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This exam is formed of four obligatory exercises in four pages.
The use of non-programmable calculators is recommended.

Exercise 1 (8 points) Free damped mechanical oscillations

Consider a mechanical oscillator formed by a rigid object (S) of mass

m and a horizontal spring of spring constant k and of negligible mass. (S)

(S) is attached to one end of the spring, and the other end is fixed to a X' 7 G
support A. (S) may move on a horizontal surface with its center of mass G 74 VWUUUIWUUUTT >
being on a horizontal x-axis (Doc. 1) Doc. 1

At equilibrium, G coincides with the origin O of the x-axis. (S) is shifted
horizontally in the positive direction from its equilibrium position. At the instant to = 0, the abscissa of G is
Xm and (S) is released without initial velocity.

At an instant t, the abscissa of G is x = OG and the algebraic value of its velocity v = x' = (31_)'[(
During its motion, (S) is subjected to several forces including the tension force F=—kxi of the spring and
the friction forcef =—h v, where h is a positive constant called the damping coefficient.

Take the horizontal plane containing G as a reference level for gravitational potential energy.

The aim of this exercise is to study the effect of friction on the oscillations and to determine the value of h.
1) Theoretical study

1-1) Show that: m z—t + kx =—hv by applying Newton's second law . Fee=m Z—V

t
1-2) Write the expression of the mechanical energy ME of the system (Oscillator - Earth) at an instant t
in terms of m, k, X and v.

ME
1-3) Deduce that dT =—hv2, AT

1-4) Establish the second order differential equation that governs the
variation of x.
1-5) The center of mass G oscillates with an angular frequency

j———-———m-

2
w= 5—[L] . Deduce the expression of the pseudo-period T. /,/
m \2m To
1-6) For different values of h, we obtain the curve of document 2 which 0 h

represents T as a function of h, for 0 < h < ho. Doc. 2
1-6-1) How does T vary for 0 < h < hg?
1-6-2) To represents the proper period of oscillation of G. Justify by referring to document 2.

1-7) Deduce the expression of To in terms of m and k.
2) Experimental study
In the experimental study, we take m = 0.5 kg and k = 100 N/m.
2-1) Calculate the value of To.
2-2) The curve of document 3 represents x as a function of time t. Use document 3 to:
2-2-1) determine the pseudo-period T;
2-2-2) give two indicators showing that (S) is submitted to a friction force.

1/8




2-3) Calculate h.

2-4) In order to determine again the value of h, an appropriate device is used to trace the curves of ME and
the kinetic energy KE of (S) as functions of time, and also the tangent to the curve of ME at t = 0.27 s

(Doc. 4).

2-4-1) Determine the speed of G at t = 0.27 s by using the curve of KE.

2-4-2) Determine d'(\j/l—tE att=0.27s.
2-4-3) Deduce again the value of h.

TX (cm) 4 Energy (mJ)
12\ 720
| 640 M
8 560 |
480\
4 A 400 0475, 250 m
L 125 el P e
] ] h || 2401 o
1\ / r— —\)
| A/ 160} £
_4 | KBV
80 i \ p
‘\ ' "! N7 - ‘===L(£)
] B S 0 0.27 0.54 Doc. 4
Exercise 2 (8 points) Characteristics of a coil
The aim of this exercise is to determine the characteristics of a coil by two
methods. We connect in series a generator (G), a switch K, a resistor of LS

resistance R = 90 Q2 and a coil of inductance L and resistance r (Doc. 5).

We close the switch K at the instant to = 0.

At an instant t, the circuit carries a current i.

1) First method

(G) is a generator providing a constant voltage uca = E.

An appropriate device traces the curves of uce = Ur and uga = Ucoil aS

functions of time (Doc. 6).
1-1) Using the curves of document 6:
1-1-1) determine the value of E;
1-1-2) determine the value of the current I at the
steady state;
1-1-3) show thatr =10 Q.
1-2) Establish the first order differential equation in i
by applying the law of addition of voltages.

1-3) The solution of this differential equation is
—(R+r)

i=lb(l—e bt ).Deduce the expressions of
Ur and Ucoil interms of R, r, L, lp and t.
1-4) ucoil = Ur at an instant ts.

L _
Show that t1 = — En( R rj .
R+r 2R
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1-5) Deduce the value of L using document 6.

