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This exam is formed of four exercises in 4 pages.
The use of a non-programmable calculator is recommended.

Exercise 1 (7.5 points) Compound pendulum of a clock

A clock, having a compound pendulum (S), can be equipped with a dry cell in order
to function normally. The pendulum (S) of this clock consists of a rigid rod and a
disk fixed from its lower end (Doc.1).

The pendulum can oscillate in the vertical plane about a horizontal axis (A) passing
through the upper end O of the rod. The distance between O and the center of mass
G of the pendulum is OG =a =20 cm.

Let Go be the position of G when the pendulum is in its stable equilibrium position.
The mass of (S) is m = 40 g and its moment of inertia about (A) is | = 0.002 kg.m?.
The pendulum is shifted from its equilibrium position by a small angle

Om = 10°=0.1745 rad, and then it is released from rest at to = 0.

(S) then oscillates about (A).

At an instant t, the position of the pendulum is denoted by its angular abscissa

0 =(0G,,0G) and its angular velocity is 6' = ((jj—f :
Take:

o the horizontal plane containing Go as a reference level for gravitational potential
energy;
2

e 9=9.8m/s% cosO=1— e?and sin 0 = 0 (in rad), for 6 < 10°.

A).7")\

()

Doc .1

1) Oscillations of (S) without a dry cell Teo
The clock is not equipped with a dry cell. 10 N A 777777777 A
Document (2) represents 6 as a function of 8 | ‘ \ \ f
time t. 6
1-1) Determine, by using document 2,
the mechanical energies MEg at 4
to=0and ME; at t = t; of the system 2
[(S), Earth]. 0
1-2) Deduce that the pendulum is _9
submitted to a friction force.
1-3) Determine, between to and t1, the —4
average loss of the mechanical -6
energy of the system [(S), Earth] -8 / \ \
during one oscillation. ol VTV V y V Y
1-4) Specify the type of oscillation. Doc. 2

t(s)
_>

1-5) Calculate the approximate value of
the pseudo-period of (S) knowing that t; = 7.025 s.

1-6) The moment of the weight of (S) about (4) is Mmé = —mg a sinf. Show by applying the theorem

of angular momentum, to (S), that the moment of the friction force is:
M= 0.0026"+ 007846 (SI).
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1-7) An appropriate system gives some values of: 6, 68" and 6" = ij_et at certain instants as shown in the

table below. Copy and complete the last three rows of the table.

t(s) 0 0.183 6.603 8.415 12.67
O(rad) 0.1745 0.0714 —0.1284 —0.1306 —0.0747
0"(rad/s?) —6.8404 —2.7689 5.0153 5.1345 2.9042
0'(rad/s) 0 -1 0.6 -05 0.8
M (N.m) 0 —3.6x10° —4.8x10°
r
M‘-»
fy

1-8) Deduce the relation between M " and 0'.
2) Oscillations of (S) with a dry cell

The clock is now equipped with a dry cell in order to compensate the loss in the mechanical energy of the
system [(S), Earth], then the pendulum performs driven oscillations with constant amplitude of 6m = 10°

and of period T=1s.

At to = 0, the dry cell is fully charged and has a maximum energy of Eo = 2880 J. During a time interval
At =t —to the dry cell furnishes 10% of Eo to the system [(S), Earth]. During this time interval, the

clock functions normally (with a constant amplitude of 6m).

2-1) Calculate the energy furnished by the dry cell to the system [(S), Earth] during the normal

functioning of the clock.

2-2) Deduce, by using the result of part (1-3), the duration At (in days) during which the clock functions

normally.

Exercise 2 (8 points)
We consider the electric circuit represented in document 3.

This circuit includes a capacitor of capacitance C = 2.5 uF, a coil
of inductance L and resistance r, and a resistor of resistance

R =170 Q, all connected in series across an LFG, of adjustable
frequency f . The LFG delivers an alternating sinusoidal voltage
Uc = Upm = Um sin (1250 t) (SI).

The circuit thus carries an alternating sinusoidal current i.

An oscilloscope, conveniently connected, allows us to display the
voltage us = upm across the LFG on channel (Y1) and the voltage
UR = Unm across the resistor on channel (Y?2).

Electric power consumed in an RLC circuit

=2

We obtain the waveforms (a) and (b) represented in s

document 4.

The vertical sensitivity on both channels is Sy =5 V/div.
Take 0.32 T =1.

2.38

div

1) Redraw the circuit of document 3 and show on it the

connections of the oscilloscope.
2) Refer to document 4 to:

2-1) show that waveform (a) represents Ug;

2-2) determine the maximum value I of i;
2-3) determine the phase difference ¢ between uc and ur.

3) Write down the expression of i as a function of time.

