i Ll s gall ila gl late) ) )

@Jﬁ\ A“J}M‘ +-XHALH | HEYO$O g@w i 1@,'1.,11 dGLaall
*| 2022 Nhlxn A)’hn $Collo®+ | SOXLE oloL50 h/ 4 -J\.:,a‘z\s')ll J.Q:)):)l 3l
— _ ) ( N3OOHCA (LXU:OE A llsl {0, U k‘o\ol‘g)ll})])‘.jlﬂlgx)l)
Le=agall - GUlawiaSly sial st 5l

S T T )
3h I )L.umm| slial) g ol Judl) | xslall

71 daleall I 4 5alad) LA - Al AN o plad) e 14y i) o glat) A I clluall g 2yzall

J

The use of the non-programmable scientific calculator is allowed.

Literal expressions should be given before doing numerical calculations.

This exam paper consists of four exercises

Exercise 1 (7 points):

- Chromium-electroplating a steel plate by electrolysis
- Study of some properties of an aqueous solution of the propanoic acid

Exercise 2 (3,5 points):

- Sound waves

- Disintegration of the iodine-131

Exercise 3 (4,5points):

- Response of the RC dipole to a step voltage

- Free oscillations in a RLC series circuit

Exercise 4 (5 points):

- Study of the fall of a ball in a viscous liquid

- Study of the motion of an artificial satellite
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EXERCISE 1 (7 points)

Part 1 and part 2 are independent

Part 1 : Chromium-electroplating a steel plate by electrolysis

 The electrolysis is the process of converting electric energy into chemical energy.

' Electroplating objects with a thin layer of a metal and protecting them against the corrosion are
1 some uses of the electrolysis.

Al this part, we suggest the study of the chromium-electroplating a steel plate by electrolysis.
'Given :

= Redox pairs involved are : Cr> /Cr,and O, /H,0

0 ()
—/

(aq) (s) 2(9)
= 1F =96500C.mol™

= Molar mass of the chromium : M(Cr) =52g.mol™* Graphit
: To perform this electrolysis, we immerse totally a steel Steel plate e|ers§0|d§

: plate in an agueous solution of the chromium (111) \ \

' chlorlde Cr:y +3Cl,,, and we connect it to one pole of a

: generator G. the other pole of the generator is connected .
1 to a graphite electrode (figure1). We switch on the T

T

' circuit, an electric current of constant intensity 1=2A

'flows in the circuit. We observe that the oxygen O, i Cr (?;E) +3Cl)

' released at the graphite electrode and a uniform Iayer of Figurel
i the chromium is deposited on the steel plate.

1. Identify which electrode is the cathode. Justify your answer.
1 2. Copy the number of the question and choose the correct answer from the proposals.

2.1.The equation for the reaction occurring at the graphite electrode is written as :
A | 2H,0, 2 O, + 4H;

(aq) (aq)
2 _
C ZO(aq) = OZ(g) +4e D 2H,0,, & Oy, + 2H,,

+4e” |B | Crl +3e =Cr,

2.2. The equation for the reaction occurring at the steel plate is written as :

A | 2H,0(, 2 Oy +4H, +4e” | B | Crey (s)
C | Cr?

+2e” =Cr, D | 2H,0) 2 Oy, + 2H,,

+3e” =Cr

(aq)

3. The duration of this electrolysis is At =2h. Determine the mass m(Cr) of chromium deposited

on the steel plate.
Part 2 : Study of some properties of an aqueous solution of the propanoic acid

The propanoic acid of formula C,H, —COOQOH can be used as a food conservator and in the

manufacture of the anti-inflammatory drugs. The propanoic acid is also involved in many
organic synthesises.

The objective of this part is to study some properties of an aqueous solution of the propanoic
acid.
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1. Agqueous solution of the propanoic acid

: We prepare an agueous solution S, of the propanoic acid of concentrationC, =5.10mol.L™".

| The measurement of the pH of the solution S, givespH =3,1.

