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Anti-derivative

differentiation derivative of
-
? f (x)
? - f(x)
Anti-derivative of f(x) Anti-differentiation
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Anti-derivative and Indefinite Integral

F (X) Anti-derivative without constant
the most simple anti-derivative

F ( X ) + C the most general anti-derivative

j f (X) dX Indefinite Integral : a function of x
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Anti-derivative Examples

Fi(x)=3x e
differentiation
| P 2
All are % F :l 3 4 100 f(X):X
Anti-derivative 2(%) 3% -
of f(x) Anti-differentiation
F3(x)—%x3 — 49

the most general 1 X+ C
anti-derivative of 3

f(x)

indefinite
Integral of f(x)

Il
—
b

No
S
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Indefinite Integrals

f 1 dx f 1 dx f dx f dy
X, —da X—a x+C y+C
given x, a variable x indefinite
integral
Xy X d d
{ g—i dx _fc d_f( dx f f dx
f(x,) = f(a) f(x)—f(a) f(x)+C
given x, a variable x indefinite
integral
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Indefinite Integrals via the Definite Integral J (t)

definite integral ji anti-derivative
indefinite integral J~ F(x)dx anti-derivative £(x)
< e—— X

~— acommon reference point : arbitrary
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Definite Integrals via the Definite Integral J f(¢) dt

anti-derivative
Jflt)dt e £ (x)

a

definite integral

indefinite integral j anti-derivative
f ( X ) dX < e—— f (X)

a common reference point : arbitrary

X

ij = F(x,)—F(x,) [ F(x)

= F<X1) - F(Xz)

Xy

Anti-derivative without constant
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Indefinite Integral Examples

X B l 3'x B l ; f(X):XZ
!f(x)dx— 3x-0— 3x
ff(x) dx = %XB = %x3—la3
I 1 3X 1 3_1 3
{f(t)dt = [gtL = JxX'—2a
anti-derivative by [ .2 _ 153 15 d ) dt = _ 2
the definite {t at = 3X —3d -] f(0) f(x) = x

integral of f(x)

indefinite integral 2 _ 15
of f(x) J ¥ ax xre
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Definite Integrals on [a, x ]

jldx [> jf'(x)dx f'(x)=1 view(l)

f1dx ) fg(x) dx glx)=1  view (Il)

view ()  J f'(x)dx [f(x)

view () [ g(x)dx |G(x)
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Definite Integrals on [a, x ]

view (1) view (1)

G(x,)=x,—a

RN

a X, / a X,
Ildx :Xff(x)dx jfldx :X{g(x)dx
=[x, =x,—a
dy = Lax = ['(x)ax G(x)=x
N dx
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Definite Integrals over an interval [x , x |

view (1)

1
a

Xy X5

arbitrary reference
point (a, f(a))

view (1)

I length /

arbitrary reference
point (a, G(a))
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A reference point : integration constant C

view (1) b ervate ant view (1) At ant
fldx f(x)=x fldx G(x):x
X, I X I
f'(x) g(x)
Xy — X X — X
= [f(x) —fla)f: abivary reference = [G(x)-Gla)l;  fonE cay
= [f(x)+c]’ = [G(x)+C[;
= [F(x)] = (Gl
= [T fr(x)ax =[] fr(x)dx = J g(x)dx = [ g(x)dx
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Indefinite Integrals through Definite Integrals

view (1) view (1)
[rae @ [ f(x)an [1ax = [ g(x)dx
= f(x)~fla) = x—a - G(x)~6(d) = x-a
=f(x)+C = G(x)+C

arbitrary reference
point (a, f(a)) point (a, G(a))

arbitrary reference
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Definite Integrals on [x , X ]

Z
G(Xz)ll )
G(Xl)y
area

a X, X, a X, X,

view (1) f f'(x) dx view (11) f g(x) dx

Integrals 17 Yo e



Definite Integrals on [a, x | and [a, X ]

f'(x)

