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Light & physics of human eye

:(History of light) ¢ gall 7,15

52 oLad¥l Jid e el 28y cno oL Jods ¢ sl Jg> ka5 (Claudius Prolemy) (ogesllay a9
slaladl (yo cdadl Ju8 oo 2 laidl sia (ads @3 Loy e L) o olaxsly o Lad¥ cne (e soball ¢ gl
el onl o) addl oadl GLinall mes (oo cpall @dladly Lo ol @

Sir Isaac) (yigwss Bl pudl addl Glagdl Gliall ga d,ladl sda lguad; uddl cladall (o0
Particle’s) ¢ gsall dapuaedl 4 lailly yay Lo 399 ¢ guall ol 8y54a3 ausng 839 I «(Newton
onadl e g Baaliadl aluadl e siias cilepur (0 0550 £ g4all ol (de (ais &1 «(theory of light
s g sLed¥l 48 i ! e Lbgaa of oy $1,811 3 At boglas (389 1415 (29
e S ¢ gl HLuSsl puds e e S0 s gualdl olSaiY Aol salidl

Wave ) ¢ gall &gl &) laill ais gy (Christiaan Huygens) fasga oldua S guids ! Slinall al8 lasy
Llaall el Aadlio iz ol Amlidl celipall gyl § Jo¥1 80lly (e gl Jaas &l c(theory of light
«(Thomas Young) aigs (elags Gllasdl Glinall acddl 4yl cunnd (39 cous 5 guaall Aol
e gul) Bzl Bpolidl e [3Ls) 18T ((Double-slit experiment) aisy Las Zsyzes ol 29,2l
e plaag <Ly (Interference musters) J1u5 Glual cnaddl ae 8L diguall 2aa¥ll oy o] Co>
ol Cals s sl sl

James Clerk) (isuSle gaidp¥l Sliall ol tus oo gunll Amsll Lylaill Casles &oyall s day
Lbailly Cayay b ol pumngs umsll Llaill (e BMasl b caltl 0yall Laslsl § (Maxwell
iSye e Ble s guall oL cats &I (Electromagnetic theory) ¢ sl aubliaeg S
Al Liaeg 4L S (idalate

Lo ol pudgy ydes poladl 0yall byl § (Albert Einstein) cpliddyl copdl e ddl GUHI Gilpall 018
Jsaall &ga> 4l puds § mm 4l o> (Quantum theory) 4. clpally ¥ co,a
Slgisally (£05 Slapur (o 050 £ guall ol Alall an,las e sleze¥ly (Photo effect) (g g SJ!
lall slad¥l s ae Tab cawlids @lisisall sda 48lbs o)y «(csuall @085 Tus) (Photons)
[E=n-v]

3 o @a¥ly 1927 alad elipall 3 sgs 835l (uliads¥ oy slinall wle §8ys8 Aylatll sia ciusi
Oisd Aozl 40,1231 5,508 c LT Bole
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g 3yl 92 (s 942-pwuz) (Wave-Particle duality) ¢ g4all &gl | dapdall el @3 a8 (585 lling

:(Geometrical light) gwuid! ¢ g1l

5ol Aasiiie boghs 389 daliie 28l Lolugl 3 2igall aaad jLams! 4l getidl s gunll dyan

zhw J) lasg g e HLuSi¥lg olSai ¥ ol 9ot puinsed agdiud| bghazell sda o s ¢ sl all e

ARSI iltien 8l cnlaeg oo o ol

The geometric lightiis defined as the diffusion of light rays in different transparent media according

to straight lines emanating from the optical source. These straight lines are subject to the laws of

reflection and refraction when they reach a surface separating two transparent mediums with
different densities.

Bgaad] Apalall Lrlaas 3] A8LaYL By il creadl e Lrlaaasy 5Lasidly (olSai¥l (il 53 Anead Tlas

o geall ST Tl iny 19 gl ¢ gual) e oiid Lilaalys jumidin

Lo Sl JSCAST a5 dyoimiy o LazSWg S5 1ually 7 a3V ¢ gl A sl olsell Jlaaly psdie T3]

ol Ao ety ol Audds Lranby ASAIL 2Ls¥ sda Aulys ] BLSYL Lol ezl 2udlly

E

Due to the importance of laws of reflection and refraction and its applications to the human eye,

in addition to its various scientific applications, this study will be limited to geometric light, which

is the simplest form of light. So, we will ignore the wave properties of light such as diffraction and

interference, but we will just determine the location of the image of an object according to the

original body, as well as to study these formed images and its nature, real or virtual, true or inverted.

:(Reflection's & Refraction's laws) ;LuSG¥ (g (oSai¥l cnil o8

ol&adl Aglsy Sy (Bla s el o e ylall Giginll g laidl o e Jo¥I  WlSai¥l (gild iy
ei’ = Qi ALl addall ‘5.5_2.7.3&;1 '91' 29500l Lol3t igluwe eil

The first law of reflection states that the incident ray of light on a smooth transparent surface is

reflected at an angle of reflection Hl-l equal to the angle of the incidence Hi‘ So, the following

relation is achieved:|0;r = 0;

16
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The incident ray, the reflected
ray, and the normal all lie in
the same plane, and 6, = 6.

Normal

Reflected
ray

Incident)
ray

|
|
|
|
|
|
|
|
=
.]
|
|

| |

Sy Jg¥I alSai¥l igsls 1.1 JSa!

lia o uSaill g laddly (udedl ol e 5lsll g laidl e IS o e L olSai¥l O93l8 aing
Soiadl uai g 2 (plalidly (Saidly 3)15]1) DI

The second law of reflection states that both, the incident ray on the smooth surface and the

reflected ray from this surface, are at the same level so that the normal on this surface separates
these two rays.
oy o oy gl Laysre i Agiall ¥l jue sl § Blpmsl il 5 guall HLusSl oy
Otbwgdl cada (@5 guall Aalisell HLATY ey g elldg (28USTI alises (nbla s
The refraction of light is known as a deviation in the direction of light rays when it crosses a surface,
separating two transparent media with different densities, due to the different speed of diffusion
of light in these two mediums.
e ebldly Sl Gigall g laddly 3ylsdl Ggwall g laddl (e IS o de Jo¥ HLauSi¥l (193l8 pas,
...\_-’.b;.w QG a5z

The first law of refraction states that both, the incident ray and the refracted one on the surface, are

located in one level.

39380 Gusl e Lo Jays Aslyy A8Me e Blee 9d (8-t 093L8) LLuSOY! (3 LI Goilall L
A A5Vl sy ol ol LSSl (ys59 ,LusEYlg

n, -sini = n, -sinr (1)
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All rays and the normal lie in the
same plane, and the refracted
ray is bent toward the normal
because vy < v;.

Incident Normal Reflected|

ray ray

[Glass

R R R

| Refracted
ray

t_,SL'Z.Hj Jo¥1 LSSy g)j.,lé 2.1 JSCad!

