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

Exercise 1 (7 points) Horizontal elastic pendulum

A mechanical oscillator is formed by a block (S) of mass m and a spring of negligible mass and spring
constant k. (S) is attached to one end of the spring, and the other end of the spring is connected to a fixed
support A. (S) can move without friction on a horizontal surface (Doc. 1).

The aim of this exercise is to determine the values of m and k. S)
At equilibrium, the center of mass G of (S) coincides with the origin O X"

- f:’lAmxxmmmm(\ G X '
of the x-axis. A ST T >
(S) is displaced horizontally in the positive direction. Soc 1
At the instant to = 0, the abscissa of G is X and (S) is launched in the :

negative direction with an initial velocity vj =Voi (Vo< O0)where j is the unit vector of the x-axis.

: : : . . o dx
At an instant t, the abscissa of G is x and the algebraic value of its velocity is v = x'= prt

The horizontal plane containing G is taken as a reference level for gravitational potential energy.

1) Write, at an instant t, the expression of the mechanical energy of the system (Oscillator, Earth) in terms of X,
m, kand v.

2) Establish the second order differential equation in x that governs the motion of (S).

3) Deduce the expression of the proper angular frequency wo of the oscillations in terms of m and k.

4) The solution of the obtained differential equation is:

X = Xmsin (oot + @), where Xp,, , @ and ¢ are constants.
Write the expression of v in terms of X, , oo, ¢ and t. 1 x(cm)
5) Write the expressions of xo and vq in terms of Xy, , ®p and o. 25 I/\\ I/\\
2
6) Deduce that: Xp = /xé +V—g : 10
® 0 / \ / (O]
7) An appropriate device traces x and v as functions of time as 10 \ / \ /
shown in documents 2 and 3 respectively. B \[ 1/ \| 1/
Referring to documents (2) and (3): A EAV/ \/
7-1) specify the type of the oscillations; Doc. 2
7-2) indicate the values of Xo, Vo, Xm and Vy,, where Vy, is the
amplitude of v. Av (M/s)
8) Deduce that wg is approximately equal to 20 rad/s. 5 —~
9) We repeat the same experiment by replacing the block (S) of /N
mass m by another block (S') of mass m' = 0.8 kg. 25 / \
The new proper angular frequency is @' = % 0 / \ t(s)
9-1) Write the expression of @' in terms of m" and k. / \\ ;
9-2) Deduce the values of k and m. 25 / \ /
~458¢_/ NS
Doc. 3
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Exercise 2 (7 points) Capacitance of a capacitor
The aim of this exercise is to determine the capacitance C of a capacitor. E
We set-up the series circuit of document 4. |
This circuit includes:

Initially the capacitor is uncharged. We close the switch K at the Doc.4

an ideal battery of electromotive force E = 10 V;
a rheostat of resistance R;
a capacitor of capacitance C; C

. . . . q
an ammeter (A) of negligible resistance; | | @.
a switch K. D B

instant to = 0. At an instant t, plate B of the capacitor carries a charge q
and the circuit carries a current i as shown in document 4.

1)
2)

3)

4)

5)
6)
7)

8)

Write the expression of i in terms of C and uc, where uc = ugp is the voltage across the capacitor.
Establish the differential equation that governs the variation of uc.

-t
The solution of this differential equation is of the form: uc =a+ b e * . Determine the expressions of the

constants a, b and t in terms of E, R and C.
—t

Deduce that the expression of the current is: i = % eRe.

The ammeter (A) indicates a value Ip = 5 mA at t; = 0. Deduce the value of R.

Write the expression of ug = upy in terms of E, R, C and t.

At an instant t = t;, the voltage across the capacitor is Uc = Ug.

7-1) Show thatt; =R C {n 2.

7-2) Calculate the value of C knowing that t; = 1.4 ms.

In order to verify the value of C, we vary the value of R. Document 5 represents t as a function of R.

