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« Light behaves as a small particles produced by the light source
that travel in straight lines through a vacuum and bounce off
objects so that the eye can see it.

*The theory was called the particle theory. * This theory was able to
explain the phenomena of reflection and refraction. * This theory
failed to explain the phenomena of interference and diffraction
\ A gudal) ilagesal) Ay play 4y ) Cuan
S g GulSaiy) A palls s 4y ATl o3 caelaial ¥
L agaallg JANal AU juds b 4l ol culdd




@dﬂ\m\ﬂ

s guall dayda

L gall &y il
W%

« Lightis waves that travel in a medium that he called the ether, and he
was unable to explain what it is. * Newton's reputation had the greatest
Impact in not accepting the wave theory until Thomas Young came up
with his famous double slit experiment, which favored the wave theory.
* The wave theory has successfully explained the phenomena of
Interference and diffraction
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* This theory states that light is high-frequency
electromagnetic waves in which the electric field vibrates
perpendicular to the vibration of the magnetic field. ya
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Retarding
voltage

« Hertz found that shining a beam of
light on the surface of a metal causes a
number of electrons to be released,
called photoelectrons.
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*The number of liberated electrons
Increases with the intensity of the shining
light, while all these electrons have the
same amount of energy, which does not
depend on the intensity of the light but on
Its frequency.
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*The solution is to admit that light has a dual property
w=_(wave-particle) so that they complement each other when
trying to explain all the properties of light
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The electrons (as particles), for example, should have both particle and
wave natures, or what is sometimes expressed as an accompanying wave
or a Deproli wave.
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The Uncertainty Principle, which states that it is not possible in
principle to determine both the position (x) and the momentum (P
) of an atomic particle simultaneously with extreme accuracy. This

principle is mathematical
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LAW QF REFRACTION
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» Diffraction of light is the deflection of
Its waves when they pass through a
hole so that the hole appears to be an
Independent light source.
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Each point on the wave front acts exactly
as a source of small waves propagating in
all directions
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* Polarization expresses the state of vibration of the electric field in electromagnetic light
waves.
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Find the energy (in joules and electron volts) and the frequency and momentum of a photon of wavelength = 1.5 pum,
then indicate which band of the electromagnetic spectrum this photon belongs to
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Find the Dibroli wavelength associated with a metal bullet of mass 5 gm, traveling at 500 m/s, then explain why the wave
nature of this mass cannot be observed?
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* An electron is moving at a speed equal to one tenth of the speed of light, find its accompanying physical wavelength?
s O 1Y) Ara ga (B AE cpe ¢ 0.001 s sbest pesn AS o AaS (& ABal) il () s
. 200 m/s A& w30.5 gm  AS sl - |
¢ Ol e Badi i, 2 X 108 m/s Ade yw (9 A8Y) (e B e Al o

If the precision of the momentum of a particle is 0.001, determine the uncertainty in its position if:

The particle has a mass of 0.5 gm and a velocity of 200 m/s.  (a)
b- A particle is an electron with a speed of 2 x 108 m/s. What do you notice from the two results? (b)
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Light Amplification by Stimulated Emission of Radiation
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properties as the stimulator photons.
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example, Fabry-Perot) allows only one frequency of the oscillation and then amplification
and penetration out of the resonator according to equation (11) mentioned in the previous

chapter.
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The optical beam has a uniform
frequency (periodic time) (single
wavelength

The phase difference between any two
points on a wave front remains constant
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Calculation of coherence time and length
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* What is the directionality
of the laser beam: Relative
stability of the width of the
optical beam so that Its
angular deflection is small
compared to the distance It
travels.
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(The rate of energy emission per unit area).
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Middle infrared
Near infrared
Visi le
Ultraviolet
Vacuum ultraviolet
Extreme ultraviolet

Soft X-ray

AalSall da jal
II‘ 10 pm — 1 mm
[ lpm-10 pm
[ 0.7pm-1pm
[ 400 nm — 700 nm
[ 200 nm — 400 nm

[ 100 nm — 200 nm
[ 10 nm — 100 nm

[ 1 nm — 20 nm
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1- What is the difference between brightness (brightness) and illumination (illumination) on a particular surface ?
2 -What is the relationship between the monochromaticity of the laser wavelength and its coherence ?

3- Reasons (physical and mathematical) why looking directly at laser beams is so dangerous .

4 -Find the coherencelength and time of visible light .

5 -Do you expect the coherence time of thermal light to be greater than that of laser? Why ? Prove it mathematically.




Questions
dajall oda ciga g3« 1 om digedall dajall yhb Ly i 700 nm gl Lt gh b jaay el 5046
¢ salll i o dajadl jhad ¢ gSaw aS ¢ (38,4 X 109 M A el g oY) (o Adlacall) palll ) 43 guall
6- A red laser emits pulses with a wavelength of about 700 nm, the diameter of the light
beam is 1 cm. If this light beam is directed to the moon (the distance between the Earth
and the moon is 38.4 x 109 m), what will be the diameter of the beam on the surface of the
moon?

Sl gkl Cp Ol Jial Te g iy « 700 cmM2 ) shaud) Aadas dalisa g « 80 Watts 4358 a 513 gua glaa -7
oas 5 40 watts (M ss 589 nm I A 8 Jisall 5 a8 ils 1Y) clalat) area A 589 — 589.6 NM G sl

Skl & ghaud) g (rluaall £ ghaw cuwal ¢ 0.1 NM A Audall GUaill
7- An 80-watt sodium lamp, with a cylindrical surface area of 700 cm2, emits yellow light
between wavelengths 589 - 589.6 nm in all directions, if the 589 nm compact power is
about 40 watts and the spectral bandwidth is 0.1 nm, calculate the brightness of the lamp ,
and spectral brightness?

¢ Jualll 10 A5 pSiall cliiatl) & iyl AT il B S o ¢Sas Ja -8

8- Can you think of another classification of lasers other than the ones mentioned in this
chapter?
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Energy levels and radiative transitions
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A positively charged nucleus is surrounded by a cloud of negatively
charged electrons. This model not agreed with the laws of classical physics.

are negatively charged electrons that travelw‘ U‘*‘ <l g add) Ll sag Al ‘UAJ-‘ 8) 54 -
in certain orbits with different levels of 43U4l) uﬁ MJIAM Gl ga ‘_,\4 w &l ylda S

energy, and these electrons can move from an L
one level to another. ‘A‘ s Fa (o JUY) uJJ&?‘ MAJ;

This model successfully explained the A

behavior of the hydrogen atom. But he  »lads cpa g gl 5,3 ¢ gl GSJAJS\ KTV
failed to fully explain the behavior of atoms uﬂ‘ &UM\ & ol Jalsll paadill e Jae 4!

that have more than one electron, as this .
model did not consider the interaction of 4;3 CJJA-‘M RTQRENE PALTEN UJJASM A J*S‘ i

electrons with each other. | o) Ly pa il g ) Jo Wl Clual)
- This model_effectlvely contributed to thee dal) ¢ gl dagatl u‘@‘-‘* Gl’“m S ?M*“ _

modern atomic concept. . R
P aand) g




nucleus
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electrons

 (assa) () Lgudany oo LS Aliaiia A8Un il glona cld 43 g iy @l plaal) -
LGS g ol Lo daflatal ABUS ellay i) Guad) dlld g S laally dal; -
. il g ASIY) L o) ¢Sy (Al Ol glaal) 038 (ha 3 gdaa dac Jadh lia -
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Electron orbitals with energy levels that are completely separate
from each other (quantized).

