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Chemistry paper

Calculators are authorised

Exercise 1
A solution of hydrochloric acid attacks magnesium.
a) The redox couples concerned are: H;0*/H, and Mg**/Mg.
b) Magnesium is reduced.
¢) The oxidant is the hydronium ion.
d) Magnesium is deposited. >
e) The half equation of the couple H;O*/H, is: 2 H;0" + & <4+—— H,(g) + 2 H,0.

Exercise 2
An electrochemical cell is made up od the couples Mg**/Mg and Cu?**/Cu whose standard electrode potentials
are E° (Mg®*/Mg) = -2.37 V and E°(Cu®*/Cu) = 0.34 V.

a) [Mg*]=[Cu®*]1=1molL™.

b) The electromotive force of the cell is 2.17 V.

c) The positive pole of the cell is magnesium metal.

d) The current goes from the copper electrode to the magnesium electrode.

e) The net reaction of the natural reaction between the two couples is Cu + Mg** —» Cu®* + Mg.

Exercise 3
To 50 mL of a 2.0 x 102 mol L™ solution of hydrochloric acid, an equal volume of a 1.0 x 102 mol L™ is added.
a) The resulting solution is neutral.
b) The net equation of the reaction that takes place is H;0" + OHF — 2 H,0.
¢) The pH of the resulting solution at 25°C is very close to 7.
d) The acid-base equivalence is attained following this reaction.
e) The concentration of Na+ ions is 5 x 10 mol L.

Exercise 4
At the instant t = 0, 100 mL of a 1.0 x 10! mol L™ solution of potassium peroxodisulphate and 100 mL of 0.2
mol L solution of potassium iodide are mixed. At different times t, 10.0 mL sample volumes are taken out of
the mixture and immediately cooled in an ice bath.
a) Att =0, the molar concentration of S,04% ions in the mixture is [52082'] = 50 mmol L.
b) Cooling the sample stops the reaction from continuing.
¢) By reducing the temperature of the reacting medium, the composition of the sample can be determined
precisely.
d) The speed of the reaction of iodine formed with sodium thiosulphate solution is faster than that of the
first reaction.
e) The czoncentration of peroxodisulphate ions present in the mixture a time t can written as [S$,0¢%] =
[S:057] - [L]t.

Exercise 5
Hydrogen peroxide decomposes slowly to give water and oxygen following the chemical equation:
H,O, + H,0p—» 2H,0 + 0O,

a) This is a dismutation reaction.

b) This reaction is autocatalytic.

¢) Hydrogen peroxide is metastable.

d) The reaction is catalysed by Fe?* and Fe®* ions.

e) Oxygenated water is an aqueous solution of hydrogen peroxide.

Exercise 6
In a beaker are poured 0.28 mmol of a colourless solution of oxygenated water, then carefully 1.0 mmol of a
concentrated solution of sulphuric acid and finally 0.60 mmol of a colourless solution of potassium iodide.

a) The net equation of the reaction is H,O, + 2H* + 2T — 2H,0+ L.

b) The reacting mixture is stochcemetric.

¢) The iodide ion is the limiting reagent.

d) The solution becomes light yellow, then brown yellow and finally, brown.

e) The speed of formation of iodine increases when the concentration of oxygenated water reduces.

Exercise 7
The condensation reaction between alanine and valine gives only one molecule in which alanine is the N-
terminal compound.

a) A racemic mixture is obtained.

b) The molecule M is val-ala.



¢) Valine is optically inactive.
d) In the pure state, alanine is ionic.

e) The compound M is an O-animated acid.

Exercise 8
13.6

n2

The possible energy levels of the hydrogen atom are given by the formula E, = - eV where n is a non-

zero digit.
a) The ionisation energy of this atom is 13.6 eV.
b) The spectral lines of this atom correspond to only some electronic transitions.
c) The energy received by an electron which goes from level 1 to level 3 is more than 13 eV.
d) A radiation of energy equal to 0.83 eV shall be absorbed by the hydrogen atoms.
e) The frequléancy of the radiation emitted by an electron returning from level 3 to the fundamental is close
to 3 x 10 Hz.

