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Exercise 1
Pertaining to strong acid strong base titration
a) The net equation is simply;8" + OH 2 H,0.
b) The curve pH = f({) has two inflexion points.
c) The equivalence point is at pH 7.
d) The reaction is exothermic.
e) An example of this titration is the action of hydrochloric acid on sodium hydroxide.

Exercise 2
V4= 10 mL of an ethanoic acid solution of concentratigs 0.1 mol/l are mixed with = 4 mL of a sodium hydroxide
agueous solution of the same concentration. The pH of the mixture is 4.6.

a) The reaction is exothermic.

o Vi,

b) [Nal=C, VREVAR
c) [CH;COO]=[Nal=2.9 x 10° mol/L.
d) All the OH ions will react.
e) The reaction is considered as patrtial.

Exercise 3
The reaction between NHnd HO"
a) The net equation is: NH- H;O"  NH," + H,0.
b) In the course of this reaction, there a transfer of protons.
c) At the equivalence point, the solution is acidic.
d) At half equivalence, pH= pHe = 2.
e) This reaction ends up with a neutral solution.

Exercise 4
Pertaining to buffer solutions
a) The pH varies very little when moderate amounts of acid or base are added.
b) They serve to standardise a pH meter.
c) They are obtained by the reaction of a weak base with a strong acid untlegogvis reached.
d) Blood is a buffered medium of pH = 6.
e) The amphion is buffer compound.

Exercise 5
The hydrogen atom spectrum
a) For an atom which goes from level p to level n (n < p), we have Ep-Bn = h

b) The Rydberg constant B, :hi'
c

c) Transitions towards the fundamental state (n = 1) give the Lyman.series
d) A photon of energy, arriving on an atom, is absorbed if it is more than the i@misaergy of the atom.
e) The visible lines are those of Lyman.

Exercise 6
Pertaining to the energy levels of the hydrogen atom
a) The Ritz combination rule = ViitVqp
b) For the principal quantum number n¥=the electron is separated to infinity from the nucleus.
c) For the shell K, the value of the principal quantum number is n = 0.
d leV=16x13>MJ.
e) The energy of the fundamental level isE3.6 eV.

Exercise 7
General knowledge on alcohols,
a) These are mineral compounds which have the—OH group.
b) They all possess a tetragonal carbon.
c) The carbon which carries the hydroxyl group is called the functional carbon.
d) Their general formula is R-OH and their molecular formula,td,6z+>
e) They are characterised by a test with 2,4-DNPH.

Exercise 8
Pertaining to the physical properties alcohols,



e)

Alcohols are often gaseous.

The boiling points of primary alcohols are higher than those of secondary @any tcohols.

Alcohols are polar molecules.

Temperatures of change of state are higher in alcohols thalkdnes due to the existence hydrogen bonding
alcohols.

Hydrogen bonding is a rigid interaction.

Exercise 9
Reaction of ac alcohol with sodium is written as: R-OH + N&-O + Na + % H,.

a)
b)
C)
d)
e)

It is an oxido-reduction reaction.

This reaction takes place only in a dry medium and in pure alcohol.

At the end of this reaction, the medium is acidic.

The sodium alcoholate formed is amphoteric.

The presence hydrogen in the medium can be shown by a few drops of phenolphthalein solutio

Exercise 10
The dehydration of an alcohol,

a)
b)
c)
d)
e)

The temperature of alumina permits distinction of the types of hydration.
The alkene of the ether oxide is formed as the case may be.

For primary alcohols, this is essentially inter-molecular.

Ethers oxides and alcohols are position isomers.

Methanol can undergo intra-molecular dehydration.

Exercise 11
The oxidation of alcohols,

a)
b)
c)
d)
e)

The combustion of an alcohol in air is a form of oxidation.

Any oxidation of an alcohol ends up in the formation of &@d water.

The mild oxidation of a tertiary alcohol can be possible if the experimemméditions are rigorous.
Aldehydes, ketones and carboxylic acids are products of mild oxidation of a@cohol

Any mild oxidation necessitates a mild oxidant.