The second law of refraction (the law of Snell-Descartes) is a mathematical relation between the

two angles of incidence and refraction and the two refractive indexes of the two-different media.

Ay Al 41 e Lo Jawsd (Absolute refractive index) 71 Zallall HLuSO¥| 05,8 Casad ) Tolidu!
Q)ls,g.:-d,g.m Ogild LS US.Q,! D .!o.w}.“ [V LE 9}4'4.” SLALD) Aeyw d! C Dl @ ;}@J‘ LLaL!

sini n %
=—==—=n )

sinr n; v,
According to the definition of the refractive index of a medium is the ratio of the speed of light in
space C to the speed of light in this medium V, the law of Snell-Descartes can be written as

following:

sini n, 1

n (2)

el ¥ e o ez Ll

(3.1 Ul ot e @bl e oty Sl plaidl o gy lda, 7 < L &= v, < g

(3.1 ISl mhad! e @ ladl ye daiy Sl gladdl i g lda, [ < T &= vy < 1,
Ll gy SN Lasagll (3 s e paliy 46l o sl e @lolidl 389 Gagae Ladludl g Ladidd Awadlly Lo

So, we can distinguish the following cases:

sinr n; v,

V1 > V5 = [ > T, this means that the refracted ray approaches the normal N on the surface.
VU, > vy = T > [, this means that the refracted ray moves away from the normal N on the

surface.

18
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As for the ray falling vertically according to the normal on the surface, it continuous its path in the

second medium without refraction.

Normal Normal

When the light beam :
moves from air into |
glass, its path is bent I
toward the normal. :

9|
|
\

|
1
|
| When the beam
I

Glass s moves from glass
Air ! e into air, its path is
8, < 0,

)

Y= U | bent away from

the normal.

B e Tz ¢ gndl LGl (b) sl (pe Lda 5 gundl HLul (a) :3.1 JSd

bl pand Bl LSV 20,8111 Jguzd|

n salll
2.417 (Diamond) WY
1.517 (Class) z 3!
1.333 (Water) ¢!

1 (Air)elgJl

dasis (1.5- 1.4 JKa)) (Bc) dzpml gyl (= 907) ;Ls¥1 Lol 2LLaLI 395801 sl (£
A0S AL

] 1
n-sinBc: = 1.sin90 = |0 = arc sin (;) 3)

(6151) LU daeg 5Ll 33,3 1 1 5 Ol zlosl 5T o LL1) 39560 a1l (3,3 QI M 1 e

Total internal
reflection

i sall ST 3 ) ulSoni ¥l B yd) B304 SN
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As the angle of incidence 6, increases, The angle of incidence producing
the angle of refraction 6, increases an angle of refraction equal to 90°
until 6, is 90° (ray 4). The dashed line is the eritical angle 6,. At this angle
indicates that no energy actually of incidence, all the energy of the
propagates in this direction. incident light is reflected.
Normal | Normal |
1 ny > ny ny > ny

I
I
I
I
I
|
I
16,
i

|

no
ny

For even larger angles of
incidence, total internal
reflection occurs (ray 5).

gl S U3 1) olSai¥lg B pondl gl )1 15,1 JSCAI

Jo¥l assdl (o Sland) gl g laddl adatiun ¥ ladie cdapmdl 2ugl3l sda 595981 Lgly ol 13 Lol
(A1l 8 8 yalley cayay Lo 389 51l 9o LS uSlasy Lasl (S ¥ i éi) S Lol slexsly
(6.1 Jsad!) (fiber optics) A gunll LAY G JL! g2 LS (Total internal reflection) SO

The angle of incidence corresponding to the angle of refraction (r= 900) is called the critical

angle, and is given via the following relation:

o 1
sin90 =n-sinB; = |6c = arc sin (;) 3)

If the angle of incidence exceeds this critical angle, then the optical ray cannot access the first
medium towards the second one (dos not refracts), but is completely reflects inward by the so-

called total internal reflection phenomenon.

gl 5 Bylee Azl oI5l (585 LS Jle Ly J] ZBUSI adiens Loy (po JEm¥l > 3 Ll
A 2y s = 90 Layuis 5959 Dsl) 2lall LY
But in the case of being the incidence medium less dense than the refraction one, the critical angle

is the angle of refraction corresponding to the angle of incidence (i = 900) and is given via the

following relation:

20
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1-sin90 = n.sinb:; = 0. = arc sin (;) (4)

LSO Ia sy 5LusSl oS din, ‘(S)L‘..a clod) 39,83 boswg HLus! Cd dl 1;3_51:5&.?

3 i) (il IS ] elSCai Y1 :6.1 JSCAI

LIy 357 Layuad 39,59 gl Ao alds a6l iydy . yoeddl gl (e (8 3 dzms Slso L] 11 s e
e hams ()Ka-dhin 05318) Gl SLusEY (93l8 Badaty i Sl
n,-sini = n, -sinr = r =25.54’

N
A
i
n =1 Air
n, = 1.333 Water
r
21
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Lasd o @bl 2eaddly 45 0,08 Bgliy el (oyd dals 5l (o ydy el § (olge Load 1200 e
i) £ 945 3959 Al

tike o ¢ gl LY &) IS0 i 09518 (e slae¥ L Sl

-sini = n, :sinr =i =70.12°

ng
N
A
i
n =1 Air
n, = 1.333 Water
r

o

1ol Ablma (ol (o Anladl Ao il Aol dasd s 300 pad
e dia=i (3) BMadl Gudaty i S

n, - sini = n, - sinr = (2.417) - sin ., = (1.00) - sin 90’

= 0, = 24.439°
N
=1 il il
n, = 2.417 Diamond
¢
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3. Whyisng, < nygter
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29yS crall 0 Lasg es gall 8,ulS glase (2 il call clisSe caliee o Alolall zgbaadl o Ley

($SI alSIL Caya Lo Aoty o 5l o § s Lisyas S

odlad cnbawg O hadng R ka8 capas SN (69,8 mhow 4 (e (60,801 ulSIl Cbyai oo Lulay

Ny, Ny ralies 5SSl 40,8 Lad (o1 ABLSTI alizs

Since the surfaces among the various components of the human eye are refractive for light, and
since the eye is almost spherical, we will study in this part what is known as spherical refractor.