Exercise 9
Equal volumes of triethylamine and an iodoethane solution are mixed in ethanol.
a) This reaction shows the nucleophilic character of iodoethane.
b) Triethylamine is a non-symmetric amine.
c) The amine molecule has non-bonding electronic doublet.
d) A stable quaternary ammonium ion is obtained.
e) A dative bond is set up between the nucleophilic and electrophilic centres.

Exercise 10
Hydrogen chloride dissolves in water to form hydrochloric acid solution.
a) Hydrochloric acid is a molecular compound.
b) The solution obtained becomes yellow when a few drops of methyl orange are added.
c) The concentrations of hydronium and chloride ions are the same.
d) The pH of the solution of more than 7 when it excessively diluted.
e) The pH and the concentration of H;0" ions vary in opposite directions.

Exercise 11
To 10 mL of hydrochloric acid of concentration 2.5 x 102 mol L™ are added 4.1 mL of a 10" mol L™ solution of
sodium hydroxide solution and a few drops of phenolthalein.

a) The solution contains mostly oxonium ions.

b) The solution obtained is coloured red.

c) The reaction takes place by proton transfer from the H;O* to ion HO".

d) The pH of the solution is 12.

e) This is an autoprotolysis reaction of water.

Exercise 12
The mild oxidation of an organic compound A gives another compound B which, when mixed with a solution of
potassium chromate in acid medium, gives a compound C. B gives a yellow precipitate with 2, 4 - D.N.P.H. and
turns Schiff’s reagent red.

a) The solution C is orange coloured.

b) Cis an organic acid.

¢) B cannot react with Fehling’s liquor.

d) B reacts with Tollen’s reagent.

e) Potassium dichromate is a mild oxidant.

Exercise 13
One litre of methanoic acid of concentration 0.20 mol L is mixed, without any appreciable variation of volume,
with a certain quantity of sodium hydroxide so that the pH of the mixture obtained is 3.8. Given that pKj
(HCOOH/HCOO) = 3.8.

a) Methanoic acid dissolves entirely in water.

[HCOO]
[HCOOH]
c) [HCOO7] > [HCOOH].
d) A buffer solution is obtained.

e) The mixture has the same property as an equimolar mixture of methanoic acid and the methanoic ion.

b) The ratio is more than 1.

Exercise 14
The compound X is an alkene which gives, by hydration, a unique compound B: batan-2-ol.
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a) The compound obtained by hydration has an asymmetric carbon.
b) The molar mass of the alkene is 74 g mol™.

c) Methylpropene is an isomer of A.

d) B cannot undergo mild oxidation.

e) The reaction of acetic acid with B is total.

Exercise 15
CHZCIHCHZCHZOH

16.0 g of pure acetic acid, 8.0 g of isoamylic alcohol CHs and 0.5 mL of sulphuric acid are mixed.

The mixture is heated under reflux for about one hour and 7.0 g of and ester are obtained.
a) Heating the reaction mixture under reflux can increase the speed of formation of the ester.
b) Sulphuric acid is a catalyst of the reaction.
c) The conditions are stochcemetric.
d) The yield of the reaction, calculated with respect to the lesser reagent, is as great as the other reagent
is in excess.
e) The reaction will be complete if the acid is replaced by corresponding anhydride.

Exercise 16
Soaps are sodium or potassium salts of fatty acids and contain 13 to 19 carbon atoms.
a) They are obtained by alkaline hydrolysis of animal or plant fats.
b) Soap contains a hydrophilic group and a hydrophobic group.
¢) Soap is molecular compound.
d) Glycerol produced from saponification presents enantiomers.
e) The lipophilic-hydrophobic group of soap explains its cleaning power.

