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This exam is formed of three exercises in three pages.
The Use of non-programmable calculators is recommended.

First exercise: (7 points)
Characteristics of a coil

The aim of this exercise is to determine the characteristics of a coil. @ — >
For this aim we set up the circuit represented in figure 1. \_/ i
This series circuit is composed of: a resistor of resistance R =40 Q,
a coil of inductance L and of internal resistance r, a capacitor of
capacitance C =5 pF and an (LFG) of adjustable frequency f
maintaining across its terminals an alternating sinusoidal voltage:
u(t) = Uy = Umcos ot (uyy INV, tins).

We connect an oscilloscope to display the variation, as a function of
time, of the voltage u,,, across the generator on channel (Y1) and

the voltage uy,, across the terminals of the resistor on channel (Y2).
For a certain value of f, we observe the waveforms of figure 2.

The adjustments of the oscilloscope are:
e Horizontal sensitivity: 1 ms/div.

e Vertical sensitivity for both channels: 1 V/div. /F\QN'\" /’\

1) Using the waveforms of figure 2, determine: /
a) the period and the angular frequency o of the voltage

//7
[

Uy /

b) the maximum value Un of the voltage across the \

terminals of the generator;
c) the maximum value Urm) of the voltage across the

</
</

terminals of the resistor and deduce the maximum value

Im of the current i in the circuit; L

d) the phase difference ¢ between the voltage u,,, and Fig. 2

the voltage ug,, .
2) Write the expression of the current i as a function of time.

3) a) Show that the average power consumed by the circuit is Paverage = 0.06 W.
b) Deduce thatr=8 Q.
4) a) Show that the expression of the voltage across the terminals of the capacitor is:

Una =§Sin(cot—0.2n) (Uya INV; tins).
T

b) Determine the expression of the voltage u,; across the terminals of the coil in terms of L and t.

¢) Applying the law of addition of voltages and by giving t a particular value, determine the
value of L.



Second exercise: (7 points)

Nature of a collision

The aim of this exercise is to determine the
nature of a collision between two objects. Dy (A)
For this aim, an object (A), considered as a T O
particle, of mass m, = 2 kg, can slide without |
friction on a path situated in a vertical plane ho :

!

|

and formed of two parts: a circular part DN
and a horizontal rectilinear part NM.

Y

v

1

Lo B) -
(A) is released, without initial velocity, from Y v & I
the point D situated at a height hp = 0.45 m X' N M X
above the horizontal part NM (Fig.1). Fig. 1

The horizontal plane passing through MN is taken as the reference level of gravitational potential energy.
Take g = 10 m/s?.

1) Calculate the mechanical energy of the system [(A), Earth] at the point D.
2) Deduce the speed V1a of (A) when it reaches the point N.

3) (A) reaches N and moves along NM with the same velocity\7lA =V1a i . Another object (B),
considered as a particle, of mass m; =4 kg moves along the horizontal path from M toward N with
the velocity Vig= —1 1 (Visin m/s).

a) Determine the linear momentum P: of the system [(A), (B)] before collision.
b) Deduce the velocity V, of the center of inertia G of the system [(A), (B)].

4) After collision, (A) rebounds and attains a maximum height hc = 0.27 m.
a) Determine the mechanical energy of the system [(A), Earth] at the point C.
b) Deduce the speed V,, of (A) just after collision.

5) Determine, by applying the principle of the conservation of the linear momentum of the system
[(A), (B)], the velocity Vs of (B) just after collision.

6) Specify the nature of the collision.



Third exercise: (6 points)

Determination of the volume of the blood of a person by radioactivity

In order to determine the volume of the blood of a person, we use the radionuclide sodium 2} Na.

Given:

1 MeV = 1.6 x10713].

Planck's constant: h = 6.63x10734 J.s;
Speed of light in vacuum: ¢ = 3x10% m/s;
Avogadro's number: Na = 6.02x10% mol™;
Molar mass of sodium 24: M = 24 g;

Selection from the periodic table:

Element Fluorine

Neon

Sodium

Magnesium

Aluminium

Nuclide “F

20
1o Ne

23
11 Na

2> Mg

27
LAl

A - Sodium 2} Na is obtained by bombarding the sodium % Na by a neutron.

1) Write the equation of this nuclear reaction.
2) This reaction is provoked. Justify.

B - The sodium 24 is radioactive 3~ emitter.

1) Write the equation of this disintegration.

2) Name the obtained daughter nucleus.

3) The disintegration of sodium 24 is accompanied by the emission of a dangerous radiation y.
a) Indicate the nature of this radiation.

b) Indicate the cause of the emission of this radiation.
c) One of the emitted photons has energy of 3 MeV. Calculate the wavelength of the

corresponding radiation.