4) Show that the voltage across the capacitor is:

N/

NV

Upk = Uc = — 22.4 cos (1250 t — %) (SI).

Doc. 4

5) Determine the expression of the voltage ukn = Ucoil

across the terminals of the coil in terms of L, r and t.

2/4




6) Show, by applying the law of addition of voltages and by giving the time t two particular values, that
L=04Handr=100Q.
7) The expression of the average electric power consumed in the circuit is:

2
(R+nUpg

L2
2[(R+ r? +(Lm - Cw] ]

The power Paverage takes its maximum value Py for a frequency f = f1.
7-1) Determine the value of fi.

7-2) Calculate the value of P;.

7-3) The phenomenon of current resonance takes place for f = f1. Justify.
7-4) Deduce the new expression of i as a function of time for f = f1.

Paverage = , With o = 2xf.

Exercise 3 (7.5 points) Nuclear reactor

The first man-made nuclear reactor, or atomic pile as it was then known, in 1942 was the first step
towards future nuclear power plants. The radioactive materials used in this reactor, such as uranium and
plutonium, can be broken into several fragments under the impact of thermal neutrons. During this
operation, other neutrons are emitted provoking in turn the splitting of new nuclei and releasing new
neutrons and so on.

Doc. 5

1) Pick up from the text of document 5 the statement that refers to:
1-1) nuclear fission;
1-2) chain reaction.

2) One of the nuclear reactions that takes place inside a nuclear reactor is:

23 1 %4 140 1
wU + N > .S+ 5 Xe + xyn

Given: 1u = 931.5 MeV/c?; Mass of neutron: m (,n) = 1.00866 u.
Masses of nuclei: m(%5U) = 234.99358 u ; m (5:Sr) =93.90384 u; m (*Xe) = 139.90546 u.

92

2-1) The fission reaction of uranium-235 is provoked. Why?

2-2) Calculate Z and x, indicating the used laws.

2-3) Determine, in MeV, the energy liberated by this reaction.

2-4) The kinetic energy of the emitted neutrons represents 2.6 % of the energy liberated by this reaction.
Assume that all the emitted neutrons have equal kinetic energies. Calculate the kinetic energy of
each emitted neutron.

3) Studies show that most of the emitted neutrons have high kinetic energy (few MeV). In order to
provoke a new nuclear fission of a uranium nucleus-235, the neutron emitted by the fission reaction
must have a low kinetic energy around E = 0.025 eV (thermal neutron). In order to reduce the kinetic
energy Eo of an emitted neutron to Exn, this neutron of mass m and speed Vo, must undergo successive
collisions with heavier nuclei at rest of mass M = K m (K is a positive constant). We suppose that
these collisions are elastic and all the velocities just before and after each collision are collinear.

3-1) Let V1 be the speed of the neutron just after its first collision with a heavy nucleus.

. . i . 1- K
Show, using the laws of conservation of linear momentum and kinetic energy, that V1 = El+ K;VO'

3-2) Deduce that the expression of the kinetic energy Ex of this neutron just after the n" collision is:

2 n
En :|:(1_ K)2:| EO .
(1+K)
3-3) If the initial kinetic energy of an emitted neutron is Eo = 2.1 MeV. Calculate the approximate
number « n » of collisions needed for the final kinetic energy of this neutron to become
En=0.025 eV, if it collides with:
3-3-1) deuterium nuclei (K = 2);
3-3-2) carbon nuclei (K =12).
3-4) The deuterium nuclei are more convenient than the carbon nuclei to slow down the neutron. Justify.
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Exercise 4 (7 points) Planck's constant

The aim of this exercise is to determine Planck's constant h.
Given: 1 eV = 1.6x10'? J; speed of light in air: ¢ = 3x10% m/s.

1) Interference
A source (S) emits a beam of monochromatic radiation of wavelength A in air.

The beam is incident normally in air on the two slits Sy and S», M
of Young's double slit experiment, which are at a distance of S1S> =a=0.5 mm. TX
The source (S) is placed on the perpendicular bisector of [S1S2]. A screen (E) is Sll

placed at distance D =2 m from the plane of the two slits. The perpendicular S Szl o)
bisector of [S1S2] intersects (E) at point O. A sensor of electromagnetic waves is <

used to detect the interference fringes on (E). D

The optical path difference at point M in the interference zone on the screen is c
d= aEX , where x = OM (Doc. 6). Doc. 6 :

1-1) Determine the expression of the abscissa of the center of a fringe of maximum intensity and that of
the center of a fringe of zero intensity in terms of A, D, a and k (k is a whole number).

1-2) (S) emits a monochromatic radiation (1) of wavelength A = A1. The abscissa of the center of the
fifth fringe of maximum intensity is x = 30 mm. Determine A; and deduce that the frequency of
radiation (1) is vi = 2x10'* Hz.

