4.1.1
4.1: Antiderivatives and Indefinite Integration

Definition: An antiderivative of f is a function whose derivative is f.

i.e. A function F is an antiderivative of f if F'(x) = f(x).
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Example1: X ~ 6')(, e is an antiderivative of f(x)=3x*+5.

What are some more antiderivatives of f (x)=3x*+5?
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So we have a whole “family” of antiderivatives of f. Sr-qwu\%'_ l CZQ\ X 6—(“( Q_;

Definition: A function F is called an antiderivative of f on an interval I if
F'(x)= f(x) forall xinI.

Theorem: If F is an antiderivative of f on an interval I, then all antiderivatives of f on | will be
of the form

F(x)+C

where C is an arbitrary constant.

Example 2:  Find the general form of the antiderivatives of f(x)=3x>+5.
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Example 3:  Find the general form of the antiderivatives of f(x)=6x>+cosx.
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4.1.2
Integration:

Integration is the process of finding antiderivatives.

j f (x)dx is called the indefinite integral of f.

j f (x)dx is the family of antiderivatives, or the most general

antiderivative of f.
This means: jf(x)dx: F(x)+c ,where F'(x) = f(x).

The c is called the constant of integration.

“with respect to x”

- [ f (x)dx/
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Example 4: Find I3x +5dx
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Example 5: Find I6X +cosx dx.
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Example 6:  Find jsec%ldx.
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Rules for Finding Antiderivatives:

4.1.3

Notation in this table: F is an antiderivative of f, G is an antiderivative of g,
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Example 7:

h, X
J‘de_n+l

Function Antiderivative
k kx + ¢
kf (x) kF(x)
f(x)+9(x) F(x)+G(x)
x" for n=-1 X"
n+1
COS X sin x
sin x —COS X
sec’ x tan x
sec xtan x Sec X
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. j k dx =kx+c (ka constant)

n+1

[k () dx=k[ f(x) dx

. jcosxdx:sinx+c  E—

. jsinxdx=—cosx+c

. Iseczxdx:tanx+c é\

jsecxtanxdx=secx+c L %(Mgb—, oK lsow\'x

+c (n%-1)
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(k a constant)

JIFe+g00Jax= [ £ (x)dx+ [ g(x)dx
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Find the general antiderivative of f (x) :%
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Example 8: Find J‘x3 dx.
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Example 9: Find j?x dx. __3: C%
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Example 10: Find J'isdx.
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Example 12: J'(ze —3x+9)dx
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Example 14: Find j(3c03x+53in x) dx.
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Example 16: Find the general antiderivative of f(8)= i
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Examgle 18: _[ 6y? —2 (8y+5)dy
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4.1.6
Differential equations: /3
(O

A differential equation is an equation involving the derivative of a function. To solve a
differential equation means to find the original function.

An initial value problem is a common type of differential equation in which a derivative and an
initial condition are given.

Example 19: Given f'(x)=x*-7, find f. This is an example of a differential equation.
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Example 20: Suppose that f'(x) =3x*+2cosx and f(0)=3.Find f(x).
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Example 21: Suppose that f"(x) =2x*-6x*+6x, f'(2)=-1,and f(-1)=4 .Find f(x).
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Example 22: Suppose that f"(x)=12x*-18x, f(1)=2,and f(-3)=1.Find f(x).

No's Ag
> 2,
£ e d - CGaodn = P05 -8 CXO\“’“K:‘)%
us
o A — 9,

-

>
e (Pay = (-9 xddn - A -9 v Cixeg

4

‘\_’?,,:’—kc\’\t < (o

p—

ENe2D XK= &GP cDne, =%

\-> X Cixce=2
~ L ke Rz =2
. —gc_,,=d¢
D=\ D RED = (B -2 wa D TCa =\
R\ + BV =D v =
\G2 ¢ xtep=)

"%C.\‘t Co = "’\(l\

s‘b‘ﬂkwx o‘P
A Q_c()ueu*‘ll\e n L UV\\LMNAS{—%C\*CL=—\Q\

ik Cz_= 4?




|ZAVA AN VA
: o 4= o RO L (F Y 5NN <o
%(_\‘ & = \DC 2z

AZ =~ %b - %%> ’-\‘& éb&—CZ.
VV\u&\u(\%\% 0> AD = -\ —5 —\0 = 50 < O,

—

G
A e

\LO 5
W‘)—l@"@ * R 5y %J

Bt X 5 (o0 -4 WDy s 22 g
COwace =00

AT e R o

%\\(’A = _%—, (A‘Y’?\ —-(Q“%'\’ (Q"A = (2—()’:?—(9“/:2‘\‘(&# /
Clradsl,  Naw iny=d condfiapre Ssoa‘\

Ev 27 codd
Soloe e ‘-\;\ﬂlv‘/\

\C\ v C~ =%

Lo — e, = — ks
—\6S \GS
C\= - -
- =% A
<\« C-L—A¢ =) _Tt oy = A‘__ \6‘9
_ \es = - F
q.
R K QD= xA_D \4=3'
(A
LD axd- S *_;
‘%“C"‘\: \M -‘\2).)( / \&as
L0y * =BT - 22 () - W —
- _1aS
7\'—5‘\‘%‘:-"7——%‘{:9_,\/ ﬁ
B s RN BR ¢ BBy 9 Yg\,_
g - s _w T AQ) e
= o\ A T X 37_}
= \LL - (fii - \(,Z/\(.l.\:\ :,_/L‘
B &



4.1.8
Velocity and acceleration (rectilinear motion):

We already know that if f(t) is the position of an object at time t, then f '(t) is its velocity and
f "(t) is its acceleration.

Note: Acceleration due to gravity near the earth’s surface is approximately 9.8 m/s? or 32 ft/s>.

Example 23: Suppose a particle’s velocity is given by v(t) = 2sint+cost and its initial
position is s(0) = 3. Find the position function of the particle.

(\706'\\10« %uw\ SO );l,&\‘- SA} (&) e = g\\ (Q Ak
= 8 (_’Z.s?r\{: < C%{\ A%
- - r)_c,o%’h “~ %\"\_k ~ &

(?u}? YA A<\\_\ \(\'\\“\o.& c&/\f}\\O{\‘. ‘k(a = —?D = _lca% Ctb"":"\\’\ (0\ ~ O
72 == Q\(J\B T O « .,

S = C
?&fﬂ\ﬁdr\ Q“*N&b\‘ M ~ o\ ~t ,\5*\

Example 24: Suppose a ball 1s thrown upward from a 30-foot bridge over a river at an initial
velocity of 40 feet per second. How high does it go? When does it hit the water? A
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