We can define the spherical refractor as a spherical surface with a radius of R and separates two

transparent mediums with different densities, which means different refractive indexes 111, 1.

p—n q

$9S ulS1:7.1 JSAI

0 Uises pia (e Byoliall Asgunll il o Coo cdles Taay 69,80 el US4 7.1 IS g
e q Alua dagy Gigeall a1 Jls 2 oSO pe s« alSTH a (uly oy P A8Lika ay
ool ey 3,03 &y OF Aalanad) uis e JLslly Gigeall aall oo IS ady wlSIl s )
NETON|

ol o Jlse) g el a3 Mg 5108 Caiat (o As Ly e 39290 (59,501 SO i
ik LS Jaady « pulSdl 1

ng N, MNy;—nyg
- @
P q R

The previous figure shows the shape of a spherical refractor and it's working principle, Where the
optical light coming from a light source O with a distance of pto the head of this refractor, refracts

through this refractor forming an image for this source with a distance of ¢ to the head of this
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refractor. Both the optical sources and the formed image are on the same straightness Ol, known
as the optical axis.
The spherical refractor is known for the existence of a relation between the radius and both the

distance to the body and the distance of the image to the head of this refractor, and is given via the

following relation:
ng nN; N, —ng

p ¢ R ®

(958 (el Cnzmlae (e Bale (19S5 (g8 (Bs9,STI ol oSI1 e ALY @al (o (Lenses) Sluaall piad
Reading) 8:L,all clllas o) Co cApagall Lisles (3 Boaanll Lrlelasiul oy dols Aaal ol (29
<1 el8dly (Astronomical telescopes) 4.S1all «ligSudslly (Microscopes) dggiall yalzlly (lenses
S (olgsg luaall (e qulal Sy detad (Cameras)

sl Zaline cladall o dtall paeml @ um Shpadl qle § 5s Acbipall sk s
.(Biconcave) oy il 5y23ag (Biconvex) ol dudmmes ciluwdall Laal ¢pe (8.1 JSad) lSlasdly

Plano- Positive  Negative Plano-

. . Biconcave
CONVex mMeniscus meniscus concave

Biconvex
.;54'&.” Bu2ia9 aJ).E.A Slwae :8.1 JS.:«."

Thin) 48,01 cluaally yay Le (2 Zdall el e puadl @ ezl Sl ¢ 1531 1 a1 ¢y
A9 (Focal length) f awaal Gzl dadl e S o s Uslas LT e 3amss s (lenses
A ML Joaie 488 ) dwaadl Uslaw Uslall sda su5 . dwaallsda e JL&Ig P Ma-ﬂ

1+1_1
p q f

One of the most famous types of lenses, that are used in various medical fields, is what is known

(5)

as thin lenses, where it achieves a famous equation between both, the focal length fof the lens and

the distance of the body pand the image gto this lens. Itis called the thin-lens equation:
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Front Back

Principal
axis
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We say that the formed image is real and inverted if it is behind the lens (as in the human eye) and

qis positive. And we say that it is true and virtual if it forms in front of the lens, and q is negative in

this case.

When the object is between the
focal point and a converging lens,

the image is virtual, upright, larger
than the object, and on the fromt
side of the lens.

Front ' Back

_:Jt.qui&._o- sOMﬂ%mhﬁﬁbiij@AjJQ_&MﬂOﬂ JSCEd)

:(Human eye) &4l caall
dot Sl e Cislae Gad> JLs LSAD 0935 (Camera) Lol 9o 4y aadl il oSy e Juadl o)
28080 3 2 LS alua¥lg Ll 25 Jlillog domgmpmiy JLsedl i Jylows Aaga las¥ § Lol
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- Art by Robert Demarest from Cecie Starrand
Beverly McMillan, Human Biology, 5th ed., © 2003,
Brooks/Cole, a division of a Thomson Learning, Inc.
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The cornea is responsible for the refraction of the light falling in the eye and then directing it
towards the focal lens, which in turn concentrates this light to fall in the focus behind the lens. The
formed images of the objects are located in a sensitive area of the retina called macular. In this
region concentrates a Very high percentage of cones and rods, which are responsible for

distinguishing colors due to it's sensitivity to the different wavelengths of the incident light.
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We can so define the visual accommodation as increasing the refraction of light through the eye

when looking at nearby objects, and reducing this refraction when looking at distant objects,
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Allowing the possibility of forming a ger::Ui’;:E;Sngg of objects on different distances of the eye,

beginning from the near point until the far point.

25cm Jlg> aass (Sead! e L msls Jhs 0585 of Lokadl call (Sies Ll 81 2 LSl s
G Aol g Aaduadl 45 1 A5l wayl (381528 gl Ands Lol JLak¥| e 10cm Jlsmy cledd) e
2 LLEW G Jyas
29 Ll B3)lsll Agiall Aa il 1S e Auwaall sia 508 Ll e Lo dwaal P 5,wlS0 594l (8ya5
Aaall sild &zl aadl Cslie

P== (6)

The near pointis the closest distance, so that the eye can form a clearimage on the retina, itis about
25cm by men and about 10cm by children. But the far point corresponds to the farthest distance
of a clear and healthy vision, reaching up to infinity.

The refractive force Pof a lens is defined as the ability of this lens to refract the light rays it receives,

which is the invert of the optical length of this lens.

P = ! 6
=~ (6)
f = 1m, & =l lacay Zuaal 5,801 5540 Lel e a3y ( (Diopter) 8 ausll (£u45 5>l Lulas
Sl slaaadl § Al 20,5l Sladall § 2z ga 29
LiSlasg LS clmsaloll 45,0 Jlma of 5,0 dauiy gull Aadsg STl dads oy Byguamll L8Ludl (£u5
A AL 2l dase Cdoyal

A=

1
D (7)

QU

(ol dlais ey J) D g S Al way J) d S o

The distance between the near point and the far point is called the capacity of vision or the range

of clear vision, and the accommodation capacity can be defined via the following relation:

A=

1
D (7)

Q| —
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When an object is anvwhere in
front of a diverging lens, the image
is virtual, upright, smaller than the
object, and on the front side of the
lens.

Front L3 Back

Length of Wyopla
Normal Eye

Parallel rays from distant
object (at infinity)

Far point of

Myopia Corrected

Parallel from distant

i object (at i)
A Foesiil

y

image
atF

B e plaziuly (Myopic eye) 8yl cnall dzllas 3401:15.1 JSCad!
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In a myopic eye a person is able to see nr::rnlg;:bn;:cts clearly while having difficulty seeing distant
objects. This visual error is due to a malfunction of the cornea or the ocular lens, so that the formed
image of a body in «, does not fall on the retina but in front of it.
peds (141 JSAdN) Suaie grumsat Aude (e Byl (69,8 ulS pluseiuly Gradl cuall lds Axllas @i
ultes frms Sany Bl Gl Bl ) A e (olie 18) amamy s Lt JiSCa,
ez 4l e ol JLsdl lda s Jelass cnadl o éi Alwdall e p3Y) doudd il A pus
e alan Jls B il Tie A S5 4ie §yoliall Adsiall Zaa¥ ol Jills A
(157 ST Basls 3y s Lo (Sl
This visual error is corrected with a spherical refractor, which is a concave lens that forms a virtual
true (non-inverted) image, located at the actual far point of the myopic eye, so that it becomes a

real image for the second surface of the lens. Thus, light rays that comes from it refracts through

the correction lens, forming an inverted image on the retina, which means a clear vision.

oo oyl 23Led L, audazey ¥ oy ke o el 13) . ) dige @ Saill und o0 ) Gilay 1impes
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On the contrary to Myopia, a hyperopic patient suffers from the problem of being unable to see

close objects clearly, while being able to see distant objects clearly. This is also due to an error in
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the cornea and the ocular lens, since tﬁ;N::furN;VcE::SIYe force is low and therefore cannot refract the
light rays, coming from nearby objects, strongly enough to form an image on the retina (the focal
length is very big). Means the blurring of seeing these close objects.
pods o (rall By wlS 8ol S Ady g yde Auwate plusiwly Gradl coall lda Axdlas (S
0L Ul « okl S A e JLl i iy Cems sl ol g L JSCAT Bl s
s Sy (§ Budo e Byoliall A guntl 22 ¥l S 25418 Lado e 4 das Jolats gradl dvoe

(16.1 USa1) 754050 Byl aluua¥l sia Bdy Bmylilly g Loo cloles Sl e

When a farsighted eye looks at an object

located between the near point and the eye, A converging lens causes the
the image point is behind the retina, image to focus on the retina,
resulting in blurred vision. correcting the vision.