Exercise 17
Ethanoic acid is miscible with water in all proportions.
a) Itis not corrosive and its odour is pleasant.
b) Itis the active ingredient in vinegar.
¢) Its carboxylic group is hydrophilic.
d) In bromothylmol blue, it is red.
e) Inits pure state, it does not conduct electricity.

Exercise 18
The nucleus of an atom contains 20 neutrons and has a total charge of +27.2 x 10™° C.
a) The atomic number of this nucleus is 16.
b) This nucleus belongs to the element sulphur.
¢) The number of nucleons is 37.
d) It possesses six outermost electrons.
e) The external shell of this atom is M.

Exercise 19
The carbonate ion has a formula CO5*
a) It possesses 22 external electrons.
b) The isolated oxygen atom possesses six outermost electrons.
¢) Its carbon is trigonal.
d) This ion is planar and is triangular.
e) Itis triatomic.

Exercise 20
An organic compound X of molecular formula CsH;qO gives a negative test with 2,4 - D.N.P.H. but can add on
hydrogen to give pentan-2-ol.

a) Xis unsaturated and non cyclic.

b) X possesses a carboxylic group.

c) The isomer of X which presents Z/E isomerism is pent -4-en-2-ol.

d) X may exist in 4 configurations.

N
e) The topological formula of X is \m



Biology paper

Calculators are authorised

Exercise 1
Lymphocytes are cells encountered
f) Exclusively in the blood
g) In all tissues of the organism
h) In the thymus and red marrow
i) Essentially in the lymphatic system and lymphoid organs
j) In spinal ganglia and the spinal cord

Exercise 2
Vaccins are:
f) Cells or molecules having antibody
g) Cells or molecules having antigenic properties
h) Immunoglobulin efficient as from the first injection
i) Still efficient after the injection of microbes
j) Always proteins

Exercise 3

Gene polymorphism is the result of:
f) Chromosomes mutations
g) Punctual mutations
h) Translocations
i) Transcriptions
j) Gene duplications

Exercise 4
New genes can appear through:
f) Transcription of existing genes
g) Duplication of chromosomes
h) Translocation of genes
i) Punctual mutation
j) Duplication followed by transposition

Exercise 5
Sexual reproduction among living organisms causing the compulsory intervention of
f) Cells that are always morphologically different
g) Prokaryote cells
h) Gametes
i) Cells that are always genetically identical
j) Multicellules organisms

Exercise 6
Meiosis is a process that produces:
f) gametes always
g) Haploid and diploid cells indifferently
h) Always haploid cells
i) Sometimes two morphologically different cells
j) Often four similar cells

Exercise 7
Chromosomic anomalies are:
f) Generally caused by abnormal meiosis
g) Always trisomic
h) Always at the origin of severe illnesses
i) One of the mechanisms involved in biological evolution
j) Often transmitted to descendants

Exercise 8
The interchromosomic gene intermingling occurs:
f) During a phase of mitosis
g) During the prophase of the first meiotic division
h) During the prophase of the second meiotic division
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i) In the anaphase of the first meiotic division
j) In the anaphase of the second meiotic division

Exercise 9

During fertilisation, two sexually opposed types of gametes combines
f) Randomly, since they are of the same species
g) If they possess two genotypes sufficiently close to each other
h) Only if they possess two quite different genotypes
i) Inthe chromosomic patrimony of one of them is modified
j) Even in the absence of chemotactism

Exercise 10
A localised mutation in a gene:
f) Can be the cause of a serious genetic disease
g) Always has an effect on the survival of the individuals carrying the mutation
h) Is, in most cases, without effect on the gene function
i) Sometimes has a beneficial effect
j) Is at the origin of a new allele of the gene

Exercise 11
Speciation in animals or plants
f) Is the appearance of new species from a mother species
g) Is the result of genetic divergence among population of the same species
h) Is perfectly explained by the mechanism of localized mutation giving rise to alleles
i) Can be obtained by the geographical isolation of populations

