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Motion along an inclined plane
An object (S), considered as a particle of mass m = 0.2 kg, can
move on a straight track OA, situated in a vertical plane and A

inclined by an angle o with the horizontal (sino. = 0.1) . M
Atto=0, (S) is launched with a velocity V, of magnitude Vo (Doc.1). 1%
Take: o Doc. 1
e the horizontal plane passing through O as a reference level for
gravitational potential energy; 4 Energy (J)
e g =10 m/s%
The curves of document 2, represent the mechanical energy (ME) and the 64N
gravitational potential energy (GPE) of the system [(S) — Earth] as functions N\

of time during the ascending motion of (S) on the inclined plane between S ME
Oand4s.

1) Justify the existence of a force of friction f on (S) during its motion VP i s i
between 0 and 4 s. '

2) Show that the kinetic energy of (S) atto =0 is KEo = 6.4 J.

3) Deduce the value of Vo.

4) Att=4s, (S) reaches point A. Justify that A is the highest point attained 1 /
by (S) on the inclined plane. t(

5) Deduce that the maximum distance covered by (S) on the inclined plane 0 1 2 3 4
during its ascending motion is OA = 16 m. Doc. 2

6) Determine the variation of the internal energy AU of the system
(Object - Inclined plane — Earth - Atmosphere) between 0 and 4 s.

7) Deduce whether the internal energy of the system (Object - Inclined plane — Earth - Atmosphere),
increases, decreases or remains the same between 0 and 4 s.

8) The force of friction f is constant and parallel to the displacement.
Determine the magnitude f of f.

Exercise 1 (6.5 pts)

\ A

Exercise 2 (6.5 pts) _ o
Motion of a block after collision

A gun shoots a bullet (A) of mass m; = 20 g towards a block (B), of .
mass m = 4 kg, initially at rest, on a horizontal surface (Doc. 3). A V}1
Bullet (A) enters a head on collision with block (B) with a
horizontal velocity V. of magnitude V1 and becomes embedded in

it. After the collision, the center of mass G, of the system [(A), (B)], starts _ ]
att=0s, from point O with a velocity Vo = Vo i and movesalonga | cceeeenee g._‘,’ O i S— >

. . . = X
horizontal x — axis of unit vector i (Doc. 4). GG i Doc, 4

1) Choose the correct answer:
The collision between (A) and (B) is inelastic because:
a) the kinetic energy of (A) is different from that of (B) before the collision.
b) the kinetic energy of (A) is different from that of (B) after the collision.
c) part of the kinetic energy of the system [(A), (B)] before collision causes its deformation.
d) the kinetic energy of (B) is zero before the collision.
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- (m1+m2)VO .

2) Show that V,
ml

3) After the collision, G moves along the x-axis with a velocity V=Vi.
The table below shows different values of v, at different instants of time t, after the collision.

t (s) 0.2 0.4 0.8 1.4
v (m/s) 1.8 1.6 1.2 0.6

3.1) Trace, on the graph paper, the curve that represents v as a function of t.
Take the scale:
e On the abscissa axis: 1cm<«> 0.2s;
¢ On the ordinate axis: 1 cm <> 0.2 m/s.
3.2) Referring to the obtained curve, show that: v=—t+2 (SI).
3.3) Deduce the value of Vo.
4) Calculate V.

5) Write, in terms of t, the expression of the linear momentum P of the system [(A), (B)] after the
collision.

6) After collision, the system [(A), (B)] is subjected to a force of friction f, parallel to i,inthe opposite
direction of the displacement , of constant magnitude f.

Determine f, knowing that d—f — ¥ Fex Where = Fex is the sum of the external forces exerted on the
system [(A), (B)] after the collision.

