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This exam is formed of four exercises in four pages numbered from 1 to 4.
The use of non-programmable calculator is allowed.

First exercise (7.5 points)
Response of an electric component submitted to a DC voltage

In order to study the response of the current in an electric component when submitted to a DC voltage, we
use a coil of inductance L =40 mH and of resistance r = 18 €, a capacitor of capacitance C = 100 pF, a
resistor of resistance R =2 Q, a switch K and a DC generator delivering across its terminals a constant
voltage E=8 V.

A — Response of the electric component (R, L)

We connect the coil in series with the resistor across the terminals of the
generator (Fig. 1).

At the instant to = 0, we close K. The circuit thus carries a current i. With an
oscilloscope, we display the variation of the voltage uawm across the terminals of

the resistor as a function of time (Fig. 2). Lr
1) Express the voltage uam across the resistor and the voltage upg across M UMM B
e Figure 1
the coil in terms of R, L, r, i and %" ( ] )
dt ~
2) Derive the differential equation in i. /
3) The solution of this differential equation is of the form:
t
i =1lo(1- e 7). /
L
a) Show that Iy = andt = :
) 7 Ryr T R+r /
b) Calculate the values of Iy and .
4) Using figure 2, determine the values of I, and that of t. \ J
Figure 2
B — Response of the electric component (R,C) Horizontal sensitivity : 1 ms/div

We replace, in the previous circuit, the coil by the capacitor (Fig. 3). Vertical sensitivity: 0.1 V/div

At ty =0, we close K. The circuit thus carries a current i. With the
oscilloscope, we display the variation of the voltage uam as a function of time (Fig. 4).

1) Express the current i in terms of C and %C’ where uc is the voltage uys

across the terminals of the capacitor.
2) Using the law of addition of voltages, show that the differential equation

in i is of the form: RC%+ i=0.

M ql |
77 Figure 3




3) The solution of this differential equation is of the form:
t ( N

N e Determine, in terms of E, R and C, the expressions
of the two constants I; and t; and calculate their values. \
4) Referring to figure 4, determine the value of 1, and that of 1;.

C — In each of the two previous circuits, we replace the resistor by
a lamp. Explain the variation of the brightness of the lamp in \
each circuit.

\\
\ J
Figure 4

Horizontal sensitivity : 0.1 ms/div
Vertical sensitivity: 1 V/div

Second exercise (7.5 points)

(R,L,C) series circuit

Consider a capacitor of capacitance C =5 uF, a resistor of resistance R =40 Q and a coil of inductance L
and of resistance r, connected in series across the secondary of an ideal
transformer.

A — Physical quantities of the transformer
The primary coil of the transformer is connected to the mains
(220 V; 50 Hz) (Fig.1). The secondary of the transformer delivers across its
terminals a voltage: unm = 3coset (Uin V ; tin s). Figure 1 M
The circuit thus carries an alternating sinusoidal current i = I,cos(owt - @).
The secondary coil has 15 turns and cannot withstand a current of effective value greater than 10 A.

1) Give the value of the frequency of the alternating sinusoidal voltage across the secondary coil.

2) Determine the number of turns of the primary coil. Take J2=14.
3) Calculate the maximum effective value of the current that the primary coil can withstand.

B — Determination of L and r 4 N
An oscilloscope, connected in the previous circuit, allows us to 1
display on the channel Y, the voltage u; = uywv and on the /’\ ;;ul/’\
channel Y, the voltage u, = ugy across the terminals of the 1
resistor. / \ EE/ le
1) Redraw the circuit of figure 1 and show the connections / \ I / \
OftheosciHOSCOpe_ O ama e L e A ma o L L e
2) The sensitivities of the oscilloscope are: / \ / \
Horizontal sensitivity: 4 ms/div \ \ ' \ \
Vertical sensitivity on both channels Y; and Y,: 1 V/div. ¥
Using the waveforms of figure 2, \4/ | \,/
show that i = 0.05c0s(100xt — 0.27); (1 in A, tins).

3) Calculate the average power consumed by the \ - )
component NM.

4) Deduce the value of the resistance r of the coil.

5) Knowing that uyv = Une + Ugr + Ugy is verified for any
value of time t, determine the value of L.

Figure 2




Third exercise (7.5 points)
Determination of the stiffness constant of a spring

To determine the stiffness constant k of a spring we

attach to its extremity a solid (S,), of mass m, = 200 g, A (s)
which can slide without friction on the horizontal part BC

of a track ABC situated in a vertical plane, the other ha = 45¢m

. o T (S
extremity of the spring is fixed at C. X gi;gi';ﬁﬁﬁﬁi‘:‘ o>
Another solid (S1), of mass m; =50 g, is released without B Qo
initial velocity from a point A of the curved part of the
track.

Point A is situated at a height ha = 45 cm from the horizontal part of the track.

