in order to pick up some vertical speed. Its acceleration can be
modelled by the equationa = 0.48t% + 2 for 0 < t < 10, where a is measured in sz and t is the time in

seconds from where the fighter jet begins his descent. If his velocity at t = 2 is approximately 8 %,
determine the velocity after 8 seconds have passed. [100.64 m/s]



Extra Problems

—_

9.

[ x(x?+6)%dx

[(2x — 1) (x?2 —x +4)3dx

3x3
J e dx

[ x3Vx2+ 6dx
[ sec?(x) dx

[ sin” (x) cos(x) dx

f 2 sin(x)cos(x)
1-2cos2(x)

J' 2x dx

x2+3

[(3x2 — 2x)e™ ¥ *+4(yx

10. [ 2 sec?(x) — sec(x) tan(x) dx

11. [ tan(x) dx

12.Find y if % = 3sin(2x) and GO) is on the curve,

13.Find f(x) given that f"(x) =2 —%where f'(1)=0,and (1) =8

Answers

1.

N i

5 3
# 4 alternate answer: %(x2 +6)z—2(x>+6)2+c

1,2 6
1z(x +6)°+c

5 8
—(?-x+4)s+c
3
T 4(xt+5) tc
3
%(x4 —4)(x2+6)2+¢
tan(x) + ¢

sin®(x) te
8

7. %ln(cos(Zx)) +c

8. In(x*+3)+c¢

9. ex’xt+e 4

10.2 tan(x) — sec(x) + ¢

11. —In(cos(x)) + ¢

12.y = —%cos(Zx) —%
13.f(x) =x*+8/x—6x+5



Substitution Rule

In general, the rule is used to find the anti-derivative of a function using chain rule.
If u=g(x), then [ f(g(x))g'(x)dx=[ f (u)du.

~

/Steps in integration by substitution (change of variable) rule:
1. Define u (i.e. let u be a function of the variable (often x) which is part of the integrand)

2. Convert the integrand from an expression of x to an expression in u (need to convert the “dx”

term to a “du” term)
3. Integrate and then rewrite answer in terms of x (substitute back for u) j

N

Example: Find the following indefinite integrals.
a) [(2x+1)*dx

b) j2x(x2 +1)3dx

2
c) | X dx d) [x+/x—1dx

x3—4
e) f@dx f) [ (4 + sin(x))°® cos(x) dx
3x% +1 x2 41
) S—dx h) [xe™ "dx

X7 +X+5



Variable Acceleration and Applications Extra
Problems

1. The velocity of a car moving in heavy traffic is given by v(t) = 30t + 20 sin(107t) where velocity is in
15 4

km/hr startingat ¢t = 0 . How far does the car travel in the first 30 min of traffic? [T+E km]

2. A model rocket is fired vertically upward. When its fuel is exhausted, it has a velocity of 30% and
has reached a height of 80 m. Assume that the acceleration due to gravity is —10 m/s? and neglect
the effects of air resistance.

a) For how long will the rocket continue to rise? [3s]
b) Find the maximum height attained. [125m]
¢) When will the rocket strike the ground? [8 s]

3. A jet propelled sled starts a run at fime t = 0, with an initial velocity of 11 m/s. Its accelerationat
time t = 0 is given by a(t) = 10 — 2t.
a) When does the sled come to rest? [11 s]
b) How far will the sled have travelled at this time? [%m]

4. The displacement of an object in meters varies with time in seconds as s(t) = —§t3 + %tz + 4t for

0 <t <5. Find the maximum velocity of the object. [6.25 %]

Challenge Problem (do this after tomorrow's lesson)
U A

f 5
o) displacement = L vit)dt=A, — A, + A,

§ A
)
As| | distance = [ [o(1)|di = 4, + A, + Aq

]
il
T

(A

-
(%)

s /

5. A particle moves along a line so that its velocity at time t is v(¢) = t? — t — 6 (measured in meters per
second).
a) Find the displacement of the particle during the time period 1 <t < 4. [4.5 m to the left]
b) Find the distance traveled during the time period in a) [10.17 m]



1. Find the indefinite integral:

a) [(x? — 5)82xdx

c) [ sin(4x) dx

Challenge questions!

