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Preface

This handout presents oscillatory motions, propagation phenomena, and optical
phenomena. It is particularly intended for second-year university students in sciences
of matter (SM), particularly those in the Chemistry degree program, who are studying
the "Physics of Oscillations-Waves and optics" module at the University of Chlef.
This document brings together all the material from the lecture notes, as well as some
corrected exercises. It has been prepared to minimize the difficulties inherent in
scientific language while maintaining the required rigor. In addition, it provides
students with benchmarks and the fundamentals of physics.

This handout is divided into eight chapters:

The first part (Chapters 1 to 4) deals with mechanical vibrations, concentrating on
linear oscillators, their oscillation conditions and Lagrange's formalism. It deals with
the notions of degrees of freedom and generalized coordinates, and is limited to low-
amplitude linear oscillations. The study focuses on systems with one or two degrees
of freedom, whose equations of motion are linear, making it possible to analyse
phenomena such as resonance and to examine free and forced vibrations, with or
without damping.

The second part (Chapters 5 and 6) deals with mechanical waves, introducing the
fundamental notions of their propagation. The study begins with transverse waves on
a string, covering the d'Alembert wave equation, the sinusoidal solution, the speed of
the wave and the particle, and impedance. It concludes with the analysis of reflection
and transmission coefficients in finite media. Finally, elastic waves in continuous
media and acoustic waves in fluids are explored.

Finally, the third part (Chapters 7 and 8) deals with geometrical optics and optical
instruments. It covers refraction, reflection, dispersion and image formation, as well
as devices such as the prism. The study also includes the construction of images in a
centered optical system to better comprehend the fundamental principles of optics,
such as diopters, mirrors and thin lenses.
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e Vibration: is the oscillation of a moving body around its equilibrium position.
Or it is a repetitive back-and-forth movement around a position of equilibrium.
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A =22 — w &S

There are three cases depending on the sign of the reduced discriminant =3
A">0 = A > w, The system is highly damped 8
A< 0 = 1< wyLow damping o8
A"=0 = 1 = wy Damping is critical oK
The solution to the differential equation is of the form: 2
Xy(t) = Ae M cos(wgt + @) oovveennnn.. (1.11) 22

With: w, = +/wg — A? pseudo-pulsation, we say that the system with a damped S
oscillatory movement corresponds to a transient regime, (free regime in the case of g8
weakly damped oscillations). o8

Remark: %

1. The general solution of the equation without a second member corresponds to a 2§

transitory regime (which only lasts for a certain time). 82
2. If A < wy : the limit of Xy (t) is always zero when t tends to infinity: &2

£ 40 = CDED) = g 5

The homogeneous solution becomes negligible compared to the particular solution &
(the permanent regime or the permanent solution, or stationary regime). 3

The general solution becomes: 2
Xq(t) = X(t) = Xp(t) <X

1.9.5 Particular solution of a second member %

Xp(t) : is the permanent (stationary) solution of the non-homogeneous equation with &
second term F (t). Then the particular solution Xp(t) will be a sinusoidal function of g
same pulsation , if F(t) is a sinusoidal function of pulsation 2, the solution it is of 8
the form : X

Xp(t) =Acos(Qt+ D) ou Xp(t) =Asin(Qt+P) .............. (1.12) X2

2

We find A and ® using the complex representation as follows g2
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Xp(t) = Ae/ e/
0
(wg — Q%) +j220

Ot = AgcosQt &  §+ 241G + wiqg = A(t) = Ay cos Qt

Determining the quantities A and @ is the same as finding the modulus of the
G+ 214 + wiq = A(t) = Age’
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The equation § + 214 + wy?q = 0 is a second-order linear differential equation with
%

By replacing in the Lagrange equation we get: (2.55) + (2.57) — (2.56) = 0
The differential equation of movement of a damped free system is of the form
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3"d case: Subcritical damping, underdamping
The movement is said to be pseudo-periodic.
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The movement is said to be in critical mode
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Chapter 111