Exercise 3 (6.5 pts)
Temperature sensor

The aim of this exercise is to identify the water temperature sensor used in a
washing machine. N
One of the circuits in this sensor is simplified by the series circuit of document 5,
that includes:

e an ideal battery of electromotive force E; q

e aresistor of resistance R that varies with temperature; C 0
e acapacitor, initially uncharged, of capacitance C =1 pF;
e aswitch K.
1) Theoretical study K
At the instant to = 0, K is closed and the charging process of the capacitor — A
starts. B Doc. 5

At an instant t, plate P of the capacitor carries a charge q and the circuit carries a current i.

1.1) Redraw the circuit of document 5 showing on it the direction of the current i.
1.2) Show that the differential equation that describes the variation of the voltage upa = Uc, across the

capacitor is: E= RC du

+ Uc.
—t
1.3) The solution of the obtained differential equation has the form: uc =a—ae © , where aand t are

constants. _ _
Determine the expressions of a and t in terms of E, R and C.

2) Type of the sensor
In a washing machine, a sensor of temperature is used. When water is heated to 40°C, R takes a value
R1, and the variation of the voltage uc with respect to time is represented by curve (a) (Doc. 6).
When water is heated to 60°C, R takes a value R, and the variation of uc with respect to time is
represented by curve (b) (Doc. 6).
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puc (v) Water heated to 40°C 4 uc (V) Water heated to 60°C
5 5
@), (b)_—
4 / 4 ~
/ R = Rl / R = Rz
3 / 3
2 / 2
1 1
| ty | ) t (o)
0 3 6 9 12 15 18 - 0O 3 6 9 12 15 18 -
Doc. 6

2.1) Using document 6:
2.1.1) indicate the value of E;
2.1.2) determine the values of the time constants 1 and t2 corresponding to the curves (a) and (b)
respectively.

2.2) Deduce the values of R1 and R>.

2.3) Consider two types of temperature sensors: one called "PTC" whose resistance increases with
increasing temperature, and the other called "NTC" whose resistance decreases with increasing
temperature.

Specify the type of sensor used in this washing machine.

Exercise 4 (6.5 pts)

Diffraction of light

The aim of this exercise is to determine the percentage of concentration of carbon dioxide in air using the

phenomenon of diffraction of light.

For this aim, consider a source of monochromatic light of

wavelength « A » in vacuum that illuminates under normal

incidence a vertical narrow slit of width «a» cut in an opaque

screen (P). The diffraction pattern is observed on a screen (E)

placed perpendicularly to the incident beam at a distance D

from the slit.

Let «L» be the linear width of the central bright fringe (Doc. 7).

The diffraction angles in this exercise are small.

For small angles: sin0 = tan6 = 0 (in radian).

1) The phenomenon of diffraction of light shows evidence of
an aspect of light. Name this aspect. Source of light

2) Describe the diffraction pattern observed on (E).

3) The whole set up of document 7 is placed in vacuum.
We obtain a central bright fringe of linear width L.
Determine the expression of L1 in terms of A, D and a.

4) The whole set up of document 7 is placed in a research laboratory rich in carbon dioxide COx.

Doc. 7

The wavelength of the light in this medium isA' = r , Where n is the index of refraction of this medium.
n

We obtain a central bright fringe of linear width L.
4.1) Write the expression of Lz in terms of A', D and a.
4.2) Show that n = 1.000294, knowing that L1 = 1.000294 x L..

5) At room temperature, normal atmospheric pressure and humidity 20%, the index of refraction of air
rich in COzis given by: n = 1.000293 + 1.57x10°P where P is percentage of concentration of the
carbon dioxide in air.

5.1) A researcher works in this laboratory, under the above mentioned conditions. Calculate P.