2. Find the indefinite integral:

a) [ sin?(x) dx

c) [x3Vx? —6dx

1-3 Warm Up

b) [

d)

b) f

2
X dx
Vi1i-x3

eVx

Vx

cos(2x)+1
cos(x)




Definite Integral

If the function, f(x), is continuous at every point on the interval [a, b] and F(x) is any anti-derivative of f(x)

b

on [a, b], then j f (x)dx is called the definite integral and is equal to F(b) - F(a).

a

b
j f(x)dx = F(X)|g =F(b)-F(a), where a and b are the lower and upper limits of integration respectively.
a

Note:

c is omitted as it would cancel itself out as shown: [F(b) + c]-[F(a) + c] = F(b)-F(a)

a definite integral has a numerical value

b YA
e the evaluation of the definite integral A= j' f (x)dx represents the area enclosed /»ﬁ’ii‘i’
a .
between the graph of f(x), the x-axis and the lines x = aand x = b. o z
Groperties of the Definite Integral \

If f and g are continuous functions defined on a given interval [a, b] and c is a constant, then:
1) [{fx)dx =0
2) J, cdx = c(b — a)
3) f, cf ()dx = ¢ [ f(x)dx
4) [} faodx = = J f(x)dx
5) [ 1f () £ g()]dx = [ f(x)dx + J; g(x)dx

6) [ f(0)dx = [} f(x)dx + [ f(x)dx




Example 1. Evaluate.

5
a) jldx
3 X

2
e) [(3x—4)*dx

5

4 2
b) j(x+%) dx

d) fg sin(3x)dx
6

0
f) [(x—e™)dx
-2



1
g) jx4(x5 +1)°dx
0

2. Find the area under the curve y =

2x+1

5
h) [(3x— x2)dx
0

fromx =0tox = 1.



MCV4UE Warm-Up

1.

A curve with equation y= f(x) passes through the point (1, 0).The gradient of the curve,

4
f'(x)= M, at point (e,iJiSl. Find the values of a and b.

5) e

. Find the area of the region between the curve y = 4e* - 3e* and the x-axis from x=1to x=2.

. A particle moves such that its acceleration, a ms= at time t seconds is given by formula

2 ) Dy
a(t)= T+ 10t , t> 0. At 4 seconds, the velocity of the particle is 28 ms.
t

a) Find an expression for the velocity of particle at time t.

|
b) Hence, find the velocity of particle at #seconds.

k
Determine the value of k > 1 if I(1+ %de =3
AU 2



1-4 Warm Up

1. Find the equation of the curve with Z—z = x2 4+ 6x — 3 and passes through the point (3, 10).

2. Find the equation of the curve y = F(x) that passes through the point (1, 4) and satisfies

d
2= 9x2 — 2% 4+ 1.
dx

3. Determine the function, f(x), if f'(x) = sin(2x) — cos (;—C) and it passes through the point (g, —3).



Area Under a Curve

YA

The area enclosed between y = f (X), the x-axis, and the lines x = aand x = y =10
b
b is writtenas A= j f (x)dx and can be evaluated.
a
0 a b %

Example 1: The function fis defined by f(x) = x% —2x+15.
a) Draw the graph of y = f(X) for the domain —5 < x <10.

b) Shade the area enclosed by the graph of y = f(x), the x-axis, and the lines x = 0 and x = 5.

5
c) Evaluate the definite integral j f (x)dx to find the area of the shaded region.
0

d) Check your answer to part (c) using your GDC.

GDC INSTRUCTIONS:

For TI-S3:
Method 1: From the HOME SCREEN
1. Press @fnlnt(
2. Enter the function D enter the value of the lower limit D upper limit

Method 2: From the GRAPH
1. Enter the equation in the equation editor screen and graph the function.

2. Enter ‘Z”d‘ \trace\ \ 7 | , then enter the lower limit, press |[ENTER |, enter the upper limit, then press
ENTER|.




For TI-84:
Method 1: From the HOME SCREEN

1. Press @fnlnt(.

2. The screen will display the general definite integral for you to enter the limits of integration values, the
integrand and the variable you are integrating with respect to. Press ENTER| when you have entered all
the information to evaluate.

Method 2: From the GRAPH
1. Enter the equation in the equation editor screen and graph the function.
2. Enter ‘Z”d‘ \trace\ \ 7 | , then enter the lower limit, press | ENTER |, enter the upper limit, then press
ENTER]|.

Example 2: Find the area of the region enclosed between the curve y =9 — x? and the x-axis.

To determine the area enclosed between y = f (X), the x-axis, and the lines x = a and x = b where the

function is below the x-axis, the definite integral becomes: 4 = — f: f(x)dxorA = |f:f(x)dx|.