Forced oscillations of one degree of freedom systems

3. Introduction: In this chapter, we study a mechanical system forced to oscillate
by the application of an external force varying harmonically with time. The amplitude
of the oscillations, which is shown to depend on the frequency of the external force,
reaches its peak value when the frequency of the applied force is close to the natural
frequency of the system, a phenomena called resonance. However, details depend on
the energy loss in the system, a property described by a quality factor @, and the
phase difference is described by so-called phasors. Emphasis is placed on how the
system behaves when the external force starts vanishes.

3.1 Definitions

We define a forced oscillation as any system in motion under the action of an external
force to compensate for energy losses due to damping «a, see Figure 1.

Example: Vibratory system with a single forced degree of freedom and damped.

k or

F(r) _I - I-l o

Figure 1: Forced and damped system

To study this type of oscillation, we consider a damped harmonic oscillator acted on
by an external force, called a sinusoidal excitation:

F(t) = focosQt Or F(t) = f,sinQt (3-1)
3.2 Differential equation of forced systems

Recall the general form of the Lagrange equation for systems with one degree of
freedom in a generalized string g is written as:
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— we obtain the maximum response of the system.
The variation of the amplitude as a function of the pulsation of the excitation force
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The terms —kx, and —kx,which appear in the first and second equations are called
coupling terms, and the two differential equations are said to be coupled, and the two
differential equations are said to be coupled.

4.3.3 Solutions of differential equations

The two solutions to these two differential equations are periodic functions and are
composed of two harmonic functions with different pulsations and different
amplitudes. Suppose that one of these harmonic components is written as:

{xl(t) = A; cos(wt + ¢,)
x,(t) = A, cos(wt + ¢,)

Where A4, Ayet ¢4, ¢,are constants, depend on the initial conditions and w is one of
the pulsations of the system.

To find the solution, we use the complex representation as before and are written as

x;(t) = Ay cos(wt + ¢1) —  x,(t) = A/t

e e e 4 —7
x,(t) = Aycos(wt + @) —  x,(t) = A6/t ( )
%, (t) = A; jow el®t ¥, (t) = —A; w? et A, = A/
With: T1() _1]' . ; T1() Aq L And Aq 1€7
X(t) = Az jow e!? () = -4, w° el? A, = A,el?z

By injecting in (4.5)
4.3.4 The proper modes of oscillation (Eigenmodes)

The mode is the state in which the dynamic elements of the system perform a
harmonic oscillation with the same pulsation corresponding to one of its two
pulsations.

¢ Calculation of proper pulsations

By replacing the solutions in the differential system, we obtain the following
symmetrical linear system, which can be written as:

(—m1w2 + kl + k)él - kéz =0
_kél + (—m2w2 + k2 + k)éz =0
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This system admits a non-identically zero solution (non-trivial solution) only if the

Alw) =0

determinant of the coefficients of A; and A,is equal to zero
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This gives us the characteristic equation or proper pulsation equation (we obtain

k
m;

(—wz +
-

A(w)

Or other formula

2
.97
2

(4.11)

k
mq
A

k
m;
R

0

mim;
%

kik,+kik+k-ok

)w2+12 1 2
mp
R

k{+k k,+k
1 + 2
mq

BB

(—m1w2 + kl + k)(_mz(l)z + k2 + k) - <

the following parametric equation):
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This equation is a quadratic equation in w which admits two positive real solutions

w; and w,, called as the system's proper pulsations. Each of the coordinates, x; (t)

and x4 (t), has two harmonic components with pulsations wand w,

After calculation, we obtain the two proper pulsations:

\

2
Wzp

(

katk

my

ky+k

m;

fatk ko +k

m;

)+ |(

kq+k

my

i) (t) () - (&

)G

)

)= |

kq+k

my

ety () () - (&

)G

)

The general solution of the system is a combination of two modes written as a

superposition of the two eigenmodes (proper modes) as follows:

{

x1(t) = Ay1 cos(wqt + @) + Ay, cos(w,yt + @5)
X, (t) = Ayq cos(wit + @1) + Ay, cos(w,t + @5)

The constants A1, A12, A1, 422, @1, P, and are determined from the initial

conditions.

e (412)

We have four conditions for six unknowns. The amplitudes in each mode are linked

by relationships that we call amplitude ratios.