8-1) Show that the shape of the curve in document 5 is in agreement with the expression of t obtained in
part 3.

8-2) Using the curve of document 5, determine again the value of C.

47 (x10%5)

3

2

1

. R (x10° Q)

0 1 2 3 4 -
Doc. 5
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Exercise 3 (6 points)

Aspects of Light

The aim of this exercise is to show evidence of the two aspects of light.

1) First aspect

Consider Young's double-slit experiment. The two
thin parallel horizontal slits S; and S, are separated
by a distance a = 0.5 mm.

The screen (E) is placed parallel to the plane of the
slits at a distance D =2 m.

A laser source illuminates the two slits by a
monochromatic light of wavelength A = 600 nm in
air, under normal incidence.

O is the point of intersection between the

perpendicular bisector of [S;S,] and the screen (E).

P is a point on the screen having an abscissa
Xp = OP =9.6 mm (Doc. 6).
1-1) Calculate the inter-fringe distance i.
1-2) Specify the nature and the order of the
fringe whose center is point P.
Slits S; and S; are replaced by a horizontal
slit S of width a; = 0.1 mm. O is the center
of the central bright fringe and o = 2 6;
where o is the angular width of the central
bright fringe (0, is a small angle) (Doc. 7).
1-3-1) Name the phenomenon that takes
place at the slit S.
1-3-2) Show that the width L of the central
bright fringe is given by the
20D

expression: L = .
al

1-3)

Laser
source

(E) A

Laser
source

(E) A
———]
S 1
————d
.......................... D
Doc. 7 1

O|L

1-3-3) Deduce the distance d between O and the center of the first dark fringe.
1-3-4) Deduce that P is neither the center of a bright fringe nor the center of a dark fringe.
1-4) The previous two experiments show evidence of an aspect of light. Name this aspect.

2) Second aspect

The monochromatic radiation of wavelength A = 600 nm in air, emitted by the laser source, illuminates
now the surface of a lithium metal of work function Wy =2.39 eV.

Given:

Planck’s constant h = 6.6x103* J.s: 1 eV = 1.6x10™°J

Take: the speed of light in air ¢ = 3x10® m/s.

2-1) Define the work function (extraction energy) of a metal.

2-2) Calculate, in eV, the energy of a photon in this radiation.

2-3) Deduce that there is no photoelectric emission from the surface of the lithium metal.

2-4) In order to extract electrons from the surface of the lithium metal, the laser source is replaced by
another one emitting a radiation of wavelength A’ = 500 nm in air. Determine, in eV, the maximum

Kinetic energy of the liberated electrons.

2-5) This experiment shows evidence of an aspect of light. Name this aspect.
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Exercise 1 (7 points)

Horizontal elastic pendulum

Partie Answer Mark
1 | ME=-mv?+ kx? 05
There is no friction therefore the mechanical energy is conserved.
2 ME = constant , then %:O ,hence mvv' +kxx'=0 withv=x"and Vv’ =x" 1
X" (mv+kx)=0 ,but xX’=0isrejected ;therefore, x" + %x =0
The differential equation is of the form: x”" + w3 x = 0
3 0.5
then : @y = \/E
m
4 v = X, ©g cos(mpt + @) 0.5
5 Xg = X, Sing 0.25
Vo = ®y X, COSQ 0.25
sing = X0 and cosQ = Yo
Xm (1)0 m
6 sinp + cos?p =1 1
2 2 2
Xo Vo 2 _ 2 Vo Vo
— =1 = X; + ——  Theref Xy = 242
X: + 0l X2 S0 X, = X o erefore, m Xo® + o0
7.1 | Free undamped mechanical oscillations 0.25
7 Xo=10cm ; Vo=-4.58m/s 0.25 0.25
7.2
Xm=25cm ; Vm=5m/s 0.25 0.25
Substituting the values of Xo, Vo and X into the expression of Xm gives :
025= (012 +=252  then o =19.98= 20 rad/s
8 (O] 0.5
Or:
Vm 5
Vm= O)OXm . then o = X_ = E =20 rad/s
91 | = |= 0.25
m
9 w' =10rad/s
9.2 | k=m'x ©?=0.8 x 10> =80 N/m 0.5
m= £ = 22 g2ig 05
2 400
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Exercise 2 (7 points) Capacitance of a capacitor

