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This exam isformed of 4 obligatory exercisesin four pages numbered from 1 to 4
The use of non-programmable calculatorsis allowed

(7 pts)

A solid (S), of mass m = 140 g, may slide on astraight horizontal track. The solid is connected to two identical
springs of un-jointed turns, of negligible mass, fixed between two supports A and B.

Each of these springs has a stiffness (force constant) k = 0.60 N/m, and afreelength /.

We denote by O the position of the center of mass G of (S) when the oscillator [(S) + two springs] isin
equilibrium, each spring having thenthe length 7 ¢ (figure).

First Exercise: Study of a horizontal mechanical oscillator

The solid is shifted from this equilibrium position along the direction X' x, by adistance of 4.2 cm, and then
released without initial velocity at the instant t, = 0. During its oscillations, at any instant t, the abscissa of G
isx and the algebraic value of itsvelocity is V, O being the origin of abscissas.

The horizontal plane through G istaken as a gravitational potential energy reference.

| — Theoretical study

In this part, we neglect friction.
The solid (S) performs,in this case, oscillations of amplitude Xmo = 4.2 cm.
1) a) Show that the expression of the elastic potential energy of the oscillator is P.Ee = kx°.
b) Write the expression of the mechanical energy M.E of the system [oscillator, Earth] asa
functionof m,V, x and k.
2)a) Derivethe differential equation that governs the motion of (S).
b) Deduce the expression of the proper period T, of the oscillator in terms of m and k.

c) Calculatethevalueof To. Take n=3.14
Il —Experimental study

In redlity, the value of the amplitude X, decreases during oscillations, each of duration T.
Some values of X, are tabulated as below.

I nstant 0 T 2T 3T 4T 5T
Amplitude | Xm=4.20 |Xm=2.86 | Xm=1.95 |Xmn3=133 |Xm=0.91 | Xms=0.62
Xm(Cm)




1) Draw the shape of the curve representing the variation of the abscissa x of G asafunction of time.
. . T . .
Scale: on the axis of abscissas 1cm represents 2 and on the axis of ordinates 1 cm represents 1cm.

2) Theduration of 5 oscillations is measured and found to be 10.75 s.
a) CaculateT.
b) CompareT and T,
¢) What isthen the type of oscillations?
3) The decrease in the mechanical energy « of the system [oscillator, Earth] is due to the existence of aforce of

friction of theform f =- hVwhereV = Vi and h is a positive constant.
a) From the above table of values, verify that:

X . .
Xml e A where A isapositive constant.

Q

3
3

-hT
b) Knowing that A is given by the expression A = e 2™ | calculate h.
4) Inorder to compensate for the loss in the mechanical energy of the system, an apparatus (D) allows, at
regular time intervals, to provide energy to the oscillator.
a) Determine the average power furnished by (D) between theinstantst=0and t=5T.
b) What is then the type of oscillations?

Second Exercise: (7 Y2 pts) Flash of a camera K

In this exercise, we intend to show evidence of the functioning of the flash of a camera.
The simplified circuit of the flash of a cameraisformed of an apparatustakenas a |
source of DC voltage of E =300V, acapacitor of capacitance C =200 uF, aresistor g T~
of ressstanceR=10kQ,alamp (L ) , considered as aresistor of resistancer =1 Q
and adouble switch K ( figure 1).

. . Figurel
| — Charging the capacitor ?
The capacitor isinitially neutral. The double switch isturned to position 1 at the instant
to = 0. The capacitor starts charging (figure 2)

1) a) Derive, at an instant t ,the differential equation that governs the variation of the 1 K
voltage u. = uyy ,asafunction of time ,during the charging of the capacitor.
b) The solution of this equation, at an instant t, hastheform: u.=A +B e’ . q M
where A, B and r are constants. Determine these constants in terms of E, Rand C. ET N
2) Calculate the energy W stored by the capacitor at the end of charging.