5.2) According to World Health Organization, the limit of exposure is 8 hours continuously when the
concentration of the COz reaches 0.5 %. Specify whether this researcher can continue working for
more than 8 hours under these conditions.
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Exercise 5 (6.5 pts)
Mercury vapor lamp and photoelectric effect

The aim of this exercise is to study some lines of the emission OAE(eV) ......................... n=oo
spectrum of the mercury atom and to use one emitted radiation | |
to produce photoelectric effect. -1.58 n=6
Document 8 shows a simplified energy level diagram of the Aosa
mercury atom. -2.69 n=
Document 9 shows some lines of the emission spectrum of a 373 n=4
mercury vapor lamp in air. ' Asss
Given: _4.98 =3

e Planck’s constant: h = 6.63 x10*J-s; _555 L =2

e 1eV=160x10"J;

e speed of light in air: ¢ = 3x108 m/s;

e 1nm=10"m;

-104 Doc. 8 n=1
violet blue green yellow red
I I PR I PR

400 425 450 475 500 525 550 575 600 625 650 675 700 725 750
Doc. 9

1) The mercury atom, considered in the third excited state (n = 4), absorbs a photon with energy E.

It then passes to the fifth excited state (n = 6).
1.1) Calculate E.
1.2) Calculate the wavelength A of this photon in air.

1.3) Deduce, without calculation, the value of A, ,, , in air, associated to the transition 6 — 4

represented in document 8.
1.4) Indicate, using document 9, the color of this emitted radiation.

2) A filter placed in front of the mercury vapor lamp, allows the radiation of blue color to pass.

Show that the radiation of wavelength 2. ,,, associated to the transition 5 — 2, passes through this filter.

3) This lamp equipped with this filter, illuminates separately two metallic plates, one made of cesium

and the other made of zinc.

Given: Wo (work function) of cesium =1.89 eV; Wy of zinc = 4.31 eV.
3.1) Define the « threshold wavelengths» of a pure metal.

3.2) Calculate the threshold wavelength of each of these two metals.

3.3) The photoelectric effect takes place in one metal. Deduce which one.
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Exercise 1 (6.5 points) Motion along an inclined plane
Part Answer grade
1 Since ME decrease, so friction exists 05
5 MEo = KEo+ GPEo; KEo=6.4-0=6.4J 1
3 %m V;=6.4 then VZ=64 therefore Vo= 8 m/s 1
4 Att=4s; ME = GPE then KE =0 J, therefore the speed of the object is zero, this is 05
then the highest point reached on the inclined plane '
Att=4s:GPE=3.2]
5 mxgxh = 3.2 but h = OA x sina 1
Therefore : mxgxOAxsina = 3.2 , 0.2x10x0.1xOA =3.2 then OA=16m
The system (object, inclined plane, Earth, Atmosphere) is energetically isolated,
So its total energy E = ME + U = constant ; AE=AME +AU =0
6 then: AU =-A(ME) 1
between 0 s and 4 s we have : AMME) =3.2-6.4=-3.2]
then AU =— A(ME) =3.2J
7 Increases since AU >0 0.5
The variation in mechanical energy equals the work of friction:
8 |AME=W; so A(ME)=-32=-f xOA 1

—3.2=—1fx16,thenf=0.2N
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Exercise 2 ( 6.5 pts) Motion of a block after collision

Part Answer Grade
1 ¢) part of kinetic energy of the system [(A), (B)] causes its deformation. 0.5
|3 before the collision = |3 after the collision
2 m; V1= (m1+m2)v0 Then : V, = (m, +m,) Vo Ui
ml
3.1 0.5
The shape of the curve is a decreasing straight line that does not pass through the
origin. Its equation is of the form:
v=axt+b
32 la=it= 100721/ b
f- U
Att=02s;v=18m/s;sob=2,then v=—-t+2 (S.l.)
33 |For t=0;Vo=2mls. 0.5
4 Since V, _(my +my) Vo ; then V1 =402 m/s 1
1
5 P= (my +my)v; 0.25
P=4.02(-t+2)i;P=-4.02ti +8.041 (Pinkg.m/sandtin s) 0.75
SFe = (m;+m,)g + N+f ; Component along Ox: SF ey, = — 1 0.75
. Or:SFo =mg+N+fbut mg+N=0 then IF.,= - f1
dP _ 2. P = . 2 s
preaie 4.02 i ;since s YFey ; then—4.02 i==—f1 9T

