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Exercise 1 (5 pts)

Motion of a Golf Ball

The aim of this exercise is to study the motion of a golf ball (M)
in two different shots. (M) is considered as a particle of mass
m=45g.

1) First shot

Atan instant to = 0's, a golfer hits (M) from point O, launching it

with a velocity vo of magnitude v, .

The ball (M) then moves in a vertical plane (xQOy) containing \70,
and then 1t reaches the ground at point A (Doc. 1).

Take the horizontal plane passing through O and A as the

Golfer

A

-

Vo

O

Doc. 1

reference level of gravitational potential energy.
The curves of document 2, represent the gravitational potential
energy, the kinetic energy and the mechanical energy of the
system [(M) - Earth] as functions of time t, during the motion of
(M) between O and A.
1.1) Using document 2:
1.1.1) Show that during the motion of (M) between O and A
air resistance is neglected.
1.1.2) Show that curve (1) represents the kinetic energy and
curve (2) represents the gravitational potential energy.
1.1.3) Calculate the value of v, .
1.2) The ball hits the ground at A and then it stops at point B.

Determine the variation of the internal energy AU of the
system [(M) - Earth - Atmosphere] between O and B.
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2) Second shot

At an instant to = 0, taken as a new initial time, the golfer hits
(M), from B. (M) is launched with a velocity ﬂ = Vg i

(M) moves along a horizontal straight line (BC) confounded
with a horizontal x-axis of unit vector i. The aim of this shot is

to enter (M) in a hole at C, located 4.5 m from B (Doc. 3).

During its motion, (M) is subjected to a force of friction f of constant 0. 0ok P (ka.m/s)
magnitude f. \
The curve in document 4 represents the magnitude of the linear momentum \
« P » of (M), as a function of time, during its motion betweento=0andt: =3s. |0.06
2.1) Using document 4, calculate: \
2.1.1) the value of vg; 0.04
2.1.2) the variation AP of the linear momentum of (M) between toand t:. 0.02
2.2) Showthat f=0.03 N, knowing that AP = (X F,,, ).At, where £ F,, is the sum N\
of the external forces exerted on (M) during At =t — to. 0 >
2.3) Calculate the variation of the mechanical energy of the system [(M) - Earth] Doc.4 3t(s)
between to and ts.
2.4) Deduce whether the ball reaches the hole at C.
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Exercise 2 (5 pts) Capacitive level sensors
The aim of this exercise is to determine the capacitance of a capacitor in a capacitive level sensor.
Read carefully document 5 then answer the questions.

A capacitive level sensor uses a capacitor to measure the level of a product in a tank or reservoir (Doc. 6).
It can be used to measure the level of liquids, granular solids, mud, etc.
The operation of the sensor is based on the variation of the capacitance of a capacitor. An increase in the
product level will result in an increase in the sensor's capacitance. ~ www.automation-sense.com

Doc. 5

1) Empty tank
The sensor is placed in an empty tank, and the capacitance of the
capacitor is then Co. Document 7 represents a simplified circuit in a Capacitive level
capacitive level sensor. The circuit includes in series: 1,1 Emser
e an ideal battery (G) of electromotive force E=5V;, ;
e a resistor (D) of resistance R;
e a capacitor, initially uncharged, of capacitance Co;

-] Tank containing

« aswitch (K). X | @tauid

Atto =0, (K) is closed and the charging process of the capacitor

starts. Doc. 6

At an instant t, the plate B of the capacitor carries a charge q and the

circuit carries a current i. K A

1.1) Show that the differential equation that describes the variation of g has the form: —

dg . 1 _E NoM
—4 q=—. P D
dt RC, R G

—t B

1.2) Show that q = ECo— ECo e is a solution of this differential equation. N[ Cf

1.3) Deduce the expression of i in terms of E, R, Co and t.