1 1.1. Write the equation for the reaction between the propanoic acid and water.
11.2. Calculate the final progress rate t of this reaction. What can you deduce?
1 1.3. Express the reaction quotient at equilibrium Qreq associated to the equation of the previous

1.4. Deduce the value of pKa of the pair C,H.COOH

1 2- Titration of the solution of the propanoic acid
 To verify the value of the concentration C, of the

(aq)

' solution S,, we perform the pH-metric titration of a
'volume V,= 20mL of the solution S, by an aqueous

solution Sy of the sodium hydroxide Na, + HO, of

» molar concentration C, =5.10?mol.L™".
I figure 2, we represent the curve of the pH variations of
'the reaction mixture as a function of the volume V, added

from the solution S, and the curve dpH =f(\V,).

b
2.1. Write the equation for the reaction of titration.

1 2.2. Determine graphically the volume V, of the solution

Sp added at the equivalence.
2.3. Verify the value of the concentration C,.
1 2.4. We prepare the solution S, by diluting 10 times an

reaction in terms of C, and [H?,O(;q)} . Calculate its value.
eq

4

/ C,H.CO0

N pH

(aq) *

12

10

F o
<

5 10 15
Figure 2

20

' aqueous solution Sy of the propanoic acid. Determine the mass m of the propanoic acid dissolved

in one litre of the solution S.

Given : The molar mass of the propanoic acid is M =74g.mol ™.

1 2.5. For a volume V, =5mL of the solution S, added, determine the percentage of the acid of the

pair C,H,COOH,,, / C,H,COO,,, in the reaction mixture.

Part 1: Propagation of sound waves in the air

EXERCISE 2 (3,5 points)

Part 1 and part 2 are independent

. To determine the wave speed of sound waves in the
air, we perform the experimental set-up in figure 1.
 This set-up is consisted of a transmitter E and of a

receiver R of sound waves distance L =85cm from

' each other. E emits a sound wave, it propagates in

rthe air, and then R receives it.

E

Transmitter

Propagation

sense

Receiver

»

L

R

A

Figure 1

U S




nuclei are disintegrated.
EXERCISE 3 (4,5 points)

This exercise aims at :

- determining the capacitance of a capacitor ;

- determining the inductance of an inductor ;