Example 3: Find the area between y = x3 —1 and the x-axis from x = —1 to x = 1.

20



Example 4: Consider the graph of the function f(x) = x3 —5x2 4+ 6x.
a) Draw the graph of y = f(x) over a suitable domain.

b) Determine the definite integral f03 f(x)dx.

c) Evaluate the definite integrals foz f(x)dx and f: f(x)dx.

d) Find the area enclosed between the graph of y = f(x) and the x-axis.

21



The function of f(x) = x3 — 7x% + 14x — 8 is shown to the
right. There are x-interceptsof x = 1,x = 2 and x = 4. '

The definite integral, A = fff(x)dx will give the difference /\
between the two areas on the interval [1, 4]. i

If the total area enclosed between f(x) and the x-axis is to be 1
determined, we need to split the integral using the points of

intersection between f(x) and the x-axis (i.e. the x-

intercepts). Then, we need to determine the definite integrals

using the intervals [1, 2] and [2, 4] as the limits. Finally,

adding the magnitudes of the definite integrals will determine the total area.

=~ Area = flzf(x)dx - f:f(x)dx or Area = flzf(x)dx + |f24f(x)dx|.

. If the area of the region bounded by the graph of y = f(x) and the x-
‘ axis is calculated by hand, then the parts above and below the x-axis
. heed to be considered separately.

If the area is calculated by the GDC, then the formula f;lf(x)ldx can

be used. The similar formula without the absolute value only gives the
correct answer if the entire graph of f is above the x-axis.

e b :
=-..- Note: To use the GDC to enter fa |f(x)|dx, the absolute value function needs to be entered. In the

integrand, press IMATH , arrow to the right to the CMPLX menu, select |5 |for 5: abs(, then enter the
function inside the absolute value sign.

Refer to pages 19-20 for full instructions on getting to the Integration option.

HORHAL FLOAT AUTO REAL RADIAN HP n HORMAL FLOAT AUTO REAL RADIAN HP n

¥ 2

T?Iﬂnljlﬁm [IZ®3 PROB FRAC L (I15°-sx2+6x | )ax m
2:reall
3rimaal
4:anglel(
EHabs(

6:rRect
7:rPolar
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Definite Integrals and Area under the Curve Problems

Sample Problems

1.

2.

10.

11.

12.

13.

Evaluate fosxz — 4x + 3 dx. What does this integral represent? [?

Foor——=—3 4+ 5

Make a sketch of y = x? — 4x + 3 and find the area enclosed between the x-axis, the curve, and

the lines x = 0 and x = 5. %

» Note: This would be the process you would have to use to evaluate f05|x2 — 4x + 3| dx.

The area enclosed by the x-axis, the curve y = Vix and the line x = k is 18. Find the value of k.
[9]

T
Jz cos(x) eSn@ gy [e —1]
Jy x2VaT + 5dx [SV5(26v26 - 1) ~ 327
Jy =dx [2vTFe-2VZ = 1.03]

e®—1

2 21x-1 '
f0(2x+1)ex *~Ldx [ -

~ 148]

fzs % dx [In(8)]

[FEDET g [2(VE - 1) ~ 1.46]

1 x2-3x+3

Find the area enclosed between the x-axis, the curve y = x* — 6x? + 8x, and the lines x = —1 and

x=3. [12]

Find the area enclosed between the x-axis, the curve y = x® + x? — 17x + 15, and the lines x = 0

and x = 5. [% ~ 79.1]

If f(—x) = —f(x) for all values of x, explain why [* f(x) = 0 for all values of a.
e Hint: Use a picture.

If f(—x) = f(x) for all values of x, explainwhy [ f(x) =2 [’ f(x) for all values of a.
e Hint: Use a picture.

23



1-5 Warm Up

1. Determine the anti-derivative, F (x):

a) f(x) = 12x3 — 9x? + 8x + 31 b) f(x) = 4sin(2x) + 5cos(3x + 1)

0) f(x) = —2eV3% + 2 d) f(x) = x*Vx3 + 2

2
x+1
2. Determine the integrals:

a) [ e°s™ sin(x) dx b) f—‘lr;(x) dx

c) [ /1 + tan(x) sec?(x) dx d) [ cos3(x) dx

3. A particle is accelerated in a line so that its velocity in meters per second is equal to the square root of the
time elapsed, in seconds. How far does the particle travel in the first hour?

