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» Non-programmable scientific calculator is allowed

> Give the literal expressions before every numerical application

This exam paper consists of four exercises: one in chemistry and three in

physics.
Chemistry o o _
) e Temporal monitoring — Pentanoic acid 7 points
(7 points)
Exercise 1 : Waves propagation 3,5 points
Physics _ _ o o _
_ Exercise 2 : Response of a dipole- Oscillating circuit 5,5 points
(13 points)
Exercise 3 : Motion of a solid in a horizontal plan 4 points
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Scale Subject

Chemistry (7 points)

Part 1 and Part 2 are independents

The study of chemical transformations permits the temporal monitoring evolution of chemical
systems and determine some caracteristics based on technics or different methods.

This exercise aims to:

- Study the temporal monitoring of a chemical transformation;

- Determine the degree of purity.

Part 1: Study of temporal monitoring of chemical transformation
To monitor the reaction between hydrogen peroxide H,0,, and iodide ions I, , we realise the

oxidation of iodide ions by hydrogen peroxide in acid medium by monitoring the advancement x of
the reaction in different experimental conditions.

Three experiments are carried out in the presence of an excess of H 30&1) ions. The total volume of

the mixture is the same in the three experiments V =100 mL.
The chemical equation modelling the studied chemical transformation is:

HZOZ( +2I‘)+2H3O+ —1 )+4H20(|)

aq) (aq (aq) 2(aq
The obtained results for different initial conditions shown on the table below are drawn in the curves
(1), (2) and (3) of figure (1), highlighting two Kinetic factors.
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Figure 1
1. Identify the (Ox/Red) couples in this reaction.
2. Using the table data:
2.1. Cite two kinetic factors highlighted and their effects on volumetric rate of reaction.
2.2. Based on the advancement table, determine for the experiments (1) and (2) the values of final

advancement X; .

2.3. Assign each curve to the corresponding experiment.

3. We are interested in the case of curve (3):

3.1. Determine, in unit (mol.L™*.h™") , the value of the volumetric rate of reaction at the instant
(to =0).

3.2. Give the definition of the half-life of reaction and determine graphically its value.
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0,5
0,5

0,5

0,5

0,5
0,5
0,25

0,25

Part 2: Determination of degree of purity of valeric acid
Pentanoic acid, also called valeric acid, isolated from valerian plant
(figure 2), is an carboxylic acid of formula C,H,CO,H . It is mainly

used for the synthesis of aromas, softeners or agrochemicals.

1. We have an aqueous solution (S,) of pentanoic acid of concentration
C,=10.10% mol.L™" and pH =3,4.

1.1. Write the chemical equation modelling the chemical reaction
between pentanoic acid and water.

1.2. Calculate the value of the final rate of reaction z of this reaction.
Conclude.

1.3. Express the quotient of reaction at equilibrium of chemical system
Q,eq intermsof  and C, .

Figure 2

1.4. Determine the value of pK, of the couple (C,H,CO,H,,,, /C,H,CO; ) -

2. We have a bottle containing valeric acid. To search the purity of this acid, we take a volume

V, =2 mL of valeric acid which we pour in a volumetric flask of 1000 mL. We add water to the line
of the Gauge and we stir to prepare an aqueous solution (S,) of concentration C, .

We titrate the volume V, =10 mL of (S,) with an aqueous solution of sodium hydroxide

Na(,,, + HO,, of molar concentration C,. The volume poured at the equivalence is V, . =9mL.

2.1. Write the equation of reaction during the titration, knowing that it is total.
2.2. Determine the value of C,.

2.3. Calculate the value of the amount of matter n, of valeric acid present in solution (S,).

2.4. The amount of matter n, of the valeric acid in the volume Vv, is n, =1,82.10 ?mol . We note that
the degree of purity of an acid is given in % as: d ~100.1 .

r]0
Determine the degree of purity of valeric acid contained in the bottle.

Physics (13 points)

Part 1 and Part 2 are independent

A wave is considered as a manifestation of propagative behaviour of vibrations affecting a
material medium.
This exercise aims to study some properties and characteristics of mechanical waves and light.

Part 1: Propagation of mechanical wave

An elastic rope tense horizontally and attached by its terminal S to a vibrating blade which gives it
sinusoidal vibrations of frequency N . We suppose that there is no reflexion nor attenuation of waves.
The motion of S begins at the instant t, =0.