1.4) The curve of document 8, shows i as a function of time. M
Using document 8, determine: Doc. 7
1.4.1) the value of R; : )

1.4.2) the value of Co. T % 10° (A)
2) Tank containing oil 250

The tank is filled with oil to a height x. 20 \

The table below gives for each height x of oil, the corresponding \

capacitance C of the sensor. 15

x (cm) 20 40 60 80 \
C(F);(1pF=10"F) | 80 | 110 |140| 170 10 N
2.1) Pick the sentence from document 5 that is in agreement N\
with the obtained results. > N
2.2) Trace, on a graph paper, the curve that represents C as a B et S R
function of x. 0 0.02 0.04 t (ms)
Take the scale: Doc. 8

e on the abscissa axis: 1 cm <« 20 cm;
e on the ordinate axis: 1 cm <> 20 pF.
2.3) Referring to the obtained curve, show that: C =50 + 1.5 x (C in pF and x in cm).
2.4) Deduce again the value of Co.
2.5) If the maximum height that the oil tank can contain is 1m, deduce the maximum capacitance of the
capacitive sensor in this case.
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Exercise 3 (5 pts) Electromagnetic induction - braking of a drop tower

The aim of this exercise is to study the role of electromagnetic induction in the braking of the
cabin of a drop tower that drops vertically at high speed (Doc. 9). Droplower
The circuit of the braking system in the cabin is simplified by an un-deformable vertical -—
square-shaped loop (MNPQ), made of copper, of side « £ » and resistance R. The loop moves I i

in a vertical plane, enters a rectangular region (DEFG) of a uniform magnetic field B of
constant magnitude, perpendicular to the plane of the loop. The x-axis, of origin O the
midpoint of [EF] is directed positively downward (Doc. 10).
: : . . d
At an instant t, the abscissa of point N is x and the speed of the loop v = x' = d_)t(
e Phase 1: The loop moves outside the region of the magnetic field (x < 0).
e Phase 2: The loop enters partially the region of the magnetic field (0 <x < £).
e Phase 3: The loop becomes completely in the region of the magnetic field (x > £).

Doc. 9

Phase 1 Phase 2 Phase 3
,/ ®m Q

{

P

D

Doc. 10

1) Match each of the expressions 1, 2 and 3 with the appropriate phase. Justify.
Expression 1: The magnetic flux through the loop is zero.
Expression 2: The magnetic flux through the loop is constant and non-zero.
Expression 3: The magnetic flux through the loop increases.
2) During phase 2:
2.1) Respecting the positive direction indicated in document 10, determine the expression of the magnetic
flux @ through the loop in terms of B, € and x.
2.2) Determine the expression of the induced electromotive force e.m.f « e » in the loop in terms of v, B and (.

. : I . e . . .
2.3) The induced current in the loop is given by i = R Determine the expression of i in terms of v, B, R and £.

2.4) Deduce the direction of the induced current in the loop.
2.5) Laplace force (electromagnetic force) helps to slow down the cabin. Justify.
3) During phase 3, braking by electromagnetic induction does not exist. Justify.
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Exercise 4 (5 pts)

Self-induction

The aim of this exercise is to determine, by two different methods, the resistance r and the inductance L of a
coil.

For this aim, we set-up the circuit of document 11 that includes:

a coil of inductance L and resistance r;
a resistor of resistance R =10 Q;

a power supply (G);

a switch (K).

1) First method

The voltage across the power supply is u,,=E =12 V.
At an instant to = 0, (K) is closed.

At an instant t, the circuit carries a current i.

Document 12 shows i as a function of time.

2)

1.1)

1.2)

1.3)
1.4)
1.5)

1.6)

Show that the differential equation that describes the
variation of the current is: L %+(R +r)i=E.

The solution of this differential equation is of the

-t
form:i=1In(1— e * ), where In and t are constants.
Determine Imand t in terms of E, R, rand L.
Referring to document 12, indicate the value In.
Deduce the value of r.
Using document 12, determine the value of the time
constant t of the circuit.
Deduce the value of L.

Second method

The power supply (G) delivers now a current i that varies with

time according to this equation:

Curves (a) and (b) of document 13, show the voltages uag = Ur
across the resistor and Usc = Ucoil across the coil as functions of
time.

2.1) Write the expression of ur as a function of t.

2.2) Write the expression of Ucoi in terms of r, L and t.
2.3) Curve (a) represents ur and curve (b) represents Ucoir. Justify
2.4) Using document 13, determine the values of r and L.

i=2t (iIinAandtins).

a/6
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Exercise 5 (5 pts) Wavelength of a radiation

The aim of this exercise is to determine the wavelength A of a monochromatic light emitted by a source (S).

The monochromatic light, of wavelength A, falls
normally on a horizontal narrow slit of width « a ».
The diffraction pattern is observed on a screen (E)
placed perpendicularly to the incident light beam at a
distance D from the slit (Doc. 14).