24



Area Between Two Curves

In general, if f and g are continuous functions in [a, b] and f > g in [a, b], then the area between f and g
from a to b is the area under f - g froma to b.

b
A=[(f()—-g0()dx,  f(x)=g(x)
a

Procedure:
e Sketch the graph, if possible.
e Find points of intersection of curves to decide how many areas need to be calculated

YA

Example 1: Find the area between y = x2 +2 and y=X fromx=1tox=3.

Example 2: Find the area between the graphs y =4 — x2 and y= x2 -4,

25



Example 3: Find the area between the graphs y = sin(x) and y = cos(x) from x=0 tox = %

Example 4: Find the area between the graphs y =e™* and y = —x from x=—In2 tox=1In2.

= GDCINSTRUCTIONS

2. Note: To use the GDC to evaluate the definite integral, enter f(x) — g(x)
~ intheintegrand. Refer to pages 19-20 for full instructions.

HORHAL

I

Tn€2}

“In{z»

FLOAT AUTO REAL RADIAH HF

(™= -%))ax

1]
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The Area between Two Curves

So far, we have only considered areas bounded by a single curve and the x-axis. Sometimes it is useful
to be able to find areas bounded by two curves.

There are a few scenarios that you will have to consider when answering a question
1. Finding the area of a region between two curves
Ex) Find the area of the region bounded by the graphs of y = x2 4+ 2,y = —x,x = 0,and x = 1. [1—67]

2. Area of a region between intersecting curves
9

Ex) Find the area of the region bounded by the graphs of f(x) = 2 — x* and g(x) = x. H

3. Region lying between two intersecting curves
Ex) The sine and cosine curves intersect infinitely many times, bounding regions of equal areas. Find

the area of one of these regions. [2VZ]

4. Curves that intersect at more than two points
Ex) Find the area of the region between the graphs of f(x) = 3x® — x* — 10x and g(x) = —x? + 2x. [24]

toTy— — .

[

=XAZ+,

Y=Cos(X),

T 1 yEINNIXN 210
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Area of a Region between Two Curves

If f and g are continuous on [a, b] and f(x) = g(x) for all xe[a, b], then the area of the region bounded by
the graphs of f and g and the vertical linesx =aandx = b is

b b b
A =f flx)dx —f g(x)dx =J [f(x) — g(x)]dx

In order to do these problems, you must
1. Find the intersection points of f(x) and g(x).
2. Determine when each curve is above the other in the specified interval [a, b].
3. Write down separate integrals to calculate the area where appropriate.
4. Calculate each integral and find the total area.

For difficult polynomial problems (case 4), the best tool for completing steps 1-3 is by solving
f(x) = g(x) using an interval table
o TIe) Create an interval table to solve [f(x) — g(x)] = 0. In doing this, you will find the x-values
where f(x) and g(x) intersect. When you get +, this means f(x)>g(x) and when you get -, this
means f(x)<g(x). This allows you to set up your integrals properly.

ESEESSSE==Ese Sne=ERhllil PO AN
= \ﬂ/ | N X EE \/\
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Sample Problems

1.

Find the area enclosed between the graphs of y =2 —x and y = 12 — (x — 2)? [%]

Find the area enclosed by the graphs of y = ¢* and y = x?, the y-axis, and the line x = 2. [ez - %

Find the area enclosed between the graphs of y = 2 cos(x) + 1 and y = 1 — 2sin(x) where 0 < x < 7.
[4v2]

e Hint: you will have to solve tan(x) = —1

Find the area enclosed between the graphs of y = x* + x and y = 2x where —2 < x < 1. [14—1]

Find the total area enclosed between the graphs of v = x(x —4)? and y = x? — 7x + 15. [§]

The area enclosed between the curve y = x? and the line y = mx is % Find the value of m if m > 0.

[m = 4]

28



Warm Up

1. Determine the area of the region boundedbyy = —xandy =x?> +2,x =0andx = 1.

2. Determine the area between the curves f(x) = x — 1and g(x) = x? + 3x — 4 fromx = —5tox = 2.

\

5

29



1-6 Warm Up

Determine the integrals:

d
a) [ 25 dx b) [ =
c) f(x:%)sdx d) [ sin(x) (1 — sin?(x)) dx
Evaluate:
a) [, (2x® = 3x% + 7x + 2)dx b) [, g—mdx

Determine the area below the curve y = x% + 6 between x = 1 and x = 4.