2) Second method
The generator (G) provides now an alternating sinusoidal voltage
of angular frequency . :
An oscilloscope is connected conveniently in the circuit in order to /)j\
display uce = ur on channel 1 and uga = Ucoil ON channel 2 (Doc. 7). /S VvV N\
The adjustments of the oscilloscope: \ § \
Horizontal sensitivity: Sh = 4 ms/div i
Vertical sensitivity: For Chi: Svi = 4 V/div; For Chz: Sv2 = 1 V/div / \
2-1) The circuit carries an alternating sinusoidal current = : =

i = Im sin(owt), (SI). Determine the expression of Ucoil iN
termsof L, o, Im, rand .

2-2) The expression of the voltage across the coil is of the form: Doc. 7

Ucoil = A sin(wt) + B cos(wt) where A and B are constants.
Determine A and B interms of r, L, Im and o.

2-3) Use document 7 to calculate:

2-3-1) the values of In and w;
2-3-2) the maximum voltage Um across the coil,
2-3-3) the phase difference ¢ between ucoil and ur.

. . . L
2-4) Determine again the values of L and r knowing that tan ¢ = T(D and U%2=A2+ B2

Exercise 3 (7 points) Decay of radon-219
The aim of this exercise is to determine the values of the power and the energy of the electromagnetic

radiation y emitted in the disintegration of radon-219.
The radionuclide radon %2 Rn decays into polonium?% Powith the emission of an o particle and y radiation of

energy E, according to the following equation: %:Rn — SPo +a+ y

Given: m(?2Rn ) = 204007.3316 MeV/c? ; m(4Po) =200271.9597 MeV/c®> ; m(a)=3728.4219 MeV/c?

1)
2)
3)

4)
5)
6)

7)
8)

1 MeV =1.602x10"°J ; Molar mass of 222Rn is 219 g/mol ; Na=6.022x10*mol*

Calculate A and Z, indicating the used laws.

Calculate the energy (in MeV) liberated by the decay of one nucleus of radon-219.

Deduce that the energy of the emitted y radiation is E, = 0.195 MeV knowing that the radon nucleus is
at rest, the kinetic energy of the emitted o particle is 6.755 MeV and the kinetic energy of the polonium
nucleus is negligible.

The initial mass of a radon sample is mo = 8 g at to = 0. Show that the initial number No of radon nuclei
present in the sample at to = 0 is No = 21.998 x10** nuclei.

Calculate the number of the a particles emitted between to = 0 and t; = 10 s, knowing that the
remaining number of radon nuclei at t; = 10 s is N = 3.998 x10** nuclei.

Calculate the values of the decay constant A and the half-life T of radon-219.

Calculate, in becquerel, the activity Az of the radon sample at the instant t; = 10 s.

The energy of the emitted y radiation between the instant to = 0 and an instant t is E = Ng E, where Ng is
the number of the decayed nuclei of radon-219 between these two instants.

8-1) Showthat E=NoE,(1—e*").

8-2) Deduce the value of E during the time interval [0, oof.
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9) The power p of the emitted y radiation at an instant t is given by: p = —.

9-1) Show thatp=A NoEye ™',
9-2) Deduce the maximum power Pmax Of the y radiation.
9-3) Deduce the power of the y radiation as t — oo.

Exercise 4 (7 points) Interference of light
The aim of this exercise is to study the phenomenon of interference
of light using Young's double-slit set-up.

Document 8 shows Young's double-slit set-up, which is constituted
of two thin parallel and horizontal slits S1 and S; separated by a
distance a = 0.5 mm, and a screen (E) placed parallel to the plane of
the two slits at a distance D =2 m.

A point source S, equidistant from Sz and Sz, illuminates the two
slits by monochromatic radiation of wavelength A = 600 nm in air.
(Ol) is the perpendicular bisector of the segment [S1S2].

The expression of the optical path difference at point P

on the vertical x-axis in the interference pattern is:

ax —
8 =(SS2+ S2P) — (SS1 + SiP) = Ewhere x=OP.

1) Describe the interference pattern on the screen (E).
2) Show that O is the center of the central bright fringe.
3) Suppose that P is the center of a dark fringe of order k (k € Z).
3-1) Give the expression of the optical path difference o at
point P in terms of k and A.
3-2) Deduce the expression of the abscissa xx of P in terms of k,
A, D and a.
3-3) Determine the order of the dark fringe at P knowing that
Xk =6 mm.
4) The point source S which is placed at a distance d from the
plane of the slits, is moved by a displacement z, in the negative
direction, to the side of S parallel to the x-axis (Doc. 9).