M, a point on (E), is the center of a dark fringe of order
n (n is a non-zero integer) on the diffraction pattern.

The position of M is given by x =OM with respect to
O, the center of the central bright fringe.

The diffraction angles in this exercise are small.

For small angles, take sinb ~ tan6 ~ 6 in radian.

1) Describe the diffraction pattern observed on (E).
2) Write, in terms of a, n and A, the expression of the
diffraction angle 0 at M.

3) Show that the abscissa of M is x =OM = nAb .

a
4) The screen is placed at a distance D = D1 from the
slit, the center of the third dark fringe is at a position
X = X,on the positive side of O.

When the screen is moved 0.5 m away, the position
of the center of the third dark fringe becomes x = X/

on the positive side O.
A

Show that : X;— X, = 1.5;.

5) A sensor, sensitive to the intensity of light, is moved
along the x - axis on the screen (E).
The curves in document 15 show the light intensity
as a function of x, for D =D and for D = D1 + 0.5 m.
Using document 15, specify the values of x,and X;.

6) Deduce the values of A and D1 knowing that
a=0.1mm.

5/6
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Exercise 6 (5 pts) Emission spectrum

The emission spectrum of an excited gas is discontinuous.

This spectrum allows the identification of the chemical element

emitting the radiation.

The aim of this exercise is to identify two gases, (A) and (B), using

the emission spectrum of each.

Document 16 shows two simplified diagrams of the energy levels of

gases (A) and (B).

Given: Planck’s constant: h = 6.627x107*J-s; 1 eV = 1.602x10™J ;

1nm = 10°m; the speed of light in air: ¢ = 3x108 m/s.

1) During the transition of an atom from a level n of energy En to a
level p of energy Ep (n > p), a photon of wavelength A is emitted.

Show that & = —~2%1 with & in nm and (En — E;) in eV,
n P
2) ldentification of atom (A)
2.1) The ionization energy of atom (A) is Wion = 10.44 eV.
Determine the energy E: of this atom when it is in the
ground state.

2.2) The arrows 1, 2, and 3 in the energy level diagram of atom
(A) represent three possible transitions of this atom.
Specify if the lines corresponding to these transitions

are emission lines or absorption lines.

2.3) Calculate the wavelengths A1, A2 and A3 that correspond
to these transitions.

2.4) Using document 17, indicate the name of atom (A).

0“ E(eV) Atom (A)
£2o1
5=—c.
Ei=-372 v(2) %)
Es;=-4.97
E,=-554
)
E:
O“ E(eV)  Atom (B)
Es =-0.85
Es=-1.38
Es=-152
Es
E,=-3.03
E;=-5.14
Doc. 16

) ;jle)nngzr%tl(%r;,Oge?:\gr?n(tBhl ground Chemical Some wavelengths A oi_' the emission line
state, receives a photon with element spectrum (in nm)
frequency v = 7.74 x10* Hz and .
passes to the second excited level. Nitrogen 3058 445 504.8 661
Show that the energy Es of this atom
is Es=— 1946V, Hydrogen 364.6 434 486.1 656
3.2) The de-excitation of atom (B) Mercury 160 12 4354 5772 5443
from the second excited level occurs
through three different transitions. Oxygen 301 397 615.8 700
Indicate the three possible transitions.
3.3) The wavelengths corresponding Sodium 387.81 568.8 588.15 | 11385
to these transitions are: 387.81 nm,
588.15 nm and 1138.5 nm. Doc. 17