Determine the area enclosed between the curve y = x3 — 3x2 — 10x and the x-axis. Verify your answer

using the GDC.
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Yolumes of Solids of Revolution

. . . YA
A cylinder, a cone and a sphere are all examples of solids of revolution,

which are shapes formed by completely rotating a line or a curve about a
fixed axis. The volumes of these shapes are called volumes of solids of
revolution.

To get a solid of revolution, we start out with a function,

y = f(x), on aninterval [a, b]. il
We then rotate this curve about a given axis to get the surface of the solid y=£(x)
of revolution. For purposes of simplicity, we will rotate the curve about }
the x-axis, although it could be any vertical or horizontal axis. Doing this
to the curve will give the following three-dimensional region.

To find the volume of the solid of revolution, we can slice this solid into
many disks from [a, b]. Each disk will be cylindrical in shape where the
volume can be determined by the general formula, V = mrr?h. Each disk YA
in the solid will have a radius of y and thickness of dx.

The volume, V, of the disk is given by: V = my?dx

Volume, V, of the whole solid is the sum of all such disks from

X = atox = b.
b
V=zny2dx
xX=a

yA
The smaller the disks the solid is divided into, the closer the value is to the
actual volume. In other words, we want x — 0.
V= lirr(l)nzgzayzdx or |V =x[y“dx X
X— a
> <
dx

For example, determine the volume of the solid obtained by rotating the
region bounded by y = x2 — 4x + 5, x = 1, x = 4 and the x-axis about the x-axis for 27 radians.

y=x2—4x+5

y=x%2—4x+5

: I
3

e




In this case, the radius is the distance from the x-axis to the curve, which is the same as the function value at
that particular x. The cross-sectional area is then,

A(x) = n(x? — 4x + 5)2
= m(x* — 8x3 + 26x? — 40x + 25)

Next, determine the limits of integration. From left to right, the first cross section will occur at x = 1 and the
last cross section will occur at x = 4. These are the limits of integration.

The volume of the solid is then,

4
V= rtf (x* — 8x3 + 26x% — 40x + 25)dx
1

4

= n(%x5 —2x* + 23—6x3 —20x% + 25x)| 1

_787t
T s

Example 1. Find the volume of the solid formed when the area between the curve y = x? +1 and the x-axis
fromx = 1tox = 3isrotated through 27 radians about the x-axis.

A
v
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Example 2. Find the volume of the solid formed when the region enclosed by the curve y =+/Xx+2 is
completely rotated about the x-axis between x = 2and x = 7.

A

You can also rotate the area between 2 curves about the x-axis to form a solid.

In this case, the formula for the volume of the solid of revolution becomes,

b
Vv =7zj[(g(x))2 —(f(x))z}jx , where g(x) > f(x)
a

v
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Example 3. The area enclosed between the curve y =4 —X
axis. Find the volume of the solid generated.

2

and the line y =4 —2x is rotated about the x-

A
v
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Volume of Revolution about x-axis Problems

1

2.

3.

Find the volume of the sclid of revolution generated when the area described is rotated about the x-axis
a. The area between the curve y = x> and the ordinates x = 1 and x = 3. [207]

b. The area between the curve x? + y?> = 16 and the ordinates x = —1 and x = 1. [%n

¢. The area between the curve y = (2 + x)? and the ordinates x = 0 and x = 1. [2—;171'

Consider the region enclosed by the curves y =+/x, y = 6 — x, and the x-axis. Rotate this region about the x-axis and find
the resulting volume. [32?”]

4 6
\ 8f V= rrf [\/E]de + ITJ [6 —x]?dx
~ 0 4

o
T

r
\
\

I
[}
(%]
-k
Y,
®

Let R be the region in the first quadrant enclosed by y = v'x — 1, y = x — 7 and the x-axis. Sketch the region. Rotate R
about the x-axis and find the resulting volume. [%rr]

- ver| W= dx 4 [ V=T - e - 717
3 - 1 7

4. Let R be the entire region enclosed by y = x? and y = 2 — x? in the upper half plane. Sketch the region. Rotate R about the

x-axis and find the resulting volume. [%n]

1
V= T{f [(2=x5)% = (x*)?]dx
-1

5. Sis the region enclosed by y = —x? + 2x + 3 and y = 3x — 3, the y=axis, and the x-axis in the first quadrant. Rotate S

about the x-axis and find the volume. [—3"1:’]

[ - 1 2
e P V= th [—x2 + 2x + 3]%dx + T!'J [(=x* + 2x + 3)% — (3x — 3)?]dx
0 1
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Review Warm Up

Determine the following indefinite integrals.

a) f7x9dx b) f*/5x7dx 0 fCOS(‘l-x _ l)dx
d) [ s 0 e) [ %G sin(3x) dx

Evaluate the following definite integrals.

a)fo2 > dx b) f03x\/25 — x2dx

(2x+1)2

Find the equation of the curve y = f(x) whose tangent line has a slope Of% = x — sin(mx) if the

curve passes through the point (1,%).

