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This exam isformed of four obligatory exercisesin four pages
The use of non-programmable calculatorsis allowed

First Exercise (7 points) Conservation and non-conser vation of the mechanical energy

Consider amaterial system (S) formed of an inextensible
and mass less string of length | = 0.45 m, having one of its

ends O fixed while the other end carries a particle (P) of B

mass m = 0.1 kg. '.
Take g =10 m/s \\

1) (S) is shifted from its equilibrium position by 6., = 90°, @ (P, )
while the string is under tension, and then released without A F
initial velocity.

Take the horizontal plane containing FA as a gravitational potential energy reference for the system [(S),
Earth]. We neglect friction on the axis through O and air resistance.

a) Calculate theinitial mechanical energy of the system [(S), Earth] when (P) was at D.

b) Determine the expression of the mechanical energy of the system [(S), Earth] intermsof I, m, g, V
and 0, where V isthe speed of (P) when the string passes through a position making an angle 6
with the vertical.

C) Determine the value of 8, (0° < 6 < 90°), for which the kinetic energy of (P) isequal to the
gravitational potential energy of the system [(S), Earth].

d) Calculate the magnitude V, of the velocity V, of (P) asit passes through its equilibrium position.

2) Upon passing through the equilibrium position, the string is cut, and (P) entersin ahead-on collision
with a stationary particle (P,) of mass ml= 0.2 kg. Asaresult, (P,) is projected with avelocity V of
magnitude V = 2m/s. Determine the magnitude V of the velocity V of (P) right after impact knOWI ng that
V,,V,, and V are collinear.

Isthe collision elastic? Justify your answer.

3) (Py), being projected with a speed V1 = 2m/s, moves along the frictionless horizontal track FA, and rises
at A with the speed V,, aong the line of greatest slope of the inclined plane AB that makes an angle
a = 30° with the horizontal.

a) Suppose now that the friction along AB is negligible. Determine the position of the point M at which
(P,) turns back.

b) Infact, AB isnot frictionless; (P,) reaches a point N and turns back, where AN = 20 cm. Calculate the
variation in the mechanical energy of the system [(P1), Earth] between A and N, and then deduce the
magnitude of the force of friction (assumed constant) along AN.




Second Exercise (6% points)  Determination of the capacitance of a capacitor

In order to determine the capacitance C of a capacitor, we use the following components:

- afunction generator (LFG) delivering an alternating sinusoidal voltage: v =Vm cos ot (vinV andtin s),
a resistor of resistance R = 50 Q, a coil of inductance L = 0.16 H and of negligible resistance, an
oscilloscope and connecting wires. Take 0.32 ©t = 1.

A) In a first experiment, we connect the capacitor in series with the resistor across the LFG. The
oscilloscope is used to display the voltage v across the LFG on the channel Y| and the voltage VR
across the resistor on the channel Y 2. The adjustments of the oscilloscope are:
vertical sensitivity: 2 V/division on both channels,

horizontal sensitivity: 5 mg/division. 0
1) Draw again adiagram of the circuit showing on it the :
connections of the oscilloscope. ﬂ« \ //\ \ //\
2) The waveforms displayed are represented as in the / \ / / \ /
adjacent figure: / \ / \ /
a) Waveform (a) represents v. Why? / \ / \ /
b) Determine the frequency of the voltage v and the  / / \ / \ /
phase difference between v and VR. / \/ / Q( /
¢) Using the numerical values of Vm and w, write
the expressions of v and of VR as a function of

time and deduce the expression of the instantaneous current i in the circuit.

d) Knowing that the voltage vC across the capacitor is Vg =%show that uC is given by

3.2x10* n
Ve = cos(mt-—
C C S(® 4)
€) Determine the value of C using the law of addition of voltages by taking a particular value of
thetimet.
B) In a second experiment, we insert the coil in serieswith the N /[l
previous circuit. / \ / \ /
We thus obtain an RLC series circuit and we keep the same
connections of the oscilloscope. / \ / \ /
We observe only one waveform on the screen (the two
waveforms are confounded).
The above result shows evidence of an electric
phenomenon that took place. / \ / \ /
Name this phenomenon and cal cul ate again the value of the
capacitance C. / \ / \ /
/ J \V/