The electron orbit means the space that has a high probability
density for the existence of the electron.

There are only a limited number of these orbitals that electrons can
occupy.

Therefore, the values of energy that electrons can possess cannot be
a continuous guantity.

The energy of an electron increases with its distance from the
nucleus and vice versa.
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fh=E,—E, (24)
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The atoms of any element get irritated and move to higher energy levels when they obtain energy (thermal, for example),
so how are these atoms distributed over energy levels?

The scientist Boltzmann created his mathematical equation that was associated with his name and dealt completely with
the process of distributing atoms at different energy levels. This equation states the following:

N. = N_exp (-4E/KT) (25)

a5 steaall Bl A a)ans
i =123... ssiwadl bl dns N,
(Ei—E,) ssiwalldilh AFE
Ghajil gy cli K
aathaall 5 ) _yadl Z\A,JJ T
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Both distributions approximate the Maxwell-Boltzmann distribution (for conventional particles) at high
temperature or low density
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Bosons are not : Fermions are
Bosons Fermions

subject to the Pauli subject to the Pauli

exclusion principle
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No two electrons can have Lalad Lagd (685 o ¢l 9 3SIY (iSary
the same quantum state, i.e. ) ¢ dra gasl) ANAY) (s
Not all guantum numbers das Has ) B (s gl () Sy
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electrons in the same atom ‘ d m‘
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Ahsorption

spontaneous emission diagram

Electron

Mucleus

Ground state
orbit

Excited orbrt
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An atom or an electron absorbs the energy of an
incident photon so that it moves to a higher
energy level
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The return of the atom or electron from the excited state
to the ground level so that it emits an energy difference in
the form of a photon without any external effects
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The return of the atom or electron from the excited state to the ground level

so that the energy difference is emitted in the form of a photon under the %ﬂm %mm

stimulation of another photon
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hf=E,E, (26)
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dN

(dz =+B;, N, p(T) (27)

( abs
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Therefore, the total rate of change in the atomic population is as follows

an, = N, =+B;, N, p(1)—B, N, p(T)-A,; N

dt dt
o) ) Al

@) (Gaaiacal) o (AR ilai¥ly) LeIhal) Jaral U glase (abaia¥l) (s slad) (o ghesal) ) el jA) QU Jara (3583 g0 adl I3 A B
:
In the case of thermal equilibrium, the rate of transfer of the atoms to the upper level (absorption) is equal to
the rate of their dissolution (by spontaneous or stimulated emission), meaning that:

B, N, p(1)=B, N, p(1)+ A, N, (30)

(31)
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And since the thermally balanced atomic system follows the Boltzmann distribution, and using equation (25), we can
write the population inversion as follows:

N, hf
—= =eX 32
N, P UTKT 32)

Juadl) B (5 LaS s Alas ) dglay 4y ) Jall) daghiiall g coat g9 D) B Al Gulad¥) o o Jai Al Adlal) 8 Al 5 Lay
s oS Janiddada e ABlhl) Clhgiaa o) G2l 81y (31) (2 (32) Adlaall pagging, a4l

The negative sign in the exponential function indicates that the population reflection in decay and attenuation
and the laser system needs a pumping process as we will see in the next chapter. Substituting equation (32) into
(31) and assuming that the energy levels are non-dissolved, we get:

o(F) = a2 (33
ex h—f B..—B
p KT 12 21
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Planck's law for black body radiation st?es that the radiation intensity_is given by the following mathematical formula

{

8/nf
p(f)= 3 (34)

—1

J
p ) S Gilalaal) A3 lBay g
(35)

(36)
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Einstein found that the ratio between the rate of spontaneous emission and stimulated emission in the case of thermal
equilibrium is given by:

- A
B p(f)

: Elady) a3 595 ) ad) da 3 A AN Juadll dBde e Juaad (34) 43Dl aladiuly g

hf
R=ex 1 38
P T (38)

(37)
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1- In the case of thermal equilibrium (T = 300° K), the population ratio
between two levels = 1/e, find the photon frequency corresponding to the
transition between these two levels? In which bands of the spectrum is it
located?

2- Find the ratio between the rate of spontaneous emission and stimulated
emission In a tungsten filament at a temperature of 2000° K, if the frequency
of the emitted light is 6 x 1014 Hz?

3- A helium-neon laser has a wavelength of about 630 nm What is the ratio
between the Einstein coefficients?

4- Try to draw the relationship between energy levels and population
reflection in the case of thermal equilibrium.

5- Explain, physically and mathematically, the relationship between the
Boltzmann equation and the population reflection.
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The active medium

when the excited atoms transit to the lower
energy level, the photons are emitted
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Pumping
The pumping source excite the
atoms of the active medium
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The Resonator

The laser resonator provide the optical
feedback which amplify the number of :
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* The active medium can be in the solid, liquid, or gaseous state, also it
can be a semiconductor.
* The active medium is selected according to the desired wavelength.
L Jagadad gl L ol Bl o) Libia Jladl) Jac o) 05 off (Say *
s gl Jguant) ) pall 2 gal) Jghall T Jladl) Jacu gl) JLSA) a3 *

hf:EZ—Ell

aaual) il giaa l*




@ Jjﬁmauﬁsﬂ @ @Uﬁ\d‘aﬂﬂ

Dmping

Pumping Population Inversion Stimulated Emission
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Pumping
The pumping source provide the energy required to excite the active medium atoms and

transit them to higher energy levels (excited states).
_(SJM\ Sl giesall) ‘)9\ d3Ua il giisa ) Wi ddaill) Jay glf ) 3 3 LY da DU ABUal) rall juaa A

Population Inversion

If the pumping energy iIs enough to excite most of the atoms to the excited levels, the

population inversion is established.
U (g gSaal) au il gas Aty ¢ B_liall iy glesal) ) <l A alasa 5 0y 4818 el 43U il )

Stimulated Emission

When the population inversion is established, if a photon of resonant energy passes near an

excited atom, the stimulated emission of photon can occur.
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The flash lamp is consists of a transparent quartz tube filled with a specific gas such as xenon or neon, and
IS connected to a cathode and an anode at the tube internal ends. The tube is wrapped around the active
medium.

When an electric discharge occurs in the lamp, the gases are ionized and releasing a great number of light

pulses containing photons energies equal to the difference between the energy levels in the active medium

AR G gt il die 35l Jagay Juatiag ¢ sl o g3l i Ot i 5 shas Gl 3518 sl (a puagasl) Cluaad) g8y ¥
o A giaall A pudal) clidasil) (o Jib oS Adllaa el A (ol zraliaaall 03n (8 il S Ay AR Ggan aie g Jadidl) Jaca gl Jga i) il oy
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Optical pumping is commonly used in solid-state lasers ( such as sapphire laser) that produce laser beam

with wavelength within the visible and infrared bands.
£ paadl cuad da Jal) g (6 pall Cishal) da o Canda T guda gl A (g8l 5 i) dlial) Adladf @50 8 Bale J gudal) fridal) addliy o

In some optical pumping techniques, a laser beam can be used to pump the active medium of another laser.
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» Electrical Pumping is used to pump th&g‘f&‘?%él@ and also it can be used to pump

the semiconductor lasers.
L S la gal) slud] <l el g Ao stady el sl @'43 di81) oA PRENIV I