- doing the energetic study of the RLC series circuit.
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LA datalogger is used to visualise both the emitted signal (a) and the received signal (b) (figure 2).
1. Copy the number of the question and answer by
' true or false.
0,25 '1.1. The sound wave is a transverse wave.
0,25 11.2. The sound wave does not propagate in vacuum. ()
0,25 2 Determine the duration At taken to reach the f |®
i receiver R. s
0,5 :3.Calculate the wave speed v of the sound waves in i
1 the air. 1 <
i 1 0,5ms_
Part 2 : Disintegration of the iodine-131 : ||
iThe iodine-131 (*1) is radioactive of B~ type. Figure 2
' The iodine can be used in small doses for medical purposes such as the diagnostic of the thyroid
+gland dysfunction and the treatment of some diseases relating to this gland.
' The disintegration of the iodine-131 gives a nucleus 4 X .
In this part, we suggest studying the disintegration of the iodine-131.
' Given :
Element Tellurium Xenon Cesium
SOE‘]‘; Solopes OF | mre | smpe | mxe | @ixe | %es | 2cs
Mass of the iodine-131 nucleus: m(*31) =130,906125 u ;
Mass of the nucleus 4 X : m(%X)=130,905082u;
Mass of the particle p~ :m(B~) =5,48580.10u ; 2 Ba)
- Atomic mass unit :1u =931,5MeV.c . 4.10°
0,5 1. Write the equation for the disintegration of the iodine-131 . \
by identifying ~X the produced nucleus. 340
0,5 2 Calculate, in MeV, the released energy E_ produced by  21¢¢
' the disintegration of the iodine-131 nucleus. \
13. At an instant taken as origin of time t = 0, a patient getsa ~ 1°
 dose of the iodine-131 solution of activity a,. — ||
The curve in figure 3 represents the variations of the activity 0 8 16 24 ¢ (day)’
1 a(t) of this dose as a function of time. Figure 3
0,25 53.1. Determine graphically the half-lifet,,, of the iodine-131.
0,5 13.2. Calculate No the number of the iodine-131 nuclei present in the dose at t = 0.
0,5 '3.3. By using the radioactive decay law, determine, in days, the instantt, when 95% of the iodine-131
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| We perform the electric set-up in figure 1. This set-up is consisted of the following components:
1 - an ideal power supply of voltage of electromotive force E;
' - a capacitor of capacitance C initially discharged; R 1) @)
- an inductor of inductance L and of resistance r; -|:|—° K
- a resistor of resistance R; '
;- 2 double switch K. _ ET e |——c L0
+1. Response of the RC dipole to a step of voltage .
+ At an instant taken as origin of timet =0, we put the switch K at
 position (1).The curves (C;) and (Cy) in figure 2 represent the Figure 1
+ evolution of the voltage uc(t) between terminals of the capacitor
+and the evolution of the intensity i(t) of the electric current which flows in the circuit.
 (T) is the tangent of the curve (C;) at the point of time t=0.
A uc(V)' A i(mA)
i /()
| 1
' 12 12
' i /// \
1 1
: 9 l' ‘/ 9 \
| 1
: ~(C
: 5 //1(C) 5 \
| i/ (Co)
| 3 3 \‘
| / N
| \\
! 0 > 0 — >
: 50 100 150 200 t (ms) 50 100 150 200 t (ms)
i Figure 2
| . . . o du. 1 E
0,25 ' 1.1. Show that the differential equation of the voltage u(t)is writtenas : —=+—U, =——=
: dt R.C R.C
: -t
1 1.2. The solution of this differential equation is : u.(t) = E (1—eRc).
0,5 1 1.2.1.Find out the expression of the electric current intensity i(t) in terms of E, R, C and t.
0,5 ! 1.2.2. By exploiting the curves in figure 2, determine the value of R.
0,25 :1.2.3. Show that the capacitance C of the capacitor is : C =50 uF .
2. Free oscillations in a RLC series circuit
+ When the capacitor of capacitance C=50pF is fully charged, we placed the switch K at position (2)
' at an instant taken as a new origin of timet = 0. This capacitor discharges through the inductor of
'inductance L and of resistance r (figure 1).
52.1. First case :
' In this case, we suppose that the resistance of the inductor is negligible.
: . . . d? 1
0,25 :2.1.1. Show that the differential equation of the voltage u(t)is written as : d:f +E.uc =0.
0,5 12.1.2. Choose from the following curves (C;) and (Cy) and (Cs) in figure 3 (page 6/8), which one

epresents the evolution of the voltage uc(t). Justify your answer.
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S ) Au(V) Au(V)
! 12 10 12
B RV T A AV T A D I AN T AA A
: [\ /R FRALT T | VAN /
b0 > 0 > 0 >
: 5 10 | 15 t (ms) 5 10 [ 15 t (ms) [ 23 |75 [ 1AS | /] | t(m9)
B Vi dvimmivyimmiv A A
i -12 -10 \ -12
| (Cy) (Co) (Cy)
E Figure 3
1 2.1.3. The solution of the previous differential equation is :u (t)=U, cos (?t )where Uy is the
' 0
' maximum value of the voltage and Ty is the natural period of the oscillations.
0,5  a- Find out the expression of Ty in terms of L and C.
0,5 ' b- Show that the value of the inductance is : L =0,05H . (take m* =10).
12.2. Second case :
+ In fact, the resistance of the inductor is not negligible. In this case and by using a datalogger, we
' visualise the curves of the evolution of the voltage U (t) between terminals of the capacitor and the
+evolution of the intensity of the electric current i(t) which flows through the circuit (figure 4).
L ANima) Ao ™)
| 200 y 10 N
| \ o \
! /
1100 A 5 \ H
1 /
| / \ / \
) > 0 3
i \\ 25 /15 75117110 11125 / t(ms) 2 5 1175 1110 12 t(ms)
1-100 \ A -5 \ mE
| / / /
! \ | \
1 \ /
1-2004) / 4 -10
! /
' \
' /
i Figure 4
0,5 2.2.1. Write the expression of the total energy E; of the circuit in terms of C, uc(t), L and i(t).
0,75 :2.2.2. By exploiting the curves in figure 4, calculate the dissipated energy AE in the circuit

