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This exam isformed of four exercisesin 4 pages
The use of non-programmable calculatorsis recommended

First exercise (7 pts) M echanical oscillations

Consider apierced disk (D) , of massM =59 g, that may rotate , without friction ,about a horizontal axis
(A) perpendicular to its plane through O , O being the center of the homogeneous disk before being pierced.
The center of mass G of the pierced disk (D) isat adistance a from O (a=0G)

The object of this exercise isto determine the value of a and that of the moment of inertial of the disk (D)
with respect to the axis (A).

The horizontal plane through O is taken as a gravitational potential energy reference.

2

Take: sin6=0 and coH=1- 92 for small angles,0 beinginradian; g:10m/s2 ; ° = 10

| —Compound pendulum

Thedisk (D)isatrestin itsposition of stable equilibrium. We shiftit by asmall angle O

0., and then we release it without velocity a the instant to = 0.

The compound pendulum thus formed oscillates without friction on both sides of its

equilibrium position with a proper period T1 (Fig.1). h

At aninstant t, the position of (D) isdefined by its angular abscissa 6 tha OG makes with

the vertical QY and its angular velocityise’:z—(:. Fig.1

1) Write down, at the instant t, the expression of the kinetic energy of the pendulumintermsof | and 6’ .

2) Show that the expression of the gravitational potential energy of the system (pendulum, Earth) is
P.Eg=—M g acosp.

3) Write down the expression of the mechanical energy of the system (pendulum, Earth) in terms of
M,g,a 6,0 and I.

4) Derivethe second order differential equation that governs the motion of (D).

5) Deduce that the expression of the proper period T4, for small oscillations, can be written as :

T1=2n |
Mga 2P 0 B

] (A) ( %
I1- Oscillating system P
Thedisk (D)isnow welded from its center to two identical and horizontal torsion
wires OA and OB (OA = OB) (Fig.2). The extremities A and B are fixed. Y
The torsion constant of each of thewiresis C=2.8x10° m.N. Fig.2

Starting from its stable equilibrium position, we turn (D) by asmall angle 6,,, around AB, confounded with

(A) ; thetwo wires are twisted , in the same direction, by the same angle6,,,.

Released without velocity at the instant to = 0, (D) starts to oscillate around the horizontal axis AB. At an
instant t, the position of (D) is defined by its angular abscissa 6 that OG makes with the vertical OY, (each
wireisthen twisted by 6 ) and its angular velocity is0’. Theoscillating system performs then a periodic
motion of proper period T, .



1) a) Write down, at aninstant t, the expression of the torsion potential energy of the wiresin terms of
Cando.

b) Give then the expression of the potential energy of the system (oscillating system, Earth) in terms
of C,6,M,ganda.
¢) Deduce the expression of the mechanical energy of the system (oscillating system, Earth).
2) Determine the expression of the proper period T,intermsof |, M, a, g and C.

[11- Valuesof | and a
Knowing that the measured values of T, and T, are T, =4.77sand T, = 2.45s,use the results of parts |

and I, deducethevaluesof | and a.

Second exercise ( 7pts) Mode of charging a capacitor

A metallic rod MN, of length £ =1m and of negligible resistance,
may slide without friction along two long parallel and horizontal
rectilinear rails AA' and EE' of negligibleresistance. During its ~ -=-#-------------2f- - o---- >
displacement, the rod remains perpendicular to therails. An electric
component (D) and aresistor of resistance R = 100 Q are connected to
the rails with connecting wires. The whole set-up thus described is

placed in auniform vertically upwards magnetic field B of
magnitude B = 0.8 T ( adjacent figure).

At theinstant ty =0, the center of mass G of therod isat O. A convenient apparatus causes the rod to move
in auniform trandational motion from left to right with aspeed v = 0.5 m/s.

Ataninstantt, the position of G isdefined by itsabscissa x = OG on the axisx'x.

1) Find, at the instant t, the expression of the magnetic flux that crosses the surface AMNE in terms of
B, £ and x taking into consideration the positive direction indicated on the figure.
2) a) Explain the existence of an induced em.f e acrossthe ends M and N of the rod and show that its
valueis 0.4V .
b) At theinstant t, an induced current i passesin the circuit. Determine its direction.
¢) Draw adiagram showing the equivalent generator between M and N and specify its positive
terminal.
3) The component (D) is a capacitor of capacitance C = 102 F. During the displacement of the rod, (D)
undergoes the phenomenon of electric charging.
a) Derivethedifferential equation that describesthe variations of uc = uoa as afunction of time.
b) i) Calculate the value of the time constant of the circuit thus formed.
ii) After how long would the capacitor be practically charged completely?
c) At the end of charging, the voltage across the capacitor is U and its chargeis Q. Calculate U and Q.
d) Determinethevaluesof i at theinstants to=0andt; =6s.
e) Attheinstant t1 =6 s, therod is stopped. The circuit carries again a current.
1) Duetowhat isthis current?
i) Specify the duration of the passage of this current.