Third exercise (6.5 points) Radioactivity

Given the masses of the nuclei: m(1331) = 130.87697 u; m(% Xe) = 130.87538 u; mass of an electron= 5,5
x 10* u;

1u=931.5MeV/c% 1MeV =1.6x 1023 h=6,63x 10> Js et c = 3x10%m/s

In order to detect a trouble in the functioning of the thyroid, we inject it with a sample of an iodine

radionuclide’ss! . Thisradionuclidehas a period (half-life) of 8 daysand itisa ™ emitter. The disintegration

of the nuclide 1;;’31, | givesriseto adaughter nucleus é Xesupposed at rest.

1) @) Thedisintegration of a nucleusof 1§§| Isaccompanied by the emission of a y radiation. Dueto

what isthis emission?
b) Writethe equation of the disintegration of 1§%I nucleus.
c) Calculatethe decay constant of the radionuclide Deduce the number of the nuclel of the sampleat the
instant of injection, knowing that the activity of the sample, at that instant, is 1.5 x 10° Bq.
d) Calculatethe number of the disintegrated nuclel at the end of 24 days.

2) 8) Calculatethe energy liberated by the disintegration of one nucleusof 31 .

b) Calculatethe energy of ay photon knowing that the associated wavelengthis 3.55 x 102m.

c) Theenergy of an antineutrinobeing 0.07 MeV, calculatethe average kinetic energy of an emitted
electron.

d) Duringthe disintegration of the 131 nuclei, the thyroid, of mass40 g, absorbsonly the averagekinetic
energy of the emitted electrons and that of y photons. Knowing that the dose absorbed by abody isthe

energy absorbed by a unit mass of thisbody, calculate, in JKg, the absorbed dose by that thyroid
during 24 days.



Fourth exercise (7¥#/2oints) Effed of theresistanceof aresistor in an electriccir cuit

Accordi ng to the value of the resistance of the resistor in a circuit, the steady state is attained slower
or faster, or the circuit may be (or may not be) the seat of ideal electric oscill ations.

In this exercise, we intend to show the effect of the resistance of aresistor in some electric circuits.
Given aresistor (R) of adjustable resistance R, a coil (B) of inductance L = 0.64 H and of negligible
resistance, a capacitor (C) of capacitance C = 10° F, agenerator (G) of negligi ble internal resistance
and of electromotive force E, a switch (K), an oscilloscope with a memory and connecting wires.

A) Case of an R-L series circuit (K)

We connect up the (R- L) series circuit of figure 1. The switch (K) is closed | | *—‘—\
at=0.
1) Derive, in the transient state, the differential equation in vk =Ri

associated with the considered circuit. %

t
2) The expression v =V(1—e T)isasolution of this differential equation.

Deduce the expression of Ug and t interms of E, Rand L.
3) Express, in terms of 1, the time t at the end of which the steady state is practically attained.
What is then the value of the voltage across the coil?
4) a) Compare the values of t and of V, corresponding to:
)R1=12Q; i) R,=60 Q; iii) R;=600 Q.
b) Draw, on the same system of axes (t, Vg ), the shape of the curve that represents vy for each
value of R.
c) What isthen the role of the value of R in the growth of the current
towards the steady state? | ®)
B) Case of an R-C series circuit |
We connect up the (R-C) series circuit of the figure 2. We close (K) at t = O.

1) Derive, in the transient state, the differential equation in

ve = associated with the considered ci rcuit, g being the charge of the [ =
©c C fig2 "

armature A of the capacitor.
t

2) The expression v =V (1- er ') is a solution of this differential equation. Deduce the

expressions of V¢ and of 7 interms of E, Rand C.
3) @) Express, in terms of 7', the time t' at the end of which the steady state is practically attained.
What is then the value of the voltage across the terminals of the resistor?
b) Compare the values of t' and V¢ corresponding to:
i)R1=12Q; i) R:=60 Q; iii) R:=600 Q.
c) Draw, on the same system of axes (t, vc), the shape of the curve representing uc for each value
of R
d) What is then the role of the value of R in the decay of the current towards the steady state?