(S2), initially at rest at point O, is thus hit by (S1). (S1) and (S;) are supposed to be point masses.
The horizontal plane passing through BC is taken as a gravitational potential energy reference.
Take: g =10 ms? , 0.327 = 1. Neglect all frictional forces.

1) Determine the value V; of the velocity Vl of (S1) just before colliding (S.).

2) After collision, (S1) remains in contact with (S,) and the two solids form a solid (S) of center of
inertia G and of mass M = my + m,. Thus G performs oscillations around O with amplitude 3 cm on

the axis x'Ox of origin O and unit vector i
a) Show that the value of the velocity Vo of G just after the collision is equal to 0.6 m/s.

b) Let x and v be respectively the abscissa and the algebraic value of the velocity of G at an
instant t after
the collision. The instant of collision at O is considered as an origin of time t, = 0.
i)  Write down, at an instant t, the expression of the mechanical energy of the system
(S, spring, Earth) in terms of k, x, M and v.
i) Deduce the second order differential equation in x that describes the motion of G.
iii) The time equation of oscillation of (S) is given by: x = Xsin(mot + @). Determine the
value of ¢ and the expressions of the constants X, and w in terms of k, M and V.
iv) Deduce the value of the stiffness constant k of the spring.

3) In reality friction is not neglected. To ensure the value of k, the extremity C of the spring is attached
to a vibrator of adjustable frequency f and which can vibrate in the same direction of the spring. We
notice that the amplitude of the oscillations of (S) varies with f and attains a maximum value for
f=3.2 Hz.

a) Name the physical phenomenon that takes place when f = 3.2 Hz.
b) Calculate the value of k.



Fourth exercise (7.5 points)

The radionuclide Potassium 40

The isotope of potassium 7K , is radioactive and is " emitter; it decays to give the daughter nucleus

argon’; Ar. The object of this exercise is to study the decay of potassium 40.
Given:

masses of nuclei: m ({JK) =39.95355u; m(5Ar)=39.95250 u ;

masses of particles: m (%e) = 5.5x10™ u; m (neutrino) ~ 0 ;

Avogadro's number: N = 6.02 x10%° mol™; 1 u = 931.5 MeV/c? ;

Radioactive period of 2K : T = 1.5x10° years; molar mass of K =40 g mol™.
1 MeV = 1.6x10™" .

A — Energetic study of the decay of potassium 40
1) Energy liberated by one decay

a) Write down the equation of the decay of one potassium 40 nucleus and determine Z and A.
b) Calculate, in MeV, the energy E; liberated by this decay.
¢) The daughter nucleus is supposed to be at rest. The energy carried by B is, in general, smaller
than E;. Why?
2) Energy received by a person
The mass, of potassium 40 at an instant t, in the body of an adult is, on the average, equal
t0 2.6x107 % of its mass.
An adult person has a mass M = 80 kg.
a) i) Calculate the mass m of potassium 40 contained in the body of that person at the instant t.
i1) Deduce the number of potassium 40 nuclei in the mass m at the instant t.
b) 1) Calculate the radioactive constant A of potassium 40.
i) Deduce the value of the activity A of the mass m at the instant t.
c) Deduce, in J, the energy E liberated by the mass m per second.

B — Dating by potassium 40
Certain volcanic rocks contain potassium and part of it, is potassium 40. At the instant of its formation
(to = 0), the number of nuclei of potassium 40 is Ng in the volcanic rock and that of argon is zero. At the
instant t, the rock contains respectively Nk and N, nuclei of potassium 40 and of argon 40.
1) a) Write down the expression of Nk , that explains the law of radioactive decay, as a function
of time.
b) Deduce the expression of N4, as a function of time.
2) A geologist analyzes a volcanic rock. He notices that the number of argon 40 nuclei is twice less than
the number of potassium 40 nuclei in this rock. Determine the age of this rock.
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First exercise (7.5 points)
Part of
the Q Answer Mark
Al i 0.5
Uav = Riand uyg = L%+ ri.
A2 i 0.75
e oL diE
WehaveE=Ri+L—+ri=i+ —— =—.
dt R+r dt R4y
ﬂ:_Del—;l()—loel-+ _Oer:_
t 1 R+r t R+r
L |
=lp= and L y=0:letr= L
R+r R+r 1 R+r
A3.b 8 0.04 0.5
lo = =04Aandt= =2x10°s= 2 ms.
18+2 18+2
A4 From graph 2: ug(max) = 0.1x8 = 0.8 V and ug(max) = Rxlg 1.00
= |0 = m =04 A.
Also, for t = 1, ug = 0.63 ugr(max) = 0.5 V which corresponds to
1 = 2 divisions, T =2 ms.
B.1 .:d_q =Cduc . 0.25
dt dt
B.2 E =uauw + Uy = E =uc + Ri . By deriving with respect to 0.75
time:
O:du_C+Rﬂ:_+Rﬂ:
dt dt C dt
Thus : RCﬂ+ i=0
dt
B.3 . 1
i=1e T
Forto:O,UC:Oandi:|1:>E=O+R|1
== E_8_ 4A
R 2
di | _t | _t _t
Y- 1 % pyreplacing:-RC-Le “+1,8 © =0
dt T T
|
—=-RC—L +1;=0= 1, =RC = 2x10°x10° = 2x10* = 0.2 ms.
Y
B.4 ur(max) =8V =RIl; =1, =8/2=4 Aand fort=r1y, 0.5
Ug = 0.37 ug(max) =3V =1, =0.2 ms.
C In A: after closing the switch the brightness of the lamp increases and reaches after a 1
very short time a stable brightness.
In B : at the instant of closing the switch the lamp shines then the brightness decreases
and vanishes after a short time