Find the area, A, of the region bounded by the graph of f(x) = e~?* and the x-axis, between x =
In(2) and x = In(3).

. The region enclosed by the graph of the function f(x) = /x sin(x) between x = 0 and x = 7 is
rotated through 2m radians about the x-axis to form a solid of revolution.

d (1 1 . 1 .
a) Show that— (Z x? — Zxsin(2x) — < cos(Zx)) = xsin?(x)

3
b) Hence, show that the volume of this solid of revolution is ”T units3.
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MCV4UE Relax.....Review
Integral the following

Note: #2, 6, 12, 13d, 17 and
20 are not part of the course.

1) j \/ﬁdx 2) Icot Jese? (x )dx

3) Icos )(sin(x) +7)%dx )j(x _:;;l G

5) [ tan(x) dx 6) jlf;sn

7) [3xe”dx 8) j( 6“%};&

o) (2] (xe) d 10) jsec(\/;\)/?n(\/;)dx

12)  Solve the initial value problem. % =6xe" + Vv 6xe" 1(0)=0
X

13) Evaluate the following definite integrals without the use of your calculator.
a) _[483‘“dx b) Iﬂ(cos 2x+6x7 —inx
1 0 x+1

) jf["zx_l}dx ) [ 10~ xfdx

14)  Figure below shows triangle AOC inscribed in the region
cut from the parabola y=x*by the line y=a*. Find the ratio of
the area of the triangle to the area of parabolic region.

K
o

15)  The function f, defined by
£ =6+ cos(iJ + 3sin[1}, is used to model the
10 40

acceleration of a plane, in miles per square minute, for
0<7r<40. According to this model, what 1s the
velocity of the plane at r =23 , if v(0) = 7mile/ min? 5L

37



16)

17)

(a)
(b)
(c)
(d)
(e)

18)

19)

20)

21)

(a)
(b)

Find the area of the region bounded by the curves y = cos(2x), y =sin (x) ,X = —% and x =—.

(Calculator) Let g(x)= 2xe"™ +x* —8 as shown at right. Let frepresent
the position of a particle on a number line. Define fas

follows: s(r)=5+ J.j g(x)dx for time 0<7<8§.

When is the particle moving to the left?

Write the equation for the line tangent to the graph of s at time 7 = 3.
Use your tangent line to approximate the position of the particle at time = 3.1.
Where is the particle at time # = 77

How far has the particle travelled in the first 7 seconds?

Let f'be a function with the following properties:

D) £ =ax’ +bx i) f'(1)=6 iii) £"(1)=18 ) [*fde=18
Find an algebraic expression for f(x).

The region bounded by the curve y =x* + | and the line y = -x + 3 is revolved about the x-axis to
generate a solid. Find its volume.

Let / and g be the functions given by /(x)=1+sin(2x) and g(x)=e"?. Let R be the shaded

region in the first quadrant enclosed by the graphs of fand g as shown in the figure below.

(a) Find the area of R. y

(b) Find the volume of the solid generated when R is revolved 1 v=r
about the x-axis.

(c) The region R 1s the base of a solid. For this solid, the cross
sections perpendicular to the x-axis are semicircles with

diameters extending from y=f(x) to y=g(x). Find the

volume of this solid.

Two runners, 4 and B, run on a straight racetrack for 0 <7 <10
seconds. The graph below, which consists of two line
segments, shows the velocity, in meters per second, of Runner 0
A. The velocity, in meters per second, of Runner B is given by

. 24¢
the function v defined by w(r) = ——.
2t+3

A

(3. 10) (10. 10)

Velocity of Runner 4
(meters per second)

(0, 0) g

Time (seconds)

Find the velocity of Runner 4 and the velocity of Runner B at time 7= 2 seconds. Indicate units
of measure.

Find the acceleration of Runner A and the acceleration of Runner B at time 7 = 2 seconds. Indicate
units of measure.
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