Part Answer notes
1 |i=%9  butg=Cx then i=C¢ 0.5
1= ,but q = Uc , then i=C - :
2 E=uas+usn=Uc+Ri ,but izcddltC ; therefore, E—uc+RCE 0.75
duc b -t N duc . . . . .
prral bl S Substituting uc and prallll the differential equation gives :
t t t
E=a+be™s + RC(—2e7) ,50 E=a+ber(1-5)
By comparison we obtain :
3 b RC -t L RC 2
a=E and be r(l—T):O , but be = =0Iisrejected ,then 1—7:0
Therefore,t=R C
At t, =0, the charge is qo = 0, then uco = 0.
Substituting uco = 0 into the expression of uc gives:0=a+b ,so b=-a=-E
4 :Cdﬁ:CEe_%:Ee_% 0.5
dt T R
5 |Ath=0:i=lp=2e® ,thenlo== ,thus R=-=—— =2x10°Q 0.5
0 ) 0= R ! 0=k Iy T 5x10-3 '
. duc t _t
6 Ur=Ri= RC——RC—er ,then UR=E e~ 0.5
Uc = UR
b b 1 b ts
71| E-Eee*=Ee* ,5s0 E=2E e = ,then 5= e , hence -En2=—7 0.75
Then, tt =t €n2 ;therefore, t1=RC (n2
7
_ L 14x1073 0 _ 6
1.2 Rgn2_2x103x£n2_l><l0 F 05
The curve is a straight line passing through the origin with a positive slope, then it is
8.1 . : : 0.5
in agreement with the expression T = RC.
8
_~_ At _3x10”
8.2 | Slope =C= —= =1x10°F 0.5
AR 3 x10
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Exercise 3 (6 points) Aspects of Light

Part Answer Mark
X -9 x
11 [i= 200 22 94104 m=24mm 0.5
a 0.5x10
xp = 9.6 mm =4 i, then P is the center of the 4™ bright fringe.
Or:
o . . kKAD _ .
1.2 P is the center of a bright fringe if xp = — withk € Z. 1
Xp = MTD ,thenk = % =23 Xﬁ)—: :0?'96:210_3 = 4 e Z, then P is the center of the 4th
bright fringe.
Diffraction of light
1.3.1 0.25
1 - .
From the figure: tan = = T2 , but o is small thentan oo = « | [
1.3.2 0 L 2 Db 2D 0.75
So - =— But a=— ;therefore, L= | D
13 2 2D aq dq 4—P
133 | d= L= 22X60x 107 X2 _ 5415 m=12mm 0.5
2 2 X 01 x 10
134 | xp<d= % , then it is neither the center of a bright nor the center of a dark fringe. 0.25
1.4 Wave aspect of light 0.25
2.1 W, is the minimum energy needed to extract an electron from the surface of a metal. | 0.5
_hc _ 66x1073* x3x10% _ ~19
Epn =5 = 600 x 107 =3.3x 107J
2.2 _ 33x107%° _ 0.75
Eph = Toopooe = 2:0625eV
2 2.3 Epn <W, , then there is no photoelectric emission. 0.25
E,ph = Wo + KEmax s then KEmax = E’ph - Wo = % - Wo
2.4 —34 8 0.75
_ 66x1073*x3x10 _
KEmax = oS o e 10- 2.39=0.085eV
2.5 Corpuscular (particle) aspect of time 0.25

3/3




	Examen_SV_Physique_Session_Ordinaire_EN_2019_Final_OUT
	Bareme_SV_Physique_Session_Ordinaire_EN_2019_Final

