University of Mila

Institute of Nature and life Sciences

Common Core Departement of NLS

Mathematics Statistics Informatics

1** Year NLS, Semester 1

Teacher : Z.BOUDEBANE

Email : z.boudebane@centre-univ-mila.dz

Academic Year : 2025 - 2026



Chapter

1 Real functions of real variable
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1.1 Integrals and Primitives

1.1.1 Primitives

Definition 1.1.1: Let f : [a,b] — R be a function, we say that the function F

is primitive function of f over [a, b| if and only if F' is differentiable on [a, b] and

F'(z) = f(z),Vz € [a,b].

Example 1.1.1 The function F(z) = %3:3 is a primitive of the function f(z) = x? over
R because

1

VreR: F'(z) = (ng)’ = = f(x).

Definition 1.1.2: The set of all primitives of the function f : [a, b] — R is called
the indefinite integral of f, denoted [ f(x)dz, so if F is a primitive of f on [a, b], we



have

/f(x)dsz(a:)—kc,cER.

1
Example 1.1.2 For allx € [1,2] : [ —dxz = In(x) +¢,c € R.
z

Theorem 1.1.1 FEvery continuous function on [a,b] admits a primitive on [a, b].

1.1.2 Integrals.

1.1.2.1 Definition from area.

a) Case of positive function.

Definition 1.1.3: Let f be a positive and continuous function on an interval
[a, b], we call the integral of f between a and b, the area A of the region the

curve of the function f and the lines z = a and = b. We denote

A= ./b fixldz.
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b) Case of any function.

b
If f is negative, then —f is positive so [ f(x)dz is being the opposite of the area

b
defined above as A = [ — f(x)dx.

a



If we want to find the area for a function f without knowing its sign, we can use

the formula ,

[1f(@)dz.

a

1.1.2.2 Definition from primitive.

Definition 1.1.4: Let f be a continuous function on [a,b] and F one of its

primitives, we call the integral of f between a and b the quantity

b
[ f@)dz = [F(@));, = F(b) - F(a).

3
Example 1.1.3 Cualculation of the integral [ xdx:
2

= B
The primitive of f(x) =z is F(z) = % so [xdx = F(3) — F(2) =
2

] [Ne]
[N
[Nl Ry

1.1.2.3 Properties of the integral:

Let f : [a,b] — R be a continuous function and ¢ € |a, b| then

2. jf(:z:)da: —0.

3. Charles relation. ,

b
[ f@yz = [ j@)dz+ [ f(@)da.

a a



1.1.2.4 Integral and operations.

Linearity:

Let f, g be two continuous functions on [a,b] and a, 3 € R then

b b b

[ af (@) + Bg@)dr = a [ fa)dr + 5 [ g(w)dr.

Positivity:
Let f :[a,b] — R be a continuous function then
b

f is positive = [f(x)da: > 0.

Increasing of the integral:

Let f, g be two continuous functions on [a, b] then

Remark 1.1.1

1.1.2.5 Integration methods.

1.1.2.6 Direct integration.

This method is based on the properties of integrals and the using of usual primitives

tables



Fonction f(x) Primitive F(z) I
k kx + C R
xn-&-l
", ne N* +C R
n+1
1
— In|z|+C | — o0, 0[U]0, +o00]
z
e* e*+C R
a.’E
a®,a>0,a#1 — +C R
Ina
sin x —gosg + C R
cosT sinz + C R
ez =1+ tan® x tanx + C |=5+km, 5+kn[, k €
Z

Example 1.1.4 Compute

/(0052 (x) ] —:mz x) dx

1 1
cos(2x) = 2cos®(x) — 1 = cos’(x) = 5 cos(2z) — 5

We have

We find that

/(COSQ(:E) 1 —1—1332

x)dx:/(;cosm)—)dx+f1 sdz + [ V/adz

1 . 1 2 3
= sin(2z) + 53: + ¢y + arctan(z) + ¢ + gzlz‘z + c3

1 1 2
= sin(2z) + g%+ arctan(x) + éxg +c, ceR



1.1.2.7 Integration by substitution (Change of variables).

Proposition 1.1.1 Let f be a continous function on [a,b], and let g continuously dif-

ferentiable function on interval [c,d| such that g([c,d]) = [a,b], then we have

[ H@)dz = [ £(g(0))g (t)de

Example 1.1.5 Cualculate

%
0/ = ——
/ V1+ 22

We put t =1+ 22 — dt = 2zdx.

da.
Replacing in the integral I gives us:

1

= I=v14a?+e [cER

1
e j= dz.
d cosh(z) v
We have
h(z) em—l—e‘x(:) 1 2 27
cosh(z) = = =
2 cosh(z) e*+e* 41
Then
27
2 10
by the change of variable t = e = dt = e"dx.
Then
1
J=1 dt
/ 1+ ¢2

= 2arctan(t) + ¢, c€ R

= 2arctan(e®) + ¢, ceR

1.1.2.8 Integration by parts.

Proposition 1.1.2 Let f and g be two differentiable functions on [a,b], then we have

| F@g()dz = [f@)g@). ~ [ f(x)g(x)da.



Example 1.1.6 Culculate the following integral by parts
O [ e **dx.

We pose
f@ =z  —fa)=1
ga)= e —sglr) = —Le

According to the integration by parts formula, we obtain

; 1 1
/ ze dr = _§I€_2$ + 5 f€_2wd$,
0

1

1
= ——ge ¥ — ie_zz +¢c, ceR.

® [V1—2%dz on ] —11].

Let’s put

g@) =1 — gla) ==
Then
/vl—a:dx—:c\/l—a: —I—[m

We have also

1 1
.[\%dwz §arcsin$— 53‘;\/1—5624-(3, ceR

So
1 1
/\/1—I2dl’z §$\/1—$2+§arcsin$+c, ceR

Proposition 1.1.3 Let f be a continuous function on [a,b], then

O [f [ is a even function , then

/af(a:)dz — Q;f(a:)dan

® If f is a odd function , then