Exercise 12
The hydration of an alkene,ld,, leads to an only oxygenated compound A containing 21.6% by weight of oxygen.

a)
b)
c)
d)
e)

The chemical function in A is the aldehyde function.

Its molar mass is 74 g/mol.

Its molecular formula is £H440.

The initial alkene is dissymmetrical.

In order to obtain the compound A, the Markovnikov rule must be respected.

Exercise 13
Pertaining to the functional group of carboxylic acids,

a)
b)
c)
d)
e)

Its functional carbon is tetragonal.

The COH angle is equal to 109°.
Its structure is —COOH.

This group planar.

This group is called carboxylic.

Exercise 14
Pertaining to identification tests on aldehydes,

a)
b)
c)
d)
e)

2,4-DNPH characterises aldehydes because they are reducing sugars.

The change in colour of the Schiff reagent under the action of aldehydesloxaeaction.
pH paper can be used to identify aldehydes.

In order to show the reducing character of aldehydes, Tollens reagesd.is us

The result of the reduction of Fehling’s liquor aldehydes is the foomafia red brick colour.

Exercise 15
The formation of an acid anhydride

a)
b)
c)
d)
e)

It is obtained by the removal of a molecule of water between tow moleeulesxglic acid.

Two experimental conditions are necessary: high temperature and theaudehgtirating agent.

The acid anhydride cannot hydrolyse when in contact with.

The acid anhydride is used to prepare esters.

In order to name anhydrides, one only needs to replace the word Bgditk word “anhydride” in the name of the
carboxylic acid used.



Exercise 16
Consider the saponification ethyl ethanolate
a) The net equation is: GEOOGHs + OH  CH;COOH + GHsOH.
b) This reaction is also called alkaline hydrolysis.
c) The only kinetic factor for this reaction is temperature.
d) Thisis a slow and limited reaction.
e) Ethyl ethanolate is a tri-ester.

Exercise 17
The atomic spectrum
a) The instrument used to obtain it is called a prism.
b) This spectrum is continuous.
c) One can distinguish between emission and absorption spectra.
d) The discontinuous spectrum is the line spectrum.
e) The atomic spectrum is equivalent to that of light as the case may be.

Exercise 18
The sodium hydroxide solution has a pH = 11.8 at 25°C.
a) Thisis a strong base because pH = -lgg C
b) The solution is obtained by dissolving sodium hydroxide crystals in pure water.
¢) Sodium hydroxide has an ionic structure.
d) H;O"=1.6 x 10 mol/L.
e) The concentration of this solution is €6.2 x 10° mol/L

Exercise 19
a-amino acids
a) These are all chiral molecules.
b) The asymmetrical carbon is tetragonal.
c) These are optically active molecules except for glycine.
H2N—(|3H—COOH

d) Their general formula is R :

e) There are twenty naturatamino acids which all have the D configuration.

Exercise 20
Pertaining to isomers
a) Stereo-isomers differ only by the disposition of atoms in space.
b) We can distinguish two types of stereo-isomerism: confoomasitereo-isomerism and configuration stereo-
isomerism.
c) The Z/E isomer is a conformation stereo-isomer.
d) Enantiomers are stereo-isomers.
e) All stereo-isomers are chiral.



Exercise 1 (simple pendulum)
A simple pendulum consists of a thin rod and a spherical ballaieter D=1.0 cm made of steel. The pendulum
length is 1=0.49 m. An experimentalist measures the duration of 20 smalldepiscillations and obtains 28.3 s.
a) The pendulum is considered as simple because the radius ofltisenegligible as compare to the pendulum
length.
b) The experimentalist uses a steel ball instead of polyshgeause steel has more weight, thus is less sensibl
to the action of air.
c) By measuring the duration of a set of many oscillations, oneowaprthe precision in the measure of the
period.

d) The natural period of this pendulum is expressell ap /%l

e) The magnitude of the acceleration due to gravity is g = 9.67 mtsthe place where the experiment takes
place.