* |n gas lasers, electrons (in the form of a current) flow through the gas between the
anode and cathode and excite the gas molecules when they hit them, creating the
necessary population inversion.
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 Electric pumping (which is the most common) can be a flash lamp-like discharge,
exciting the atoms and molecules of the active medium (gaseous helium-neon
laser).
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* |n semiconductor lasers, voltages (forward bias) are dropped through the double
junction, causing electrons to flow to the positive side and holes to the negative
side. These electrons and holes are recombined in the depletion region to release
laser photons.
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* A chemical reaction between two substances results in a third Chemical Pumping
substance whose atoms are excited due to the energy released from bt fuall
the chemical reaction. - T
wBJM‘Mu‘MoJML@J‘JJUboJ\Am C;'\Jauﬁduuy@\:\@sdsm .
s Je il

« Pumping lasers with nuclear particles resulting from nuclear Pumping by nuclear
reactions. particles
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* Pumping lasers with high-energy free electrons. Pumping by free
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Feedback means the way in which the pumping process can be activated so that the amplification
process takes place within The active medium. In order to make the induced photons pass
through the active medium thousands of times, stimulating its atoms, the active medium is placed

Inside the Fabry-Perot cavity, forming what we call the “laser resonator”.
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Resnatr Equatons (64 b

The most common and important resonator is the Fabry-Perot resonator ,
and apply to it the same scale equations applied to the Fabri-Pero
Interferometer (mentioned in the first chapter) and we repeat it here with

the same equation number:

— s e C¥alas adde Badaiig ¢ 5 m— (gl Gl g Leaal s Lo gl UL Al ]
rc¥alaall Lodiill 28 501 udny Uia Lagmi g ¢ oY) Juaill 83 S2all 5y
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Resonator equationy (H ) S

*The wavelength corresponding to the maximum value of the output of the resonator:
s Ol z AL abiall dadll Al o gal) Johal) F
A . =2L/n (11)

MmaxX
*1n case of light of different wavelengths, the permissible frequencies for the maximum output
values are:
s il AN Al L 7 gameal) cilaa ) ()l 44N A gall J) glaY) g3 5 gudll Ala S
f . =nc/2L (12)
The frequency difference between two successive frequency values (free spectral range) is given
by:
s ABMally Jarad 2o 3N ad (e Guialliia el (g2 80 (381 Lal *
Af =f  —f =c/2L (13)
And it can be expressed in terms of wavelength as follows:
p AU gl Jokall AV Lgde ppaatl) (Say g ¥
Ah =22/2L (14)
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Ol sall g Al ) Al

ol Ol el 7 A Al L 7 samall cila il

Free spectral range 2.3l @41
Af =c/2L

f aa il
JM‘M%@M‘JO‘JJA‘GJ“&&‘&H‘M‘
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Threshold conditon nthe resonaor (il 4

Although the resonator provides feedback, there is some loss in the laser beam that occurs inside
the resonator and the sources of this loss are as follows:
s (AUIS B ladd) 038 jalian g (U pal) JANS Eraad ) all) plad 8 (S8Al) 3 Ludd) (amy Glin of W) daa) 1) 3l (U yall 8 g a8 ) e
1. Loss at optical surfaces because they are not
fully reflective.
Al SaV Al e LY 4y padll el die 5 jlall -]
Dispersion in the active medium due to the
iInhomogeneity of the refractive index.
LSV Jalae it ade o Jladl) Jass gl & citial) 22
3. Diffraction due to the limited aperture of the
3 gaadl) laser beam inside the resonator.
C OB el Jala ol Ak el B2 gasal) Astdl i 3 sl 23
Thus, the threshold condition for generating the
laser inside the resonator Is:

otal gain =
ST E sada = 5 LA & sama

Al Juadll B 5l s e (i
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Some common designs of resonator mirrors
bl Ll el Aailid) asaleall) 2an

- Exploits the largest possible size of the active laser medium. Plane-mirror
. Jladl) ) .h.u.u Cra (Saa A J?S‘ Jadw - resonator

- Very accurate and difficult to adjust. ‘-JUA}‘ 93
4 siasall

- Rays interact with a volume less than the active medium. Spherical-mirror
o Jladll Ja gll Cra JB) ana aa Jo i A Y - resonator
- Relatively easy to adjust. L) ) 63 4yl

e b h s des Semi-plane
- A compromise between the two previous designs. e

" -7
v % ‘ . "‘ . o _o®%
Ol O A g - RNE
L4 “w & “w " “we » -
’,” - u
e -

LSJ""‘M
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Stability of Laser Resonator sl b sl 45 ) il

» Laser resonators can be classified into stable and unstable resonators. The stability of the
resonator can be estimated by measuring the stability coefficients, which are given as follows:
28 yma (Say g fiua e (s Al 8 e L Ha (A8 Cus e lll U Ha Calia

L SUIS et Sl g dg ) 8] Sllaa ulisy U yall & ) sl

51:1—L & S, :1—L
Rl RZ

» Where L represents the distance between the two mirrors and R is the radius of curvature of
the resonator mirrors (R is positive for concave mirrors and negative for convex mirrors).
» The condition for the stability of the resonator is as follows:

L all L ga sy Ol Wl je 5sS3 Hla Ciual a0 R 5 el o ALl L Jiad G
IS G el )il da 8 6, Auaaall Ll yall Ll g 5 jaial
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Stability of Laser Resonator sl b sl 45 ) il

Example: A laser resonator consists of two mirrors, one convex (R,= 400 cm) and the other
concave (R,= 200 cm), and the distance between them L = 50 cm, Is the resonator stable?
R,= 200 cm 528 s AYls R,= 400 cm 4pasa Ladlaa) 0l e (pa (58 50 (Ui / Jha

¢ Jilwa (Liyall J& ¢ L =50 cm Lagiu Adlusall g
Solution

s, =1-——1->0 __1125 s, =1-— =1->2 _0.75
R, —400 R, 200

5.5,=084 = -1 < 5.5 < 1 = gl
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Laser Resonator Modes ¢l g hiladl
1. Longitudinal Modes 43 shll Jalaiy!

Longitudinal Modes are the standing waves that originate

along the axis of the resonator, the number of these modes can

be found using equation (11)

) Oy ¢ GUsall Jgaa b Ao L A1) 4A88) o) cila gl 08 8L (A
(11) Dalaal) aladiicly blady) oda 22

Cavity Resonance Modes and Gain Bandwidth

E Ca\:lty Modes

Gain
Bandwidth ¢ Multimode

4 . output
\\/ P

Cavity Transmission
Laser Output Power

Wavelength Wavelength
«== Cavity Modes &= Gain Bandwidth Figure 1
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2. Transverse Modes 4 jaiuall Jalail)

Transverse Modes are waves that travel diagonally from the resonator axis and can repeat
themselves after cutting a closed path of many complexity, and are symbolized by the symbol TEM

Led sy abil) € lia jluce adad aay Lgudi Sale ) audalina g (U all g3 (8 Jila JSy 55 il ga (8 5L (A
TEM 3

=
HE&M o B
£ . Eer . . E
| AT e '
| WERPOIMNT | |
CIF ]

BEAM PRCIFILE BEAM FROFILE EEAM PROIFILE

TEMpp funcamertal TEMpq " first order Typical higher orcer
(Gaussian) mode (donut) mode multitransverse mode




Active
material

f
Mirror Mirror
R =100% R < 100%
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The quality factor In the resonator cavity
SU a3 gad A e s Jals
the frequency of laser mode Energy stored in the mode
Dol daad aa 5 \ / Laill a8 45 Al ddlal)
f.xE,
Q=
Ed

\ Energy absorbed per second in this mode
Laill 138 aie 400 8 daieal) Al

Q=27Z'ftC Q:fo/Afo

Decay time Af,  Spectral bandwidth
il e 3 ikl Glaill (= e

t

C
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1- An active medium is selected to produce a laser with a wavelength of 1550 nm.