Exercise 12
Testosterone acts:
f) By inhibiting the development of future female genital tract
g) By increasing the synthesis of proteins of diverse target organs
h) By stimulating the secretion of FSH and LH
i) By favouring the formation of spermatozoids
j) By causing the appearance of male secondary sex characteristics

Exercise 13
In the hours following fertilization in the female genital tract:
f) The zygote enters into mitotic division
g) The zygote undergoes meiosis
h) The zygote starts its migration toward the uterus
i) The zygote implants in the uterus
j) The zygote turns to continue its journey from the pavilion

Exercise 14
An “enjambearent” crossing-over permits
f) The exchange of two entire chromosomes
g) The exchange of two portions of chromatids between homologous chromosomes
h) In interchromosomic gene intermingling
i) The intrachromosomic gene intermingling
j) The appearance of localized mutations

Exercise 15
Mendel showed for a couple of alleles:
f) Their independent segregation during the formation of gametes
g) The existence of a dominant allele
h) The existence of a recessive allele
i) The phenomenon of co dominance
j)  Gene recombination

Exercise 16
At the level of a chemical synapse:
f) The transmission of the message is assured in the precise direction thanks to the neurotransmitter
stocked up in the post synaptic element
g) The release of the neurotransmitter obeys the all-or-nothing law
h) The neurotransmitter is rapidly inactivated in the synaptic space
i) The neurotransmitter attaches to receptors on the post-synaptic membrane
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j) The attachment of the neurotransmitter does not in any way modify the membrane potential

Exercise 17
The present-day human populations:
f) Are distinct from each other through very precise genetic characteristics
g) Present genetic differences which permit the estimation of a genetic distance between two populations
h) Descend from several populations almost simultaneously at different points of the earth
i) Render uniform much more nowadays their gene pools through the “intermingling of populations”
j) Are distinguished by their skin colour which classes them into different species

Exercise 18
A “population” of living organisms is defined as a set of individual:
f) All belonging to the same species
g) Possessing the same phenotypic characteristic
h) Presenting genetic variability
i) Grouped genetically around a pool of alleles

Exercise 19
The biochemical analysis of organic substances shows
f) That an amino acid is basic molecular component of a protein
g) That an amino acid is the molecular component of a lipid
h) That there exist an endless number of natural amino acids
i) That there exist twenty natural amino acids
j) That the bond between amino acids, similar or different, is called peptide bond

Exercise 20
What do you say of the following associations done from observations in column I and the experiments of
column II?

COLUMN1I COLUMN II

No modification of heart rhythm A.  Sectionning of the X™ pair of nerves

Cardioacceleration B. Sectionning of the two Hering nerves
Cardiomoderation C. Destruction of the sympathic ganglia
No modification of arterial blood pressure
Arterial high blood pressure

kW=

a) (L,/)
b) (2, B, A)
9 (3,0
d) (4,B)
e) (5AB)



Physics paper

Calculators are authorised

Exercise 1 :
State the true value of the following propositions:

a. A compression of an elastic spring of coefficient 10 N :m is 1 cm. the corresponding potential energy is
0,005 J.

b. An object of mass 10 Kg is at 1 Km above the earth surface. The potential energy of the earth-object
system is 9 800 J

C. An object is launched vertically with the initial velocity V. The height attained is proportional to V2,

d. A car of mass 1 000 Kg is at rest on an inclined plane of angle 30° relative to horizontal line. The force
maintaining the car is approximately 5 000 N.

e. A body of mass 10 Kg moves at constant velocity 20m/s on a horizontal path. The resistive force equals
100N. The magnitude of the driving force is 300 N.

Exercise 2 :

a. A moving force necessary produces work

b. A body is subject to three forces F1, F2 and F3. F1 and F2 have the same direction, opposite orientations
and magnitudes 10 N and 11 N respectively. F3 is perpendicular to the direction of F1 and its magnitude
is 21 N. The body moves in the direction of F1 in the orientation of F2 on a distance of 10 m. The
algebraic sum of works done is equal to 10 J.