Exercise 2: (simple pendulum)
A simple pendulum of unknown length exhibits small amplitude oscillatibasplace where the acceleration due to
. _ . 2_
gravity is g = 9.8 m& The pendulum massism=1,2kg: =10,
a) Oscillations of amplitud: m— 3C° can be considered as small amplitude oscillations.
b)  Samll amplitude oscillations are isochrone.
c) One measures the duration of a set of 10 oscillations and obtains 20 s. The penduluia (e8§tm.
d) The rod tension F when passing at the equilibrium position for damilsaof amplitude m— 30° s equal
to 17.5 N.
e) The length of a simple pendulum is equal to the distance éettire suspension point and the centre of
inertia of the ball fixed at the free end of the rod.

Exercise 3 (mechanical waves)
An emitter and receiver of ultrasounds are facing each othey. drkerespectively connected to the inputs Y1 and
Y2 of an oscilloscope. One observes two simusoidal signals vhitirizontal shift. For each signal, the distance

between two successive maxima is equal to 2.4 divisions. The horizontal sgrisi 10 s/div |

a) The frequency of the wave is 71.4 Khz.

b)  The sinusoidal wave forms observed are spatial waveform signal.

c) If one varies the distance between the emitter and theveed® moving the receiver which still faces the
emitter, then one observes in-phase signals for certain values of theedstanc

d) Between the distances d1=20.3 cm and d2=28.6 cm, the signalpaeseten times. One deduces from the
experiment that the wave speed is c=345.8 m/s.

e) Anultrasound is a transversal mechanical wave.

Exercise 4 (mechanical waves)
A vibrator of frequency f induces circular waves on the wateflaser The free surface is observed through a
stroboscopic device. One oberves circles of maximal amplitude for fregsidfciéz, 20 Hz, 13 Hz and 10 Hz.
a) The wave frequency is thus equal to 10 Hz.
b) If the stoboscopic device is given the frequency 39 Hz, one obdbatethe circles of maximal amplitude
move outwards with the apparent frequency fa=3 Hz.
c) If the distance between two circles of maximal amplitudegisal to 3.5 cm, then each circle moves over a
distance 4.5 cm between the flashes of light when the stoboscopic device fiaguency 39 Hz.
d) A stroboscopic device helps in the determination of the frequency of a periczhameal wave.
e) The wave propagating on the free surface of the water is a transvec$anital wave.

Exercise 5 (radioactivity).
6C 6C
Cobalt 27Co is a radionucleus. The daughter nucleus is the isc2sNi  which radiates waves of wavelength 1.6

pm and 1.8 pm. The radioactive constar 27Co is 4.17 x 18°s™,
a) Cobalt 60 radiate®™ ray.
b)  The electromagnetic waves are emitted by the daugther nucleus in tws stage
c) The period or half-life of Cobalt 60 is 5.27 years.
d) If the particles are emissive with kinetic energy 5 4D, then the power transfered to biological tissues is
27.5 Kw for a radioactive source of activity 6 xX'1Bq.
8



e) The electromagnetic waves emitted =rays.

Exercise 6 (radioactivity).
lodine 131 is a radioactive nucleus of half-life time 8.02 years.|ahef the decrease of the number of nucleus of
a sample isN(t) = Ne .

a) The half-life is the duration for which half of the initial number of nucleus has tesntegrated.

b)  The radioactive constant of lodine 131 i$°40

c) For asample of activity A=1600 Bq, the number of desintegrations per second is 750.

d) A sample of activity A=1600 Bq has N(t) = 1.5 X’ tdionucleus at time t.

e) For a sample of activity A=1600 Bq at the phase of preparatioracthety becomes A'=200 Bq after the

time t'=24.06 days.

Exercise 7:
22
Sodium 11Na desintegration follows the reactiddN® AN, + 6*+%V + g. The energy of the emitte  ray is

351 Kev, the kinetic energy of the positon is 822 Kev and that of tnghtexr nucleus is negligible. Neutrino has a
mass and no electric char My, = 21,9883t imy = 21,9858t

a) The b particle is a positon of same mass and same electric charge astranel

b)  The energy emitted from the desintegration of sodium nucleus is 1.82 Mev.

c) The energy delivered appears in the form of positon kinetic en Jygy energy and neutrino kinetic
energy.

d) The neutrino energy is equal to 647 Keuv.

e) The neutrino moves at the speed of light in the vacuum.