What is the necessary difference between the energy levels of this medium?

G a D) (G4 g8 La e 1550 nm Jabay o gl Adgh |5 it Jlad dag LSS 3 3 -1
?buﬂ‘ \Sg.lléud\ il giasa

2- How many frequencies are allowed (longitudinal modes) in the laser, the distance
between the mirrors of the resonator is 2 mm and its frequency = 1.5 x 104 Hz .

2mm  Jakad dzd U yal) Ll e G Adlical) [ Jad A (A ghall JaladY)) 4y 77 gaccal) cilaa ) 220 2 22
. 1.5x10¥% Hz =oeaa5y

3- Prove that the Fabry-Perot plane-mirror scale Is a stable resonator.
\JMUUJAJMMM\UUAS\ LSJJJ“ Lgf\&u.al.ﬁauh_u.\\ -3
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MM\

4- A resonator with two mirrors, the flrst IS concave (R=1.5 m) and the other is

convex (R=-1m). Calculate the largest distance between the two mirrors with

which the stability of the resonator is maintained.

O ABlsa 1S eal ¢ (R=-1m) Aqasa gAY 5 (R=1.5 m) 5ala A ¥ G e Al (i sa 4
LOlal) 4l it o Asdlaall Lgaa ¢Sy ¢l sl

5- Explain how the pumping method is chosen based on the nature of the active
medium in a laser.

Lo sl o Jladl) Jaua gl A e gy gedal) Ay o JLSA) (S S g -5

6- Calculate the quality factor inside the laser resonator mentioned in question (6)
of chapter 1.

L JsY Juadll (e (6) el B sShal) ) 3all) 5 gad Jaka de sl Jule quwal -6

7- Explain how the quality factor is related to the coherence time.
) AN G da dse 5l Jale Las S i g -7
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Laser systems
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Laser Systems

%«e/@dm (i sal) allas

— E; (N)
(ualaial) @A\ Jana & ALY ) s QSJJ.‘.-m &\a-w\!\ Jiza

Spontaneoys Emission | yy (Caadacal) Eilayiy)
Pump Rate L 7.
P W Rate of laser radition

- p

(Assanption) 121 (Stimulated emission)
Y Y El (Nl)

¢ (AUNS ABUal) il ghacal (g A LY S Jama 068 ¢ dgia ) ABad o B

At any time: Rate of change of population of energy levels

Pump Spontaneous Emission Stimulated emission

TN N (NN @

dN,  dN
dt  dt

: :Wp(Nl_Nz)_721N2_WL(Nz_Nl) (40)
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Laser Systems
. Og?w‘ ‘m;‘;uugéJ ¢ ?w‘ ﬂbﬁ&ﬁ\ danl) (g gl N1 + N2 Fua

»

Where, N,+N, equal the total number of atoms, at steady state:-
dN, dN,

=0
o dt dt . ;
Substitute in eq. (40) A Jas (40) Aalaal) o aad Lgiag
W, (N; —N,) =7, N, —=w (N, =N;) =0
= (W, +W )N, —(y +W, +W )N, =0
s () G5 g B A Alalaad) B (1, —> 0)las Jria AN Elayi) Jara IS 1318
If the rate of spontaneous emission very small, then
NZ max Nl
l.e. In two-level system, It IS not possible to obtain a population
Inversion with direct pumping
(A Al B i) fudal) ddacd g3 (AlSd) (ulSai) (Gadad o) cpe A (6
2S) o il ghana D 63 o 3 aUAT aladdiud e AN g (o ghall




Laser Systems

L
| Y32 Nonradiative decay

E, (N
YBl 2( 2)

721 W|_

Pump rate pabaia¥) g fuall Jua W,
Stimulated emission rate cadoal) Clad) b 500 £lacil) Jara o
O (5 shmnal) ) AN (g giusall (pa (ABLY Elanl¥) Jare Yar
Spontaneous emission rate from level 3 to level 1
glm\ ¢ Shall J) EIEY o glesal) (1o (AL Gilaad) Jaa Y
Spontaneous emission rate from level 3 to level 2 52
Js¥) 5 senal) () A (5 sianall (30 ABLY o) Jira oy
. i = 21
Spontaneous emission rate from level 2 to level 1
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Laser Systems )
s (AL AN il glaalt A LYl Jaea (9K
Rate of change in population for three
dN, levels

dt
dN,
dt :732N3_7/21N2_WL(N2_N1) (42)

= _Wp(Nl —N3)+ 7N, + 75N +w (N, —N,;)  (41)

dN
dt3 :Wp(Nl_Ng)_732N3_731N3 (43)
(e = a3l Aty dSidiall) jhuall ) J g Alulad) e alaal) (8 AUl el Al A g
At steady state; dN,/dt = dN.,/dt = dN,/dt =0
—W, (N; =Ng)+ 7N, + 75Ny + W (N, —N;) =0 (44)

Y3Ng —75,N, =W (N, —=N;) =0 (45)
Wp(Nl_NB)_7/32N3_7/31N3:O (46)
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Laser Systems

:then N =N, +N,+N, Assume
N, =N—-(N;+N,) (47)

Substitute the value of N5 in eq. 47 into eq. 46:

N1(2Wp+7/31+7/32)+Nz(Wp"‘7/31+7/32)_N(Wp+731+732):O

. . . (48)
Substitute the value of N5 in eq. 47 into eq. 45:

Ny (W +7735) + N (WL + 75 +75,) + Nyg, =0 (49)
Substitute eq. 48 into eq. 49:

(73 _7/21)Wp — Vo1 (Va1 +¥35)

N,—N, =N
_(Wp + V31 V2 ) QWL+ 750) + W, (75, + W, "'7/32)_
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Laser Systems
okSay) Ao Juaail L ga (168 OF Ay Oad) Gidal) ()] 3_pdY) Adslaal) (e ity
+ O\S \3\ %) éﬁﬁg\f ‘SAJ ¢ JJ..A.L“ ujg dJ"‘AM CrSad L;JmliS L;JM‘
N,-N;> 0 Is necessary to get the population inversion for Laser, this can be

achieved If:
Vap >>W, 8 V> W, 9 V3o 22 Vo
Sn S JAS) 468 o (Al 2 g sl 1 3 (s sall (ha (ALY Sl Jara o (o
iatoal) GVl g frdall Jina (e 192 O AL Elaii¥) Jins

I.e. rate of spontaneous emission from level 3 to level 2 should be greater than
spontaneous emission from level 2 to level 1 and from pump rate and stimulated

emission rate ; )
6 ieall G JEIBU aadl) Jarall Wil Quantum Efficiency 4past) 3¢Sl (i 5 Ui,

: Lﬁ‘ @m\ 6 gial) g Cullil)
The ratio between the relative transition between level 3 and level 2
known as Quantum efficiency
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Laser Systems

In last equation, Substitute 3, with 77(/3> + ¥31)in eq. 50

(17(73 +7/31)_7/21)Wp — Vo1 (Va1 + 732)