Converging lens \

MNear
point

=
o

Mear
point

Ayhe duae alaxiul (Hyperopia) jlaill ae axflas 2,01:16.1 JSCad!

This optical error can be treated (corrected) with a convex lens in order to increase the eye's
refractive force, this lens creates a virtual image of the nearby body, so that this image falls at the
patient's near point, Therefore the lens treats it as a real object, refracts the light rays coming from

itstrongly to form an image exactly on the retina, which means seeing these nearby objects clearly.
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3. Whatis the difference between a myopic and a hyperopic eye?
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The Ultraviolet Rays (UV) Rays & medical applications
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[eV] sl [nm] s it Jskal SharsY|
3.10-3.94 315-400 UVA
3.94-4.43 280-315 UVB
4.43-12.4 100-280 uvcC
6.20-12.4 100-200 VUV
12.2-124 10-100 EUV

35

https://manara.edu.sy/




2V

ojl_oJl
Ultraviolet rays have been divided into several ranges according to their properties and effects The
spectrum of these rays is within the range A =10nm — 400nm, Where these rays

constitute about 10% of the total capacity of the sun.

These rays are situated next to the violet, from the side of the frequencies higher than that of visible

light, and thus their wavelength is larger than that of the visible light

e Qs (12 JSad1) b s sundl e A1 Sl lsall A oo graniid] ol gy 2 o a3
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The spectrum of the sun includes both ultraviolet, visible and infrared rays.

The study of UV rays is particularly important as it has significant effects on ozone and the upper

atmosphere layers, as well as its effects on living organisms on Earth.
@ Aty I B LY s Aumaniidl B8 20 (o) (gomll MR olimal A 2.2 ST (g
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The previous figure shows the Earth's atmospheric absorption of ultraviolet rays in its three main

ranges in the stratosphere and troposphere as well as the amount of change of the ozone

concentration.

The concentration of ozone in the Earth's atmosphere is measured by DU /km (Dobson, DU), the

number of ozone molecules needed to form a pure ozone layer at a thickness of 0.0lmmaro°

C and at a value of 1 Pascal for the atmospheric pressure.

The average thickness of the atmospheric ozone layer is approximately 300DU = 3mm, while in

the ozone hole area itis about 100DU = 1Tmm.
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The Sun rays (ultraviolet rays) disassemble the oxygen molecule O into 2 active oxygen atoms

O, which combine with the 02 molecule, forming an ozone molecule (03) The UV rays then

disassemble the ozone molecule again and so the process continues.
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Both ultraviolet rays UVB and UVC affect negatively living organisms by the high energy of these

rays, but the Earth's atmosphere (oxygen and ozone) absorbs almost all of these harmful rays,

while most of the unharmful UVA rays reach the Earth.
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Exposure to sunlight, for a limited time, helps the human body to produce vitamin D in the skin
with an average of 1000 IUs /minutes.Where the UVB range is responsible for this, despite
of its low rate in the UV rays reaching the earth surface, but Itis warned against long exposures to

the sun due to the high energy of these rays.
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This vitamin has greatimportance in regulating the metabolism of calcium in the bones in addition
to other health benefits for the human body (increased body immunity and regulation of blood

pressure).
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Studied exposure to the sun causes increased melanin pigmentation in the skin, causing skin to
darken. This pigment has the ability to absorb UVB and UVA and convert its high energy into heat
while maintaining the DNA structure of skin cells.

These rays are used to sterilize equipment and medical laboratories by using special UV light lamps,
such as mercury gas lamps, where the resulting light and its high energy destroy the DNA of the
spherical organisms so that they become unable to produce themselves again. These rays are
known as UVGI. Other useful uses of these rays, are air and water sterilization. The body of new

born babies can be sterilized by using studied quantities of the UV radiations.
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One of the most important medical applications of ultraviolet rays is the treatment of some skin
diseases, such as psoriasis and vitiligo, where the affected area is exposed to special lamps to
produce ultraviolet light after taking special drugs and stimulants such as psoralens, which make
the skin very sensitive to these rays, but because of the risk of skin cancer and Liver problems, this
treatment is done for a limited number of times during the life of the patient.

In addition to the medical uses of these rays, there are other uses in the fields of forensic evidence
and forensic medicine, in addition to many scientific fields such as Chemistry and geological
studies, where samples are analyzed and studied using the UV radiation, whereas the intensity and

the color of the flame induced by the UV radiation varies according to the used sample.
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Since the ultraviolet rays are energetic high enough to cause damage to living cells, this damage
may exceed the limit of solar burns and lead to a change in the composition of these cells (skin
cancer). Prolonged exposure to the sun in general and ultraviolet rays in particular, causes various
damage to various organs of the human body, particularly the eye and skin. This is due to the high
energy of these rays, as they affect the composition of DNA within skin cells, but may even lead to
ionization of these cells and destruction. UVA, B, and C can damage the collagen protein in human

skin, causing damage to the skin.
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The UVB and UVA rays damage the skin cells by destroying the DNA directly, causing severe skin
Inflammations that may even reach the level of skin cancer, but studies have shown that even long

(harmless) rays (UVA) can cause skin cancers by penetrating deep into the skin and generating a

chemical medium, which leads to a change in the composition of the DNA indirectly.
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As a result of the properties of the electromagnetic spectrum of light, the human eye is unable to
see and distinguish the wavelengths of ultraviolet rays, because the lens of the eye and cornea does
not allow the UV rays, which reach the earth, to cross the retina, but studies have shown that cones
and rods can distinguish a small range of the ultraviolet rays (Seen in the general condition by

animals), since people with lens loss can see this range as a violet-white color.
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The average of the ultraviolet rays rises when climbing to high mountains, where they are reflected

strongly on the snow, so plastic eyeglasses should be used to protect the eye.
gly p yeg p 24

The light of the welding produces some UV rays, not found in the spectrum of the sun, which may

lead to problems in the eye, such as corneal and conjunctivitis.
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It's important to menschen that these Radiations are induced using special lamps and with

different capacities according to their use. Many Lasers are immitted in the UV range (as we will

see in the LASER chapter), one of the most important types of these Lasers is the well-known

Excimer Laser which is widely used in the eye surgery or skin treatment via laser ablation.
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The Infrared Rays (IR) & medical applications
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Near Infrared Rays (NIR): (0.75[1m, 25um) A range close to the visible spectrum and used

widely in communications and nightimaging (night vision and security cameras). Most of the near

rays (NIR) can penetrate throw the earth atmosphere.

