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

Eirst exercise: (6 points)
Applications of the diffraction of light

A — Measurement of the width of a slit .
A laser beam of light, of wavelength in vacuum ’
A=632.8 nm, falls normally on a vertical slit of width
«a». The diffraction pattern is observed on a screen
placed perpendicularly to the laser beam at a distance

D = 1.5 m from the slit.

Let «L» be the linear width of the central fringe (Fig. 1).
The angle of diffraction 6 corresponding to a dark fringe

of order n is given by sin6 = n where n=+1, £2, £3. ..
a

. . . Laser source
For small angles, take tan 6 ~ sin 6 =~ 0 in radian.

1) Describe the aspect of the diffraction pattern observed on the screen.
2) Write the relation among a, 6, and A.

3) Establish the relation among a, A , L and D.
4) Knowing that L = 6.3 mm, calculate the width «a» of the used slit.

B — Controlling the thickness of thin wire

A manufacturer of thin wires wishes to control the diameter

of his product. He uses the same set-up mentioned in part \\ L~
(A) but he replaces the slit by a thin vertical wire. He wire \
observes on the screen the phenomenon of diffraction 6 a8
(figure 2). N
For D = 2.60 m, he obtains a central fringe of constant T
linear width Ly = 3.4 mm. _
1) Calculate the value of the diameter «aj;» of the wire at Fig.2
the illuminated point.
2) The manufacturer illuminates the wire at different Laser source

positions under the same precedent conditions. Specify
the indicator that permits the manufacturer to check that the diameter of the wire is constant.

C — Measurement of the index of water
We place the whole set-up of part (A) in water of index of refraction nyqr . We obtain a new diffraction
pattern.
We find that for D = 1.5 m and a = 0.3 mm, the linear width of the central fringe is L, = 4.7 mm.
1) Calculate the wavelength A' of the laser light in water.
2) a) Determine the relation among A , A" and Nyater -
b) Deduce the value of Nyster -




Second exercise: (7 points) Mechanical oscillator
Consider a mechanical oscillator constituted of a spring,
of negligible mass, and of un-joined loops of stiffness k (S)

and a solid (S) of mass m = 0.1 kg. " 7
The spring, placed horizontally, is fixed from one of its X
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v

extremities to a fixed support and (S) is attached to the LIy )

other extremity. (S) may slide without friction on a Fig. 1

horizontal rail AB and its center of inertia G can move

along a horizontal axis x'Ox. At equilibrium, G coincides with the origin O of the axis x'x (Fig. 1).

The solid (S) is displaced from its equilibrium position by a distance x,=0G, and we give it, at the instant

to = 0, in the positive direction an initial velocity v, =VOT. Thus, (S) performs mechanical oscillations
along x'Ox.
A — Theoretical study

At the instant t, the abscissa of G is x = OG and the algebraic measure of its velocity is v = ((jj_x .

Take the horizontal plane passing through G as a reference level of gravitational potential energy.

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

2) Establish the second order differential equation in x that describes the motion of G.

3) The solution of this differential equation has the form: x = Xmsin(_zl_—nt + @), where X, , Toand ¢ are
0
constants. Determine the expression of the proper period T, in terms of m and k.
B — Graphical study of the motion
An appropriate device allows to obtain the variations with respect to time:
e of the abscissa x of G (figure 2);

e of the kinetic energy KE, of the elastic potential energy PE, and of the mechanical energy ME of

the system (oscillator, Earth) (figure 3). (a)
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1) Referring to figure (2), indicate the value of:

a) the initial abscissa X ;

b) the amplitude Xy, ;

c) the period To.
2) Determine the values of k and ¢ .
3) The curves (a), (b), and (c) of figure 3 represent the variations of the energies of the system

(oscillator, Earth) as a function of time. Using this figure:

a) identify, with justification, the energy represented by each curve;

b) determine the value of the initial velocity v,;




c¢) i) indicate the value of the period T of the KE and PE,;
ii) deduce the relation between T and T,.

Third exercise: (7 points) Charging and discharging of a capacitor
The aim of this exercise is to determine, by two different methods, the value of
the capacitance C of a capacitor. For this aim, we set-up the circuit of figure 1.
This circuit is formed of an ideal generator delivering a constant voltage of
value E = 10 V, a capacitor of capacitance C, two identical resistors of
resistances R1= R, =10 kQ and a double switch K.
A — Charging the capacitor
The switch K is in the position (0) and the capacitor is neutral. At the instant
to = 0, we turn K to position (1) and the charging of the capacitor starts.
1) Theoretical study
a) Applying the law of addition of voltages and taking the positive
direction along the circuit as that of the current, show that the
differential equation that describes the variation of the voltage
U, = Ugpacross the capacitor has the form: E=R; dstC+ U

—t

D Fig.1

b) The solution of this differential equation has the form: u.= A(l—eTT) where A and t, are constants.

Show that A = E and t, = R;C.
c) Show that at the end of charging u.=E.

—t

d) Show that the expression u,;= U, = E e,

e) Establish the expression of the natural logarithm of ug [/ n (ug )] as a function of time.

2) Graphical study
The variation of £n (u ) as a function of time is represented by

figure 2.

[

\ fn (U,

), Ug InV

a) Justify that the shape of the obtained graph agrees with
the expression of €n(ug, ) as a function of time. 230

b) Deduce, using the graph, the value of the capacitance C. ‘\
B — Discharging the capacitor 1. Bfeeseresprrsnns® N

The capacitor being fully charged, we turn the switch K to 1
position (2). At an instant tp = 0, taken as a new origin of time,

the discharging of the capacitor starts. 0 5
1) During discharging, the current circulates from B to A in the
resistor of resistance R;. Justify.