_(Wp + Va1 V52)(2W +7/21)+Wp(7/21+WL +17(Va2 +731))

+ AUl 3 gasd) Jlad) (Sa (ASad) ulSai) e J el 2 DU Galed) da pll) iy g
From pervious conditions to get population inversion, we can neglect the
following limits

N, —N, =N

(17(Vap + Va1) — 7/21)Wp — Vo1 (Va1 + 732)

_(Wp + Va1 V52)(2W +7/21)+Wp(7/21+WL +17(75, "‘731))_
e e Juand

N, —N, =N

7 Wp(7/32 +731) = Vor (Var ¥ 732)

N, —N, =N
_(7/31_ +732) (WL + 751) + W17 (3, +7/31))_
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35l cla glatal

UWp_7/2l

— N, —-N, =N
’ ' 2WL—I—7/21-I—Wp77

(52)

: 98 EOBL il ghucal) &l A SSad) (ulSady) o pd o) Adalaad) 038 (e gty
I.e. the condition for population inversion in three level laser system

Rk Wo7 > Vo (53)

3 sl 502 s Fial) M) 1 s siall o W77 Jladl) eall Jana ol 6
2 s simal) G AELY SN e S G985 )
.e. the rate of effective pump W77 from level 1 to level 2 through
level 3 should be greater than spontaneous emission from level 2

P R P B P B P B P B P P B P B P P A A P B A R A B S P S g




ool sy dfial) Ja

Migwelength [nm]
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ool sy dinl) Ja
vpe T ow »
Thresholdd Condition 4sad) ba s
N, =N, —AN <« AN =N, — N, Population inversion ¢Sl gulsaiy)
N N+ N+ N OB (o glesa JS (A @A) £ ganna (g ghes (ST LSV Cua g
= N 37 Ng 3~ N The total Population in all levels
3 s sbwall oS L8 Janall ‘”,Jl.c @.’A.d\ﬁ& GilaaiV) e g EDAY Gl glicall JJ"AAQ,AJ
s (AL 5_AN dlataal) iy Aal) ) J gl
IN 3-level laser systems, level 3 population tend to zero due to the

high rate of nonradiative transition, then N=N,+N,
N AN o . o K~ . -
NZZ?JFT (54) o Jand Np dad e iy gl
chﬂu.d\gé Lf‘ SJﬂQMbégﬂgigﬁdﬁl\bﬂﬂ\ Sl clal fpa S ) Lf‘
At least half the population of atoms must be excited to the higher
energy state to achieve population inversion.
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E4
(N4) 74

\

¢ Inversion can be attained

In general
3

1- Population of upper level Y2

2- depopulation of lower level

2
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|_aser Gain

Assume that | the radiation intensity from of a slice of the laser active
medium of the thickness 4z, then The increase in radiation intensity 41 is
given by Al 55
Az

(JSEN o 5l Aalaal) LU Sy ¢ iuall A lite day pil g ¢ sl Jalra g2 0 Gua
Where (g) Is gain coefficient. For very small slice of the laser active
medium, dl

_ 56
—=0(f) | (56)

Then gain 1Al b LS qeasl) Jalaa iy T (Say g
9(1) = | dz (57)  coefficient

axa Baa g JSI Aaial) 5 a8l Al
e@d\&lgﬁg\thSajdﬁst\ = sl Jalza

Intensity emerged per unit volume

Intensity per unit area crossing this volume i
¢ g—uﬁ\ JAL‘I.A oda g Gl:u'lu\ d&h

Gain coefficient =




BT ]

(56) Aalaall Jalsill ¢ a) Sad L

@ A} dmﬂﬂ

L_aser Gain

Jladl) Jacs gl Jsha OMA il ans) Jalaa S 1)

If gain coefficient is constant across the length of active medium, then

rd _Tg(f) dz

— |n[|l]:g(f) L

_ gL
=1 e

(58)

Jladl) Ja ol) J gda g Sl paa uiali g A )i BAEY (e aS) dyile ) £l dad AR EON (I
» From equation, the final beam intensity is larger than incident beam
Intensity and direct proportional to gain and active medium length

dilgl) Badd) ()9S g pabaial) Jalra M paw Al callaadly Guuit) Jalaa (S 1) Lad
L ALY Sadl e iual
» If gain coefficient is negative It is then called absorption coefficient,
here the final intensity is smaller than Initial intensity.
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Laser Gain
s ol LS dadiial) Eilady) Jane AV st Jalaa AUS Sy
Galin factor can be written in terms of the stimulated emission rate as

follows
g(f):hf(szj (50)
|\ dt ),

o () dandaial) ilaid oo jad) adadal) ANy
or In terms of stimulate emission cross-section (60)

9(f)=c()[N,~N,]

g(f)= N, —N,] (61)

L O 633 5 gda DA () g g Gl ddlalial Chuali g Audal) ol Z\J\JgAF(f) Eua
F(f)spectral line function which describe the probability of stimulating
a over a given frequency range.
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L_aser Gain

The total gain in the laser system

-a) L 2(0-a) L .
o1, e @ l,rp 1y €200 during a full cycle

G = Final intensity during a full cycle
- Initial intensity

2(9-0) L
~gryr e
IO

G="r,reevl (62)

Laser active medium length L
Resonators reflectivity

Gain Coefficient The threshold condition to get laser
Loss inside cavity G=1

Initial intensity

1
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Maximum laser power

Resonator transmission Gain coefficient  Cavity length

T, T 2gL
_ P =F._° 1
PO Pem.T ’ ° ’ To +I| To +I|

+ .

Emitted power O ' .
Losses inside resonator Critical fluorescence

\

Po
milliwatt 10 —
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Laser Efficiency

o
(o)

o
o))

o
»

-
)
S
O
Q.
-
-
Q.
-
)
O

o
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Threshold Pum P power
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o e
Hilsa g Adinid

Job caal ¢ 3alll 3 gad JAI 2881 Maga ¢ 70 oMl A el Jalra Dl ga sludif 5 -1

0.97 = Ladaw dowlSad) cuils 13) 3 gadll

CuilS 1) La e al ALalS 3 )99 A ASH st aa) ¢ ARl 4y ) 3ull) daplaial) b -2

¢ (wabaial) Plaadal gl (L) glad) s A 4y ) 5all) 4 glaiall

= duafiuall Elaud o pd) adalal) o)) Cuale 13) da ghiial) (il Al ulSaY) quual -3

. 1.6 x 1016 cm2

.3 MW/Cm? = dasiaiy) sadd) il 13) ALalS 5 98 IOA duilgl) Al ) -4

¢ sl Aol ) a3 A daddinial) &y ull) aliea 13 Jle -5

dpuilsal) 23 g « 0.0005 cmt Jatay 48 Jladl) Jac ol S Jalaag ¢ 1.5 m adgad Job J3a -6

1009 Sl gAY ddSad) cuils 13) 4 e sl

JAIS 388N Jlaa) dliSay) <l 593 3 DA Gabed) Jlsedl B ) gSAal) 5l S st a7

(Ll B g2t




II.

I11.

A semiconductor laser has a gain coefficient of 70 cm™, ignoring the loss inside the

laser cavity:

Calculate the length of the gap if its surface reflectivity = 0.97.

Calculate the total gain over a complete cycle and then indicate whether the laser

system is in a state of radiation (laser) or decay (absorption)?