I1- Discharging the capacitor
The capacitor being completely charged, the double switch is turned to position 2.

Figure 2

The capacitor starts to discharge through the lamp (L).
Theinstant of closing the circuit is taken as an origin of time. At aninstant t, the voltage across K

—t 2
the capacitor is uc=uwn = E " and the circuit carries then a current | (figure3). qj\" L

1. Justify the direction of the current in figure (3). N <
2. Knowing that i = - 99

dt Figure3




a) determine the expression of the current i asafunction of time,
b) calculate the maximum value of i,
c) determine the duration t; at the end of which the current reaches 70 % of its maximum value.
d) calculate, at the instant t; the voltage uc across the capacitor.
3. a) Assuming that the energy released by the capacitor by the end of the duration t1 is converted totally
into light in the lamp, determine the average power received by the lamp during ti.

b) The flash lamp emits light aslong as the average power it receives is greater or equal to 6.4 x 10* W.
Knowing that the duration of the flash isty, justify the emission of the flash between the instants 0 and t;.

Third exercise : (7 pts) Photoelectric Effect

The experiments on photoel ectric emission performed by Millikan around the year 1915, intended to determine
the kinetic energy K.E of the electrons emitted by metallic cylinders of potassium (K) and cesium (Cs) when
these cylinders are illuminated by monochromatic radiation of adjustable frequency v.
The object of this exercise isto determine, performing similar experiments, Planck’s constant (h), as well asthe
threshold frequency v, of potassium and the extraction energy W, of potassium and that of cesium.
| - 1) What aspect of light does the phenomenon of photoelectric effect show evidence of ?

2) A monochromatic radiation is formed of photons. Give two characteristics of a photon.

3) For agiven pure metal, the incident photons of amonochromatic radiation provoke photoelectric

emission. Give the condition for this emission to take place.

I'l- Inafirst experiment using potassium, a convenient apparatus is used to measure the kinetic energy K.E of

the electrons corresponding to frequency v of the incident radiation. The obtained results are tabulated in the
following table:

v (Hz) K.E (eV)
6 x 10 0.25
7 x 10™ 0.65
8 x 10% 1.05
9 x 10 1.45
10 x 10 1.85

Given: 1eV = 1.60x 107,
1- Using Einstein’srelation about photoelectric effect , show that the kinetic energy of an extracted
electron may be written intheform: K.E= av +b.

2- a) Plot, on the graph paper, the curverepresenting the variation of the kinetic energy K.E versusv ,
using the following scale:
e ontheaxisof abscissas. 1cm represents afrequency of 10%Hz

e ontheaxisof ordinates: 1 cm represents akinetic energy of 0.5eV.
b) Using the graph, determine:
i) thevalue, in SI, of h, the Planck’s constant.

ii) the threshold frequency v, of potassium.
3- Deduce the value of the extraction energy W, of potassium.

I11- In asecond experiment using cesium, we obtain the following values; K.E = 1 eV for v = 7x 10""Hz.
1) Plot, withjustification ,on the preceding system of axes, the graph of the variation of K.E asa
function of v.
2) Deduce from this graph the extraction energy W, of cesium.

3



Fourth exercise : (6 pts) Fuel and a power plant

The object of this exercise isto compare the masses of different fuels used in power plants producing the same
electric power.

The power plant, of electric power P = 3 x 10° W, has an efficiency supposed to be 30 % whatever the nature of
the fuel used be.

A. Energy furnished by the fuel
Calculate, in J, the energy furnished by the fuel during 1 day.
B. |. Thermal power plant
The power plant uses fuel-oil. The combustion of 1kg of this fuel-oil liberates 4.5 x 107 Jof energy.

Calculate, in kg, the massm; of fuel-oil consumed during 1 day.