5ody Lela) Byl ymell Bugass plue¥l juuas (2.5um, 10UM) :(MIR) Al sugill oyl cuzes 2a s

Aol JIsko¥l die Boay ¢ lasyl Apalall Byl cilays 9 sisay Olud¥l > G LS Lzl 1da @
NS[ESNRRV-IE ER-N-ES1Y

43

https://manara.edu.sy/




Z4

ojlioJl

Middle Infrared Rays (MIR): (2.5[1771, 10um) High-temperature objects emit strong radiation

in this range, as well as human skin emits at normal temperatures the radiation strongly at low

wavelengths in this range.
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Far Infrared Rays (FIR): 10um, 1000um = 1mm This range actually extends up to about

200[.177’1 due to the atmospheric absorption of these rays, while it is possible to implement the
longest radiations (200um — 1mm) through the atmosphere causing windows for the IR
rays. These ranges are important in the field of astrophysics because there are special telescopes
based on these wavelengths called sub-millimeters telescopes, in addition to the Terahertz at the

end of this range which is used strongly in airports and security areas.
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A black body is defined as a perfect body absorbs all electromagnetic radiation falling on it at all
wavelengths and frequencies, and it radiates thermally at all wavelengths and in all directions.

When drawing the changes of the radiation’s intensity emitted from the black body (the energy
produced by unitsurface at unit length at unit of time), as function of the wavelength or frequency,
we get a famous diagram called the function of the black body's radiation (Planck’s curve or

function).
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We see from the previous figure that when the black-body temperature increases, the maximums

move towards shorter wavelengths. There is a strong relation between the changes of this function

and the temperature.
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There are many laws that describe the radiation of the black-body, the most important are:

The Stefan-Boltzmann law in radiation states that the power radiated from unit surface in a black

body is proportional to the fourth power of this black body's temperature.
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E(watt/m?) = oT*
Whereo = 5.67 X 10 8watt - K% - mz, refers to the Stefan-Boltzmann constant.

Wien's displacement law: As the temperature of the black body increases, the wavelength of this

black body radiation curve shifts towards short wavelengths.
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It is known that although the human body maintains an average temperature of 37 Cinnormal
state, it is not completely insulated, as it exchanges heat with the external environment
surrounding through the skin mainly. There are four mechanisms for this: radiation, conduction

(transfer), convection and evaporation.
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Itis known that the sun sends energy from nuclear fusion reactions, through radiation, in the form
of electromagnetic waves in the vacuum, just like visible light and ultraviolet light studied in the
previous two chapters. Studies and experiments have shown that the human body emits and
radiates energy in the form of thermal radiation in the range of wavelengths greater than visible

light, which is in infrared range.
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The amount of thermal radiation produced by the human body is called the radiational thermal

current, and is given via the following relation:

q = AecT*
Where A is the area of the radiated surface, T is its temperature, 0 is Stefan-Boltzmann constant
and e is an amount related to the nature of this body and called emission factor, this is the ratio of
radiation from a given surface to radiation from the same surface area of an ideal black body and

at the same temperature. Its value is from O to 1.
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In addition to the fact that human body radiates thermal energy, the surrounding environment
radiates thermal energy as well, so the human body absorbs a section of it, and it is given via the

following relation:

q = AecT'*
And thus, the radiation of the human body with temperature T in an environment with

temperature T is given via the following relation:
q = Aea(T*—T')

This thermal radiation depends on the temperature difference of the body and the surrounding

medium.
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The human body can be considered to be almost a black body, it radiates in infrared and has an

emission factor of about € = .98 for various skin colors. In addition, and thus it's called gray

body. The maximum wavelength of human body radiation is A4, = 9.6um.
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When a child incubator is placed near a window, it loses a part of its temperature (wall's heat) by
heat radiation from the incubator towards the window, causing the baby to lose heat by radiating
heat to the incubator walls. Therefore, a special thermometer is placed on the baby's body to
measure its temperature. This device will permanently adjust the temperature inside the incubator,

and the incubator should be placed in a warm place away from the windows.
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Is a method of heat transport (or heat transfer) across objects, where the transition from areas with
higher temperatures to areas with low temperatures, until the thermal balance is reached. There
are many mechanisms for achieving thermal transport, including what is known as flexible
transport, such as in fluids (gases and liquids), or by free electrons in solid objects where heat

transfer is only through this mechanism.

-

The opposite ends of the rod
are in thermal contact with
energy reservoirs at different

temperatures.
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The exchange of heat between the human body and the surrounding environment is connected to
the position of the body. When the person is standing, the rate of heat transfer is negligible because

of the low area of
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the contact area between the ground and the human body. Therefore, the area of contact between

the earth and the beds should be reduced.
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Convection is defined as a method of thermal energy transmission through fluids when there is a
difference in densities due to different temperature, as the hot liquid or hot air has a lower density
of the cold liquid or cold air and therefore lighter than it, which means it will go up which is known
as normal convection, there is also what is called forced convection where the heat transfer is
caused by an externally induced effect (central heating or computer fan) that moves hot air
outwards and enters cold air in the form of air currents.

The human body loses a part of its temperature by convection between warm lungs and cold

inhaled air.
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Due to the evaporation mechanism, the human body is able to maintain its internal temperature
(about 3 70), through the sweat glands that discharge this high energy caused by a great effort or

by the high temperature of the medium (for example in the summer).
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The Purpose is to maintain the structure of organic matter within the human body, especially
proteins that are very sensitive to high temperature. The pituitary gland in the human body is

responsible for controlling the temperature of the human body by sending orders to the sweat

glands to evaporate the high temperature.
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The blood vessels expand in the summer or when a great effort is done, which leads to an increase
in the rate of blood flow and thus the internal heat transfers to the outside, which leads to
temperature increase of the skin (thermal transfer), and vice versa in winter the body maintains

the internal temperature by narrowing the blood vessels, thus reducing the amount of heat energy

transferred outwards.
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Thermogram of a woman'’s breasts.
Her left breast is diseased (red and
orange) and her right breast (blue)
is healthy.

