Riemann Sums

In previous work we have used equal widths for the

rectangles used to estimate area. This Is not neces

Find the area bounded by f(x), the x-axis, from 0 to 1. If

f(x)=+/x and the right endpoint is at x = i2/n2,
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Riemann Sums

If $x; is the width of the i*" subinterval on interval [a,b]
and x' is any point in the i subinterval, then the sum

n
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=1

Is called the Riemann Sum for the interval.



Definite Integral

n b
LimitEf(xf) f(x)d{

i=1 a

The Definite Integral is a number.

The Indefinite Integral is a family of curves.



1

Ex: Evaluate: 2 Xdx )
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Definite Integral as Area

If f(X) 1s continuous and nonnegative on the closed interval
[a,b], then the region bounded by the graph of f, the x-axis,
and the vertical lines x=a and x=b Is:

_"ab f (x)dx

1. Gaps give infinite area.

2. Negative ordinate results in a negative product.



Properties of Definite Integrals

f(x)dx 0

J‘f(x)dx—.‘. f(x)dx

b
f(x)dx—j f(x)dx +j f(x)dx a<c<b

jkf(x)dx kj- f(x)dx
b : b b
j [f(x)tg(x)]dx:j f(x)dxtJ- g(x)dx

If f is integrable and nonnegative on [a,b]:j f(x)dx >0

b

b
If f(x)<g(x) for every x on [a,b], j f(x)dx <j g(x)dx

a






21. Given the following definite integrals find the indicated

Integrals. 5 7
j f(x)dx =10 J- f(x)dx =3

0 5

b f(x)dx =-10

;
a. I f(x)dx =13
0
J-O
5
c. j f(x)dx =0
5
d. J-Bf(x)dx =30

5
5
0



22. Given the following definite integrals find the indicated

Integrals. 3 6
j f(x)dx =4 J‘ f(x)dx =-1

0 3

f(x)dx =3

b. fx)dx =
fx)dx =
d. 5f(x)dx =5
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23. Given the following definite integrals find the indicated

Integrals. 6 6
jf(x)dleo J.g(x)dx:-z

2 2

6
a. I[f(x)+g(x)]dx =38
2
6
b. j[f(x)-g(x)]dx =12
2

6
C. jzg(x)dx = -4

2

6
d. J-Sf(x)dx:30

2



24. Given the following definite integrals find the indicated

Integrals. 1 1
J‘f(x)dx:O J.f(x)dx:5

-1 0

f(x)dx = -
f(x)dx — j f(x)dx =10

3gix)dx =0

d. 3f(x)dx =15
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25. Evaluate by the limit definition. j 6dx
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26. Evaluate by the limit definition. j xdx
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27. Evaluate by the limit definition. j X dx
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28. Evaluate by the limit definition. j
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29. Evaluate by the limit definition. j (X2+1)dx
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30. Evaluate by the limit definition. j 4xdx
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Express the limit as a definite integral on the interval [a,b].

LAlmltZAéGc +1e0),5 ; [ ] :I (3x +10)dx
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In exercises 39 - 42 connect the figures with <, >, or =, If the
Interval [1, 5] has been partitioned into n subintervals of equal
width, Ax, and x; is the stated point in the subinterval.

39. Left endpoint

I 5

Zf(xiﬁxi > jf(x)dx
1

I=1

40. Right endpoint

I 5

Zf(xiﬁxi < jf(x)dx
1

I=1

41. Midpoint

I 5

Zf(xiﬁxi < jf(x)dx
1

I=1

y
A
o
5 <+
4 -
3“__
2_..
]_u_
——t—4——tx
_ 1 2 3 4 5 6
42. T Is the average of 39-41

5
T S J‘f(x)dx

1



43. Evaluate each definite integral using geometric formulas.

2
a.J‘ f(x)dx = -TT
0

b.

(4,2)

d.

)
j f(x)dx = -(1+27)
)

6
f(x)dx = 3-2 T e.j [f(x)+2]dx =23-2 Tt

4



44, Consider the function f that is continuous on the interval [-5, 5]
and for which the area under the curve from [0, 5] is four.
Evaluate each of the following definite integrals.

S
a..[ [f(x)+2]dx = 14
0

3
b.J- f(x +2)dx = 4

-2

5
c.-‘- f(x)dx =8  If xis even.

-5

5
d.j f(x)dx=0  If xis odd.

-5




Determine what value best approximates the definite integral.

4
45, j Jxdx= 5
0

1

46. J‘24COST€X dx= 4/3

0




In exercises 47-52 state If the statement iIs true or false. If false,
explain why or give a counterexample

b b
47. [f(x) +g(x)]dx = j f(x)dx + j g(x)dx  True: one of properties

a

b b b
48.—“ [f(x)g(x)]dx:“‘ f(x)dx}“‘ g(x)dx}
2 1 2
False CE:jo[xf dxl“ }“ \/_dx} s*5%3

49. If the norm of a partition approaches zero, then the number of
subintervals approaches infinity. True

a

50. If fis increasing on the interval [a, b], then the minimum value
of f(x) on [a, b] isf(a). True



b
51. The value of j f(x)dx must be positive. False

a

b
52. If j f(x)dx >0 then fIs non-negative for all x in [a, b]. False

a



57. Determine if the function below is mtegrable on the mterval

1
[3,5]. Explain. fxx)= =
No. The discontinuity atx=4 | : :
results in an infinite area. ﬁ :

58. Determine if the following function is integrable on the
Interval [0, 1]. Explain.
{1 X is rational
f(x) =

0O xisirrational

No. There are an infinite number of rational and irrational
numbers on any interval regardless of the length of the
Interval.



2
60. Evaluate, if possible, the integral: j [x]dx
0
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