C. The resistance of the ammeter R, is very small and the resistance of a voltmeter Ry, is very large.

d. Ten workers having the same force produce a givent work during 10 days. If there were only two workers,
the same work would have been done in 40 days.

e. A conservative system means that kinetic energy and potential energy are constant.

Exercise 3 :

a. Diffraction is the rectilinear propagation of light

b. The refractive index of a medium can be less than 1

C. If the refractive index of a medium relative to air is greater than 1, then the light velocity in that medium is
greater than the light velocity in the air.

d. When light propagating in a first medium enters a second medium of less refractive index, there is a total
reflexion when the incident angle is greater than the limit refraction angle

e. An object of height 10 cm is located at 80 cm of a dark room of 20 cm depth. The height of the image
formed is 2,5 cm.

Exercise 4 :

a. In electrolytes, cations move from the anode to the cathode

b. The net electric field at the centre of a square with 4 equal electyric charges at its corners is equal to zero

C. Consider two homogeneous cyclindrical bodies A and B of the same material. The radius of A is twice
that of B. The ratio of the moment of inertia of A (J,) and that of B (Jg) (relative to the cylindrical axis) is
such that J, =4 Jg.

d. An object of mass 10 Kg is at 1 Km above the earth surface. The potential energy of the earth-object
system is 9 800 J with g = 9.8 m/s’

e. The moment of inertia is expressed in Kg/m2

f. The unit of the magnetic field is Tesla

Exercise 5 :

a. An eye accommodates means the radius of the crystalline lens increases and the eye focal distance
decreases

b. By accomodating, an eye can see clearly objects located between eht punctum proximum and the eye

C. To see closer, a short-sighted must remove his correcting glasses because his glasses have sent away its
punctum proximum

d. A stick plunged in the water appears as broken because of reflexion

e. A fish being at 60 cm inside the water looks at an object located at 1.60 m above the water surface. For
the fish, the distance to the object is less than 2.20m.

Exercise 6 :

a. The plate of a clock has dots in place of numbers. When it is 3h., the image of the clock given by the
plane mirror indicates 9h.

b. A stationary wave resulting from the interaction of an incident progressive wave and a reflexive
progressive wave (both waves having the velocity ¢) does not propagate.

C. The period of a pendulum at the surface of the earth is T;. At 10 Km above the surface, the period is T».
Then To < 1.

d. The threshold wavelength of a photoelectric cell is .. The cell is radiated by a light of wavelength . And
there is emission of electrons. Then < .

e. An electromagnetic fiels is constituted of a magnetic field and an electric field. Both fields have same

velocity and different frequencies.
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Exercise 7 :

a. An object of mass m moves with linear velocity V on a circular path of radius r. The quantity mVr is linear
momentum

b. The relation E = mC? comes from Faraday

c.  The gamma radioactivity follows the scheme : 7 X — , 1V +Je

d. When the distance between two light sources (located in the same plane) increases, the resulting inter-
fringe decreases.

e. An ideal electric setting must have a power factor equal to 1.

Exercise 8 :

a. A portion of an electric circuit is constituted of capacitors C1, C2 and C3. C2 and C3 are in parallel, both
. . . . . . Cl + CZCS
in series with C1. The equivalent capacitance is —————

C,+C,

b. The ratio of the density of the liquid water to that of the solid water (ice) is 1

C. Two particles having the same electric charge g, but with different masses m; and m, enter a region of
magnetic field B. The patrticles then follow circular paths of radius r; and rorespectively. If my <m,, thenr,
<To.

d. A current 200 mA flowing in a coil produces a magnetic flux of 0,01 Wb. The inductance of the coil il 0,05
H.

e.  The electric power brought by Sonel to home can be written as u(t) = U, Sin(277t) where f equals 50
Hz.