Remark:

1- The lowest frequency term corresponding to the pulsation wqis called the

fundamental. The other term, of pulsation w,, is called the harmonic.

2- The first index refers to the coordinate and the second to the pulsation. For

Mode 1 (w = w1 = w1p)

example, A4,is the amplitude of x; (t) at pulsation w,.

< When A1, = A,, = 0, x1(t) and x,(t)corresponding to the first particular

{x1 (t) = Ay cos(wit + ¢4)
x,(t) = Ayq cos(wyt + @q)

solution are sinusoidal functions, in phase, of pulsation w;, the system is said
to oscillate in the first mode. In this case the solution is written:

x41(t) and x, (t) They satisfy the equations of motion or must satisfy the system of

differential equations, which gives :
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(_mlw% + kl + k)All - kAZl == 0
_kAll + (_mzw% + k2 + k)A21 == 0

These two equations give the ratio of the amplitudes in the first or fundamental mode,
and we replace w?by its expression to find the first ratio:

A21__m1(1)%+k1+k_ k >
All B k B _mz(l)f + k2 + k

H1 = 0

Mode 2 (w = w, = wyp)

< When A;; = Ay = 0, x1(t) and x,(t) correspond to the second particular
solution and are sinusoidal functions, in phase opposition, of pulsation w5, the
system is said to oscillate in the second mode. In this case the solution is
written :

{x1 (t) = A, cos(wyt + @)
x5 (t) = Ay, cos(wyt + @3)

x1(t) et x,(t) They satisfy the equations of motion or must satisfy the system of
differential equations, which gives :

(_ml(l)% + kl + k)Alz - kAZZ == 0
_kA12 + (_mzwg + k2 + k)AZZ == 0

These two equations give the ratio of the amplitudes in the first or fundamental mode,
and we replace w3by its expression to find the first ratio:

A22__m1(1)§+k1+k_ k

= = <0
A12 k _mzwg + k2 + k

U2 =
These ratios allow us to write the general solution x; (t), x,(t) is a linear
combination of these two particular solutions. x;(t), x,(t) are written as follows:

{ x1(t) = Ay1 cos(wqt + @) + Ay, cos(w,t + @5)
x2(t) = puyAqq cos(wit + @q) + pupAq; cos(wyt + @)

The constants A41, A1,, @1, @, are integration constants whose values are fixed by the
initial conditions.

4.3.5 Special case of two identical oscillators

¢ Calculation of proper pulsations and integration

28

2

28

e
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We call this mode of oscillation the beating mode, which we obtain in the case where

|| M l” |
wW"W iy '“J"WW'LW m WW' ""WN ”f"wiw

l‘mps lurnp:.

w41s very different from w-, (i.e. if K > k) (Figure 5).

Mﬂ

|

1u

\ I
Jw\h

_hﬂ

Figure 5: Oscillations in beat mode

If w4 1s not very different from w, (i.e. if K < k), we observe a beating
phenomenon (see Figure 6 below).

I

Figure 6: Beat (Beating) phenomenon.
4.4 Coupled pendulums

Let's consider the case of two identical simple pendulums coupled by a spring of
stiffness T and which perform oscillations of low amplitude marked by the angles 6,
and 6,. Rods of lengths l;and [, (I = l; = l,) are negligible masses.

Figure 7: Coupled pendulums.