Exercise 8 (Thin spherical lens).
Consider a magnifying glass of verger2¢ . An object AB, of 1 cm high is placed at 4 cm of the optieaite
of the glass. Point A is on the axis and AB is perpendicular togtieal axis. A'B' is the image of AB given by the
glass.
a) The focal distance of the glass is equal to -0.5m.
b)  One can receive the image A'B' on a screen.
c) An eye placed at the principal image centre of the glass sees treABagnder the ang
d) The angle = under which an eye located at 25 cm of AB could see AB witheuglass is equal to 0.04
rad.
e) The magnification of the glass is equal to 5.

‘ =0,zrad )

Exercise 9 (eye and defects)
For a normal eye, the retina is at 16.7 mm of the optical centre of thelioedihs.

a) The vergence of the eye atrestis 9

b)  The vergence of the eye is jwhen it observes an object located at 25 cm of the cristalline lens.

c) If a short-sighted whose maximal distance of distinctiveowiss 1.25 m uses correcting glasses of vergence
-0.08 , then he will see, without accommodation, objects located very far away.

d) An eye that can not see objects situated at a distance mbferthenust use correcting glasses of vergence
3 toread a newspaper placed at 25 cm of the eye.

e) The punctum remotum is located on the optical axis of the cristallise le

Exercise 10 (Laplace law)
In the experiment shown in the figure, the linear conductor AM hasghinef 0.1
N. Current of 20 A flows in the conductor. The horizontal uniform magietd
of magnitude 2 x 18T acts on the part CD =1=5 cm.

a. The force acting on AM are : the Laplace force and the weight.

b.  The magnitude of the Laplace force is 2 X0

c.  The direction of the Laplace force depends on the direction of digaetic

field, but does not depend on the direction of the current.
d.  Atequilibrium, the conductor OA makes an ar _=15:8° relative to the vertical.
e. If one maintains the direction of current and replaces the meagBeby a magnetic field of the same

direction, but with magnitud B B | then the angular deviation increases.




Exercise 11

The following system is constituted of a slider (T) fixed oroBdsmoving around the
vertical axis . The slider is inclined relative to the vertical axishaan angle and is

put on a solid (S) of mass (considered as a point) which can gtideutvriction. This

solid is fixed at one end of the spring with constant k and free length 10=20 cm.

The system is motionless. The spring extension is 10 cm for aa  =50° and
mass m=200 g.

a. The spring constant is k=25 N/m.

b.  The reaction of the slider is R1=0.72 N.

The system moves round the 8  at constant velocity W.
c. Thelenght L of the spring is 30.5 cm
d. The reaction Rof the slider on the solid is 1.18 N.
e. The solid (S) quits the slider for an angular velocity greater than 89 rad.3.

Exercise 12 (Magnetic Field)
An inductor of length 50 cm has non-contacting turns. A current of 300 mA flows through it.
a.  Theinductor is an infinite length solenoid.
b The magnetic field at the centre of the solenoid has magnitude 7.54Tx 10
c. The magnetic field is uniform inside the solenoid, but not at its ends.
d. The solenoid wire length is 1=152.3 cm.
e If one adds another identical solenoid to the preceding so as tawenstnew solenoid with length twice
that of the inital solenoid, then the magnitude of the magnetic field is gt of question b.

Exercise 13:
A linear conducting rod CD of length | is put on two parallel horidoratds (see the figure). The rod CD moves
without friction at the velocity/=Vi when it is subject to a forde=Fi. The
road, rails and the resistance R make an electric cptaged in an uniform
magnetic field B of magnitude B=0.4 T. CD=I=12 cm, V=2 r R=2
a. The current flows from E to D.
b. If ¢ is the initial magnetic flux through the circuit with direction
E ® D, then the magnetic flux through the surface delineated by the
circuitis = o B
c. Theinduced electromotive force in the circuit is 0.096 V.
d.  The rod velocity is constant for F = 2.3 x°1N.
e. The current intensity in the circuit is 0.048 A.