Exercise 9 :

a. Whent temperature decreases, the resistance of a metallic conductor increases

b. A linear electric conductor of resistance R is connected to a generator of electromotive force E. The
magnetic field created by the conductor in its surrounding is proportional to EZ.

C. A resistor with resistance R is in an electric network of n identical generators, each having an
electromotrice force Ey and internal resistance r, > R. The current through R is more large when the
generators are in parallel (the polarities of the same sign linked).

d. Current I; and I, flow in the same direction in two parallel electric conductors F; and F, respectively. F;
and F, are separated by a distance d and I, > 1;. The force exerted by F; on F, and that exerted by F, on
F, are both equal

e. An electrolysis set is in a circuit consisting of a generator of electromotive force E and internal resistance
r. The current in the circuit is I. The electric power in the electrolysis set is (E + rl)l

Exercise 10 :

a. In closed room of constant volume, when temperature increases, the pressure increases.

b. A current flows in a wire. The wire creates in its neighbourhood an electric field and a magnetic field.

C. Two convergent lens L1 and L2 have focal distances f; and f,. When joined, they form a single lens of
vergence C equal to 1/(f; + f;)

d. An electric circuit has a condenser of capacity C and an alternative voltage source of frequency f. The
maximal value of the current is inversely proportional to f.

e. An astronaut at a moon is light because the moon gravity is small.

Exercise 11

a. A horizontal elastic pendulum of mass 300g undergoes undamped vibrations of period 1.0S. The spring
elastic constant is 20N/m, 7° =10.

b. Tne maximum velocity of a horizontal elastic pendulum of constant K =25N/m and mass m=300g is
0.80m/s. The amplitude of motion is 7.5cm.

C. The mechanical energy of a mechanical oscillator is always constant.

d. A condenser of capacity 10nF is charged under the electric potential 3V. The energy stored in the
condenser is equal to 2x10° C .

e. A condenser is charged during 10S with a generator delivering a constant electric current of 1 mA. The
electric charge of each plate at the end of charging is 10°%C

Exercise 12:

a. Light waves propagate in the vacuum and in transparent media.

b. When a light wave passes from a transparent medium to another transparent medium, the light
propagation speed changes.

C. When a light wave passes from a transparent medium to another transparent medium, the wave
frequency changes.

d. An experiment is carried out with Young splits. The light frequency is 5.093x10"Hz. At a given point M of
interference space, the travelling difference distance is d =5.89m . M is on a dark fringe.

e. It is possible to observe interference fringes using light waves coming from two independent sources.



Exercise 13:

A rigid body of mass m=5.0 Kg is set into motion from a point A of an inclined plane of angle a =30° relative to
the horizontal line. The initial kinetic energy is 90 J.

The magnitude of the friction force f , parallel to AB and opposed to the motion, is f =50N (the gravity is

g=98N/Kg).

a. The centre of gravity of the body goes back after a distance of 5 m.

b. The acceleration of the motion is 5.9 m/s?

C. The solid can be considered as isolated.

d. When the solid begins the descending motion, the friction force disappears.
e. The mechanical energy of the solid is constant.

Exercise 14:

An electric circuit has the following components in series: an AC generator of frequency f=80Hz, a resistor of

resistance R, an inductance L and a condenser C. A voltmeter connected across the generator indicates U=140

V and an ammeter in the circuit gives 1=3.5 A.

a. The voltmeter and ammeter give respectively the maximal electric potential of the generator and the
maximal electric current in the circuit.

b. The impedance of the circuit is 45Q .

C. The instantaneous electric potential is in advance of Erad on the electric current and is written as

u=U, COS(Z/Tf E+%) while i =1, cos(2rf ).

d. Any electric circuit having an alternative current produces a self-induced electromotive force.