Therefore, f=4.02 N
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Exercise 3 (6.5 pts) Temperature Sensor

Part Answer grade
E
1
a| o
1.1 = 0.5
K
B — A
Doc. 1
Upn=Upa+Uag +Usn ; E=uc+0+Ri
but i= dq and q=Cxuc ; theni= COIuC
1.2 dt dt 1
We obtain: E= RC duc + Uc
— = . d Uec _a =
Uuc=a-aec® ; =-er
dt T
we replace uc and dug in the differential equation :
-t -t -t
_ a - . — RC a
13 E—RC;e +a—ae caet| - -1] +a=E 15
This equality is verified for any t, by identification:
-t
ae*=0then a=Eand _Re +1=0s0t=RC
T
-t
then: uc=E(1-e*) witht=RC
211 |E=5V 0.5
At t=1. Uc=E(l-e")=063E =315V
. . 0.25
212 | 9raphically this value of E corresponds to t 05
" | Graph (@) :t1=3ms 05
Graph (b) : T2 =6 ms
_ _ . _T1 _ 3x1073 .
» u=3ms andtu=RixC;Ri=—= 1105 3000 Q =3 kQ 05
©=6ms and 1, =Ry x C; Ry =2 = £ — 6000 O = 6 kQ =
C 1x10
Since Rz > Ry ; Therefore, the resistance increases with increasing temperature, so it
2.3 |isan"PTC" type temperature sensor. 0.75
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Exercise 4 (6.5 points) Diffraction of light

Part Answer Grade
1 Wave Aspect of light 05
We observe on the screen:
= Alternating bright and dark fringes on both sides of the central bright fringe;
= The central bright fringe is the most intense and has a width double that of
2 . : . 0.75
the other bright fringes;
= The direction of the fringes is perpendicular to the direction of the slit.
For dark fringes: sin6 = n& , since 6 small then sin6 =6
a N 0.5
for first dark fringe:n=1; 6= —
a
3 L 0.5
tanfy= 2 ;0 = L ,and 01= »
D 2D a
0.5
Then L2 ; therefore L1 = 22D
D a a
L= 2)M'D
4.1 a 0.5
L1=1.000294 x L, So ZXTD =1.000294 27; D ;but A = A
n
4.2 | Then:n ' =1.000294 &' thus n = 1.000294 1.25
n=1.000293 + 1.57 x 10° P ; 1.000294 = 1.000293 + 1.57 x 10° P
51 |[thenP=0.63% 1
i 0,
59 No, since 0.63 % > 0.5 % 1

415




Exercise 5 (6.5 pts) Mercury vapor lamp and photoelectric effect

Part Answer grade
11 Transition from third excited state E4 to the fifth excited state Es, then: 0.75
’ Ephoton =E= E6 — E4 = 215 eV ’
E= % then A = %
1.2 03108 0.75
= SO0 . _ 578 x107 m =578 nm
2.15 x1.6 x10
A¢—4 emitted following the transition 6 — 4 is equal to the wavelength of the photon
1.3 | absorbed to excite the atom from level 4 to level 6. 0.5
Therefore A4, =578 nm
1.4 | From document, this radiation corresponds to the yellow color. 0.25
_ L4 6.63x1073%x3x10% g
) E5—E2—2.86 eV, = m—434><10 m =434 nm 15
So the color is blue
« Threshold wavelength » of a pure metal, is the maximum wavelength of the
3.1 | incident radiation which is capable of extracting electron from the surface of this 0.5
metal.
— he _ he 0.25
Wp = » then A, = We
—-34 8
3.2 | Forcesium: 1, = $E2Z1 XY _ 659 % 1077 m = 657 nm
1.89>g.46><10 . 05
Forzinc: Ay = S8 210 X% _ 588 x 107m = 288 nm 05
4.31X1.6X10
3.3 | A <A, of cesium So, the photoelectric effect will occur with cesium. 1
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