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

Exercise 1 (6 pts.)
Verification of the principle of interaction

The aim of this exercise is to verify the principle of interaction between two blocks.

For this purpose, we consider two blocks (A) and (B) considered as particles of respective masses ma = 200 g
and mg =800 g.

(A) and (B) can move without friction on a track CDE lying in a vertical plane.

This track is formed of two parts: the first one CD is straight and inclined by an angle a with respect to the
horizontal and the second one DE is straight and horizontal.

Block (A) is released without initial velocity from point C situated at a height hc = 0.2 m above a horizontal

x-axis, confounded with DE, of unit vector i (Doc. 1).

Take:
e the horizontal plane containing the x-axis as a reference level for gravitational potential energy;
e g=10m/s%

(B)

v

Doc. 1 E

1) The mechanical energy of the system [(A), Track, Earth] is conserved between C and D. Why?
2) Deduce that the speed of (A) at point D is V,, =2 m/s.

3) (A) continues its motion with a velocity \/—A =2 T(m/s) along track DE until it makes a head-on elastic
collision with (B) initially at rest.
Show that the velocities of (A) and (B) right after the collision are VT; =-1.2 f(m/s) and Vg =0.8 f(m/s)
respectively.
. o AP dP
4) The duration of the collision is At =0.1s, so A ;E'
Apply, during At, Newton's second law:
4.1) on (B) to determine the force Fase exerted by (A) on (B);

4.2) on (A) to determine the force Fa/a exerted by (B) on (A).
5) Deduce that the principle of interaction is verified.
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Exercise 2 (7 pts.)

Mechanical oscillations

A mechanical oscillator is formed of a block (S) of mass m and a

horizontal light spring of force constant k = 100 N/m.

The spring is connected from one of its ends to a fixed support A.
(S) is attached to the other end of the spring and it may slide without

friction on a horizontal surface (Doc. 2).

S)
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Doc. 2

At equilibrium, the center of mass (G) of (S) coincides with the origin O of the x-axis.
Atan instant ty =0, (G) is at O and (S) is launched, in the negative direction, with an initial velocity\z .

(G) thus performs mechanical oscillations.

. . . — . . - dx
At an instant t, the abscissa of (G) is x = OG and the algebraic value of its velocity isv=x"= — .

The curve of document 3 represents, as a function of time, one of these three forms of energy:
the kinetic energy, the elastic potential energy, or the mechanical energy of the system (Oscillator, Earth).
The aim of this exercise is to determine the value of m and the time equation of (G).

Take the horizontal plane containing (G) as a reference level for gravitational potential energy.

1) Specify the type of the oscillations of (G).

2) The curve of document 3 represents the elastic
potential energy of the system (Oscillator, Earth) as a
function of time. Why?

3) Use document 3 to answer the following questions:

3.1) Calculate the amplitude X, of the oscillations of
(G).

3.2) Knowing that the period Tenergy OF the elastic
potential energy of the above system is half the
proper (natural) period T, of oscillations of (G)

T
(T nergy :?Oj , calculate To.

el

dt

2

15

0

ol

4 Energy (x1072 J)

0.017

0.02n
Doc. 3

0.037 ¢ (5)

4) The time equation of the motion of (G) is given by: x = Xy, sin(wo t + @) , where ¢ is constant and
wo IS the proper (natural) angular frequency of the oscillator.

4.1) Determine the value of o.
4.2) Calculate the value of .
4.3) Deduce the expression of x as a function of time.

: k
5) Knowing that wo = \/% calculate the value of m.
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Exercise 3 (7 pts)
Brightness of a lamp

The aim of this exercise is to study the brightness of a lamp in two experiments.
For this purpose, consider:

e an ideal battery of electromotive force E=9 V;

e alamp L acting as a resistor of resistance R = 10 Q;

e acapacitor of capacitance C = 0.1 F;

e aswitch K.
Given that the brightness of the lamp increases with the increase of the current it carries and vice-versa.

1) First experiment: charging the capacitor

We connect the capacitor, initially uncharged, in series with the lamp and
switch K across the battery (Doc. 4).

Switch K is closed at ty = 0, and the capacitor starts charging.

1.1) Show that the differential equation that governs the variation of the

_ du
voltage, upa = Uc, across the capacitor is: E = RC d_tc+ Uc .

1.2) The solution of the obtained differential equation is of the form:

—t
uc=E (1-e"), where tis constant.
1.2.1) Determine the expression of T in terms of R and C.

1.2.2) Calculate 7.
1.3) Deduce that the expression of the charge currentisi=0.9 e™* (SI).

2) Second experiment: discharging the capacitor
The fully charged capacitor is connected in series with the lamp and switch K.
We close K at to = 0 taken as a new initial time.
The capacitor discharges through the lamp (Doc. 5).
Document 6 shows the voltage upa = Uc as a function of time.

4 uc (V)
9
8
\\
6
\
4
\\
2
N
= 1)
0 1 2 3 4 5 Doc6

2.1) Use document 6 to determine the value of the time constant t' of this RC circuit.
~t

2.2) Giventhatuc =E e . Deduce the expression of the discharge current as a function of time.

3) Conclusion
Using parts (1.3) and (2.2), describe the brightness of the lamp in the first and the second experiments

during the time interval [0, 5 s]. Justify your answer.
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Exercise 1 (6 pts) Verification of the principle of interaction

Part

Answer

Mar

1

Friction is neglected or the sum of the works done by the non-conservative forces is
zero, therefore the mechanical energy is conserved.

