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The Fundamental Theorem of Calculus, The Fundamental Theorem of Calculus,
FTC1 FTC 2

If f is continuous on [a, b], then

If f is continuous on [a, b], then
the function g defined by

X b
9= | f©dr  asx<b | e = Fo) - F@

is continuous on [a, b], and differentiable on Where F is any antiderivative of f, thatis, a
(a,b),and g'(x) = f(x). function such that F’ = f.

We saw in Section 5.3 that the second part of the Fundamental Theorem of Calculus
provides a very powerful method for evaluating the definite integral of a function,
assuming that we can find an antiderivative of the function. In this section we introduce
a notation for antiderivatives, review the formulas for antiderivatives, and use them to
evaluate indefinite integrals.
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Because of the relation between antiderivatives and integrals given by the Fundamental
Theorem, the notation [ f(x)dx is traditionally used for an antiderivative of f and is

called an indefinite integral. Thus

@® A definite integralf;f(x)dx isa

@ Anindefinite integral [ f(x)dx isa
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Table of Indefinite Integtrals__-:_;:;_

QD [+ g = | fedx+ | geoda

@) | eomar=c| s @ [ emax=

@ jkdx= @ ]bxdxz

@ fx"dx: @ j%dx=
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_Table of Indefinite Integtrals =

s

@ jsinx dx = @ fcosxdx=

@ jseczx dx = @ fcsczx dx = —cotx+C
@ ]secxtanx dx = @ fcscxcotx dx =— cscx+C

1 1
= — ojn—1
O, Jx2+1dx 0, jmdx sinx ¢

@ jsinhx dx = @ fCOShX dx =
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cos kx

Qfsinkxdx=— 2

ink
O Jcoskx dx = smk * + C
tan k
i) fseczkxdx= an x+C
kx
hk
L) jsinhkx dx = COSk * +C

sinh kx
choshkx dx = p +C
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Example (I Evaluate the following Exomple (2): f cos® g

sin?0

j(le4 — 2sec®x ) dx

3 . 3 3
Exaw\P\e (3): j (x3 — 6x)dx F’XO‘W‘P\Q (4 J <2x3 — 6x + o 1) dx
0 0



EXQW\P\Q (5): Exevcise (37

j92t2+t2ﬁ_1dt j% 1+ cos?6
1 t? o  cos?8
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Reca\l That:

_ veloct - acceleration
s , G|
Cac| Py | & £/ 2|

s(t) 2 s =v) 2 v = a()

antidevrivative antderivative
a(t) > vt > s(t)
G Gacl
PYa| oep
Displacement Velocity Acceleration

antiderivative antiderivative

s(t) = Jv(t)dt v(t) =ja(t)dt

\V\‘\'egvoﬁ'\ow = f \vd'egm‘\"\ov\ - f

9 Dr. Rola Asaad Hijazi



) ——

Net Change Theorem
APP_\'\CQ‘\"\OV\ ‘o‘F the FTC 2
Reca\l That: FTC2

b
If f is continuous on [a, b], then L f(x)dx = F(b) — F(a) Where " =7
L

b
So the equation can be rewritten as: j F'(x)dx =F(b) —F(a) “ the change
a y when x changes

from ato b

vepvesevd's the vate of
c\r\o«vxge of y=f(x) w. v. ¥. x

- Net Chqnge'_'l_'heoreng}:

e

The integral of a rate of change is the net change:

Net c\nomge W

b
fa F'(x)dx = F(b) — F(a) 1 quontity
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Displacement verses Distance traveled

@ !f an object moves along a straight line @ The distance of the object travels (_:Iuring
with position function s(t) , then its the time interval, we have to consider
velocity is v(£) = s'(t), o the intervals when v(t) = O(the particle

moves to the right) and intervals when
b b v(t) < O(the particle moves to the left).
fa v(t)dt = L s'(t)dt = s(b) — s(a) In both cases the distance is computed

by integrating |v(t)],

is the net change of position, or displacement,

b
of the particle during the time period from a to f |lv(t)|dt = total distance traveled
b. a

+

i ~)| 700l Fulu 705 - to 70C o uasl 7o)l |
g o) DRl 2l 2o Coo 2olo paol 22 Al

| e ‘3 ) I
DA ‘ ] vit)

Y

~

D.\SP\QCQW\QV\'\' = A1 _A2

distance = A;+A4,+4;

+A5 L
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Reca\l Thaot:
\'—«3 = Al d.o@/

I
Pos'\‘\“\OV\ s(t) = jv(t)dt

Nelocty function or position function cddy 4.9 has C:!U’c_'f; ©
e Ay @236 s o @3] Cr Ol Copg i Copi . Copedess Cpiogmin o @)

\ disp
’ b
j v(t)dt = s(t)| q=Sb) —s(a)

lacement z=1/))l

b
J lv(t)|dt =T.D.T
a

Jf - ‘3
k\_*'g_&;o),ugfa‘n O —

o+
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12 Dr. Rola Asaad Hijazi



@ The acceleration of the object is a(t) = v'(t), so ©® | v = j a(t)dt

b b
j a(t)dt = j v'(t)dt = v(b) — v(a)
a a ® |st) = fv(t)dt

is the change in velocity from time a totime b .

© | DT=[lv(®)ldt

Example (6):
A particle moves along a line so that its velocity at time t is

v(t) =t? —t—6 (measured in meters per second).

(a) Find the displacement of the particle (b) Find the distance traveled during this
during the time period 1 <t < 4. time period.



Exevcise (6]):

The acceleration function (in m/s?) and the
initial velocity are given for a particle moving
along a line. Find

(a) The velocity at time ¢.

(b) The distance traveled during the
given time interval.

a(t) =2t+4 v(0) =35, 0<t<10

Q

Q

Q

Reca\l Thaot:
v(t) =fa(t)dt

s(t) = jv(t)dt

DT.= [|v(t)|dt