: : . az ax
The optical path difference at point P becomes: 6 = F+ o

4-1) Determine the position of the center O' of the central
bright fringe in terms of D, z and d.

4-2) Specify whether the central bright fringe is displaced to
the side of S or to the side S..

4-3) A thin transparent plate of parallel faces, of thickness
e = 0.02 mm and of refractive index n = 1.5, is placed
in front of Sz (Doc.10).

The optical path difference at point P becomes:

az ax
5= —+— +e(n-1).
i D (n-1)

dt
(E) A X
S1
° @]
S
S,
D
- - - —— e — - - - >
Doc. 8
(E) A X
S: P
L (@]
Z:
i. S,
S D
e T >
d Doc. 9
(E) A X
S, 1
. O
z;
v,
S S D
L e g >
d Doc. 10

We adjust the distance d in order that the center of the central bright fringe returns back to the point O.

Determine the value of d knowing that |z| = 0.4 cm.
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Exercise 1 (8 points) Free damped mechanical oscillations
Part Answer Mark
mg + N + f +T =m dv ; projecting the vectors along the x-axis
1-1 dt 0.75
0+0+—hv-kx:mﬂ,thus MY+ kx=—hv
dt dt
1-2 ME =% mv? + ¥ k x? 0.25
dME _ dv dx _ dv . — dv _ .
- E—mva +kxad—E;(ma+kx),substltutlng ma+kx——hvglves 05
= — _— 2
1 m VvV (= hv), thus m hv
1-4 | SE =v(mT+kx) =—hv?  thenmx”"+hx' +kx = 0 05
T= 2_1'[ _ 2T
1-5 T e k h \2 0.25
w ~ (Gm)
16 1 | As hincreases T increases 0.25
2 | Graphicallyh =0, for T = T, therefore T, is the proper period 0.25
i Forh=0,T=T,=——=—s0 T,=2n |=
1-7 o \/g ) . 0.5
2-1 Tozzn\/E = 2x314 |25 =0.4445 05
k 100
9.2 1|25T=1125s,thus T=0.45s. 0.5
2 | X, decreases with time and T is greater than T,(T > T,) 0.5
_ 21 k h? _ 4an? 2 _ 16 m?m? _ 16 m22
T—ﬁ,so ;-4m2—?,thenh =4mk - T2 SO h—\/4mk—T
) 23 G 1
_ 16(0.52)(m2) _
1 |Fort=027s KE=80mJ alors%amV2=008etV= |20 =0.566 m/s. 0.75
2-4 | 2 | E =2 = glope = 2222040 = 0,704 Jfs 0.75
dt At 027 -0 ' i
3 | 2= _0.704 =-h V2, thush=2"2 = 22kgls 0.75
dt 0.566
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Exercise 2 (8 points) Characteristics of a coil