Using document 17, indicate the
name of atom (B).
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Exercise 1 (5 pts) Motion of a Golf Ball
Part Answer Mark
1.1.1 | Air resistance is neglected because ME = constant =2.25J 0.25
Curve (1): kinetic energy.
First method: During ascending, the speed of (M) decreases, therefore the kinetic
energy (KE) of (M) decreases. 0.25
Second method: At to = 0 the speed of M is not zero, then KE, is not zero.
11.2
Curve (2): Gravitational potential energy.
First method: During ascending the height of (M) increases, therefore during 0.25
ascending the gravitational potential energy of the system [(M)-Earth] increases.
Second method: At t, = 0 the height of M is zero, then GPEo is zero.
Att=0s;KE =2.25]
1.1.3 1 U3
=Y 1225= 5% 0.045 xvZ2 ; Then Vo =10 m/s 0.5
The system [(M) — Earth — Atmosphere] is energetically isolated.
1.2 | Therefore, its total energy is conserved: E = ME + U = constant 0.75
Then, AU = — A(ME) = — (0—2.25) = 2.25J
Pp=mvg;
ZLl 0.09 = 0.045 x Vg, Vg = 2 m/S bs
212 | AP=P;-Po=—0.091 (kg.7) 0.25
YFere=mg+N+f ; mg+N =0, alors x-axis: ¥, Fege = f =-f1
% AP = » ﬁext).AL then — 0.091 =-f1 x3 therfore f=0.03N 0.25
or:SF=mg+N+f mais mg+N=0 then3F = -fT, 0.25
AP = (¥, Foye).At then along x-axis: — 0,09 1 =-f1 x 3 , therfore f=0.03 N
, AME= ME, - ME,;=(KE,+GPE,) - (KE,+GPEy)= (KE,) - (KE,)
3 | amE =§ m (v3 - vi)=0.5 x 0.045 (0 —22) = -0.09] 05
94 AME=W; =-fXxd; -009=-0.03xd ,then d =3m<45m 1
' The ball does not reach the hole at C.
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Exercise 2 (5 pts) Capacitive Level Sensors

Part Answer Mark
UpN = UpA + Uag + Usm + UmN
R . _dq _a e_pdd 4
11 |E=Ri+uc; but i= at and uc—a we obtain: E=R at +C—O 0.75
- dgq, 1 __E
Divided by R a+R—coq—ﬁ
1 1
q=ECo-ECoe 0 ; d9_ o ECoe ™0 ; we replace q and dq in the differential
dt RCo dt
equation:
L ECoe W' + L (ECo-ECoe M) L btain:
12 |reECoe R—CO( 0-ECoe )ZE we obtain: 05
Eoret 4B Egiet 2 E therefore, = = =
RE R RE ~R ) "R R
Therefore, g = ECo - ECo e 0 js a solution
. dg _ 1 Lt E -t
13 |i= E—R—COECoeRCo —Ee“co 0.25
Atto=0s;i=25x10% = Ze¥ : then2.5x105=2
1.4.1 0 ’ R - R 0.75
Therefore, R =200 000 Q =200 kQ
142 | Att=RCo ; i=25%x10%x0.37=9.25x 10° A 1
" | This value of i corresponds to t = 0.01 ms = RCo ; Therefore, Co=5 x 10 F = 50 pF
2.1 | Anincrease in the product level will result in an increase in the sensor's capacitance. 0.25
22 |, / 05
The shape of the curve is a straight line whose extension does not pass through the
origin, its equation is of the form: C=ax+b ;
2.3 | a=slope = (170 -80)/(80 — 20) = 1.5 pF/cm 0.5
Forx=20cm,C=80pF; thus 80=15x20+b,thenb =50 pF
We obtain C=50+ 1.5 x (C in pF and x in cm)
24 | C=50+ 1.5x; when the tank is empty : x = 0 cm we obtain C = Co = 50 pF 0.25
2.5 | For Xmax =1 m =100 cm, we obtain Cmax = 50 + 1.5 Xmax = 200 pF 0.25
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Exercise 3 (5 pts) Electromagnetic Induction Braking of a DropTower

Part Answer grade
Expression 1: The magnetic flux through the coil is zero — phase 1
Because the magnetic field lines do not pass through the plane of the coil.
Expression 2: The magnetic flux through the coil is constant non zero — phase 3 0.5
Because there is a magnetic field crossing the loop with a constant value, no
1 variation in the angle between B and 1, and no variation in the area covered by the 0.5
magnetic field lines.
Expression 3: The magnetic flux through the coil increases. — phase 2 0.5
because the surface S = x x £ covered by the magnetic flux increases, since x
increases.
21 | ®=B.S.cos(B.1) = B.x.£.c08(0) = B  x 0.5
e=— %2 gy X_ gy
2.2 il pr v 0.5
e B fv
23 |i=—=- 0.5
R
24 i <0 therefore the direction of the induced current is opposite to the chosen positive 05
' direction (clockwise). '
Since i is from P to N (clockwise)
The magnetic field is out of the page.
25 Therefore, the induced electromagnetic force is upwards, which opposes the motion 0.5
' of the loop and helps slow down the cabin of the drop tower. 0.5
or According to Lenz’s law Laplace force (electromagnetic force) opposes the
motion of the moving loop.
The magnetic flux through the coil is constant, then there is no induced
3 electromagnetic force and no induced current, therefore Laplace force 05