1-3) (S) emits now a monochromatic radiation (2) of wavelength A = X,. The abscissa of the center of the
second fringe of zero intensity is x = 6 mm.

Determine A> and deduce that the frequency of radiation (2) is v2 = 3x10'*Hz,

2) Excitation and ionization of the hydrogen atom
The energy levels of the hydrogen atom are given by:
13.6

nZ

En=

eV; where n is a non-zero positive integer.

2-1) A hydrogen atom, initially in the energy level of n = 3, absorbs one of the photons of radiation (2)
of frequency v2. The hydrogen atom passes to the energy level of n = 7.
Show that the energy of this photon is E2 = 1.23 eV.
2-2) A hydrogen atom, initially in the energy level of n = 7, absorbs one of the photons of radiation (1)
of frequency vi. The atom is ionized and the liberated electron has a kinetic energy of 0.551 eV.
Show that the energy of this photon is E; = 0.82 eV.
3) Photoelectric effect
A metal of work function Wo= 1.625 eV is illuminated by radiation (3) of frequency v3 = 5x10'* Hz,
The maximum kinetic energy of an electron extracted from the surface of the metal is 0.445 eV.
Determine the energy E; of a photon of this radiation.
4) Planck's constant

1N

. . E
4-1) Using the previous results, show that: -
Vi V2 V3

4-2) Deduce, in SI, the value h of Planck's constant.
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Exercise 1 (7 points)
Compound pendulum of a clock

Part Answer Marks
2 2
ME, =>16"2 + mga(1 — cos6) = 0 + mga "> = 0.04 x 9.8 x 0.2 x 172
Then, MEp=1.2x1073]
Or:
ME, = %19’2 + mga(l —cosf) =0+ 0.04 X 9.8 X 0.2 X (1 —cos10°) 15
11 Then, MEo=1.19x 1073)
6.2 _ (0.157)2 _3
ME, =0+ mga —- = 0.04 x 9.8 x0.2 x — = 0.966x 107°]
ME, = %19'2 + mga(1l —cosB) =0+ 0.04 X 9.8 X 0.2 X (1 — cos 9°)
Then, ME1= 0.965x 1073]
2 ME, < ME,, thus the pendulum (S) is submitted to a friction force 0.5
MEoq = MEo- Emy _ (1.2x1073) — (0.966x1073) =334 %105
7 7 '
3 | 1
1 MEoq = Emo- Em; _ (1.19x1073) — (0.965x1073) ~3322 x10-5]
- .
4 The type is free damped oscillations, since the mechanical energy decreases. 0.25
5 |T=2=222=100355=15s 0.5
6 The forces acting on (S): the weight (mg) ; the support reaction at O (I_i) ; the friction force (f_r))
5 M= S2=10",50 M,z + My + My =10" then —mgasing + 0+ M =16" 1
Mg =0.0028" + (0.04 x9.8x0.2x 0) ; therefore, Mg =0.0026"+0.0784 6
0'(rad/s) 0 -1 0.6 -0.5 0.8
7 Mz (N.m) 0 6x105 3.6x105 3%x10°5 -4.8x105
7 Mg (VM) o -6x10-5 -6x10°5 -6x105 -6x10-5 1
0’ :
8 Mgz =C6  ,s0 C=—-6x1075S.1 05
Therefore, Mg =—6x107°6’ '
1 The furnished energy is :  Efurnished = 0.1E0 = 0.1 x 2880 = 288 J 0.5
1525 334 x 10-5
S_)l 2% X J , then At =L88_5=8.62><1065=99.76days
2 At EE 288] 3.34x10
2 Or: 0.75
1525 3322 x 1075
s 3322X107) - hen at = 2288 _ 8669 x 106s = 100.34 days
3.322%10

loss
At —  288]
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Exercice 2 (8 points)  Electric power in an RLC circuit