This technique in the medical imaging is based on the principle that objects emit infrared rays with
larger wavelengths than visible light. Thus, according to Wien's law of displacement (a relation
between wavelength and temperature), it is possible to measure the temperature of a surface
based on the measurement of the maximum wavelength corresponding to the thermal radiation

from the body, which means that the result is a picture that gives changes in the temperature
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distribution of this body, Where temper;;::;t;::tvions indicate a difference in blood flow to these
areas, which means an abnormally in metabolic processes and thus the possibility of having a
problem.
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It was noticed in 1956 that breast tumors in the breast have high temperatures up to 36°C
compared with surrounding and healthy tissues due to their rapid reproduction rate (the metabolic
rate is very high). Therefore, thermal imaging (Thermography) in the medical field is used to detect
breast cancer by women, the temperature of most areas of the breasts is measured (via Wien's law
of displacement) and temperature variations are measured by special software.

In addition, thermal imaging is used to detect Arthritis and some problems in the blood circulation.
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The X- Rays & medical applications
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X-rays are known as electromagnetic waves that form part of the electromagnetic spectrum of light.
They have very small wavelengths (0.01nm — 10nm) compared to visible light, but their
photons have high energy (1026V - 1058V).

55

https://manara.edu.sy/




Z4

ojlioJl

These rays have the ability to penetrate from the human body, and their permeability increases as

the value of voltage used to generate them increases.
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When the x-ray crosses the human body, it damps, in the sense that a part of it is absorbed in the
human body in different ways related to its energy. In the case of high energies, most of the energy
of the photons is converted into the electron and its antiparticle (positron). In the case of middle
energies, the incoming photon is dispersed by colliding with an electron, which leads to a decrease
in the energy of this photon (Compton effect). But in the case of low energies, where it is given to

the electron in the form of kinetic energy to leave its position in the atom.
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As a result, it generates a secondary radiation from the human body and spreads in the vacuum,
part of which falls on the film causing distortion in the image taken to the body but can be using
the so-called anti-scattering network reduce its intensity and thus its influence on the quality of
the image. In addition, the length of the distance traveled by these rays leads to an increase in its

damping, all related to the intensity of the medium and the primary energy of the radiation.
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One of the characteristics of these rays is that it spread in straight lines causing ionization of the
medium it crosses, and therefore can be used to determine the amount of radiation used by the so-

called ionization chamber.
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X-rays are generated by the so-called X-ray tube, an evacuant glass tube of air containing a negative
Cathode, usually a metal wire such as tungsten, where it will be heated by applying voltage
between its two ends and the electrons are released from the cathode, these electrons are
accelerated by a high voltage between the two ends of the tube, and then directed towards the
positive Anode. This causes the electron rays to be slowed down and thus converted to X-rays with

avery high amount of heat. Therefore, the Anode is permanently cooled to maintain its quality.
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This technique, despite its simplicity and old, is one of the most widely used methods of

radiography and diagnosis of fractures and bone trauma. The x-ray crosses the patient's body (the

studied organ), and then the penetrated part of these rays reaches the film or a fluoridated screen,

forming an image of the organ.
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These images are characterized by a marked contrast in the imaging of a different area of densities.
When a hand or a leg is photographed, the bones appear in a clear white color compared to the
surrounding areas because of the high bone density and therefore the total absorption of the
radiation and preventing it from reaching the film. This explains the white color of the bones in the
picture. As for the neighboring areas, they have a soft structure compared to the bones, which
means that the average of radiation’s absorption varies between middle (for fat and skin), which
appears gray in the picture, to the air, which absorbs nothing of these rays and thus reach the

radiation with its primary intensity the film causing the blackening of this area.
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This method of radiography is based on X-rays as well and has the ability to form three-

dimensional images of the studied organ.
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The used device has a large ring surrounding the table that the patient is lying on. Inside this large
ring there is an X-ray source that s directed towards the organ to be photographed, so the rays pass
the body of the patient and implemented to the opposite side of the ring where there is a detector

to receive X-rays and form a first image of the organ.
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The ring is then rotated at a certain angle and can be ].o to 1800. Thus, the organ is permanently
photographed and a large number of images called sections are acquired. A computer with special

software handles these images. Since the images (sections) are taken for the fixed human body

(axis of rotation), this technique is called Computerized Axial Tomography (CAT).
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The Terahertz waves & medical applications
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The Terahertz radiation is characterized as non-ionizing radiation that is able to penetrate a wide
variety of non-transporting materials such as cloth, paper, cardboard, wood, building materials,
plastic and ceramics, just like the Microwaves, with the difference that the depth of penetration of
Terahertz rays is less than in the case of Microwaves. Terahertz radiation has a limited penetration

depth in fog and clouds and its inability to penetrate water and minerals
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The water vapor in the atmosphere is primarily responsible for absorbing the Terahertz radiation
from the sun. Inanimate objects and organisms are considered natural sources of Terahertz
radiation, while it is possible to generate using specific types of lasers, so it is considered to be
useful in imaging at dimensions of 10m.

Terahertz rays are used in monitoring, such as airport security checks for passive detection of
hidden weapons (passive imaging is done without the use of an external source, but rather by

relying on self-radiation issued by the body within this field).
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Most organic and even lighter molecules, especially many pollutants, have basic rotational or

vibration frequencies within the Terahertz field.
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The Terahertz spectroscopy is defined as determining the chemical composition of a substance by
measuring the release and absorption frequencies of this material in the Terahertz field. This
spectroscopy requires illumination of the sample with terahertz waves (effective imaging) in order
to obtain a sufficient signal. The Terahertz spectroscopy allows the detection of unauthorized or
dangerous substances hidden in suitcases or clothing, and therefore is used in monitoring travelers

and their security at airports, where it has proven effective in detecting plastic explosives and

pathogens such as anthrax without opening envelopes.
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Since the energy of terahertz rays is low compared to X-rays, they are considered non-ionizing
radiation and do not harm the tissues and the DNA.

Terahertz radiation can penetrate several millimeters in a tissue that does not contain a large
amount of water (such as adipose tissue) and is reflected from it (a decrease in the amount of water
in the tissue leads to an increase in permeability because the water reflects the terahertz rays
strongly). Terahertz radiation can also detect differences in the content of a tissue of water in

addition to its ability to determine the density of this tissue, as these methods constitute a safe