Calculate the final intensity over a full cycle if the initial intensity =3 mW/cm2.
Solution

Q \
('3" S N -
\ — ",__. T \_._.
Q=2 = e L == S =9 s
— &)
P S
e 1. X< Feo C_anJ‘L i, At Rl N

ree L,
e A Y <CH = - ?‘
= X .




5. If alaser's cavity length is 0.5 mm and the original intensity (Io) is 200 times
magnified, calculate the gain coefficient (g) in the laser.
Solution

I=1ye8 = 2001 = Ije*

200=¢""¢ =5.3=0.5¢
2=10.6
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Laser Types ERC S e b

Solid-state laser

*In a solid-state laser, the active medium consists of a solid material that is a crystal (or glass)
doped with active ions. For example, in an Nd-YAG laser, the active medium is a YAG crystal

doped with Nd ions.
Gl ol dazbas (zla) 5l) 35k e B le dlia sale (e Jladl) Jan gl (o 5S0 dliall AL 3 Jde
_eﬁgﬂ\a\sﬁhw\cwbﬂwsﬂgdw\@g\zg-w@mﬂggdm_mw

eActive ions are responsible for the stimulated emission of photons and the generation of the
laser beam. Thus, the type of active ions determines the wavelength of the laser beam.

el Ul 5 ol plad Al g s gl Gatiadl ilal e Al L Aladll auﬁ‘yj.
Jﬂ\&@@ﬂ\d#\J.J;Aa‘)ju\uﬁw\d\aﬂ\uby\}”

eThe pumping source in a solid state laser is a flash lamp or a laser beam from another laser
device.

DA 0 Sles e ool plad gl emsa sl Zlaadd) ga Adall A 5 A ) jaace




Ruby Laser <gdLll 5l

Sapphire crystal (Al205) doped with chromium ions (Cr3+) with 5%
doping precentage.

5% pankai Ay (Cr3+) ps Sl @l sy andadl) (AL Op 52 5 1Y) 20uST) < gl 5 ) 5L

The active medium
Jladl) Ja gl

Flash lamp
e sl mluadll

Pumping source

é«'al\ B

Three-level laser system
ASDN iy gioall ol

Level laser system

J})ﬂ QQM\ 91.23

pulsed (v

operation mode Js-<dll haad

694.3 nm
(in the visible spectral range spectrum 4 | dx i) ddhaia b )

The wavelength of laser beam

D3l pladd L gal) J skl

 d = & 4

https://en.wikipedia.org/wiki/Ruby laser



https://en.wikipedia.org/wiki/Ruby_laser

Ehmp sl 5

YAG crystal (Y;Al:O,,) doped with neodymium ions (Nd3*) with doping
percentage of 1.5 %

The YAG crystal has high wear resistance, shatter hardness and high
optical efficiency.

1.5% padai Ay (NA3) pspedsill Gl gy aadadl) (Y;A150,,) gll) 5,k
Adlle 4y pay 3eliS 5 oSl aia 3a3a ¢ Calil) aia dalle Al glaay Z LB ol S

The active medium
Jladl) Ja o)

a flash lamp or a laser beam from another laser device.

(lle Foa 3o1S5) CBla gall sladl ) 3 ¢ lad alasily

Pumping source

@'4.“ Jkaa

Four-level laser system
Lol il ginsall ol

Level laser system

Pulsed and Continuous i 5 oad

operation mode Js-<idll Jaad

in the infrared spectral range s yall ot 425Y) dakia 4) 1.064 pm

The wavelength of laser beam

D3l pladd o gal) J ghal)

https://ekspla.com/product/nl310-series-high-pulse-energy-lasers/
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S@id-state laser

Laser Types ERC S e b

Gas-state laser 4 il ddlal) 3l

e|n a gas-state laser, the active medium is a gas or mixture of gases filled in a glass

tube
S e il ) Sle e s ging ala ) sl e b ke Alall A 50 8 Jladl) Jau )

e|n a gas state laser, the pumping source is the electrical discharge of the gas

inside the tube when the electrodes (anode and cathode) are connected to a high

voltage through the power supply.

Ledie 4 gd¥) Jala JGd o jeST s jaill & gaa die mual) sy 4 jadl Al 5 8 il juas
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The gas-state laser cannot be pumped using a flash lamp because the spectral

bandwidth of the gas absorption line is very narrow.
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Laser Types e oSy alal A 3

eElectrical discharge tube When connected to a high voltage, in some lasers ,
needs cooling through the cooling system (in which water or cold air passes
around the tube).

e 3l ) gling 5l 8 eal pans (B, e (eS e dlaasi die (o 5eSl sl il
(581 Jsm Ul ol pell of oLl e Lo 1) oy ) e gliie DA

e|n the gas state state, the mirrors of the resonator are glued to both ends of the
electrical discharge tube, and can also be separated from it and placed at a specific

distance from it.
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(He-Ne) O -psdgd) L

A mixture of helium (He) and neon (Ne) gases are filled in a glass tube.
Al Ll B oislas(Ne) ol 5 (He) psled) s le (e Jaila

The active medium
Jladl) Jaus ol

The electrical discharge of the gas inside the tube.
Asn¥) Jal Jall g e & il

Pumping source

éob.“ Jhaa

Four-level laser system
Aae Lyl ol gl alas

Level laser system

Continuous s

operation mode Ja&ill Jaad

632.8 nm
(in the visible spectral range spectrum syl 4i¥ dihie 3) 543 nm

The wavelength of laser beam
La il

i ‘- https://www.mi-lasers.com/product/2mw-543nm-green-hene-laser-tube-2/
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https://www.mi-lasers.com/product/2mw-543nm-green-hene-laser-system-2/
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lonized argon (Ar+) gas is filled in a glass electrode tube.
Aala ol 2 eSh gl Ay gl 3 o slae (Ar*) Giliall a ¥ Sle

The active medium
Jladl) Jau ol

The electrical discharge of the gas inside the tube.
AoV Jaly Sl o 5eSU g sl

Pumping source

éobl\ P ==

Four-level laser system
dac by )l Gl sleal) allas

Level laser system

Continuous _«iuw

operation mode Js-<dll Jaad

488 nm The wavelength of laser beam

( in the visible spectral range spectrum i sall 4231 ddhis 4) 514 nm
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Semiconductor lasers <Sua gall sladi 3l

eIn semiconductor lasers, the active medium is a semiconductor material in the
form of a pn-junction diode between the n-type and the p-type. Such as the GaAs
(Gallium-Arsenic) laser made of GaAs semiconductor material.
c=pn- junction) ) A8 dlia ) 3 gl JS5 e dlia go 4l Alia 33l (e 3 ke Jladl) Lo lle
Al g0 42511GaAS 33k (e g suadll  (asdladl-Zi ) 3GaAs (Lo Je p- g Al n- g Al
epumping source: A semiconductor laser is pumped by passing an electric current
in the diode with a forward bias. Sometimes a semiconductor laser can be
pumped with another laser beam.
ans o oabal Sl AUl dlia gl 8 o S L el (b e Sl sall sl ) 3 e oy
A o plady EOa gall bl ) 3l e (S JlaaY!
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Semiconductor lasers <Sua gall sladi 3l

eDiode laser: A semiconductor laser is pumped by passing an electric current in
the diode with a forward bias. As a result of passing electric current, electrons
and holes are pumped into the double junction region, and when an electron (in
the conduction band) combines with a gap (in the valence band) a photon is
emitted (spontaneous emission) whose energy is equal to the energy gap Eg of the
semiconducting material. And when the photon is near some electrons (in the
conduction band) in the region of the double junction, it induces it to combine
with the gap and another photon is emitted (induced emission). Thus, the number

of photons is amplified by stimulated emission.
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https://www.rp-photonics.com/semiconductor lasers.html

elactron wavenumber k

Semiconductor Laser
Gallium Arsenide (GaAs)