Third exercise (7 pts)

The two aspects of light

A —Diffraction > ) S
A source of monochromatic radiation of wavelength A in air illuminates under >
normal incidence ahorizontal dlit Fof adjustable width a cut in an opaque S
screen (P). A screen of observation (E) is placed parallel to (P) at a distance 2
D =5m (Fig.1). — |F
1) For A =0.5 um, show on adiagram the shape of the luminous beam -
emerging from the dlit in each of the two following cases: _—
- width of the dlit a=2cm. — le--D__}

- width of thedlit a =0.4 mm.
Fig. 1

2) Thewidth of the dlit isnow kept a 0.4 mm and the radiation used belongs to the visible spectrum.

(wavelength of the visible spectrum: 0.4 um <A <0.8 um)

a)Write, in this case, the expression giving the angular width of the central bright fringe in terms of
A and a

b) Show that the linear width of this central fringeisgivenby : L = @
a

c) Caculate the linear widths L,eq and Lo, When using successively ared radiation (Agq = 0.8 um)
and aviolet radiation (Ayigiet = 0.4 pm).
d) We illuminate the dit with white light. We observe over the linear width Lyioet White light. Justify.

B — Photodlectric effect

A source of wavelength A= 0.5 um in air illuminates separately two metallic plates, one made of cesium and

the other of zinc.
Thetable below gives, in eV, the values of the extraction energy Wo (work function) for some metals.

Metal

Cesium

Rubidium

Potassium

Sodium

Zinc

W, (eV)

1.89

213

2.15

2.27

431

Given :h=6.63 x 10*%Js:1eV =1.6x 10°J:c=3 x 108 m/s

1)
2)
3)
4)

Calculate, inJand in €V, the energy of anincident photon.

For what metal would photoel ectric emission take place? Justify.

Calculate in eV the maximum kinetic energy of an emitted electron.

The cesium plate receives a monochromatic luminous beam of wavelength in air A = 0.5 um, of

power P=3978x10"*W. The number of electrons emitted per second isthen n = 10™.

a) Caculate the number N of photons received by the plate in one second.

b) The quantum efficiency r of the plate isthe ratio of the number of the electrons emitted per
second to the number of photons received by the plate during the same time.
Calculater.

C - Duality wave-particle
The wave theory of light is used to interpret the phenomenon of diffraction. Thistheory is not able to
interpret the photoel ectric effect. Why?



Fourth exercise (6 %2pts) Roleof acail in acircuit

Consider the circuit represented in figure 1 where:

(G) isaDC generator of em.f E =9V and of negligible internal resistance ;
(D,) isaresistor of resistance R; = 90 Q;

(D2) isaresistor of resistance Rz

(B) isacaoil of inductance L = 1 H and of negligible resistance ;
(K) isadouble switch.
| - Growth of the current in the component (R, L)
We place the switch in position 1 at an instant taken as an origin of time (ty = 0).
At aninstant t, the circuit carriesacurrent ;.
1) Derivethedifferential equationinis.
R
2) Veifythat i1= RE( 1-e L ")isasolution of the preceding differential equation.
1

3) a) Find, inthe steady state, the expression of the current lo in terms of E and R1.
b) Calculate .

Il —Decay of the current in the component (R,, L) and illumination of alamp

A - Decay of the current in the component (R, L)

At an instant chosen as a new origin of time (t; = 0), we turn the switch K to position 2.
At aninstant t, the circuit carriesthusacurrent i- . D

. . . . 1

1) Determine the direction of this current .

2) Derivethedifferential equationiniz.
3) The solution of this differential equation is of theform i>=a e,

Show that o = l;and B=%- Gl B%

B — Duration of illumination of alamp

Theresistor D>is alamp of resistance R = 400 Q (fig. 2). Fig. 2 D
Thislamp gives light as long as the current it carriesis not less than 20 mA.

1) Show that the lamp giveslight at the instant when the circuit is closed.

2) Determine the duration of the illumination of the lamp.