/ area
1

/:l X X
dx — fclf (x)dx fczg(x)dx— fclg(x)dx
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Indefinite Integrals through Definite Integrals

f'(x)
mﬂ G(x,) = Gla) y=G(x) - Gld)

| |

arbitrary reference arbitrary reference

point (a, f(a)) point (a, G(a))
[ f(x)dx view (1) [ g(x)ax  view ()
:f(x)—f(a) = X —d = G(x)—G(a) - X—d
:f(x)+C = G(X)+C
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Derivative Function and Indefinite Integrals

x,+h) — f(x ¥
Pl tim L T J i)
x,+h) — flx e
f'(x,) = lim I, ,1 Il J £lx) dx
x.+h) — flx X
frle) ot L= 0 J rix) a
Xy, Xy, Xj (X1, X1[x5, x],[x5, X
4 4
frix) = tim LR = M1 F(x)+C = [ f(x) dx
&
fr(x,), fr(x,), f'(x,) [F(x)Je, [F(x) I, [F(x) ]}
function of x function of x
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Differentiation & Integration of sinusoidal functions

f(x) = cos(x) leads f(x) = sin(x)

d
d x
d .
dx g(x) = —sin(x) leads g(x) = cos(x)

f f(x)dx = —cos(x)+C lags f(x) = sin(x)

fg(x)dx = sin(x)+ C lags g(x) = cos(x)
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Plotting Lineal Elements

a single variable function

X

a two variable function

F(x,y)

tangent
slope

f'(x)
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Derivative of sin(x)

Al
f(x) = sin(x)

+1 0 -1 0 +1 0 -1 0 +1 0 -1 0 slope
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Plot of F(x,y) = f'(x) (= cos(x))

(x, y) = (x,f(x)) = (x,sin(x)) X = Yy A2
A S IS T f(x) = sin(x)
+1 0 -1 0 +1 0 -1 0 +1 0 -1 0 slope

7N PR 7N . _
7 \ 7 \ / \ b y) = fx)
. N N\ 7 N 7
+1 0 -1 0 +#1 0 -1 0 +#1 0 -1 0 slope m
(x, y) = m=slope of atangent f'(x) F(x, sin(x)) = cos(x)
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Plot of f'(x)=cos(x) from a lineal element plot

A3
PR PR PARN _
pl \ bl \ s \ F(x, y) = f'(x)
N\~ N N 7
+1 0 -1 0 +1 0 -1 0 +1 0 -1 0 slope
f(x) = sin(x)
f'(x) = cos(x)
+1 +1 +1
\0 0/\0 0/\0 ) e f(x) = cos(x)
N2 N2 N2
1 -1 1
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Derivative of cos(x)

0 -1 0 +1 0 -1 0 +1 0 -1 (0} +1 slope
- N =/ =\ =/ =\ =/

leads -
—— f(x) = —sin(x)
2 U2 20
A4
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Plot of F(x,y) = f'(x) (= -sin(x))

(x, ¥) = (%, f(x)) = (x,cos(x)) X oy B2
.o o. .o o. .o o. f(X)ZCOS(X)
+1 0 -1 0 +1 0 -1 0 +1 0 -1 0 slope
(x, y) = y' =«
\ £N £\ p Flx y) =)
N 7 N\ 7 N_ 7
+1 0 1 0 +1 0 1 0 +# 0 -1 0 slope m
(x, y) = m=slope of atangent f'(x) F(x, cos(x)) = —sin(x)
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Plot of f'(x)=-sin(x) from a lineal element plot

B3
Y PN PR
\ # \ P, \ P cos(x)
4 N\ 7 N\ 7
0 -1 0 +1 0 -1 0 +1 O -1 0 +1 Slope
f(x) = cos(x)
f'(x) = —sin(x)
+1 +1 +1
/\ /\ = —g]
) . . ; , 0/\ f(x) sin (x)
1 -1 1
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Definite Integrals of sin(x)

Integrals

f(x) = sin(x) A [ sin(e) de

Cl

1

area+0

area - 1

30
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Indefinite Integrals of sin(x)

wi2 C2
f(x) = sin(x) ‘ J, sin(e)de =1
4\/\//\
S
=) lags

ff(x) dx = —cos(x)+C

VEAVAANNVAN
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Definite Integrals of cos(x)

f(x) = cos(x] ‘ f:lz cos(x)dx =1

f;Cos(t)dt o 1 o0 -1 0 1 0 -1 0 1 0 -1 area - 0
= [sin(t)]y =sin(x)—0
fin/2cos(t)dt i 2 1 o0 1 2 1 0 1 2 1 0 area + 1
= [sin(t)]"_,, = sin(x)+1

C
<
<

FEE
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Indefinite Integrals of cos(x)

D2
f(x) = cos(x) ‘ f:lz cos(x)dx =1
-~ lags

ff(x) dx = sin(x)+C

SN0 SN SN
N NS
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