Figure (1) (page 4/6) gives the aspect of the rope at an instant t, and figure (2) (page 4/6) represents

the elongation in terms of time of a point M from the rope situated at a distance d =SM from the
source S .
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Figure 1 Figure 2

1. Determine the period T and the wavelength 4 of the wave.
2. Deduce the value of the velocity v of the wave.
3. Determine the value of t, and the value of d .

Part 2: Propagation of a light wave

A laser produces a monochromatic light of wavelength A
that lights a slit of width a. We observe a figure composed
of light spots in a screen placed at a distance D from the slit
(figure on the right).
Data:

a=100um ; tan@=~0H(rad)
1. Give the name of this phenomenon. What does this

phenomenon prove about the aspect of light?
2. Copy on your answer sheet the number of the question, and write the letter corresponding to the
right option (A,B,C or D).
The expression of the central spot L in the screen is:

~D B | _ 24D c , _aD 5 | _ 242

a a A D

3. We replace in the previous apparatus the slit of width a with a wire of diameter a, without
changing the values of the other parameters. We obtain a new figure containing a central spot of

length L, :%L.

A L=

Determine the value of the diameter a, of the fil.

Exercise 2 (5,5 points): Response of a dipole - Oscillating circui

Capacitor is an electronic component that forms with other components circuits able to have
different behaviours that depend of the initial conditions. The behaviour of such circuits can be
identified according to an experimental study, or energetic, or by applying the laws of

electricity.
This exercise aims to: D @
- Study the response of a dipole RC to a step-voltage;
- Study, energetically, an oscillating circuit LC.

We consider the circuit of figure (1) containing: K
- an ideal voltage generator of electromotive force E ; EI() ! " L
- acapacitor of capacity C; C ¢

- acoil of inductance L and negligible resistance;
- an ohmic conductor of resistance R ;
- aswitch K of two positions.

Figure 1
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1. Response of a dipole RC to a step-voltage

capacitor.

option (A,B,C or D).
The expression of the instantaneous current intensity i(t)

At the instant t, =0 we place the switch K in position (1).
0,5 | 1.1. Find out the differential equation verified by the voltage u. between the terminals of the

in this circuit is:

t

0,5 | 1.2. The solution of this differential equation is written as u (t) = E.(l-e ).
Copy on your answer sheet the number of the question, and write the letter corresponding to the right

A i(t):E.(l—e_RC) 5 i(t):—E.e_RC c| ih=—=e

E
RC

_t
RC

) E -L
i(t)=—.¢ RC
(t) A

the electric energy stored in the capacitor.

1.3. The graphs of figures (2) and (3) represent, respectively, the curves of i(t) and &(t) with & is

4

4 i(md)

b Z(mJ)

.__-_:-""—-P

0.2 ) 0,5

0 05 r[;}
Figure 2

0 05

F

igure 3

F(.s)=

By exploiting the two curves:
0,25 | a. Determine the value of time constante z of the circui

o

0,75

0,5 | d. Determine the value of R .

t.

7.l

max

0,5 | b. Determine the maximal values 1 of the current intensity and &, of the electric energy.

. Verify that the electromotive force E is writtenas E = 28 e . Calculate its value.

0,5 | e. Verifythat C =40 uF .

2. Study of oscillating circuit LC
Once the capacitor is completely charged, we switch
to the position (2) at an instant t, =0.

Curves @ and @ of figure (4) represent the
variations of electric energy & stored in the capacitor

and the magnetic energy & stored in the coil in terms
of time.