(electromagnetic force) becomes zero.
Then, breaking by electromagnetic induction does not exist.
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Exercise 4 (5 pts) self-induction

Part Answer Mark
UpN = UaB + UsC ; UG = UR + Ucoil
LI fezRisri+l Y Then R+ni+L L=k 05
dt dt
: =t =t di_ 1, =
|:|m(1—et ):Im—lm er then —=-Mer y
dad =
we replace in the differential equation:
-t -t
R+NImn—-(R+NIne- + Ll—mef =E
T
=L
12 |Ime [=-R+D]+(R+0NIm =E; 1.25
T
This is verified at any time t, then by identification
-t
(R+r)Im =E and [E —(R+r)] =0;sincelme* =0
T
E
Therefore Im = andt =
R+r R+r
1.3 In=1A 0.25
14 |lIm = E ;1= 12 , therefore r=2Q 05
R+r 10+r
15 Att=1i=0.63Im=0.63A 05
' From the curve : i =0.63 A for t=t=25ms '
L
16 |t= : 0.025 = L then L=0.3H 0.5
R+r 12
21 |ur=Ri then ur =20t 0.25
. di
22 | Uil =ri+L pm then Uil =2rt+2L 0.25
(b) represents Ucoil, because Ucil =2 rt + 2 L with r and L constant
93 its shape must be a straight line that does not pass through the origin. 05
' The curve (a) is a straight line passing the origin which is in agreement with ur = 20 '
t
Uc0i|:2rt+2 L
24 |Att=0: 06=2LthenL=03H 832
Att=0.05s: 08=0.1r+06 then r=2Q '
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Exercise 5 (5 pts) wavelength of a radiation

Part Answer Mark
We observe on the screen:
= Alternating bright and dark fringes on both sides of a central bright fringe.
1 = The central fringe is more intense, and has a width double that of the other bright | 0.75
fringes.
= The direction of the fringes is perpendicular to the direction of the slit.
2 |o=2 0.5
a
In the right triangle of vertices O, M and the center of the slit :
M
5 X
3 0.75
T
tand =0 =2 then x=0 D =222
D a
xa=3ADL op oo = 3ADz_ 3A(D1+05) _3ADy 1,51 = x3 + 1’51
4 2 a a a a l
Donc : x'5 - x3= 1.5;
At the center of a dark fringe, the intensity is zero. 05
5 The third zero intensity from the center O of the central fringe is at x3 = 18 mm. 0'5
The third zero intensity from the center O of the central fringe is at x's = 27 mm. '
X3 =18 mm and x's = 27 mm.
Then (27 - 18)x10° = 1.5 therefore : = =6 x10° 0.5
6 | 1=6x10%xa=6x107m =600 nm 0s

_3AD; .~ _axz_ 0.1x10°x18x 103
=—— ;Dj=—==————=1m

X3=— 3 3%600x10”
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Exercise 6 (5 pts)

Emission spectrum

Part Answer Mark
Ephoton:En—EP;%:En—EP; 05
1 - h xc 6627X 1073* x 3 x 108 x 10° _1241,011 1241 0'5
En-Ep  (E,-Ep)x1.602 x1071°  (E,-E,) En-Ep
2.1 | Wion=Ex—E1,then E1 = Exc — Wion =0-10. 44 =-10. 44 eV 0.5
99 Emission lines 0.25
' Because the atom makes transitions from a higher to a lower level. 0.25
A= b = —160.12 nm;
Es — E; —2.69+10.44
23 |2, = 1241 _ 1241 —577.2 nm 0.75
E¢ —E4 —1.57+3.72
A= —2 =2 _ 54429 nm
Es - E;3 —2.69+4.97
2.4 | From document 17, atom « A » is mercury 0.5
Ephoton = E3 — E1;
31 hxv=Ezs—E;then:Ez= Ei+ hxv 05
: -34 14 :
E3 -=_514 + (6.627><10 ><7.Zz119x 10 ) =_1.94eV
1.602 xX10
Transition 1: E3 — Ex 0.25
3.2 | Transition 2 : Es —> E2 0.25
Transition 3: E2 — E1 0.25
3.3 | From document 17; atom « B » is sodium 0.5
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