Exercise 15:
The cathode of photoelectric cell receives a monochromatic radiation for which the energy of each photon is

2.75eV. The electron mass is9.1x10™ Kg , Planck constant 4 =6.62x107**J 3, light velocity ¢ =3x10%m/s .

a. In the vacuum, the wavelength of this light is 4.51x107 m .

b. If the energy to extract an electron with zero initial velocity is 2.25 eV, then the maximal velocity to expulse
the electron from the metal is 1.758x10°m/ s .

C. To increase the expulsion velocity, one can increase the light power received by the cathode without
changing the radiation.

d. To annul the photoelectric current, one must apply an electric potential Uxc=0.5V between the cathode
and anode.

e. The photoelectric effect is the acceleration of electrons by a positive electric potential between the anode
and cathode.

Exercise 16:

a- One sets an oscillator into function by providing energy to it.

b- A car can be considered as a mechanical oscillator.

c- A bridge can never oscillate. It is a too rigid structure.

d- The energy that sustains the oscillations of a quartz watch is from the chemical origin.

e- The air-screw of a plane has a high seep of rotation. It constitutes a high frequency oscillator.

Exercise 17:

a. Received by a microphone, the sound emitted by a flute is seen on the screen of an oscillograph. 4
periods of vibrations cover the distance 8.5 cm. The spot sweep is on calibre 2 ms/cm. The frequency of
the sound is 235 Hz.

b. A mechanical stroboscope is constituted of an opaque disc with two holes. It rotates at 600 turns per
minute in front of an intense light. The frequency of flashes delivered by the stroboscope is 20 Hz.

C. A ball undergoes a free fall motion between t;=2 s and t,=3 s. It covers a distance d=35 m. The gravity is
10 m/s®. The action of air is neglected. The ball has been hunched up at t=0 with an initial velocity
Vo=15m/s.

d. A satellite whose orbit is located at the plane of the equator is obligatorily geostationary.

e. To measure the launching velocity V, of a catapult or sling, the shooting is carried out in front of a wall

located at a distance d and one measures the height h=AB (see the figure). The vector \70 is horizontal.
The action of air is neglected. h=12.5 cm and d=10 m. The magnitude of V, is 42 m/s.

Exercise 18:

A progressive wave propagates in a medium with the velocity C=12.2 m/s. The frequency is f=440 Hz.
a. The distance between two consecutive points in phase is 45 mm.

b. b-The distance between two consecutive points out of phase is 17 mm.
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C. A plane flying at low altitude is detected by a radar at distance D=30 km apart. The light velocity is 3 x10°
m/s. The signal emitted by the radar to detect the plane returns after 2004 .

d. A plane flies at 1500 km towards a radar. It arrives above the radar after 72 s.

e. A radio station works at the wavelength A =537m. The frequency of the station is 2.4x10°Hz .

Exercise 19:

a. The kinetic energy of a particle is twice its rest energy. The velocity of the particle is 2.42x10°m/s . Hint:
J2=141,

b. The kinetic energy of a proton of mass m=938 Mev/c” is 5000 Mev. The linear momentum of that proton is
5863.4 Mev/c.

C. After absorbing a photon, sodium passes from its fundamental states with energy equal to O to its first
excited state of energy 2.1ev. The wavelength of the photon is 0.59 um .

d. Different elements can have the same emission spectrum.

Exercise 20:

a. A force of magnitude F=18 N acts perpendicularly and uniformly on a horizontal surface of section 12 cm?.
The pressure on that surface is 2.6 x10°Pa

b. A store of mass M=1 Kg falls vertically. It passes the altitude z at the velocity of 6 m/s. The gravity is g=9.8
m/s®. The action of the air is neglected. The mechanical energy of the system stone-earth is 148 J.

C. A disc of moment of inertia J =107 Kg [n® rotates at 33.33 turns per minute. When the electric power is
set down, the motion damps out and stops after 11.5 turns. The constant torque due to friction forces
acting on the axis is equal to 8.43x10™* Nm

d. The velocity vector of an earth satellite on a circular orbit is constant.

e. An internal force can modify the motion of a system.
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