66

https://manara.edu.sy/




Z4

ojl_oJl

MANARA UNIVERSITY
imaging system, non-offensive and painless, to detect epithelial cancer successfully. It has been
demonstrated the ability of Terahertz imaging to distinguish between healthy skin and another
carcinoma in the basal cells.
Determining the sites of tissues infected with basal cell carcinoma with great accuracy is very
useful in terms of simplifying the process of surgical intervention, reducing the risk of recurrence
of the disease, and reducing the processes of skin reconstruction.
Doubtable skin surface, point by point, can be wiped using terahertz pulses. As it takes only
minutes to wipe a 5¢m? leather surface. Depending on the analysis of the reflected pulses from
the skin, a three-dimensional image (extending to a small depth of skin) can be built. Doctors make
sure there is a clear difference between diseased and healthy tissues, based on the variance caused
by the different tissues’ content of water.
Another important application of the terahertz waves is in dentistry, as it is possible to show the
implanted teeth according to three dimensions and to detect the cavities under the tooth port.
Tooth necrosis is due to damage to the outer tooth layer (port) due to the acids produced by dental
plaque bacteria. The infection can extend to dentin without the surface of the tooth showing any
visible cracks or holes.
Dental radiographs do not reveal necrosis except in a very advanced stage of its development, as
the perforator and filling must be used for treatment. By detecting the change early, the heart of
the process can be considered by re-mining the slit.
By visualizing with terahertz pulses, it is possible to analyze what is known as the flight time (the
time it takes for the wave from the source to reach the surface and then bounce off it until reaching
the detector), in addition to providing spectral information.
A portion of the incoming pulse is reflected, as there is a change in the refractive index, and
therefore it is possible to rely on the multiple pulses that are received to draw a profile in terms of
depth. The sweep process allows the entire surface of the tooth to obtain a 3D image.
It is possible to distinguish between the tissues that make up one tooth through evidence that it
breaks the terahertz rays, where the refractive index of a medium is inversely proportional to the
speed of wave propagation in this medium. That is, it is possible to measure the flight time of the
terahertz pulses that pass through the tooth, distinguish between the port and the ivory, and then
the possibility of estimating the decrease in the thickness of the port layer due to dental wear. It is
also possible, and by relying on the absorption of terahertz waves and not on the flight time,

determining the absorptive capacity, which varies according to the tissue’s content of minerals,
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which allows to identify the presence of a cavity inside the tooth that does not appear as an X-ray

or during a doctor’s visual examination.
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Nuclear physics & Radioactivity
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Radioactivity plays a very important role in the detection of cancer tumors and their spread in the
patient's body in addition to the possibility of using radioactivity in the treatment of these tumors.
There are many kinds of radiation sources used in this field, but gamma rays (y — Rays) are
mainly intended for radioactivity.
In order to know and understand the mechanisms of the radiation we will study the structure of
the nucleus and types of the nuclear forces and the existed nuclear isotopes, in addition to the
phenomena of radiation.
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The nucleus consists of particles called nucleons, including protons P (positive charge) and
neutrons n (neutral charge) to be positively charged. Atomic nuclei are divided into two basic types,
stable nuclei and unstable nuclei that show what is known as radioactivity.
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The number of protons in the nucleus is equal to the total number of electrons, which is called

atomic number Z, and the total number of protons and neutrons (the total number of nucleons in

anucleus) is whatis called a mass number or the number of mass A. Thus, the number of neutrons

in the nucleus is . In the general case the nucleus is represented as follows:
7X

A =235 Il
2350 =7 = 92
N = 143
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A=1, M, cteus = Mp = 1.00759amu

Aggull JaSII elual Al sus g1l &9 «(atomic mass unit) &, 4| JxS1 sus1g ) AMU 143 S
dlamu = 931.5Mev gsluss
A distinction must be made here between the mass number and the mass of the nucleus, which

are not equal. If we take the hydrogen atom %H as an example:

A=1, Myucieus = Mp = 1.00759amu

Where @MU refers to the atomic mass unit, which is the main unit for measuring atomic masses,

and it's given via lamu = 931.5Mev.
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M(4,2) = m(A,Z) + Z - m, (1)

Assuming that m(A, Z) is the mass of the nucleus and M(A, Z) is the mass of the atom, and
by neglecting the binding energy of the electrons with the nucleus we have the following relation
that gives the total mass of the atom as a function of the mass of the nucleus and the number of

electrons Z:
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M(A,Z) =m(A,Z)+Z -m, (1)
(Nucleus radius) 31! Jad Ciias
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The nucleus itself is another world whose exact structure is not yet precisely known, and it is
difficult to measure its dimensions (the best description of the nucleus is energy).
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When rays are directed from O particles on a thin paper of gold, it is noticed that some of these
rays refracts and some of them are reflected, but most of them are passing through. This means
that there are particles, charged with the same charge of the O particles (i.e. positive charge), in
addition there are empty spaces in the atom.
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The American physicist Rutherford is one of the most famous scientists in the field of nuclear
physics. It is up to him and his research and experiments the first atomic model, known as the
Rutherford atomic model, based on his famous experiment (Rutherford's experiment in the
dispersion of alpha particles).
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The experiment consists mainly of a radiant object ZégRa for radiating O particles and directing
it towards the target, and a metal plate in the shape of an incomplete circle covered with fluorine

(zinc sulphate), in addition to a very thin gold foil.
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The O particles are directed to the metal plate to determine the location and number of particles
hitting the plate through the flashes that appear on it, and then the gold chip is placed before the
metal plate. Rutherford noticed that most of the X particles had crossed the chip without any
deviation and a small fraction of it could not pass through, but reversed. He concluded that most
of the atom is empty and there is a high-density section that occupies a very small space where the
mass of the atom is concentrated, which is the reverse of the ( rays, so it is positively charged.
Thus, the reflection or deviation means that it is approaching a particle charged with a positive
charge, and the dissonance occurs.

il (6001 d 3503 35983 g 13 J) Talidul

According to that, Rutherford developed his famous atomic model.
oSz JWly 85,1 O Slegur sue il cl3g Blgadl Jlad Cains wlal das bl sda alaseiwl @3
o Jgoming Seld CaBgry 4l Cum (819l (oo eusned] 1 Led ol oof g il D 28l jundl Glus
AT 0B (29 aally cadld D Gl das ) sda dlawlyy @3 AielS @3l ) 48!l duslls 1o

Dsitper = 3.2 X 10™14m, Dgyyg = 3.0 X 10~ m

72

https://manara.edu.sy/




Z4

ojlioJl

MANARA UNIVERSITY

Vo N
\o/

L_S)..\_” .))53).5) C.)ﬁ.&u 2.6 M‘

This method was used to measure the radius of the nucleus by counting the number of the
reflected O particles and thus calculating the shortest distance D in which the particle could
approach the nucleus, as it stops slightly and a section of its kinetic energy becomes potential

energy. By using this method, D for gold and silver was calculated, which is approximate.

Dgitper = 3.2 X 10™4m, Doy = 3.0 X 10 m

A 2Mall I oo JST1 soall Y g Aoy Ay R Jlaall Cami Gl s lasy
R=r1,-AY3 (2)
geill 65Nl 10l sua Autye o culi sa T = 1.2 X 1071°m
AL 23l oy 8ol o i Ll (Sas diag
4 4 4
V==n'R¥=-m-13A=k.A ;k==m-1v§ (3)
3 3 3
31531 A pe casobiall STl saall ps casslidy 819l gz o 6
The radius R was then later calculated in a rough manner and in terms of mass number via the

following relation:

R=ry-AY3 )
The volume of the nucleus can then via the following relation:
4 4 3 4 3
V=§7T'R3=§7T'T'0A=k.A ;k=§7'['7"0 (3)

The volume of the nucleus is proportional to the mass number, which is itself proportional to the

mass of the nucleus.
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The nucleons are connected to each other by nuclear forces, leading to the formation of what is

known as the nuclear binding energy.

o) 092l 1ok iy (§ oy aUI ABUA (e ¥ el el 315l (gl oLyl 28ls a5

Lo Y g lat) A e yday 28UaT (o suma Hlide yleus a5 4l (g1 B9l § culigu Sl Aayy
il o0as ) Tl ell3g 054l AS § Ak 4y

The nucleon's binding energy to the nucleus is defined as the minimum energy that is needed for

a nucleon to eliminate its connection to the other nucleons in the nucleus. There will be a loss of a

specific amount of energy that appears as Y radiation, which means a change in the mass of the

nucleus according to the Einstein's theory.

