Calculus Lesson 443: Fundamental Theorem of Calculus,
Accumulation functions, Total Area

The Accumulation Function: writing a formula for the area from a constant to a variable, x:

General Equation:! (1) = [ f(O)!"
NOYNIRIEL
G(x) = F(x) = F(a)
Details:
¥ G(x) tells you the accumulated values on F(x) on the interval [a to X]
¥ Graphically, G(x) is finding the area under the curve of f(x) on the interval [a, X]
¥ The units of G(x) are the same as F(x).
o Example: f(x) in m/s F(x) & G(x) inm
o Example: f(x) in m3/min F(x) & G(x) in m3
¥ If f(t) represents a velocity function, then the integral will represent the total
displacement from a to x. The function F(x) will accumulate the displacement...
¥ Given a velocity function or graph, the area on [a, b] is the total distance traveled

on [q, b]

Example Letf(t) =x2+1 Create an accumulation function fromt=11ot=x

Write an equation that will calculate the area
from ’rheI constant 1 to the variable x:!

FOTN I

XX [i—!!! t]

NI NN

a | x S s

Plugging in a value for x tells the area from 1 to
2 that number.




Example

The velocity of a caris described by the equation v(t) = .3t + 2 units: m/s

a. Write a function called g(x) that accumulates the distance traveled from time
t=1 to x.

b. Use the function g(x) to find the total distance travelled since time t=1 to t=3.

c. Graph g(x). What does g(2) tell you? What does v(2) tell you?

d. Find the rate of change of g(x) as a function over time [find d/dx]. What does
a'(2) tell you?

Problem 1
The velocity of a caris described by v(f) =-(t=1)(t+ 1)(t-3)(t-7) =21 on [0, 8] units: ft/s

a. Integrate v(t) on [0, 8]

b. Describe the meaning of your answer to part a in the context of the question
and include the units of your answer.

c. Whatis the difference between the area above the t-axis and below the t-axise

d. On the interval [0, 8] does the car end up ahead (positive displacement) or
behind (negative displacement) the starting place?



Total Area
Technically, it is impossible to have negative “area”.
Method 1 - Break the curve at the roofts, find the area of each region, add them up.

Method 2 - Place absolute value bars around the function and integrate.

Example s

Find the Total Area between the x-axis and the curve y = 3sin(x) + 2 from [0, 5.55]

o
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77. The regions A, B, and C in the figure above are bounded by the graph of the function [ and the x-axis, If the

3
arca of each region is 2, what is the value of J_3 (f(x) + 1)dx ?

(A) 2 (B) -1 ©) 4 D) 7 (E) 12

Tom is running and his velocity in ft/s is described by v(t) =1+ 3. How long will it take Tom
to run a total distance of 8 feet?



Problems

X
160. The graphof y = f f(@)dt, where fis a piecewise
0

constant function, is shown here.
y
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a. Over which intervals is f positive? Over which
intervals is it negative? Over which intervals, if
any, is it equal to zero?

b. What are the maximum and minimum values of f?

c. What is the average value of f?

161. The graphof y = f f(®)dt, where fis a piecewise
0

constant function, is shown here.
y

a. Over which intervals is f positive? Over which
intervals is it negative? Over which intervals, if
any, is it equal to zero?

b. What are the maximum and minimum values of f?

c. What is the average value of f?

Find the accumulation function for the area between the limits of integration.
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O=f11'1 11" and0<c<10 Find ¢

o=f ¢! =11 and c<10 Find ¢
)I
h
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22. The graph of f”, the derivative of f, is the line shown in the figure above. If £(0) = 5, then f(1) =
(A) O (B) 3 ©) 6 (D) 8 E) 11

[Calculator]

heit {°F), is taken out of an oven and placed in a 75°F

l i ted to a temperature of 350 degrees Fahren
I " ~04¢ jeprees Fahrenheit

room at time 7 = 0 minutes. The temperature of the pizza is changing at a rate of -1 Isz
per minute. To the nearest degree, what is the temperature of the pizza at time £ = 5 minutes?

(A) 112°F (B) 119°F (C) 147°F (D) 238°F (B) 335°F
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85, If a trapezoidal sum overapproximates -[0 £ (x) dx, and a right Riemann sum underapproximates jo [(x)dx,

which of the following could be the graph of y = f{x)?
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88. On the closed interval [2, 4], which of the following could be the graph of a function J° with the property that
4
g o =1
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Given:
X 2 5 7 8
f(x) 10 30 40 20

Using the intervals [2, 5], [5, 7], [7. 8], approximate f!! fir Using the tfrapezoidal method.