£ ) ; & (m)

0 0,5

Figure 4
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0,5 | 2.1. Indicate, by justification, the curve corresponding to the electric energy & .
0,5 | 2.2. Explain from an energetic point of view the oscillation regime in the circuit.
0,25 | 2.3. Determine the value of the total energy & of the circuit.
0,25 | 2.4. Determine the value of the period T, of the oscillations.
0.5 | 2.5 Deduce the value of the inductance L (we take 7* =10).
: Motion of a solid in a horizontal plan
Motion of mechanical systems are generally governed by Newton’s laws.
The temporal evolution of these systems depends on the referential of study, initial conditions
and mechanical actions to which these systems are depending on, which influences the kinetic
and dynamic magnitudes characterizing the motion of these systems.
This exercise aims to determine some magnitudes during the motion of a solid in a horizontal
plan.
We consider a solid (S) of mass m able to slide without ~
friction in a horizontal plan. At the instant t, = 0, the solid Ay ©)
(S) starts with a horizontal initial velocity v, , from j 1'. _ &
position O under the action of a constant motive force F ) » -»
which makes an angle « with the horizontal. We model I *
the frictions by a horizontal and constant force f , parallel with the trajectory and in opposite sense
with motion.
We study the motion of the centre of inertiaG of the solid (S) in a frame of reference (O,1, ) linked
to Earth supposed Galilean (figure on the right). The abscissaof G at t, =0 is x; =X, =0.
Data: m=610g ; f=0,16 N; ¢=16°; g=10ms~
0,75 | 1. By applying Newton’s second law, show that the differential equation verified by x. is written as:
d®xs; _F.cosa f
dt? m m
0,75 | 2. The value of the instantaneous velocity of G at the instant t, =0,61s is v, =1,52 m.s™ and at the
instant t, =1,20 s is v, =2,88 m.s™.
Prove that the value of acceleration is a, =2,3 ms® .
0,5 | 3. Determine the value of the initial velocity v, .
0,75 | 4. Determine the distance d travelled by (S) at the instant t, .
0,5 | 5. Calculate the intensity of the motive force F .
0,75 | 6. Determine the intensity of the force R exerted by the horizontal plan on the solid (S).
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Chimie (7 points

= Ecrire I'équation de la réaction modélisant une
1. H,0,) /H20 N PYO / l o) 0,5 transformation d’oxydoréduction et identifier les deux
couples intervenants.
Concentration des réactifs et température 2%0,25 | " Cpnn_aﬂre les fapteurs cinétiques : concentration des
21 réactifs et température.
. Effets sur la vitesse volumigue de la réaction 0.25 = Connalt,re I’influence (_1e la concentration de§ rea_lctlfs et de
£ la température sur la vitesse volumique de réaction.
'g_ g 29 Aboutir & x,, =10°mol ; X, = 210 mol 0,5+0.25 . Eresser. le tableau d’avancement d’une reaction et
~ | & exploiter.
@ E Courbel —> Expérience (1) = Exploiter les différentes courbes d’évolution de la quantité
£ 2.3. Courbe2 —> Expérience (3) + Justification 0,5 de matiére d’une espéce chimique, ou de sa concentration,
&) Courbe3 —> Expérience (2) ou de ’avancement de la réaction.
. _ - = Déterminer graphiquement la valeur de la vitesse
S\~ 3 1|1 )
3.1. Aboutira: v~4.10" mol.L".h 0,5 volumique de réaction.
Définition du temps de demi- réaction 0,25 = Définir le temps de demi-réaction 1, .
3.2. —4 4N 0.25 = Déterminer le temps de demi-réaction graphiquement ou
t“/Z ’ ’ en exploitant des résultats expérimentaux.
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= Ecrire I'équation de la réaction modélisant une

1.1. C,H,COH ., +H,0, = C,H,CO,,, +H;Op, 0,5 transformation acido-basique et identifier les deux couples
intervenants.
L Aboutira: r=4.10° 0,25 = Définir le taux d'avancement final d’une réaction et le
= 7 <1 : Transformation limitée 0.25 déterminer a partir de donnees expérimentales.
C. 72 = Donner et exploiter I'expression littérale du quotient de
13. Aboutira: Q.4 = 1A . 0,5 réaction Q; a partir de ’équation de la réaction.

= Savoir que le quotient de réaction Q, ., associée a

I’équation de la réaction, a 1'état d'équilibre d'un systéme,
1.4. Aboutir a: pK, ~4,78 05 prend une valeur, indépendante des concentrations,
CA ’ nommée constante d'équilibre K.