C) Case of an RLC series circuit

(C), being charged, is connected with (B) and (R) thus forming
an RLC series circuit. This circuit is the seat of free electric
oscill ations.
The oscilloscope, connected across the terminals of (C), would
display the variati on of vc as afunction of time.
If R takes the value R = 0 and the switch (K) isclosed at t = 0,
we observe on the screen of the oscilloscope the waveform of
figure 3.
If we give R acertain value and we close the switch at t = 0,
we obtain the waveform of figure 4 without changing the
adjustments of the oscilloscope.
1) Give the expression of the proper (natural) period T, of
the RLC series circuit thus formed and

caculateits val ue.
2) Determine, using the waveform of figure 3, the time base
(horizontal sensitivity) used.
3) a) In which case are the oscill ations undamped? Why?

b) Calculate the value of the pseudo-period T of
oscill ations.

4) Compare the values of T and T,. Conclude.
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Solution

First Exercise (7 points)

1)
a) At D:KE=0Jcarv=0m/s
P.Eq = mgl = 0.1x10x0.45=0.45 J
M.E= KE+PE;= 045J] (0.75 pt)

b)
M.E= KE+P.E,= mvZ+mgh; eth=I-lcos
. 2 (0.75 pt)
M.E= Emv2+ mgl (1- cos6)

c) M.E of the system [(S), Terre] is conserved because friction is neglected.
M.E=M.Ep=045J.

M.E
PEg=KE= = ==045)= PE;=mgl(Lcos)) =045=0=60°  (Lp)

d) M.E = M.Er=0.45 J; P.Eg = 0.

K.E:%mv§=o.45:> V, =3m/s (0.5 pt)

2) During collision, the linear momentum of the system (P, P1) is conserved:
mVo= mV + m1V1
mVy-m;Vy

Vo, V et V1 arecollinear: mVg =mV +mV; :>V:m—_—1nvs (1 pt)
1

. 1
K.Ei of the system before collision: K.E; = > mVo2 =045J.

. 1
K.Es of the system before collision: K.E = EmV2+ mlvl2 =0.45J.
K.Ei= K.Er = the collisonis elastic. (0.75 pt)

3)
a) At A,P.Egp =0J =>M.Ep =K.E5 = %mlv,f =04J
M.E of the system [(S), Terre] is conserved because friction is neglected, M.Ex = M.Ey
AtM, Eqw =0J =Eum = Epy =mogAMsna=04=AM =04 m. (1 pt)
b) AtN, K.E.=0J = M.Ey = P.Ejy = mgANsina=0.2J
AEn=Enn—Ema =-0.20J
o~ AE, 0.2

AE,, =W: =f. AN =—f xAN :>f:_A—N:O.—2:1N (1.25 pts)



Second Exercise (6 Y2 points)

A
1) (0.5 pt) (~ )
N
|| o
2) C l R 7777~
a) Vm@ > Vmb (0.5 pt) v
1 Y1 Y2
b) T=4(div) x5=20ms = f :?=50Hz
T—o4div—o2n
0,5div— ¢ :>(p:%
v islagsbehind i or vg by %rad. (1.25 pts)
C) o =2xnf = 1007 rad/s
v = 7 cos100mnt.
Vrm =2,5(div)x 2=5V
Vk = 5 cos(100xt + %) and i:ER:01003(100nt+ ) (1.75 pts)
. dg . q 1. T 3,2x107% T
di=— =fidt=u =—:—|dt=— 0,1 cos(100nt +—)] dt = cos(mt-—) (0.5 pt
) dt:>q [lat=uc C CJ CI[ S 4)] S(o 4) (0.5 pt)

€) Ve =VR+Vc=Ri +vc
3,2x10

7 cos100xnt = 5 cos(100xt + E) + cos(mt- %)

-4
fort=0: 7= 5% 3,240 XQ:C:Mxlo_GF:64uF. (1pt)

B- The phenomenon is the current resonance.