4.4.1 Differential equations of the system
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Part 1I: Waves
Chapter V

Generalities on propagation phenomena

5. One-dimensional propagation phenomena

Introduction

In the vibratory phenomena discussed in the previous chapters, we were interested in
phenomena or physical quantities that depended on a single variable, time. We are
now going to look at a whole series of phenomena that are described by a function
that depends on both time t and a space variable, r for example.

5.1 Generalities and Basic Definitions

5.1.1. Definition of a Wave: A wave is the propagation of a temporary local
disturbance that travels through a material medium with energy transport but without
matter transport (there is no matter transport).

A Wave: is the propagation of a disturbance that produces a reversible variation in
the local physical properties of the medium as it passes.

A Wave: is characterized by its frequency f, wavelength A, and amplitude A(r, t)
(defined at every point in space-time with the three spatial coordinates and the time
coordinate).

Example: Energy transfer without matter transport: Figure 1 illustrates these
properties. As the wave passes, the boat rises, its potential energy increases, but the
boat remains at the same position.
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5.1.3.3 Progressive waves

Figure 7: Incident Wave

5.1.3.4 Standing waves

Figure 8: Standing Wave
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o This expression characterizes a monochromatic (HPPW) or harmonic plane 28
progressive wave, 8

o Monochromatic: the wave propagates with a single frequency. o8

« It is characterized by its angular frequency w and its wave vector k= ke,, it 8

D
7]
D
7]
D
7]
D
7]
D
7]
D
7]
D
7]
D
7]
D
% o Plane: because the wave propagates in a single direction (0x). <8
7]
D
7]
D
7]
D
7]
D
7]
D
7]
D
33 has two periods, a temporal period T and a spatial period (wavelength) A. 8
7]
D
7]

2 < There are two types of media o8
Dispersive medium and Non-dispersive medium ox

We also define the wave number o, the inverse of the wave length, given by: 22

5.2.6 Superposition of two sinusoidal progressive waves o8

a) Case of Two Waves of the Same Frequency Propagating in the Same 32
Direction 2

Consider two waves of the same frequency and the same direction of propagation, g2
with respective amplitudes A; and A,, and respective phases ¢, and ¢,. The g3
resulting wave will then be: g

y(x, t) = Alej(wt—kx+<p1) + Azej(wt—kx+<p2) — Ael(@t—kx+0) — 4 cos(wt — kx + ©) Z
Hence, we obtain oS
y(x,t) =Acos(wt —kx+ @) .............. (5.15) oK

With 3

A= A%+ A2+ 2(A;.45) cos(@1 — @3) =3
: MO\ eeeereeaes 5.16 5
0 = Arc tan (A1 singp{+A4, sm<p2) ( ) C
A4 cospi+AqCOS @,

The superposition of two harmonic waves of the same frequency, propagating in the =
same direction, results in another harmonic progressive wave of the same frequency, g
with amplitude A and phase @. 2

b) Case of Two Waves of the Same Frequency Propagating in Opposite &
Directions 8
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Figure 17: The black vertical arrows correspond to the maximum of the beats
propagating at the group velocity. The white vertical arrows correspond to the
maximum of the vibrations propagating at the phase velocity.

Remark:

When the phase velocity is independent of o, then Vi = V.

5.3 Linear Chain Model
5.3.1 Wave equation

We consider a chain of atoms 4,,, each of mass m, positioned at X,, = na, where a
is the distance between adjacent atoms. The total length of the chainis L = (n +
1)a. Each atom vibrates around its equilibrium position, (the interatomic forces are
modeled as springs with a spring constant k). Refer to Figure 18 for a visual
representation.
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Figure 18: Chain of atoms 4,,.

We apply the Lagrangian formalism to the atom A,,, assuming the displacement of
the chain occurs horizontally.