Polished mirror surface
(backside)

https://en.wikipedia.org/wiki/Semiconductor laser theory

https://edisontechcentr.org/Lasers.htmI
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Semiconductor lasers <Sua gall sladi 3l

Semiconductor laser advantages:

eSmall size (some types of semiconductor lasers are small and can be integrated
into some electronic devices)

e|t is pumped directly using electric current.

e|ts efficiency is relatively higher than other types of laser.

eThe intensity of the emitted laser beam can be controlled by controlling the
pumping current.

eThe possibility of including data at different frequencies on the pumping current

(which will affect the intensity of the outgoing laser beam).In some devices, the

wavelength of the outgoing laser beam can be controlled (by changing the

temperature of the active medium).
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Semiconductor lasers <Sua gall sladi 3l

Semiconductor laser advantages:

eSmall size (some types of semiconductor lasers are small and can be integrated
into some electronic devices)

e|t is pumped directly using electric current.

e|ts efficiency is relatively higher than other types of laser.

eThe intensity of the emitted laser beam can be controlled by controlling the
pumping current.

eThe possibility of including data at different frequencies on the pumping current

(which will affect the intensity of the outgoing laser beam).In some devices, the

wavelength of the outgoing laser beam can be controlled (by changing the

temperature of the active medium).




 The pn- junction diode laser works in the pulsed mode only because it needs a high-
intensity electric current for pumping to compensate for the losses that occur due to
the leakage of electrons and holes from the diode region, as well as the losses due
to the leakage of the emitted photons.
Blall (o el pazall 22N Mo o eS i ) Zlisg 45V hadd anil) Jaailly Jasy 40080 dlagll 50
Oyt dagti a8l Sl AN dla gl dihie e Sl gadll g g SSINT G s dadi dhaay (gl
Adaaiall U g gl

 The wavelength A of the laser beam depends on the energy gap value
of the semiconducting material as follows:

SIS Ala gall 4s alall 28Ul 5 5a8 dad e 5l g ladl A sl Jshall ading o

hc

A=—
Eg
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Example: Calculate the wavelength of the laser beam emitted
by a GaAs semiconductor laser if the energy gap of the GaAs

semiconductoris 1.43 eV.
What is the spectral range of the emitted laser beam ?

Solution

E,~143eV=143x16x10""]

~ hc  6.62x1073%x3x108

= =2 =868 x 1077 m =868 nm
s 1431

A

The wavelength is in the infrared spectral range.



Example: Calculate the wavelength of the laser beam emitted
by a GaN semiconductor laser if the energy gap of the GaN

semiconductor is 3.4 eV.
What is the spectral range of the emitted laser beam ?

Solution

E,~34eV=34x16x10""]

~ hc  6.62x1073%x3x108

= = = 3.65x 107" m = 365 nm
s 3axt

A

The wavelength is in the ultraviolet spectral range.



Injection Laser (Multi-Layer Diode Laser)
(323 iy A58 dlagll ) 30) oiald) 5l
* In this type of laser, the diode is surrounded by other layers of semiconductor materials

in order to make the charge carriers (electrons and holes) confined to the diode region

and thus reduce the waste.

* Therefore, the injection laser is more efficient than the conventional diode laser
because it needs less electric current for pumping, and can operate in a pulsed or

continuous mode.
QTMJ&T@M@)@J@LA\ ZUay 4 4alall 450 Ala oo e 3eleS ef paall Hol SN 5 e
yatusall Taadll g anill Jaailly Jeay
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Advantages of an injection laser (compared to a conventional diode):
(Al AUl dlua gl 43 Uall) Cad) )5l il jaaa

* Needs less electric current for pumping.
 The output laser beam power is higher.
 The width of the emission line is narrower.

* Better possibility of modulation at higher frequencies.

* Higher transmission efficiency within optical fibers.

19
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Laser Ettects and Satety Rules
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VISIBLE AND/OR INVISIBLE LASER RADIATION

AVOID EYE OR SKIN EXPOSURE TO

DIRECT OR SCATTERED RADIATION

20w JCW GaAlAs

40w JCW Nd:YVO4 IR 1064nm

15w JCW SHG 532 nm

CLASS IV LASER PRODUCT

UNIVERSITY OF WASHINGTON ~ ENVIRONMENTAL HEALTH AND SAFETY  RADIATION SAFETY (206) 543-0463
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Modern classificatiom offaser classes « )l ] bl

Class 1 : Lasers classified within this class are considered safe and

completely harmless due to the weak radiation emitted from these lasers.
&\.ui‘)“ WMEM\@JHYJMXM%JJ\ 5 UMM\ c_\\)).dj\

Class 1M : These lasers are also safe because of the large diameter
and diffraction of the optical beam, but these lasers can be dangerous

when passing through magnifying optics such as luminous lenses.
5 ki o< ol (S @l 3l sda ST ¢ Ledl jail g A acall da jaldl el S (s Liagl Al el 3alll o2a
4D lwanllS 3 1Sall b panlli Wy H g e 2l

Class 2 : This class of lasers does not exceed its output 1 mW , and can be

harmful if applied to the retina for a relatively long period of time. Most laser
pointers fall into this category.
Anie 33l Al e Jala 13 b 5 o (Sars IMW 4s 3 5t <) 3alll e il 124
Al s28 e Cainal ) lll ) pSige plana | L Al s
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Class 2M : This class of lasers will remain the same as the previous ones
unless they pass magnified optics.
B Sa Gl paw jas alle Adibus Juaay @l ) Jull) e ainal) KT
Class 3R : This class of lasers has an output of about 5 mW and is considered
safe if handled with care.
day daa Jalal) o3 13) Ul piiang 5 MW g8a B Aa A &5l o cilall 12
Class 3B : These lasers are considered absolutely unsafe and may cause harm

if they fall directly on the eyes or skin, and they have an output that does not exceed

0.5 W, but the rays reflected from them are less dangerous.

0.5 jjl,ﬂ"g'icﬁtgigc 5l gl M\UJQSJ&QAMJ ‘SEJJE“;MEJ%&YJ&MQ‘JM‘ dAA
_SJJB&iL@Aw\MQ\Qﬁc W

Class 4: This class of lasers is very dangerous, whether direct or reflected

radiation, and it contains all lasers with a power that exceeds the power of the

previous class.
A1) B8N cild il salll asan (s 9a g ¢ AiSaiall of Ada B _diall AnGY) Vo) g Tan | plad iy < 5l (e iliaalf 120
Alld) A yal) 3408 (5 o
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Safety Instructions

CAUTION

Safety Instructions

Type of Laser, emitted
wavelength, pulse duration,
and maximum output

Laser Class and system

Type of Laser, emitted
wavelength, pulse duration,
and maximum output

Laser Class and system

NOTICE

Safety Instructions
(such as “Laser Repair in
Progress”)

Type of Laser, emitted
wavelength, pulse duration,
and maximum output

Laser Class and system
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Laser Hazards (dangers) and harms 2 )yl g sl Jhlds
2- Skin damage 1- Eye damage
d J.uu.“ ) JAA '