= Connaitre la relation pK,=-logK, .
_ _ = Ecrire 1’équation de réaction de dosage (en utilisant une
21. | CH,CO,H ) +HO4 —> C,HoCO;u +H,0,, 0,5 h ge

Partie 2

seule fleche).
2.2. Aboutira: C, =1,8.10° mol.L* 0,5
53, n, —1.8.102mol 0,25 = Exploiter la courbe ou les résultats du dosage.
24. d=~99% 0,25

Physique (13 points)

1. T=107°s : A=0,1m 2x0,25

= Reconnaitre une onde progressive périodique et sa période.
2. Aboutira: v=10ms™ 0,5

= Connaitre et exploiter la relation A=v.T.
= Exploiter des documents expérimentaux et des donnees
pour déterminer :

o _ _2 ) B * une distance ou une longueur d’onde ;
3. Aboutira: t=1510°s ; d=0,15m 0,5+0,25 * un retard temporel :
* une célérité.

Exercice 1
(3,5 points)
Partie 1
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Partie 2

Diffraction )

Aspect ondulatoire de la lumiere

2x0,25

= Exploiter un document ou une figure de diffraction dans le
cas des ondes lumineuses.

= Savoir que la lumiére a un aspect ondulatoire, en se basant
sur le phénomene de diffraction.

B

0,5

Aboutira: a, =1,5.10" m

0,75

= Exploiter un document ou une figure de diffraction dans le
cas des ondes lumineuses.

= Connaitre et exploiter la relation 6 =}/a et connaitre
I'unité et la signification de 0 et 1.

Exercice 2 (5,5 points)

1.1.

Equation différentielle

0,5

= Etablir 1’équation différentielle et vérifier sa solution
lorsque le dipdle RC est soumis a un échelon de tension.

1.2.

0,5

» Déterminer 1’expression de la tension Ug (t) aux bornes du

condensateur lorsgue le dipble RC est soumis a un échelon
de tension, et en déduire I'expression de I'intensité du
courant dans le circuit et I'expression de la charge du
condensateur.

1.3.a.

t=0,5s

0,25

1.3.b.

l..x =0,8 MA

ggl’Y’I:’:lX = 2mJ

2x0,25

1.3.c.

Vérification

E=10V

0,5+0,25

1.3.d.

R=12,5kQ

0,5

1.3.e.

Vérification de la valeur de C

0,5

= Exploiter des documents expérimentaux pour déterminer la
constante de temps et la durée de charge.

= Connaitre et exploiter I’expression de la constante de
temps.

= Déterminer I’expression de la tension Ug (t) aux bornes du

condensateur lorsque le dipble RC est soumis a un échelon
de tension, et en déduire I'expression de l'intensité du
courant dans le circuit et I'expression de la charge du
condensateur.

= Connaitre et exploiter I'expression de I'énergie électrique
emmagasinée dans un condensateur.

2.1.

Courbe (1) + Justification

0,5

= Connaitre et exploiter les diagrammes d’énergie.
= Connaitre et exploiter I'expression de I'énergie électrique
emmagasinée dans un condensateur.
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2.2. Explication du point de vue énergétique 0,5 = Expliquer, du point de vue énergétique, les trois régimes.
. = Connaitr xploiter I'expression de I'énergi I
93 Méthode : & = 2 mJ 0,25 C_o aitre et exploiter I'expressio de I'énergie totale du
circuit.
2.4, Aboutira: T,=2ms 0,25 = Connaitre et exploiter les diagrammes d’énergie.
2.5. Aboutira: L=25mH 0,5 = Connaitre et exploiter 1’expression de la période propre.
1 Méthode 0.75 = Appliquer la deuxiéme loi de newton pour établir
: I'équation différentielle du mouvement du centre d'inertie
=z 2. Verification de la valeur de dg 0,75 d'un solide sur un plan horizontal ou incliné et déterminer
= Aboutir & . les grandeurs dynamiques et cinématiques caractéristiques
8 3. outira: v, ~0,12m.s 0,5 du mouvement.
q- - . s = .
N s = Connaitre et exploiter les caractéristiques du mouvement
Dk 4. Aboutira: d=18m 0,75 rectiligne uniformément varié et ses équations horaires.
S 5. Aboutira: F~16N 05 = Appliquer la deuxiéme loi de newton pour établir
S : I'équation différentielle du mouvement du centre d'inertie
L . d'un solide sur un plan horizontal ou incliné et déterminer
6. Aboutira R~5,7N 0,75 les grandeurs dynamiques et cinématiques caractéristiques
du mouvement.