Kinetic Energy: T, = %msrzl

Potential Energy: U, = T, Al
1 2
Alyn-1 = E (Sp = Sn-1)

1 2
Aln,n+1 = E (Sn+1_Sn)
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: is the quotient (ratio) of specific heat capacity at constant pressure C,, and
VYp + PyyVY 1AV =0 = p = —yP,

R
—: 1s the modulus of com
Taking into account the definition of the modulus of compressibility y, we obtain :
23

Changes in pressure are therefore adiabatic and the change in volume V is related to

If we consider that dP represents the pressure variation in the vicinity of the

C,1s the specific heat capacity at constant volume.
Calculating the differential of the gas law gives, we obtain:

By conformity identification we obtain:

the change in pressure P as follows:
equilibrium pressure Py, we obtain
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The potential energy stored is equal to the work done by the pressure to compress or
We call the intensity of an acoustic wave the power that passes through, per unit time,
We calculate the energy that passes through a surface S perpendicular to the direction

In the particular case of a sinusoidal plane (travelling) wave:
1
a unit surface perpendicular to the direction of propagation.
This energy dE is equal to the energy contained in a volume SVdt.
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we can calculate the reflection and transmission coefficients for the particle
P?/2Z,, we can calculate the reflection and transmission coefficients for the
%

. ~

: . U

: w -

: < =

: S
(5% : m m Zl N 2
53 : = — . . QL 20
25 : a 2 Il = I o
2 - 2 - o z
S48 : < m -~ N ~ L9
o2 : L 2 o N N N TRk Lo
% ;0 = % o I+ uT e SRS =
&8 . A~ < N |+ 2
25 : o = i o g < | g o+ =%
S T NN N — | + N T3]
S8 . ) A N + ~| N o - NIN @] | - — 2

N <+
A~ . R NIN o) I+ N| + o= o = NN N %o
S8 : — __ ~l e ~ + 177) __ __ + — 2
o5 : Il S NIN NS = = = %5
25 . = A < o Il =¥
&3 de 8§ < & g 0o L o = 2 8 I 25
25 1) L =<
52 2+ F 8 a4 a0 o o <l &2
%5 < = Il Il < %3
S __ (e _ b3 R T ~ ~ __ AN
Z gl g E s s UL S __ 2
A A . - ~ =%
23 ~ s = = = (=% S g . X ]
£9 = ) 2 o —— 2 > Q. 28
& o o 3 = 3 Z £
o <= < — < (e [Py
] — o D) =3
&2 g 0 g 2 = g £ &2
o2 = Q - o) = B= 25
o

Ao (e o — [ o — ) 28
&4 - ) =t .Q Lo
59 + O an an = [Fas
P = L) (o) b} (e 1) £2
3] Q ‘= O ‘= =] 2
£ o ] -4 O -4 o Fae
2 o = < 2. s S &
P2 3 - g - ® &
27 P A A A =
[\l Q R
£ o Fae
&4 Ko
g 28
S8 S
g 28
&4 Ko

A AR AR LRI A IR AR A R LA AR AR A R AR AR AR AR AR AR AR AR A IRIA AR A IR A R LA LR LA

PO
%‘ﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂvﬁvﬂvﬁvﬁvﬂwA\omAsomA\omA\omA\omA\omAsomA\omA\omA\omA\omAsomA\omA\omA\om%m%m%m%m%mwm%m%m%m%mwm.&



Ko

58

2,

58

2,

58

SBIBBR

03
»

M
DO

Bt

TG
W Y ] Y

Bt

¢S
WY

>
d

SBeRet

¢S
WY

>
d

SRRt

IG
DeIDeI

et

IG
DeIDeI

et

03
»

M
DO

et

03
»

A IS I
Ny

>
d

SBeRet

03
»

>
d

SRR

0
W

&

0
W

&

0
W

M
2 De

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

M
2 De

0
W

&

0
W

&

0
W

M
2 De

0
W

Ve [®
2 De

0
W

.\,
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
58
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
58
L5
&8
L5
&8
L5
&8
L5
&8
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
P!
.\'
e
s\'
M)