' between the instants t, =0andt, = 9ms.
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i EXERCISE 4 (5 points)
Part 1 and part 2 are independent
' Part 1: Study of the fall of a ball in a viscous liquid
' In this part, we suggest determining the density p, of the ricin oil.
' We get off without initial velocity a homogenous steel ball in a cylinder filled with the ricin oil.
' This ball is of mass m and of densityp, .
+ We study the motion of the center of inertia G of the ball in the coordinate
1system (O, k) linked to an Earth frame of reference assumed Galilean (figure 1).
' Over this vertical falling in the liquid, the ball obeys three forces: E \ 4 oG
its weight P.
' - the upthrust (Archimedes’ force) F, is of vertical direction, of upward sense
' and of magnitude F, =p,.V.g where V is the volume of the ball and g is the
 gravitational acceleration.
' - the viscous frictional force which is modeled with the vector F = —k.v where k
' is a positive constant and Vv is the velocity of G at an instant t.
' A datalogger permits plotting the curve in figure 2 which represents the z e——
 evolution of the speed v(t). v Figurel
(T) is the tangent of the curve at the point of time t=0.
! v (m.s?
i M
E 06 "/ //
i 04
! i areal area 2
! 0244
! /
| 0 >
: 01 02 03 Figure 2 t(s)
iGiven :m =10g ; p,=7.8gcm® ; g=10m.s?.
0,5 ' 1. The curve in figure 2 includes two areas. Determine for each area, the corresponding state.

0,75 2. By applying Newton’s 2" Jaw, show that the differential equation of the motion of G is
' written as ; c(jj—\t/+1.v = g(l—&) where 1 is the characteristic time of the motion that to be
| T a
expressed in terms of m and k.
1 3. Determine graphically,

0,5 :3.1. the value of © then deduce, in SI units, the value of k.
0,25 13.2. the value of the terminal speed V, .
0,75 4. Find the expression of the densityp, of the ricin oil in terms of <,g,p,andV, . Calculate its value.
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' Part 2: Study of the motion of an artificial satellite

' Many artificial satellites orbit the Earth for a variety of purposes such as weather forecasting,
i telecommunication, scientific researches and borders observation...

+ The objective of this part is to study some physical quantities characterising the motion of an

' artificial satellite around the Earth.

' We study the motion of an artificial satellite S of mass m; in a geocentric frame of reference
rassumed Galilean.
' We assume that the Earth presents a uniform spherical mass. . S

' All other forces are negligible to the universal attraction force ’ RS
' exerted by the Earth on this satellite and its dimensions are ,' hio” oy
' negligible to the distance of the center of the Earth. | 1
' Given : I '
' » Masse of the Earth: Mg = 5,97.10%*kg; ! '

' w Radius of the Earth :  Rg = 6380 km ; \ /
= Gravitational constant : G =6,67.10 "N.m2.kg ™. \ P

' 1. This satellite is placed at a circular orbit of center O and of Seo_--7

radius r =R_ +h, where h; = 1000 km (figure 3). Figure 3

11.1. Choose the correct answer from the proposals.

The expression of the magnitude of the universal attraction force exerted by the Earth on the
satellite is :