C - The radioactive constant of sodium 24 is A = 1.28x10°s™.
1) At the instant to = 0, we inject a solution containing mo = 2.4x10* g of sodium 24 into the blood of

a person. Calculate the number of nuclei No of sodium 24 in the injected solution.

2) Calculate, at the instant t = 6 hours, the number of sodium 24 nuclei remaining in the blood of the

person.

3) Suppose that the sodium 24 is uniformly distributed in the blood of the person. At the instant

t = 6 hours, 10 mL of blood taken from the person contains 9.03x10% nuclei of sodium 24.
Calculate the volume of the blood of the person.
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First exercise (7 points)
Part of
the Q Answer Note
T =5divx1ms/div=5ms=5x103%
La m:z—T“ — 400nrad /s =12561ad /. 1
1b Um=3div. x1V/div=3V 05
Urm =2div. x1V/div=2V ; 0.5
1¢ |Urm=RIn = In=-2>—=005A 0.5
40
_ 2nx05
1d = =0.27 rad. Ur lags ugby 0.2 05
) i = 0.05 cos (400 nt —0.27) 05
3x0.05
P=Ulcosop= c0s0.2n = 0.06 W
3a AN N3 0.75
P=(R+NI? = (R+r)= IBZ: (?(;):2 =48 QO = r=8Q
3b (005 0.5
2
. du 1. 0.05 . 25 .
i=C—S=u.==|idt= sin(400mxt —0.2w) = —sin(400nt —0.2
4a qt = Vo = G 10t = 40mg SIN(400T ~02m) = Esin(400nt ~0.2m) | 7
Ucoil= i + L%: 0.4 cos (400wt —0.27) — 20wk sin(400 =t — 0.27) ;
4. t 0.75
Uy = Uyat Upg + Ug, With ur = Ri =2 cos(400 it —0.27) ;
3 cos (400mt) = ésin(400nt—0.2n) + 0.4 cos(400 it -0.27) —
T
4¢ | 20xL sin(400t—0.2m) + 2 cos (400xt — 0.27) 0.75
Fort=0:3=194-468+3691L = L=0.155H




Second exercise (7 points)

Part

of Q Answer Note
1 ME@) = KE) + PEgp) = 0 + maghp = 9J 0.5
5 No friction = mechanical energy of the system [(A), Earth] is conserved : 1
ME@) = MEn) ; 0+ magho =% maV,, = V/, =2ghp = Via =3 m/s.
Linear momentum of the system [(A), (B)] before collision:
3-a | Py = maV,, +maV,, =(2x31)+[4x(-17)] =21 (kg m/s) 0.75
3b | P=Ps=(ma+ms) V,= 2i=6.Ve= Ve=1/31=0.331 (mls) 0.75
4.a | ME«c)= KE(c) + PEgc) =0 + maghc = 2x10x0.27 = 5.4 J. 0.75
Conservation of the mechanical energy of the system [(A), Earth]
4.b 1 2 2 _ _ _ 0.75
0+ maghc =% maV,, = V,, =2ghc = Vaoa = /5.4=2.323 m/s.
Conservation of the linear momentum of the system [(A), (B)] :
MaV,, + MV, =21 (m/s)
5 2x(-2.33 1) +4V,,; = 21 = (-2.3310) +2V,, = | 1.25
= 2V,, = 1+23231=33231 = V,=166i (m/s)
The kinetic enegy of the system [(A), (B)]
6 KEbefore = ¥2 mAVﬁA +¥mp VlzB =111 1.95
KEafter= Y2 Ma V., + % Mg Vig= 5.4 + Y%x4x(1.66)>=54+558=1091J~11J |
= the collision is elastic




Third exercise (6 points)

Part of
the Q Answer Note

Al ﬁ Na + én—) ﬁNa 0.5
A2 Provoked since it needs an external intervention. 05

Bl fiNa— 5X + Qe+ v +y 0.75

The laws of conservation give: 24=Aand11=2Z-1= Z=12.

B.2 | The daughter nucleus is magnesium: 2, Mg 0.5
B.3.a | Itisan electromagnetic wave. 0.5
B.3.b | Due to the des-excitation of the daughter nucleus 05
B3.c The energy of the photonis: E = h% = k=hé

0.75
—34 8
5 = 6.63x10 x?iglo _414%10°m
3x1.6x10
G Ne= MoNa — 602 % 10% nucei. 0.75
C.2 The number of nuclei remaining in the blood of the person is:
N =N, e™ =6.02 x 1018x ™1 28x107°xEx3800 = 4 56 x 108 nuclei.
Another method :
t=n.T; T=In2/ .= n=6/15 0.75
N =No/2"= 4.56 % 10'® nuclei

C.3 18 )

The volume of blood of the person is :V = 4-56>10 X1:5L0 =5.05L. 0.5
9.03x10