1
=— 5 =64x10° F=64 uF (1pt)
2n/LC 4x f2L




Third exercise (6.5 points)
1)
a) The emission of y ray is due to the de-excitation of the daughter nucleus. (0.25 pt)

b) 1§%I — éXe+ ,2e+ 8V+ 8y
The law of conservation of charge number gives: 53 =Z — 1 thusZ = 54.

The law of conservation of mass number gives: 131 = A thus A = 131. (0.75 pt)

) p=In2_069_ .56 (0.5 pt)
T
A 1 .
Ag =MNg = Ny == =15x 10" nuclei (0.5 pt)

d) t = 24 days= 3 T, and the number of disintegrated at the end of 3T is. N-No

= % — N =N, =1.31x10" nuclei (1 pt)
2)
a) (1pt)

E= Amxc? = (Mygore — Master )G = (0.00104) x 931.5= 0.96876 MeV=0.96876x1.6x10723 = 1.55x 10713 J

b) Epn = % =56x10*J=035MeV  (0.75pt)

) The principe of conservation of energy gives:
E=K.E(Xe)+E_ +E(V)+K.E(3~

(X&) +Egy + E(V) + K.E(B) 059
0.96876= 0+ 0.35+0.07+ K.E(3 )= K.E(} )=0.55 MeV = 0,88x 1013 )

d) The energy absorbed by the thyroid during the disintegration of asingle nucleusis:
E; =0.55+0.35= 0.9 MeV

For t = 24 days, E, = E;x1.31x10" =1.18x10"* MeV =1.89x102 J

o_ E2 _189 x10 2
mass 0.04

=0.47 Jkg (1.25 pts)



Fourth exercise (7¥/2o0ints)

C d _Lav
1) Vg =Vg +Vg ; VR =Ri =i =R yg=L 2 -=Dr
) Ve =VR*Ve i VR R’ B dt R dt
L dv
E=vg+——F& 0.5 pt
RT R at (0.5pt)
2)
t _t _t _t
Vg =V,(1-e ); Ve _ Voo SE=Vy(l-e )+ —x(-2e )
dt T R =
.
E=V,xe T( R—1)+VO Vit = (0.5pt)
oL
E=V, 1-0=>1=—
TX

3) The steady state is practically attained at the end of : t = 51; vg =V, (0.5 pt)
4) &)

DR1=12Q: t1=511= 0,267s i) R2=60 Q:t2=5n= 0,053s; iii) R3=600Q: t3=513= 0,0053 s
VO:E AvAs (05 pt)

b)  (0.5p)

u

R

¢) When theresistor R increases, the steady state is attained more quickly. (0.25 pt)

B-
dt dt

E= RCd(;/—tC+ Ve (0.5 pt)

1) vg=VgR+Vc ; Vg =Ri =i=

2)



V. t v. t
ve=Ve(l-e 7); —2=—Ce T = E=V (l-e ¥') +RCx(—Ce 7)
dt T T
t
E=vc><er'(R—,C—1)+vC Vi (0.5 pt)
T

E=Vg R—CI:—1:O =1 RC
T

3)
a) The steady state is practically attained at theend of: t' = 57; Uc~ E (0.5 pt)

b)i)R, =12Q:t, =51, =6x10°s; i) R,=60 Q:t,=51,=30x10"s;
iii) R3=600Q : t3=513=6x10°s
Uc=E V1 (0.5 pt)

d) When the resistor R increases, the steady state is attained more slowly.

C-

1) T,=2nJ/LC =5x10"° s=5ms. (0.75 pt)

2) To = 1(div) X Sy then Sy =5 mg/div (0.25 pt)

3)

a) The oscillations are damped because the amplitude decreases with time. (0.5pt)
b) T =1,25(div) x 5= 6,25 ms (0.25 pt)

4) T > T,: the pseudo-period increases with the resistance of the circuit.  (0.25 pt)