Mg.mg M¢.mg

B F.= ME'mS _ (ME'mS)2
= (RE +hl)2

Al Fs=G D| Fys=
E/S RE E/S (RE+h1)2

C | Fys=G

hi

1.2. By applying the Newton’s 2" law, show that the expression of the speed v of the satellite

. G.M;
is:v= .
R:+h,

1.3. Verify that the orbital period of the motion of the satellite around the Earth is T, =1,75h .

1 2. The satellite S is placed at another circular orbit at an altitude h, of the surface of the Earth.

i The motion of the satellite is circular uniform of the orbital period T, = 24h .
By using the Kepler’s 3" law, determine the altitude h , Of this satellite.

bttt i

~
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EXERCISE 1 (7 points)
. Markin . .
Question Answers scale g Question reference in the framework
Cathode = steel plate 0,25 _ o
1. Justification 0,25 - Recognise the anode electrople (OX|_dat|on) and
the cathode electrode (reduction) using the flow
of electric current imposed by an external
2.1. A 0,5 voltage supply.
- Write the half-equation that occurred in each
o 29 B 05 electrode (use double arrows) and write the
91'_1 o ’ overall equation of the reaction during
N electrolysis (use one arrow).
I.At. M(Cr) 0,5 Establish the relationship between the amount of
m(Cr) =——— substance of chemical specie produced or
3 3.F consumed, the current intensity and the
’ operating duration of electrolysis. Use this
- relationship to determine other quantities
m(Cr) ~ 2’599 0,25 (quantity of charge, progress of the reaction,
change of the mass, volume of a gas, etc.).
11 C,H,COOH,,, +H,0, =C,H,COO,,, +H,0,, 05
0 - Write the equation of the acid-base reaction and
1.2 T~1,6% 0,5 identify the two pairs involved.
o Limited reaction 0,25 Calculate the final progress of the reaction that
2 occurs between an acid and water taking into
3 05 consideration the value of both the concentration
H,O0" ideration the value of both th i
- = - ' and this acid’s pH aqueous solution; then,
1.3. Qr’eq Ca _[H3O*J compare it with the maximum progress.
& - Define the final progress rate of a reaction, and
Qr q ~], 28.10° 0,25 determine it using experimental data.
: - Give and use the expression of the reaction
3 1.4. pPK, =4,89 0,5 quotient Q, through the reaction equation.
—~ 2.1. | C,H,COOH,,, +HO,, —~C,H,CO0, +H,0, 0,5 - Know that, the reaction quotient in equilibrium
N - . .
— Qreq: associated to the reaction equation of a
2.2. VbE =20mL 0,25 chemical system, takes a value independent of
C Cb_VbE 0.25 concentrations, called equilibrium constant K.
23 a \V/ ' - Know the relationship pKa= -logKa.
e ) 2 L - Write the equation of titration reaction (use only
Ca =5.10"mol.L" 0’25 one arrow)
m=10.C..V.M 0,25 - Exploit the curve or the results of the titration.
2.4, m 3a7 g - Determine and exploit the point of equivalence.
= 0,25
”s Method 0,25
e %(C,H,COOH) ~75% 0,25
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EXERCISE 2 (3,5 points)
. Markin . .
uestion Answers g uestion reference in the framework
scale
1.1. False 0,25 - Define a mechanical wave and its wave speed.
- Define a transverse wave and a longitudinal wave.
1.2 True 0.25 - Exploit the relationship between time delay, distance
) ’ and wave speed.
% - Exploit experimental documents and data in order to
- 2. At =2,5ms 0,25 determine;
* time delay;
3 Method 0,25 * wave speed.
' v=340ms™ 0,25
131 A 0
| ->2X+ je 0,25 e
1. B Ten AT - - Definethe radioactivity @7 B and the 7
The produced nucleus is : *;, Xe 0,25 radiation
Method - Write the equation of a nuclear reaction by applying
2. 0,25 the two conservation laws.
|AE| ~ 0,46 MeV 0,25 - Calculate the energy released (produced) by a nuclear
_E,.=|AE
3.1. t,, =8days 0,25 reaction: P | | .
o - Recognize the type of radioactivity using the equation
% Method 0.25 of a nuclear reaction.
N 3.2. N. ~4.102 0’25 - Know and exploit the law of the radioactive decay, and
o~ : exploit its curve.
- Define the time constant 7 and the half-life b .
33 Method 0,25 - Exploit the relationships between? , 4 and by
- t, =34,58days 0,25
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EXERCISE 3 (4,5 points)
. Marking Question reference in the framework
Question Answers
scale
- Know and exploit the relationship i:dj for a capacitor in
dt
receiver convention.
1.1 Method 0,25 - Know and exploit the relationship g = C.u.