[1. Power plant using nuclear fission
Inthe power plant , we use uranium enriched with®*U. One of the fission reactionsis:

PTU+ N> 29 + 2Xe +2;n
1) Inorder that fission reaction may take place, the neutron used must satisfy a condition. What isit?
2) Thefission of uranium 235 nucleus liberates energy of 189 MeV.

a Inwhat form does this energy appear?
b) Calculate, in kg, themass my of uranium 235 necessary for the power plant to function during 1 day.

II1. Power plant using nuclear fusion?

The thermonuclear fusion reaction has not yet been controlled. If such controlling becomes within reach , we
may provoke reactions like those taking place in the Sun.
The balanced fusion reaction of hydrogen in the Sun may be written as :
4H > JHe+2 54X

1) Identify the particle 4 X specifying the laws used.

2) What condition must be satisfied for this fusion to take place?

3) Determine, in J, the energy liberated in the formation of a helium nucleus.

4) Calculate, in kg, the mass mzof hydrogen necessary for the power plant to function 1 day.
C. Suggest the mode that isthe most convenient for the production of electric energy for a country .

Justify your answer.

Given :
1u=9315MeV/c®=166x 102 kg; 1MeV = 1.6 x 10™%J ;
Masses of nuclei and particles TH : 1.00728u ; SHe :4.00150u; %X :0.00055u; **U : 235.04392 u.




Solution

First exercise

| -
1-a) PEe= 1/2kx? + 1/2kx? = kx? (1/2pt)

b) MEE=K.E+P.Ee=%mV? +kx* (1/2pt)

dM E 2k

2-a) M.E=cte=> " =0=mV X+2kxV => x + —x = 0(1/2pt)
m

b) Thedifferential equation isof theform X + wozx =0 where o, = 1/&isthe proper angular frequency
m
of the motion.
. 2r m
The proper period is To= —=27,[—. (1pt)
o, 2k

14
) To=2nx 0

-= 21455 (U2pt)

I1- 1) The shape of the curve (1/2pt)

A

)a)T = 10’% — 2150's (1/2pt)
b) T=2,150set T,=2,145s=> T > T, ( 1/4pt
c) Oscillations are free damped (1/4pt)

3)a) A= %: 0,68 (1/2pt)

b) INnA= -%T .( 1/2pt) Thus: h=0,05Kg/s (1/2pt)

4- 3 M.E=%mV? + kx®. At maximum abscissa, V =0, thus M.E = k(Xm)?
Att=0, M.Ep = k(Xmo® = 1,0584.10°J.
Att=5T, M.Es = k(X ms)? = 0,0231.103J.
The decrease in the mechanical energy of the system is|AM.E | = 1,0584.10°2 - 0,0231.10° = 1,0353.1073 J.
-3
Thus: P,= |AM.E| _ 1,0353x10
5T 5x215
b) The oscillator performs driven oscillations. (1/4 pt)

=0,096.103W. (1 1/4 pt)



Second exercise
I-1-a) E=Ri +uc , aveci =dg/dt = Cdud/dt ; we have : E = R Cduc/dt + uc. (1 pt)

_t B ot B ot ot
b-uc=A+B e’ ;duddt=-—e*=>E=-RC—e*+A+Be® =>
T T

t
Be - (1-&)+(A-E):O vt :>(1-$):0:>T:RC e A-E=0=>.
T T
A=E .Ontheotherhandat t=0,uc=-0=>A+B=0=>B=-E (12/2pt)
2-W=%C (u)’=%CE* => W=9J (1/2pt)

[1- 1) uyn > 0 =>the current has the direction from high to low potential. (1/2 pt)

—t —t

: dg du, E < _E _¢
2a) i=-—=-C—==C—e© =— ¢e° (U2pt
)3 dt dt rC r (V2pt)
b) 1oy = %: 300A.  (1/2pt)

i
c) Attheend of theduration t;, we have : i =0,7 . = 0,7 rE:>rE e©=07 rE
4

A t
=>e'© =07 ou %: 0,356 => t; =7.10°s (1pt)

dift=t = 7.10°s, the voltage across the capacitor is:
— t1

uc= E e '© =300x e°®=21141V . (1 pt)

3- a) The energy stored in the capacitor at theinstant t; isthen : W1 =%C (UC)2 =
10%(211,41)* = 4,5 J.
AW =W-W,;=45J (1/2pt)

P = AtW = 6,4.10* W.