What is the average value of | t2—-1/313 over the interval -2<t<1¢

1)1 '{:::::Z :: : :} Find f, ! ()Y and [ Q)
forer =6 and [ 1" =11then [ 1) =

[Calculator]

83. The velocity, in fUsec, of a particle moving along the x-axis is given by the function v(r) = e' + te'. What is the
average velocity of the particle from time ¢ = 0 totime f = 37

(A) 20.086 fi/sec

(B) 26.447 ft/sec

(C) 32.809 fi/sec

(D) 40.671 fifsec

(B) 79.342 ft/sec
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Calculus Lesson 443: Fundamental Theorem of Calculus,
- Accumulation functions, Total Area

The Accumulation Function: writing a formula for the area from a constant to a variable, x:

General Equo’ridn: G(x) :“f;f(t)dxt
| G() = [F(OI
G(x) = F(x) = F(a)
Details:
«  Glx) tells'you the accumulated values on F(x) on the interval [a to x]
«  Graphically, G(x) is finding the area under the curve of f(x)-on the interval [a, X]
¢ The units of G(x) are the sdme as F(x). o A
o Example: f(x) in m/s F(x) & G(x) inm.
o Example: f(x) in m3/min F(x) & G(x) in m3
o [ f(t) represents a ‘i/elocﬁy function, then the integral will represent the total
“displacement from a to x. The function F(x) will accumulate the displacement...
= Given a velocity function or graph, the area on V[CI, b] is the total distance traveled

on [a, b]

Y

Example Letf(t)=x2+1 Create an accumulation function fromt=1fo t = x

Write an equation that will calculate the area
ity L from the constant 1 to the variable x:

G(x) = 1f(tz A+ 1)xdt
G) = Et3 4 t]

1

] G(x):§x3+x— %13—1

4
¥ E G(x):él-xg’-!—x—g

Plugging in a value for x tells the area from 1 to
2T - that number.
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The velocity of a car'is described by the equation v(t) = .3t + 2 unifs: m/s

“a. Write a function called g(x) that accumulates the dls’ronce traveled from fime
=1 fo x. 9(){):37(('3671_90/5 - 5 -I-Z‘él - (l(x +z&> (LK(’ *}-'Z[/)>
: 9&)- 1S % “pox =218
b. Use the function g(x) to find the total distance fravelled since time t=1 to {=3.
(3) - s F23) =205
9(5> 5.2 m

c. Graph g(x). What does g(2) tell yous What does v(2) tell you?
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d. Find the rate of change of g{x) as a function over time [find d/dx]. What does
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Problem 1
The velocily of a car is described by v(T{) - -1 ity 9{) 3)(t=7) - 21 on —[g 8i u\r::r; /:‘1;/’5 |
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b. Describe the meaning of your answer to part a in the contfext of the question
and include the units of your answer.
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c. Whatis the difference between the area above the t-axis and below the t-axis¢
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d. On the interval [0, 8] does the car end up ahead (positive displacement) or
behind (negative displacement) the starting place?
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Total Area
Technically, it is impossible to have negative “area”.
Method 1 - Break the curve at the roots, find the area of each region, add them up.

Method 2 —Place absolute value bars around the function and infegrate.

Examples

Aﬁ Fmd the Total Area between the x-axis and the curve y = 3sin(x) + 2 from [0, 5.55]

§257 2uls) +2 |l
[4.087

Lo
%
Ry

h?? Tha regions 4, B8, and € in the figure above are bounded by the graph of the func(mn f ind the x- am I the
sg & b e -3 $ -

area of eucli region Is 2, what is the valug of j_3 (Ffla) & Dds? = S wF(?g)éz,{)(‘ - S I 0{ x

A =2 @y -1 @ ™ 7 (E) 12 | / |

. | | Gyare)t %L
2 4 (3)( «zD

Tom is running and his velocity in ft/s is described by v(f) =1+ 3. How long will it take Tom
to run a total distance of 8 feet?  male. s acceen - Fon .
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Problems
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The graph of y = /;) f(dt, where fis a piecewise 161. The graph of y = ./;) Sf@dt, where fis a plecewise
constant functon, is shown here. g 3 - constan£ function, is shown here
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¢. What is the average value of f? ) 7Y . What is the average value of f? Maxzc 2
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Find the accumulation function for the area between the limits of infegro’r’;?h.
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Problems
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. is taken out of an oven atd placed ina 75°F
—1102™"Y deprees Fahrenheit

a Leroperature of 350 degrees Faheenheit (°F)

es. The temperature of the pizza is chan ging at a tate of
res, what is fhe temperature of Lhe pizea al lime 7 = § minutes?

() W7T°F (D) 238°¥ (H) 335°F
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which of the following could b» 1 wmph of ¥ = J{x}?
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Given:
X 2 5 7 8
f(x) 10 30 40 20

Using the intervals [2, 5], [5, 7], [7. 8]. opprox:mo’ref f(x)dx Using the trapezoidal method.
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What is the average value of 412 - 1/313 over the interval -2 <t< 12
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[Calculator]

3 3 F 177 = al A ot 1 o
moving aloug the x-axis is given by the function p(t) = e' -+ fe', Whut is the

e = |

59, The velecity, in fWsec, of a particle :
average walmry r:sft e putticle fram time ¢ = 0 totime £ - < 37

3) 2.4"/ ﬁ!s;ﬁc - 5{6 +{e )7/-6

{C) 32.809 fitsec

(L) 40.671 fusee | 31. /5@ 25 7> - Zﬂ 054

(F) 79.342 fifsec