Second exercise (7.5 points)

Part of
the Q Answer Mark
Al f=50Hz 0.5
A2 U, N, 3/42 15 075
= = =—— = N; =1540 turns.
U N, 220 N,
A3 |2 N1 10 1540 0.75
—=—= —=——=1;=97TmA
|1 N 2 1y
B.1 0.25
B.2 o Figs 15
T =5divX4 ms/div=20 ms=0.02s = o= —— =1007 rad/s.
0,02
2
(Ur)max = Rlmax = lmax = 0 =0.05A. ¢=0.5X27/5=0.2 n rad.
iisinlagonuym = i=0.05cos(100xt - 0.2 n)
B.3 3 005 0.75
P =Ulcos ¢ = —= X xC0S0.2w=0.061 W.
V202
A P 0.061 488 Q=R +1=40+ .
= Riotal I = totale — T —., _ 4O. = r= r
(0.05/+/2)?
=r=8.8Q
B.5 Une = Uc = 1/C primitive (i) = 100/ & sin(loont — 0.2 1) 2
Ugr = ri + Ldi/dt
Ugr = 8,8X0.,05c0s(100mt — 0.2 ) - L X 5 7 sin(100mt — 0,.2 7).
Urm = Ri =2 cos(100xt — 0.2 ).
3cosot = 100/ 7t sin(wt — 0.2 ) + 8,8 X 0.05cos(100xt — 0.2 7)
-LX 5 7 sin(100mt— 0.2 7) + 2 cos(100xt — 0.2 7).
Fort=0, we obtain L =2.15 H.




Third exercise (7.5 points)

Part of
the Q Answer Mark
1 Conservation of mechanical energy between A and B: m;gh,+0 =0+ % m; Vf V= 125
\/ZQhA =/2x10x0.45 =3 m/s.
2.4 Conservation of linear momentum:m; \71+ 6 =(my +my) Y/ ; 1.00
- m, 0.05
projection : V, = V= 3=0.6m/s
m, +m, 0.05+0.2
201 I ME=% MV +% ke (M=m; +my). 0.50
2.b.ii d(ME) 1.00
ME is conserved: Derivative w.r.t time —t =0
) . .k
=>MvV +kxX =0= X+—X=0
2.b.iii X' = wg Xmcos(mot + @) and X = -cog Xmsin(wet + ). By replacing : 2.00
e k , k k
- @y Xpsin(oot + @) + M Xmsin(wot + ¢) = o = M = mp = M ;
Att=0:x=0= Xpsinp=0= ¢ =0o0rx.
0 M
Att=0:v=Vy= 09 XnC0s¢=V;>0 = ¢ =0, Xn= —=V,,[—
®, k
2biv M VZM _ 0.36x0.25 0.75
Xm=Xo=Vy,[— = k= o = >— =100 N/m.
k X5, 0.03
3.a Resonance. 0.25
3.b K K 0.75
o = o =2nf = ,/— ;4n*fP = — = k = 47*F"M = 100 N/m
M M




Fourth exercise (7.5 points)
Ii?]':QOf Answer Mark
Ala 10K — SAr +% +jv. z=18 A=40. 20.75
Alb Am =39.95355 — 39.95250 - 5.5x 10 =5x10" u. 1.00
E, =mc®=5x10"x 931.5 MeV/c? x ¢? = 0.47 MeV.
Alc Because E; = E(B") + E(v) + E(y) 0.50
A.2.a.i 80>< 2 6X10—3 0.50
m= ——""=21x10" kg = 2,1 g
100
A2.aii m 0.50
N = —N =3.16x10% nuclei.
M
A2bii 0.693 0.5
A= 5 = 1.46x10" s*
1.5x10° x 365x 24 x 3600
A2bii | A=AN=146x10""x3.16x10" = 4.61x10° Bq 0.75
A2.c The energy received in each second: 07.5
E =4.16x10°%0.47 = 2.17x10° MeV = 3.47x10® J.
B.l.a N, = Noe‘“ 0.50
K
B.1.b NAr _ N0 _ NK _ No(l_e*M) 0.50
B.2 N 1 1 — et 1 3 1.25
Ar = = = — N = ext - >
Ny 2 e 2 2
T 3 o
=t = In — = t=28.8x10° years
0.693 2
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