0.5

ME is conserved ,then  MEc =MEp
KEc + GPE: = KEp + GPEp ; (Vc =0,then KEc=0and hp =0, so GPEp = 0)

0+maghc= % ma v +0,then Va= 2gh ={/(2)(10)(0.2) =2m/s

1.5

During the collision, linear momentum is conserved:

pbefore = Fafter

mAVA = Ma VA + Mp Vé

This is a head-on collision, then the velocities are collinear, so we can write the
equation in the algebraic form:

MaVa= Ma V}&"‘ mg Vé

ma(V,— V,)=mg V; ....(equation 1)

The collision is elastic, then the kinetic energy is conserved:

KEbefore = KEafter

1

1 1
EmAVj = 5 Ma V,’f+§ meg V& ,then  ma (V2 -VZ)=mg Vf

ma(Va — V) (Vo + Vi) = mgVs®  (equation 2)

M. I __ ! .
equaiton 1’ Vo + V4 =Vg (equation 3)
r s - - - - . . ;o mA_mB
Replace Vg in equation 1 by its expression in equation 2: Vy = —2—=E Vu
m, +mg
VI _ 0.2-0.6

A= 50 X2 =—12m/s  hence V,=Vui=-1.21i(mis)

Equation3:V4 =V4i+Vy=—-1.24+2=0.8m/s ,50 Vg=Vgi=0.81(m/s)

orvp=—0vy, =208y 5= 08m/s ,s0 Vp=Vpi=08i(mh)

mpa-+mpg

4.1

Newton’s 2" law on (B):

=4 _dﬁB - . 11 =4 _ AﬁB .
ZFeXt_F ,then mBg+NB+FA/B_A_t ; m

agal
+
Z|
1
ol

=y — 5 =
=1 _ mBVB—mBVB _ 0.8)(0.81—0_ -
FA/B = At = 0.1 =641 (N)

4.2

Newton’s 2" law on (A):

=4 _dl_))A - 7 =4 _ Al_:;A
ZFeXt_F ,then mAg+NA+FB/A—T

= mp Vi —mp V 02 (-1.20)- 0.2 (=21 S
FB/A S AAt ATA — o1 = —641 (N)

0.5

l_fA/B = - fB/A , then the principle of interaction is verified.

0.5
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Exercise 2 (7pts) Mechanical Oscillations

Part Answer Mark
1 (S) moves without friction, then the type of oscillation is free undamped 1
mechanical oscillation.
Att, =0, (G) is at O, then x = 0; hence EPE, = % kx? = 0.
2 Or. Att,=0,V,#0, then KE, # 0. Also, ME # 0 at all instants. So, this curve 0.5
does not represent KE and ME; therefore, the curve represents EPE versus time.
~ EPE is maximum when x = X, ,then EPEnx = % k X2, .
T |2x10% =2 (100) X3, ,then  Xn,=002m
3
Graphically: Tenergy = 0.01 7 (s)
T
32 | 1y = 2 then To=2Tuegy = 2 X001 = 00275 i
X = Xy sin(wp t + @)
Atto=0: Xo=0; 0.02sin(p)=0 ,then ¢0=0 or ¢=mnrad
V = g Xm €0S (wo t + @)
ol Vo = ®o Xn, cos (o) 13
Atto=0: Vo <0 [(S) is launched in the negative direction]
But, ®oXy>0 ,then cos(¢)<0
Therefore, the acceptable value is ¢ =« rad.
4
21 2n
W= —= = 100 rad/s.
4.2 | oo T 002 0.75
4.3 | x=0.025sin(100 t + ) , with x in (m) and t in (s) 0.5
- K then w?== SO == =19 _001k
5 Eiabii= ’ Wo=n M= T 1002 = V158 1
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Exercise 3 (7 pts) Brightness of a lamp

Part Answer Mark
Uga = Ugp + Upa ,then E = Ri+uc
{ = da_ duc
1.1 1= dt C dt 1
Then, E = RCSE + u
-t t d E =t
U.=E(l—e")=E-Eex ,then  —c=Zgx
dt T
i du : . . : . :
Replacing uc and d_tc by their expressions in the differential equation, gives:
E =t -t ' RC
11121|E=RC—-e* +E-Ee- , then Eet(— -1)=0 15
T T
;t
Ee® =0 isrejected
RC
Then, (— -1)=0 ; therefore, 1 = RC
T
122 |t = RC =10x 0.1 ,then t =15 0.5
. d _ E - _t
|:Ci ,then i=C —e" = Per = Loz
1.3 t T RC R 1
t
i=2e 1 ,s0 i=09et S
10
Att=1;uc=037Xuc__ .. =037x9=333V.
2.1 1
Graphically, uc =3.33Vatt=1s ,then T=1s
2
d du E _t
= a4 = C—C=C—e™
Then, i=01x2e77 =09e™
In both experiments, i = 0.9¢™, then the current decreases with time; therefore, the
brightness of the lamp decreases.
Or:
3 P 1

Experiment1:i=0.9¢* ; Fort=0,i=09Aandfort=5s,i= 0.
Then, the current decreases with time; therefore, the brightness of the lamp
decreases.

Same explanation in experiment 2.
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