Part Answer Mark
Law of addition of voltages: uca = Ucg + Uga
At steady state ucg = ur=9V and usa = Ucoii= 1V; thus uca = E =9+1=10 V 0.75
Or : E = Uit + Ur. At t =0, 1 =050 Ur = 0 then E = Uil (0) = 10V
1-1 2] At steady state uce =ur =9= Rxlo thus 9=90x Ip; lo=0.1 A 0.5
UBA = Ucoil = I + L% ; at steady state uga = 1Vand%: 0sol=rlo; rziz 10 Q 05
Or : At the steady state lo = E/(R+r) , then r=10 Q '
Law of addition of voltages : Uca = Ucg + UBa ;
1-2 JE=Ri+ri+L8= (RH)i+ LY e
_ —(R+r) I —(R+r1) —(R+r)
Ucoil = 1i + L%: ripg(1-e - )+ L(R+r) f e “ =rl;+Rle * 05
1-3
1 —(R+r)t 025
UR=Ri=R[j(1-e - )
—(R+r) —(R+r)t
Uit =UrR ;' [y +Rloe - =RIy(1-e *t ;
—(R+r1) —(R+r)
1-4 _ t — ' _Rr__  (R+DU _ . R-T 0.75
(R-rIy=2Rlpe - then e - = —x S0 - —ln(ZR)
L _
th=— x tnf BT
R+r 2R
— —(R+7r)x t1 — —(90+123>_<1(2).0008 = 0.099 H
1-5 . [R - r) ) 0.75
n
2R
2.1 | ucoil =ri+ L%z rImsin(mt) + L o Imcos(wmt) 05
22 Ucoil = rlmsin(mt) + L o Imcos(wt) = A sin(wt) + B cos (ot) therefore A=rlmand B= L 05
o Im '
. . . _URm 8,8 _
Urm = 4V/div x 2.2div=8.8 V ; Im =—— = -~ =0.097A 05
— _2z_ _2m  _ _ 0.5
9.3 o =2nf= T = e = 62.5m rad/s = 196.35rad/s
Um = 2.2div x 1V/div = 2.2V 0.25
= 202 7T rad =1.099 rad 0.5
8div 20
5 tanq) — L_co . tan 1.099 = Lx62.51 donc E — tan 1,099; L= tan 1.099x r @
r r r 62.5T 62.5T
U2, =A%2+B?;9=(rn)’+ (Loln)? @
, . a2 2oy 2 5 _ ( tan1.099\2, .
By replacing @ in @ :2.2°=r°x In* (1 + ®° X (W) );
2.4 Therfore r=9.998 Q and L = 0.0998 H 0.75
or:
U2 = A? + B2 then U2, = (Lw)?%I2,, + r?I2%,, buttang = LTw Lo=rtang;
2 _ 272 2 - Um - —
Then U, = r°l5q, (1 + tan®@) weobtain:r= T 10,3Q soL=0,1H
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Exercise 3 (7 points) Decay of radon-219

Part Answer Mark
1 Law of conservation of mass number A :219=A+4+0,so A =215. 1
Law of conservation of charge number Z: 86 =Z+2+0so Z=84.
5 Eiib= Amxc?=[( m 2i2Rn) -(m 4Po + ma) ]c? 9
Eiin == 204007.3316 — ( 200271.9597 + 3728.4219 ) = 6.95MeV ’
3 Eiib=KE + Ey, then E,=6.95-6.755 ,then E,= 0.195MeV 0.5
4 No="2 Ny = —= x 6.022 x 10 = 21.998 x 102! noyaux 05
5 Ng=Ng =No— N =21.998 x 102 — 3.998 x 102! =18 x 102! nuclei 0.5
_ At _ N _ 3.998 x 1021
N =Noe™, 50 At=-In No In (21.998 x 1021)
— 21
6 then A== x In (&“021) =0.1705s7! 1
Inz 0693 0893 -0
= = " g — 406s
7 A =2AN=0.1705 x 3.998 x 102! = 68.1659 x 10° Bq 0.5
81 | E=NgEy=(No- N)Ey=(N, -N, e )Ey ,so E=N,Ey(1-e™) 0.25
8
- Fort— o, E =N, E,(1-0)=21.998 x 10?1 x 0.195x1.602 x 10713 05
Then E =6.87 x 108 J '
o1 |p=dE _dWoB (-eM) _, E, e™ 05
dt dt
= . = = -A(0) =
9 9-2 For t=0 ;P = Pmax }\NOZ Ey e }\NO Ey Y 0.75
p = 0.1705 x21.998 x 10?1 x 0.195x1.602 x 10713 =11.72 x 10”7 W
93 | Fort »o, P, = AN,E, e M®) = 0.25
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Exercise 4 (7 points) Interference of light

Part Answer Mark
a We observe alternate bright and dark fringes which are rectilinear, equidistant and 1
parallel to the slits
2 Xo= 0 then §o= —=0 0.5
Ao
3-1 | 5 =(2K+1) 2 withk € Z 0.5
A ax 3 AD .
3 3-2 (2K+1) E = F’ then xx = (2k +1) E with ke Z 1
LD - :
33 | xi= 2k +1) 22 then 6x 10° = 2k +1) 20020 X2 o optain k= 2 1
2a 2x0.5x10
az ax -zD
4-1 do=—+— =0,50 Xo=—— 1
°"d D °T 4
Z<0andD>0;d>0 thenxo >0, therefore the central bright fringe is displaced
4-2 . 0.75
a to the side of Sy
az ax
do=0and xo=0, but 6= — + —+e(n-1)
4-3 : y d D 1.25
_ —az _ -(05x1073)(-0.4%x1073) _
T e(m-1) (0.02 x 1073)(1.5-1) ' sod =02m
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