420 480 510 560 610 640 690 755

3- Electrical and chemical hazards
dailasS — Al 080 5 A) Il
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Laser Safety rules and general advice
dale puilal g dadlad) Cig

1. Each user of the laser should know the degree of classification of the laser and the extent
of its danger, in order to be able to deal with it.
cdza Jaladll (e (Say (s ¢ 4S8 ) ghad (g3 ) alll Ciiatds )08 jaae ) hall aadtie JSI i -]
2. lItis always advised not to look directly at the laser output for any reason or to expose
parts of the skin to the level in which the laser radiates.
4y (s (5 siaall 3 80 (g ol Jal e sl ) e e Y 0l A (8 pale el aves Lails maaty 2
oo
3. Itis always recommended to use laser protection glasses. /
oAl L (e 480 gl ol Ul aladiod Wil Juzady -3
4. Care should always be taken when dealing with magnifying optics and laser at the same
time.
caaly ol Aol 5 Sl ey jead) ae dalaill die Laila sl sy 4
The necessary warning signs should be placed in the place where the laser is used, and
bumpers should be placed around the place of the experiment to prevent the spread of
the laser beams in the place.
D) aiad il o) ya) GlSe Jsa Claian pudags ¢l aladio) S 8 4 U0 Ay pdal) ol LAY aa g ks -5
oSl (A ) el a5l
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Laser Range Finder
gall AT ) 3l

« A laser rangefinder is a device which uses
a laser beam to determine the distance to an
object. The most common form of laser rangefinder
operates on the time of flight principle by sending a
laser pulse in a narrow beam towards the object
and measuring the time taken by the pulse to be
reflected off the target and returned to the sender.
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http://en.wikipedia.org/wiki/Laser
http://en.wikipedia.org/wiki/Distance
http://en.wikipedia.org/wiki/Time

Laser Range Finder
all aaas ) 3l

dTo knock down an enemy tank, it iIs necessary to range it very
accurately. Because of its high intensity and very low divergence even
after travelling quite a few kilometres, laser is ideally suited for this
purpose.
U The laser range finders using neodymium and carbon dioxide lasers
have become a standard item for artillery and tanks.
U These laser range finders are light weight and high range accuracy
as compared to the conventional range finders.
ey Allall 4BlT J7kais Baad A8y Le8ldad st (g )5 pall (e ¢ gaedl Al Llawy(]
e JSE calia 5l (8 o) e oS daiadd Ly il Y ddliial gl amy s 3n addill
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Laser Range Finder
el past ) 5l

U The laser range finder works on the principle of a radar. It makes use of the
characteristic properties of the laser beam, namely, monochromaticity, high intensity,
coherency, and directionality. A collimated pulse of the laser beam is directed towards
a target and the reflected light from the target is received by an optical system and
detected. The time taken by the laser beam to travel from the transmitter to the target
IS measured. When half of the time thus recorded is multiplied by the velocity of light,
the
product gives the range, i.e., the distance of the target.
(ol Lol s ¢l g ladd 3 el Gailiaddl aadiig 43l ol o ol aadl aasd Slea Jaxy
¢ pall Juain) Aty caagdl g )l elad e Al se dlant A S AaaladVl g ccluladll g cddlal) AdES)
Ok o JEE 3l g lad 48 jainy (oA Cigll Gl Al ABLEIS) a5 (g e alal Adad g Cangdl (e uSaiall
OB o guzall Ao g 8 Jasall Gl gl Caal oy oy Ladie  Cangdl I Jla Y
aagl) dilise (ol saall axy il

« The distance between point A and B is given by
it &u\ﬁBJAQM\Q*%M‘A&M* .

=it
2

« where c is the speed of light in the atmosphere
and t is the amount of time for the round-trip between
A and B.
Gl Al ) Bl jlaia At g s sall MR A g gl A8 AC Gia o
B.oA on LYl
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Laser Range Finder

A typical laser range finder can be functionally divided into four parts: (i)
transmitter, (ii) receiver, (iii) display and readout, and (iv) sighting telescope. An
earlier version of a laser range finder is schematically shown in Fig. 4.1.
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Laser Range Finder

The laser range finders of medium range (up to 10 km) are used in several
Defence areas, including

» Tank laser range finder for artillery, an armoured vehicle, or a truck.

» Portable laser range finders, used in the field artillery fire control systems. These
are intended for field application in conjunction with artillery fire control systems

* Airborne laser range finder the Air Force.

» The laser walkie-talkie range finder, a compact small instrument, weighing less
than 4 kg, useful to range objects at distances less than 5 km. This range finder
uses the semiconductor diode laser In emitting short duration pulses.
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LIDAR _ladl
Llght Detection And Ranging
What can you measure with LIDAR?

 distance
* Speed
e rotation

of a remote target, which can be either a clearly defined object, such as a
vehicle, or a diffuse object, such as a smoke plume or clouds.
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LIDAR

When the laser beam is used for a radar application, it is called lidar. The details, which
could not be achieved earlier with microwave radars, can now be obtained with lidar.
Besides, the laser beam can be focused with lenses an mirrors easily whereas
microwaves need huge antenna for focusing. As a beacon or a radar, the advantages
of utilising small antenna and components are obvious. With a lidar, the dimension and
the distance of the target can be obtained with higher accuracy, which is not possible
with the conventional microwave radar. The lasers used in lidars are of carbon dioxide,
Q-switched neodymium, or gallium arsenide semiconductor type.
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LIDAR

» The great advantage of the use of carbon dioxide lasers
for radar application is their capacity to produce high power
output with requisite The spectral purity.
» The coherent carbon dioxide laser tips radar functions
essential like a coherent microwave radar except for the fact
that the carbon dioxide laser beam has a frequency of a few
thousand times more than that of the X-band radar and at it
a sharp beam width of a few microradians.
e Ly o Hlal ) ikt oy g ySI sl GG Sl aladiu (5 Sl 3 sl
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Anti-Missile Defence System (Star Wars)
(p 52l @A) F) gall dLiaal) £laal) AU

In an antimissile defence system, laser is used to dispose the energy of
warhead, not by vaporising or melting it, but by partially damaging the missile,
say by drilling a hole. Tremendous energy is required to completely burn the
missile, which is not practicable. If a guided vane of a missile is fractured,
several vibrations will be developed in the air frame thereby disintegrating
major sensitive portion of the missile.
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Anti-Missile Defence System (Star Wars)
(p 52l @A) F) gall dLiaal) £laal) AU

Two types of anti-missile defence systems have been visualised. One such
system, laser kill system is completely earthbound (Fig. 4.9). Here, an early
warning microwave radar gives a rough position of the approaching missile.
Then a lidar aligned to the target by the tracking radar gives the precise
position of the missile. This data is fed on to another high intensity laser beam
which actually does the killing. To exploit the laser's killing capability, a high
speed servo system and a complex focusing system are essential.
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Anti-Missile Defence System (Star Wars)







Anti-Missile Defence System (Star Wars)

There are, however, many limitations in the utilisation of laser in its
anti-missile role. The power required is very prohibitive and as a result
huge power stations are required for the operation. At present, huge
power of more than 100 kW in the continuous mode is being obtained
from the gas dynamic carbon dioxide lasers and some other chemical
lasers, developed in the US and Russia. This amount of laser power is
sufficient to destroy an enemy vehicle or a missile.
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Anti-Missile Defence System (Star Wars)
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