Part Answer Marks
—r
Y i
1 0.25
| D
e Y, "Y1
1 The vertical sensitivity is the same for both channels, and ; Upax@) > Umaxm)- 05
Therefore, waveform (a) represents Uc '
URpmax _ 2.38divx5V/di
2| 2 [Im = = TR = 0074 05
_2mXx1div _ i3 d
3 ¢ = 8 div —47‘61 05
3 |i=Insin(@2rft—3)=0.07sin (1250t-7) (iinAandtins) 0.5
_ _1 . _ 1 . T _ -0.07 T
L | weg [idt = 2 [0.07 x sin (1250t - T) dt = ——2"—cos (1250t - %) .
Uok = Ue = —22.4 cos (1250 - %)
5 | U= e =i+ L% = 0.07r sin (1250 — %) +0.07 Lx1250 X cos (1250t ) .
Ukn = Ucoil = 0.07r sin (1250t — 2)+ 87.5 L cos (1250t —7)
Upm = Upk t+ UkN t+ UNMm
18 sin (1250t) = —22.4 cos (1250t - T) +0.07r sin (1250t - )
+87.5 L cos (1250t — %) + 0.07x170 sin (1250t —g)
e V2 . _
6 For (1250t = rad) : 187 =-22.4+87.5L ;therefore, L=0.4H 15
For (1250t =0) : 0 = -22. 4%- 0.07r % + 87.5x0. 4><£-11 9£
0=-22.4-0.07r +(87.5x0.4) -11.9
Therefore, r=10Q
. . 1 1 1
1 | P takes its max;mum valueofgg: (Lo-—)=0,s0 ,then Lo=—,5s0 o= == 5 0.75
Then, 2= 2mVLC ~ 2V0ax25x10-6 = 160Hz
UZ 182 _
7 2 [P = 2R+1)  2(170+10) 0.9w 0.5
H — 2 —
3 |Since Lo =1/Cw so LCw =1 0.95
_ Un _ 18 - .
4 |, = T T = 0.1A4 ,then i=0.1sin(1000 t) 0.75
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Exercice 3 (7,5 points) Nuclear reactor

Part Answer Marks
1 | Nuclear fission : . The radioactive materials used in this reactor, such as uranium and 0.95
1 plutonium, can be broken into several fragments under the impact of thermal neutrons '
2 | Chain reaction : other neutrons are emitted provoking in turn the splitting of new nuclei and 0.95
releasing new neutrons and so on. '
The reaction is provoked since the uranium nucleus is divided into two nuclei under the impact
1 | of a neutron. 0,25
Or: The reaction takes place by an external intervention
2 | Low of conservation of mass number : 235+1=94+140+x ,then x=236-234=2 1
2 Low of conservation of charge number : 92 =38+ Z ,then Z=54
AM = Mpefore - Mafter = (mU + mn) - (er + Mxe +2mn)
3 | Am = (234.99358 + 1.00866) — (93.90384 + 139.90546 + 3 (1.00866)) = 0.17562 u 1
Eiio = Am ¢? = 0.17562x 9315 =o-xc? , then Eip = 163.59 MeV
4 | oke = % %X 163.59 = 4.25334 MeV/, then kinetic energy of each neutron is KE = 2,127 Mev | 0,75
Conservation of linear momentum : mv, = mv; + Kmv
Vo= V; +Kv ,then vo-vi=kv (Equation 1)
The collision is elastic, then : %mvg = %mvf + %I’an2
1 . 1,5
vi=vZ+ Kv? ,s0 (Vo—V1)(Vo+Vvi)=Kv? (Equation 2) !
Dividing eq (2)by eq (1) gives: (Vo + V1) =V , S0 Vo = V1 + kv =v1 + k(vo + V1)
3 _ 1k
Therefore, v, = 3 Vo
. . S _ 1-k _(1-k)?
, | Right after the first collision : E; = V2 mviZ= Y%am (m)2 Vo2 = 307 Fo .
Right after the i collision : Er = ((222)"
ight after the n™ collision : En = ({5
3 ' n=8o0r 9collisions 0,5
2 n = 54 or 55 collisions 0,5
4 | The number of collisions needed to slow down a neutron is smaller if it collides with 05
deuterium nuclei. ’
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Exercice 4 (7 points) Plancks constant

Part Answer Marks
Center of a fringe of maximum intensity : § = % =kA, ,then x= k}iTlD 05
1
Center of a fringe of zero intensity : § = %X = (2k+1) % , then x= % 0,5
The order of the fifth fringe of maximum intensity isk = 5
1
2 x = 2D ,then A; =1,5%X107°m ,thus v, = }\i = 2 X 10™Hz 1
1
The order of the second fringe of zero intensity is k = 1
3 1
,SOX = 3}2‘?) ,then A, =107°m ,thus v, = 3 x 10*Hz
1| B2 = (B, —Ep) = =22+ =2 =1.23eV. 0,75
2 13.6
5 | E1 = (Eoo — E7) + Ecelectron = (0 — =) +0.551 = 0.82 eV 1
Einestein photoelectric equation : Eppotons = Wo + ECmax
3 0,75
Ephotons = 1.625 4 0.445 = 2.07eV
E =41x10"eVs=6,56x10"*Js ; 5 =41%x10"eVs=6,56x10%Js;
v, Vs
1 E, =414x10"eVs=6,62x10"Js 0,75
4 Vs
Then, 5 =~ E =~ E
Vi Vy  Vj
o |E=hv ,then h= 6.6 x 107*].s 0,75
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