2) Taking the positive direction along the circuit as that of the current, 101 Ue(V)

show that the differential equation in the voltage u_across the

capacitor has the form: u. + (R1 + Ry) Cdstz 0.

3) The solution of the above differential equation has the form:
—-t
U= Ee ™ where 7, IS the time constant of the circuit during
discharging. Show that t,= (R; + Ry) C.
4) The variation of the voltage u. across the capacitor and the tangent
to the curve u.= f(t) at the instant to = 0, are represented in figure 3.
Deduce, from this figure, the value of the capacitance C.
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First exercise (6 points)
Partgf s Answer Mark
We observe: - alternating bright and dark fringes;
- the width of the central fringe is double that of any
A-l other bright fringe; y,
- The direction of the pattern of fringes is perpendicular to 4
that of the slit.
1
A-2 §in 0, = =~ 0, /a
a
L L
We have tan0, = —, for small 6,, tan6; ~ 0, = —.
2D 2D
A-3 L 1
and sinf; ~6,s0 — = —.
a 2D
79 3
A-d 4= 2D\ _ 2x1.5x 632.5}3><lO 3210 m = 0.3 mm. 3/
L 6.3x10
-9
The diameter of the wire = 2~ 2'2263126?; 10
B-1 x Y,
= 0.967x10°% m !
=0.967 mm
B-2 The linear width of the central fringe. Because if L = constant = 1
a = constant 2
. A L,
Apply the same ralation we obtain : — = —%
C.l al, _ 0.3x10%x4.7x107 £
A= =2 =2 : = 470x10° m
2D 2x1.5
\ C AV 1 A
-9 AM=—andi=— = —=—= = A= 3
C 2 a v v }\' C nwater nwater /4
A 6238
-2 N =— =———=1.346 L
C 2 b water k. 470 /2




Second exercise (7 points)

Part of
the Q Answer Mark
A-1 | ME=%kx*+%mv 15
A-2 No friction then dME _ 0=kxx'+ mw'= x"+ 5x =0. Y
m
. 2T 21 271
X=XpsSIN(—1t+¢p) = v=—" Xycos(—t+
m (TO ?) T, % (TO ?)
= X'= — (2—“)mesin(2—“t+<p)
TO TO
A-3 2n o, . ,2T k . 2T 1
=—(=)XKmsin(=—t + @) +— Xpsin(=—t + ¢) =0
T, T, m T,
m
= T,=2 \/:
0 T K
B-1-a | Xo=20cm A
B-1-b | Xm=45cm 1,
To =4x0.157=0.628s 1
B-1-c /2
2
T, :2n\/E:> k= Am zm
Kk T,
= k=10 N/m.
- 1
B2 For t,=0, X = Xg = XpSing = sinp = ;—0:2—2:0.44:@20.46 rad or 1%
¢= n—0.46 rad ; but vo = Xm @ C0S ¢ > 0 according to figure 2
= cos¢>0and ¢=0.46 rad.
The curve (a) represents ME bacause ME= cte.
B-3-a | PE., =%K(xo)*= %(10)x(0.2)° = 0.2 J=> (b) represents PEe. 1
The curve (c) represents KE
B-3-b | KEo=%m(vo)* =0.81= vo =4 mis. 1y
. | T=2x0.157=0.314s A
B-3-c-i
. T,
B-3-c-ii | To=0.628s = T= > 1/




Third exercise (7 points)

PRI @1 Answer Mark
Q
_ R o dug .
Uap = Uag + Ugp = E=Ryi + uc withi= CT we obtain :
A-1-a du Ya
E=R; cC— + Uc
dt
du. _A - Lo : : . .
W——e t, Substitute in the differenial equation, we obtain
Y
t _t —t
A-1-b E=R CRe + AQ-e )= E=Ae"( N 14 A 1
T T
ThenA=Eand r,=R;.C
_t
A-1-C At the end of the charge ,t >0 =e * 50 => uc=A=E. 1/,
or : At the end of thecharge i=0 = ugi1=0=uc=E
_t —t
Ug, = R,i= Rlcddi: RlCEe n= EehC
A-1-d t g t Y
-t =t
OF:Ug = Up + Uc=>E=Urs + E-EeRC= ug = EeR:©
;t
A-l-e Ure = EeF=1In Ug, = INE - t/ty Ya
In(ug) = InE — th decreasing linearly with time, or it has the form of
A-2-a L 1
In(ug) = at+ b witha<0.
The slope of this straight line is — 1 _238-13__ 100s™* =
R,C 0-0.01
A-2-b 1 1 1
=100s"and C= —-F =1 pF.
1 10
B-1 Because the armature B of the capacitor is charged positively. A
Uc= Uz + Uy = (RitRy) 1 withi=-C di,weobtain: 3
B-2 - a A
Ue + (Ri+R;)C de =
_t
replace uc =Ee ™ in the differential equation, we obtain:
B-3 t £ L Ys
Ee 2+ (RitR)C(— —e ? )=0 = 7,= (R1*R2)C
¥
The slope of the tangent to the curve uc = f(t) at the instant ;=0
B-4 meets the time axis at a point of abscissa 7, = 0.02s
7,=(R1tR;)C = 002 — C=10°F.
20000