Solution

First exercise : (7 pts)

1)
2)

3)

4)

5)

1)

2)

K.E=%1(0% (Yapt)
P.E=-Mgh; h=acos0 (Figure) = P.E = - Mgacosb. (%pt)

M.E=K.E + PE=%I(0")?- Mgacos0. (¥pt)

m

Friction is neglected = dj =0=10"6"+ Mgab'sino.
t
For small angles, sinb =0 (rad) = 10”0 + Mgad' 6 =0

M
= 10" +Mgab=0=> 0" + — 2 0=0. (¥%pt)
|

M
The motion is angular sinusoidal of angular frequency o, = Iga ;

. _— 2
The period of the motionisT; = =
o1 Mga

(V2pt)

a) P.Ewrson =% CO% + 1% CO% = CO%>  (¥pt)
b) PE=PE; +P.Eqson =- Mgacosd + CO?.  (¥pt)
c) M.E=1% 1(0')*- Mgacosd + CO%.  (¥pt)

ME  0=1070" + Mgad'sin + 2C00'=
dt

Mga+ 2C

10" + Mgad + 2C0=0=> 0" +[ 10=0. (1pt)

l-a=34mm ; [1=114x10°kgm?.  (1%pt)



Second exercise : ( 7pts)

1) ® =B Scosl80=-BS=-Bx (*2pt)

2) a) ® variesbecause Svaries => e=- ::p exists. (Y2 pt)
t

d
e= BEdX = Blv= 0.8x1x05= 04V.  (%pt)
t

b) Theinduced current opposes, by its electromagnetic effect, the cause that
producesit. The Laplace force then opposes the direction of displacement of the rod ;
The induced current then passes through the rod from
point M to point N. (Y2pt)

c) (“2pt) -

.

N

e

A M
d
3) a)e:Ri+uc:RC:tC+uc S e
(1/zpt) i |
E N

b)i)T=RC=100 x10%=1s. (¥%pt)
i) Thecomplete chargeis practically attained at 5t=5s. (*2pt)

© U=e=04V. Q=CU=102x0.4=0.004C. (1pt)

. 4
d)e=Ri+uc .Forto=0, uc=0 :>e=RIo:>Io:O—:4mA
100

For t = 6 s, the capacitor is charged completely = uc=e= i =0. (1 pt)
€) i) Isaresult of discharging of the capacitor through the resistor (V4 pt)

1) Theduration of the passage of the current of discharging is
51=5RC=5s(¥pt)



Third exercise : (7 pts)

A-1) (Y2 pt) T o
_— —_—
—_— R S
—_— —_—
] —_—
- - \\
—_— _—
—_— R S
—_— —_—
da=2Ccm -

d =04 mm

Na) a= 2. (Ypt)
a

2\ L . 2D\
b)a= —= —(Figure) = L= —. (%4pt)
a D a
2D\
C) Lrea= aRed =2CM ; Ared = 2 Miolet

= Lred = 2 Lvidet = Lvioler =1Cm (¥2pt)
d) Thelinear width L of the centra fringeis: lcm< L <2cm.
All the central bright fringes superposed within 1 cm:

We obtain white fringe. (Yapt)
-34 8
h 63x1 1
B-1) E=hy="0= 2920 310 _ 5978102
A 05x10
30.78x10 2
E= = 5 eV =249eV. (1¥apt)
1.6 x10

2) There is photoel ectric emission from cesium because : 2.49 > 1.89
2.49 < 4.31 = there is no photoel ectric emission from zinc. (%2 pt)

3) E=Wo+K.Emnx = KEmx=249-1.89=0.66eV. (%pt)

4
3978 x10 .
4) a)P=NE=N= ;_20: 10" photons received /s. (V2 pt)
39.78x 10
n 1016
b) Quantum efficiency = —= o8 =0.01 = 1%.(%2 pt)
N 1

C — According to the wave theory, the wave gives energy to the illuminated surface progressively and
continuously. This means that whatever the frequency of the incident radiation, a continuous illumination of
the metal should produce photoel ectric effect. (1 pt)



Fourth exercise : (6 V2 pts)
- 1) E = Ryjy + LO(:l (%5 pt)
t

Ry

, Ry R
g B C'Y=E [verified] (% pt)

E - E -
el > R[—(1-e Lt)]+L(—e
dt Rl L

2)

3) a) At steady state, i1= cte = [:l = 0; Thedifferential equation in this case
t

E:R1|o+02|o:E. (Yapt)
Ry
9
b) lo= —=01A. (Yapt)
90

Il-
A- 1) During the current decay , the coil, according to Lenz law, produces a current
B- in the same direction as before, from A to D inthe coil (% pt)
di . di .
2) Uil = U(pz = Uap=Uap = L%2=. Rol, = L%2 4 Ral> =0 (Y2pt)
dt dt
d
3) O'lzz-as M= - LapeP+RyaeP=0= aef(R,-LP)=0.
t
Ry
L

Fort=0,i=lp=a = — .(%pt)
Ry
B — 1) Just after closing the circuit, a current |4 passes through the lamp
lo= 0.1 A >0.02 A. Thereforethe lamp illuminates. (Y2 pt)

R,-LB=0=B= 2. (3pt)

) a=01A andp="2=400s' = i,= 016  (pt)
1

002 _

002=01e""= === .400t=In02=t=4ms (1pt)
0.1