PRBRARERERERTR

Chapter VII

Principles and laws of geometrical optics s
7. Introduction to the fundamentals concepts of light Z

In this chapter, light is considered as rectilinear rays radiated in all directions from a 3%
point at an object. The rays are refracted at air/glass interfaces according to the laws %
of refraction. We show that all rays emerging from a point object entering a spherical &g
interface will collect (and use equal time) to a focal point to a good approximation for

common conditions. R

Optics studies luminous phenomena, i.e. mainly phenomena perceived by the eye. 8
The cause of these phenomena is light, because in order to be visible, an object must &

send light to the eye. o8

e %74

Geometrical optics is a branch of optics based on the notion of light rays. This simple &8

approach makes it possible to construct geometric images, and to explain the oK
s %7
o
formation of the images produced. g3
o
7.1 The Nature of Light 28

Until the sixteenth century, most physicists considered light as a continuous flow of o8

matter particles emitted by luminous sources. Many, including Galileo, attempted to =2

measure the speed of light C, but all their efforts were unsuccessful. The theory of =8
light evolved, especially in the 19th century, leading to the wave theory of light, Z
represented by the works of Young, Maxwell, Huygens, and Hertz. Light can be Z
described as an electromagnetic wave consisting of an electric field and a magnetic Z
field oscillating in phase, perpendicular to each other and perpendicular to the Z
direction of propagation (Figure 1). Light waves propagate in a vacuum. '-?’
7.2 The double property of light =
There are different models for define the behavior of light: Z

98 &8
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The IT ray must be perpendicular to the IR ray: We have:

value of the angle of incidence i; is the reflected ray perpendicular to the refracted
sinil=nsini2 =nsin(m2 — il) =ncosil = tgil=n
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(D)
<
=
3 >
& o
£ B
5 =
o —
S o
.4 <
= o
£ =
= ke
£ S
wn
A= o=
= e
= o
£ - 7S
&7 < s 5 3 £
£ I 9 = £ o I £
25 - 7 39 %5
2 & S 5 S £ 3 ) e
£ n lu ﬂ b g = 3]
el = .. < ) 3 Q = £g
(51 Q Il o) > = = Wz £
2% 2 ™~ = < N 3 = &g
S8 R = ) [~~4 vOl .= ~ 2
% 3 + T > s S = £
£y =2 < (=] M o 28
S8 — @\ <= S £9
&2 = & S - T = 5 @ £
A~ —_— 58
Pl » + + = = = = ) & £g
25 2 = & = o = 25
> =t o — = — < I 28
S8 o C~ () © pu( m O S
e < N Q - i 2 - 2
”/H Q. N7, a L - — —m/wu
SR 2 T i~ S = \—h/ — =2
52 = < Q = S 7 25
£3 Q Q g 131 = ) — s
SE - 175} o= >} - < S
23 Q. O G S = = 2
%S Q A o R o an =Y
S8 S S i o RO
&9 ) 2 ) 13 - %5
¥ = ~ .. 2
s o = &h a7 7 = 5
&8 =) o= () 2
- = o= — > = o o 28
of < ~d D) il < . o o 2
—_— 5 <
59 . = = o, ) o = = 58
2 e >3 = o 2 5 = £2
%S = =%
23 < S @ D < = 7z £ £2
S8 S
A 58
(521 2
A 58
S8 S

A AR AR LRI A IR AR A R LA AR AR A R AR AR AR AR AR AR AR AR A IRIA AR A IR A R LA LR LA

g0
‘.‘AV:AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV‘v4
ST R R R R R L R Y R R R R R RV R TR