Exercise 14 (forces and fields)
Geostationary satellites move on circular orbits locatétl@arequatorial plane of the earth at the altitude 42 000 km
relative to the centre of the earth. Earth mass M=5.98%KH) Gravity constant G = 6,67 x 1bUSI.

a.  The gravitational field created by the earth at one point of the orbit is £3 m/

b The orbital velocity of the satellite is independent of its mass.

C. If a geostationary satellite has mass 400 Kg, then the gravitationakiwded by the earth is 92 N.

d. The direction taken by a lead rod fixed at a point of a room indicates theydraldtines.

e Telecommunication satellites are often on geostationarysoti@tause their apparent motionless state

relative to the ground enables the wave transmission.

Exercise 15 (motion of charged patrticle inside an electric field).
Neglect the action of air and assume that the acceleration due to ggawitform with value g= 9.8 nfis

A spherical ball A of mass m=10 g falls down freely without initial veloftityn a height 1m.
a) The free fall takes 52 s.

One adds to the gravity field, the action of an uniform vertitedtec field E directed downwards and with
magnitude 5 x 1%.m™. The fall now takes 0.5 s.

b) The solid A has an electric charge.

c) The fall motion is rectilinear and uniform.

d)  The electric charge 0,5¢ C=5,6x10 'C

e) The intensity of the electric force acting on the solid is 18.6 N.
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Exercise 16 (motion with friction on an inclined plane).
Two children of masses m1=35 kg and m2=25 kg take place in a vehicle of mass m=10 kdyatitinetéop O of an
inclined plane of length OB=200 m and denivellation OH=40 m. Thednidorce f of intensity f=35 N is parallel
to the plane. Moving from O without initial velocity, the vehicléehypassengers slides along the plane OB. The
acceleration due to gravity is g = 10 fh.s

a) The sum of external forces acting on the vehicle with passengers hasal degtion.

b)  The acceleration of the motion is equal to 1.5m/s

c) The duration of the motion from O to B is 16.3 s.

d) The velocity of the vehicle at B is 42.94 m/s.

e) The mechanical energy of the system (vehicle with children-eartig@ime constant from O to B.

Exercise 17

The electric power delivered by a source is an alternativesa@dal potential u of efficient value U=220 V and
frequency 50 Hz. An electric motor is connected to that source. Inahoegime, the mechanical power of the
motor is 2 Kw and its efficiency is 0.8. The intensity of current is 13 A.

a) The electric potential u is written in terms of timelas 220\/§sin(1000t +/)

b)  The mean electric power consumed by the motor is equal to 5.2 Kw.

c) The power factor of the motor is 0.874.

d) If the reference phase is that of the potential u, then the phase of the temperdlityis 0.5.
e) The period of the current flowing through the motor is 0.25 s.

Exercice 18 (signals).
a) Mechanical signal propagates in ineastic material media.
b) Wind is a mechanical signal.
c) Electromagnetic waves propagate only on electric conductors such as metal
d) A signal propagates with energy transport.
e) A transversal signal subjects points of the propagation mediumsptadément parallel to that of its
propagation.

Exercise 19 (waves)
A progressive plane wave propagates on an elastic string altbity C=17.2 m/s. The wave frequency is =440
Hz.

a) Progressive elastic wave means the propagation of sustainatbbxybmotion in an homogeneous elastic

medium.

b) The distance between two in-phase consecutive points is equal to 3.91 cm.

c) The distance between two out-of-phase consecutive points is 1.95 cm.

d) This wave is an electromagnetic wave.

e) A sustained vibration is always periodic and undamped.

Exercice 20 (waves).

The end point of a vibrating rod (S) is subject to a sinusoidal motion of period T=9.8 msnflitade of this point

is Ym=5.0 mm. A very long elastic string is fixed at the p@n&nd is hanging vertically. There are no reflected
waves. The wave velocity through the cord is C=10.7 m/s.

a) The displacement of point S being maximal at t=0 follows theYaw 5x10 ° cos@41 - %)(m)

b) The wave propagating through the string is transversal.

c) The temporal motion of a point M of the string located at d=1.71 m of S is YM =*6@4641(t-0,16)(m).
d) The point M' of the string located at d'=20 cm of S vibrates in phase with S.

e) The point M" of the string located at d"=3 cm of S vibrates out-of-phase with S.
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