1
b) The lamp recel ves a power equal to the power of its normal functioning, it produces then aflash.
(1/2pt)




Third exercise

1-1) Corpuscular aspect. (1/2pt)
2) Zero mass; speed in vacuum = ¢ ; zero charge ; energy = h v .(1/2pt)
3) If hv>Wo or L <io or v > vs) (1/2pt)

I1-1- Einstein’srelation gives: hv = Wg +K.E
Wecanwrite: K.E=hv-Wg=av+bou a=hetb=-Wg (1/2pt)

2- @) Representation (1pt)

25

15 ——Seriesl
—#— Series2

Series3

0.5

b) i- K.E =f(v) isa straight line not passing through the origin having a slope h..

he KE-KE _ (185-025x1610"
vV, =V, 10.10* - 6.10"
ii- If the electron is extracted without velocity (K.E = 0), The metal isilluminated with aradiation of frequency

=6,4.10% J.s (11/2pt)

equal to threshold frequency v, = % The threshold frequency corresponds to the intersection of the obtained
line with the axis of abscissa. Graphically we find v, = 5,5.10"Hz. (1pt)
3) Ona: v, = V—Y}Q:> W,=h v, =6,4.10%x 55.10=352.10"°1=22¢V (1/2).

[11- 1) In order to plot the curve for cesium, it is enough to locate the point (7.1014Hz ; 1eV ) in the system of
axes then draw a straight line parallel to the previousline. (1/2pt)

2) In order to determine the extraction energy of cesium, we produce the line until it meets the axis of K.E;
wefind W o=1,9eV. (1/2pt)



Fourth exercise

9
A-  Theenergy consumed by the plant during 1 sis: % =10"°w

The energy consumed by the plant during 1 day is: E = 10™°x 24x 3600 =864.10"J. (1/2pt)

864.10*
45.10°

B - | — The massof fuel-oil needed for functioning 1 day is: mz = =19,2.10° kg. (1/2pt)

1. 1) Theenergy of the neutron is of the order of 0.1 eV (or slow neutron or thermal neutron) (1/4pt)
2) a) The energy liberate appears in the form of kinetic energy of the neutrons and the nuclel. (1/4pt)

b) In order to liberated a nuclear energy of 189 MeV, we need a mass of uranium equal to 235,04392 u. In
In order to liberated a nuclear energy E, we need a mass of uranium

_ 235,04392x 1,66.107% x 864.10%
189x 16.10™

m, =11 kg.(1pt)

[11-1) The laws of conservation of Z and of A give: Z =0and A = 1. The emitted particleis positron. (3/4pt)
2) The nuclei must have alarge kinetic energy (in the order of 0.1 MeV or atemperature of the medium
about 10°K).  (1/4pt)
3) The energy liberated is given by E; = Am.c?
Am =4x1,00728 —4,0015 - 2x 0,00055 = 0,02652 u
Am = 0,02652x 931,5 MeV/c” = 24,70338 MeV/c”.
thus : E; = 24,7 MeV = 39,52.103J, (1pt)
4) In order to liberate nuclear energy of 39,52.10%J, We need amass of hydrogen equal to 4x 1,00728 u.
In order to liberate the energy E, we need a mass of hydrogen.

_ 4x1,00728x1,66.10 *' x 864.10"
’ 39,52.10™

=1,5kg.(1pt)

C- m<mx<m;: for the same production of energy, we find that the consumption of hydrogen is 7 times
less than that of uranium and 13.10° times less than fuel-oil.
Fusion does not result in radioactive nuclei
_ Hydrogen is much more abundant in nature then uranium
__Fusion is more energetic than fission
_ Fusion does not produce toxic gases (1/2pt)