- Know the capacitance of a capacitor, its unit F and their
submultiples #F,nFand pF .

- Determine the capacitance of a capacitor graphically or by

Method . 0,25 calculation.
1.2.1 (1) — E - Find out the differential equation and verify its solution
I( ) - E'e 0,25 when the RC dipole is submitted to a step voltage.

- Determine the voltage expression Y ® petween capacitor
terminals when the RC dipole is submitted to a step
voltage, and deduce both the expression of the intensity

1.2.2 Method 0,25 current in the circuit and the capacitor charge.
e R =1kQ 0,25 . - Ug (t)
! - Recognize and represent the variation curves of “c
between the capacitor terminals and different physical
quantities associated to it, and exploit them.
- Know and exploit the time-constant expression.
- Exploit experimental documents in order to:
1.2.3 Method 0,25 * recognize the observed voltages.
*determine the time-constant and charge duration.
2.1.1 Method 0,25
2.1.2 The Cu_r\_/e I? (C1) 0,25 - Recognize and represent the variation curves of the voltage
Justification 0,25 between capacitor terminals in terms of time for the three
Method 0.25 states mentioned above; and exploit them.
2.1.3-a ~ ! - Find out the differential equation for the voltage between
To =2myJLC 0,25 the capacitor terminals or for its charge q¢) in the
2.1.3-b Method 0,5 negligible damping case and verify its solution.
- Know and exploit the natural period expression.
_ 1 > 1.5 - Know and exploit the energetic diagrams.
2.2.1 E,=-Cuz+-Li 0,5 : . ,
2 2 - Know and exploit the expression of the total energy in the
Method circuit.
etho 05
2.2.2. R ’
AE=-2,21.10") 0,25
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EXERCISE 4 ( 5 points)
. Markin . .
Question Answers scale g Question reference in the framework
1 Area 1 : initial state 0,25
Area 2 : Steady state 0,25 - Know and exploit the two models of frictional fluids
Method 0,5 (viscous forces): F =—Kk.v.1 and F =—k.v2.i
m
2. T=— 025 - Exploit the curve Vg = f ('[) to determine:
) K ! * the terminal speed;
%'_ 31 1=0,1s 0,25 * the characteristic time 7 ;
[ " k=0,1(SI) 0,25 * the initial state and the steady state.
_ -1 - Apply Newton’s second law to find out the
3.2 Ve =0,88ms 0,25 differential equation of a solid’s centre of inertia
V, motion in frictional vertical fall.
P, =p,(1——= 0,5
4. g
p, ~0,94g.cm™ 0,25
1.1 B 0,5 - Know the heliocentric and geocentric frames of
reference.
- Apply Kepler’s three laws in the case of a
circular trajectory.
1.2. Method 0,5 - Know the universal gravitation law in its
Y, vectorial form.
) . .
= - Know that the gravitational force applied on the
N centre of mass of a satellite or of a planet is
1.3. Method 0,5 centripetal.
- Apply the Newton’s second law to the centre of
mass of a satellite or of a planet to determine
2 Method 0.5 ';he e e f ters that characterizes th
. motion or one of parameters that characterizes the
h, ~35903,6km 0,25 S P