R R R R R R R R B R R R B R B B R R B R R B B R R R R R R e B R R B R R R B R B B R R B B R R R B R R R B R R B R R B R R BB BB B B BB R
7 . : 8 2
&2 g < E -
S8 RO
Z e ; S 2 &
&2 o~ < p= g 2 £g
£3 ~ I 9 o £g
] (S ~ = > £o
25 e = o Z 9 R
29 = = = Q 28
&3 0a 2 8= .nmL_ £ nm m 28
23 e 3 £ o 4 A o g 22
el O pha Ll 3] _— A,
=% = — . ~ U = w 25
23 o v & g 8 s & > 25
& = == 2 > g = Z
2S = < =¥
: . iV E < ; 1R H
N — . (PS8
22 - B AR < = y ; g & § 9 c2
32 o = m ~ = . o = < =t =
2 S 5 R : sl 2 E 2 J £2
&2 S & g S = ; B 2 2 = £2
€2 I 8 g o : S T @ £ £7
e = = < en : E & e £
A = ¥ o S = . [} M s - 28
] (= ) . +~ Py : > on Q =%
2 < ) ) N < 22
23 o os 2 @ = : s 2 g g &g
p ~ 9 T .8 N 7~ L | PO S £ wh WK S S = O o £2
wn < = . = — —
G2 : H Q 2
59 Q o - m Q : 1 (@) o) 58
22 wmoa = oZ E : 5 & 9 E 4
no//m_ = o = < (& . O Qe = = Lo
&2 s & g B 2 gl & 5 g 5 — &7
3% Q D) o £
25 2 & F £ 8 I E 2 9 g i
o2 = O = = @ 3 O 7
&3 b n.m I~ = N IS < 5} nH - %5
&3 8 S ° o = @ - 5 O 25
oY n [P
534 m <= J Q = = o «nm < e 2
% > - 3 = % . z .= £ .8 e2
e Vo g ©» 5 b S =2 B « £2
[Sai] o~ Q . B T — o N
&3 O > .8 =g 8 s & § o =€
22 = & & 5 g % A v g2 3 & 29 s
&3 Z I = 2 = g g S = @ oh o &g
; £ 5% 08~ : : 2 5 s & § i
25 ) ) N e m nm a o= ) e =8
&% = 2 T o 3 Q= O =
> = ws ) Q o S =%
€3 v O 2 » 5 = 5 & 2 S5 o 23
53 = = B 3 = =D - ~ 25
23 = kK —  ® Wc Q . S on £g
2 0z . E§ £ 3 e % E b
25 . = o ’ =3
€3 g o™ 5 8 S o 5 & 8 3 2 £5
¥ o V == c0 a0 Eo e = B o 2S5
% = ~ - = g o — E 3 %8
nu//u,_ = ~ A ~ A < o [ ~ &~ n//nu
& £g
S PO
& £g

A AR AR LRI A IR AR A R LA AR AR A R AR AR AR AR AR AR AR AR A IRIA AR A IR A R LA LR LA

g0
‘.‘AV:AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV‘v4
ST R R R R R L R Y R R R R R RV R TR



