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5.1 Area Using Finite Sums/Riemann Sums

Georg Riemann's
Thought

Riemann watched sand drain from a sand bag that had a sizable hole
in one of its corners. He estimated that the flow rate was
approximately r(t). He challenged himself to determine the amount of
sand that drains from the bag during a given time period - for
example, between 1 and 6 seconds

9

c@ =Jlo-% , o= t=/0. (02/5e)

If r (t) were constant, say r(t) = 3 oz per sec, then
this problem would be EASY.

V(#) =t

C(#)=3

+ime
In this EASY scenario, Volume of

sand is the area of blue rectangle.
V: (3 OZ/SCC->(“6‘ - | $€C>
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Unfortunately, Riemann's Scenario
does not have a constant rate of flow.

(ﬂ il =

-A‘mauﬂ'll' = ar<fa

! c(#)=Jio-2

The answer is the area of the shaded region;
but, how does one find this area?
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The sum of the areas of each rectange would overestimate

the area under the curve. It is sometimes called the lower

sum because the estimate would be an underestimate if the function

were an increasing function.‘
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C(x), r(3), riy),

N c(s), (&
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r(2)+ r(3) +r(¥ +c(s) + I‘(G) =

VT +(7 + 76 + 15+ {¥ &

N="7208
12.79123269
x la, l‘ Done

T8I L7 I+ 6+ (5)
108.15973616

e 222193736186,
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CI_ = ?K.o < >< i < ><‘2 < .., < ¥ n = lg

XA'.HAX' = AX

A

/ Trapezord Method

|3.16 +1&.16 )
= —— = |R.66
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Midd le Su.m TQCL\ m'bae.
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™
A=71
B=76
N=75
12.67812672
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Calculator Programs and built in

calculator program (Simpson's Rule).

L,R OR M Flatl Flatz Flet2
M ENY1ER(10-%) ”i:?gﬂa
=71 ENY 2= “max=10
B=7& ENY 3= necl=1
HN=75 ENYa= Ymin=-1
12.67012672 ENYs= Ymax=d4
oo Done. NYe= ¥scl=1
AN 7= _
N Xres=1
:\E:; ak=.03787878787878

TraceStep=. Q7575757975757
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In a subsequent section, we will find that the EXACT area

underneath a nonnegative continuous function on
(a, b) is F(b)- F-(a) where F'(x) = f(x). F(x) is called an
antiderivative.(Seetion 4.7)

For our Prola,em FO) = Jle=-%x eon E' ‘]
IS F_L)() = T2 L'o- ) KO an an‘f‘, Jel‘u/c*'\VC

F (x) - -—-.-3‘- ()o -x) (- 1)
- (-.)(;o-x)‘f (- = N70-% .

Yes.
Thus, Area = F(G) - F).

Flo: 2 (-0 ¥ - T
FQY) = A(p-p%h= 277 = 50777

FLe)-FO) - ‘%-* 3

\‘2 ol
.,.\::
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Theorem: T § ) =0 is5 continuous on Ca,t]

+hen +he area under *he turve is Fb) - F(a)
Where F'(X) = .’:(x).

Quasi Proof ® (=,n>es) 0 Iwc:m
We have seen that area  AX Z;‘(’és

A=O

b2 a=¥,<x%,<..<%,=b. A%F°

)
T F'ex)= $(X) then

— im F(x +ax)-F® ¥, = %4 8K
;(%) T ax>o AX

where A% =

. .4 B%) = F O
A

n=>00

. El‘-‘(x,, ¥ oxX) - F'(*A__} D
&30

= F (%o 68~ F 589 F(x, # 645- F (x)
F(xa+ X)) - F(x) + F(X +ax) = F(¥%;)

Fx f -lL- l;)x) = L;‘.- )+ F'(x,,?;‘#ﬂ) -Flx,.)

= F (%)~ TR + F(xa) - P’é‘”ﬁ“"’
F‘(x,) F( ’) ¥ F'(x.,.)' F‘(x,)+

F (Hns) - F (e + FOB) - F (%)
= F(b - Fa),
QE D
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Ex. Lstimate arc: under
(4
§(x) = sinx on [0/ ] using
l.’ f‘ec"‘av\a, 'es \lSa‘us ,ouer ':: Upper Sums.

-0 ar
Ax=:Z.T‘""

r 3w o
X,20, %= 75, Y27 g, YXsT 7w, 4 2

|+ Ax BX éF(x;) = 5 (Siw +sin g Sin ’5“'"33

HORHAL FLOAT AUTO a+bi. RADIAM CL n
o~ nA8(sin(@+sin(n B8l+sinn”
o'7q 4)+sin(3ns8))
e A L2 01 862681
[ ]

J ]

HORHAL FLOAT AUTO o+bl RADIAM CL
z n/8(sinl(n 8 +sin(ns4)+sind
3ns8)+sin(nr2))

e 22183465342

HORHAL FLOAT AUTO a+bl. RADIAH CL

CHLC INTEGRAL OVER IMTERVHAL

note: £(x) = sinx
F(x) = ~cCosx

A= FC"‘E) - F(o)

8.1.57079631 - - cos (‘L:;) - (-cas(o))
o - (-0 =(1
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