W,memxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxmxm/m/m/mxmxmxmxmxmxmxmxmxmxmxmxm\
£y N %
S8 — e
2 = S = > O Lo
&3 = =R A %5
25 < o) L = E =
S8 m Q 15} - m £9
nuuw ~ 1S} < = mﬂw
A (%) R ] = Q0 = g8
S8 g - = = - £g
49 o~ (e G ] o — O 28
3] ~ O = Q M 29
55 o baef s = - P!
3 : s > 8o g ¢ 22
£5 ; S S g = & 8 L B 8 £2
i : & = 2 5 = 2 ¥ £4c : &
25 : o =~ 5 & =R 2 e H £g
z5 “ o . ¥ £ 38 8 > : £2
P : o .. : E =2 2 =©° 3 6 £9
& : —~ O = . — o = a.ru T : £7
L 2 : 3 : 47
% 5 9 w5 : o = 8 B =
5 - £ = g = : € 9 T 7 2 %5
25 - ~ < O : n R T S S =
5241 \V4 wn . O Q . o= O O o 3 25
52 Q = 3 : o 5 ¥ o = £g
£y n2_ S = : = © : 5 1aﬂb nnu = 8
&7 . & ¢ S 1 & = 2 FE > &
2 s = I =9 P S+ 2 g /& = 25
o2 = = = sj g & £ p 2 z ' Q xS
£3 o 2 g 8 =lIf = §F & F o b & 5
% O = . = 1m [l 9 = fw O (0] 0
23 > = 9o 9 O T o — 28
&% < W & g g = 5 — o %) Ao
£ < ~ — S O 3 Q baef n [Pl
25 — L w = — 8 S — Q =4
of o~ 17} V = @] b — O + < — 2
55 -~ [N + i~ < 2! - < 28
(8 e - Q . - W.o .- o LY
S (e — m — ~ 72} 28
. S o -
(3] — = ) an e} = w0 o - 2
nu//m_ %] S b a G o p— ~ 5 I m//nu
Ao N 77 — < __ o) D) > < 58
2 S o n 8 - = 8 A 2 £2
24 D O] = —~ N < = o 2
A I - . ) Q —~ Q =1 - R
&8 ! - < e [ Ko
oY “.. . p— o p— - N Hum n p - n £g
&8 s [5) > m %) w o = n ‘a o £o
32 ~ g = s g 2 0 E v g= £2
5 k= ) o = ) = o B = < 2
25 7z = > < = > g a o0 =4
< < < @] = [s] < LD
— o — < o] = =
&3 e - = O o o S O o a Q. %o
25 = o) = o= —_— o - m 58
23 - QL = mc 5 o =9 58
&4 5 B ) 5 £ = 2
&% = S o = ) o £o
e = &g R o 2 o = =€
5% (0] = +~ W > o 50
o
&% ) o — + ® g0 £o
nu//m_ = .ln,/~ o nﬁdw m 1 m//nu
49 = W N = s €2 28
S8 S
gy 28
S8 S
gy 28
S8 S

A AR AR LRI A IR AR A R LA AR AR A R AR AR AR AR AR AR AR AR A IRIA AR A IR A R LA LR LA

g0
‘.‘AV:AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV‘v4
ST R R R R R L R Y R R R R R RV R TR



Ko

58

2,

58

2,

58

SBIBBR

03
»

M
DO

Bt

TG
W Y ] Y

Bt

¢S
WY

>
d

SBeRet

¢S
WY

>
d

SRRt

IG
DeIDeI

et

IG
DeIDeI

et

03
»

M
DO

et

03
»

Ny

>
d

SBeRet

03
»

>
d

SRR

0
W

&

0
W

&

0
W

M
2 De

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

&

0
W

M
2 De

0
W

&

0
W

&

0
W

M
2 De

0
W

Ve [®
2 De

0
W

.\,
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
58
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
&8
L5
58
L5
&8
L5
&8
L5
&8
L5
&8
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
e
s\'
P!
.\'

7.7 Prism

Definition

A prism is a transparent, homogeneous, isotropic and refractive medium containing
two non-parallel flat faces (diopters planes) which form the edge of the prism. It is

made of glass.

The intersection of the two faces of the prism forms the edge of the prism,
characterized by an angle A. The base of the prism is the third face, whose edges are

generally parallel to the edge and by its refractive index n.

The prism is used either to analyze polychromatic light grace (due) to its dispersive
properties, or to change the direction of propagation of a light ray following

refractions or reflections, (Figure 9).

arete

face d'entree face de sortie
plan de section

principale

Plan de section
principale

Figure 9: The prism.
7.7.1 Path of a light ray passing through a prism

Let SI be any incident ray which strikes at I the entry face AB of the prism; coming
from a medium less refracting than that of the prism, this ray undergoes in I the

phenomenon of refraction while respecting the two laws of Descartes.

If n is the index of the prism immersed in the index area taken to be 1. Applying the
Snell-Descartes relationship to the input and output of the prism at I and I', we obtain

the following relationships see (Figure 9):
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