Blgadl sd &SI ABUal Aayd i 195 JuSad paadl Lyam ao SligdSill (1o de gazme slxsl wie

A8Mally 315l IS Ll 33l Jaad AM LelgSe JiS goama 3 polasi¥l ae cunlidy AE Hluza

4 S

Ep = AE = AM - (2 (4)
ANl Jamy ol WSl G lass ylade AM 5 815l blgyl 48l 2 Ep e gunll dcpu 2 € o o>
4 S

AM =7 -Mp+ N - M, — Myycieus (5)

When a group of nuclei is united with each other to form a nucleus, the total energy value of this
nucleus decreases by AE corresponding to the decrease in the total mass AM of its components.
The total binding energy of the nucleus is given in the following relation:

Ep = AE = AM - C? (4)
Where C is the speed of light, E'g is the binding energy of the nucleus, and AM is the amount of
mass reduction given by the following relation:

AM =7 Mp + N M, — Mpycieus (5) ]
goezma (199 09390 Z 9 0956 N (e L35S 8laall o AlaSTl 9 Gyall ol g 99ull LoLia¥! 4Bl =i 13)

8ol 8 Ly Lig Sl sia pazed Rociiad | 23lall IS, AT § 3,all o s cnaligulSll s.da JiS

So nuclear energy is determined by measuring the difference in the mass between the nucleus of
the N-proton and Z-proton and the mass of these nuclei, the difference in mass is equivalent to the

energy used to collect these nuclei together in the nucleus.
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2Mp + 2My, = 4.031882 amu
(4) 2Mall e Tolarel xSl § padill laie e Sl
AM = 2Mp + 2My — My, = 4.001493 — 4.031882 = 0.030389 amu
E =m-C? sliai) fslas alusial LLa¥I a8l Cluo auatd 4ias
Eg = AE = AM - C? = 0.030389 amu X 931.5 @ = 28.306 Mev
amu

(a6 00l Byl 28U) (g8l Lol Al cogilll dagdlly 8 pmy Lo Blsill Bl asliasdl @al e
sda cala3l LlSa (Blgidl Sl yatal gie suxs I g A JuSl saally Bleull bl A8ls oy 2ewddl 6
Ty patel AST 81901 6l LolS Aayall
One of the most important characteristics of a nucleus is what is known as the average of the
binding energy per nucleon, that is, the ratio between the binding energy of the nucleus and the
mass number A, which determines the stability of the nucleus, the more the value, the more stable

the nucleus is.

4l () s Blsadl 3 SligdSll sue iy Bloal) 8 O9ulSs JSI bolisd1 898 Lasgio pad 3.6 JSCAT! ey

SLi Ui, Lo LLsY 898 (i o8 Tyl 0,0l goall aal g FHE § 3,8 0555 ok Lol

sie Al (sl 2yl 3] Juard (gl suall Bolisy Sl T o3, TEC e 230 a8 J) it (3 1355 8

ALl U3 ay T, SEFE el i L Aasd ST U] s o oLl 35l i 213 aay, *§0
30U ssoliall Jasl ) e o il St

$o9dl Jadl yumlic (s Lol 5l Laegie :1.6 Jgoiall

56
>eFe

1.09 2.8 2.5 7 8.7 7.5

The next figure shows the change in the average binding energy per nucleon in the nucleus by the
number of nucleons in the nucleus. We find that this energy is bigin gHe,which is the most stable
atomic nuclei. Then the energy decreases relatively by the formation of gLi and then increases to

reach a second maximum at 1‘6*C, then it drops slightly by increasing the atomic number to a third

75

https://manara.edu.sy/




.. lA—:
ojlioJl

maximum at 130. The binding energy reaches up to its greatest value at ggFe, then begins to

drop slightly until it reaches the heaviest elements 23223(].

The region of greatest

binding energy per nucleon Muclei to the right of
& shown by the wn band. BEPL pre unsinble.
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S sl By gl o) 25U Lasgia :3.6 JSCAJI
a9 ¥y Leligima Jiad ciaimy claladdl Buptd &3 o5 (29 Aymad! Slaedl (i o J ol 95
Aymad) §oill (05 Ay (L puas g
The maximums return to the so-called magical numbers, the nuclei of highly cohesive atoms
whose contents cannot be separated and there is no explanation for them.
ASTuz195 08 e gageadl Jasy il Sty sy oLl 25506 ) (3.6 JSLdl) Lalasell i s Sy
o2) Sl ¢ 520l GLiFe, Ni, Ge: pg (31511 ¢y wligulill bolisyl 28l el) Tzl yioliall
2o 21355 0 005801 Lolis)) 48lUad oSay gl g Lt > J] 2osall aggill 55l s ol (3EFE Ly
Ll e & Auelacl B /A 28 0985 cum 50F€ wic s Ladl Al 3l @3 A ligalSall e sbj!
oadsis Jly Las Lasd 8Ll (98 Bud 53l ] 635 wlisig ! sae alsyl o Boyddl aay (aasess
Byiiue pé AE goull sda Jazm s adsis Ll A8l o 6l Buguddl Lggall gsall sus
This diagram can be divided into three main sections. The vertical band indicates the location of
the most stable elements (the highest binding energy for nuclei within the nucleus): Fe, Ni, Ge.
In the left part (left to ggFe), the strong nuclear forces did not reach the saturation state, i.e., the

binding energy of the nucleon could increase as the number of nucleons A increased, and then
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reach the saturation state at ggFe where the value E / A is Greatest. While it decreases after the

maximum because the increase in the number of protons leads to the intensification of the

dissonance among them and thus the intensity of the strong nuclear forces decreases, that the

binding energy decreases, making these heavy nuclei unstable.

Lo (4.6 USadl) (AUl 2 Ll § Lol 28l JHai! (Sa
Bl JuSad) Aoy (5o8 mantid g « 99l 7 Lo dawlgy (A < 20) daasedl joliall 1

Y

N

il J) S Blss Jladds o> ¢ g99dl Hladd¥l A wlyy (A > 150) alashl joliall oo 2

The binding energy can be used to produce energy, either:

sl

1. Of light elements (A < 20) by nuclear fusion, where light nuclei fuse into a larger

nucleus.

2. Ofheavy elements (A > 150) by nuclear fission, where a large nucleus breaks into two

lighter nuclei.
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They are interaction forces between the nucleons and are responsible for the binding of protons

and neutrons within the nucleus (coherence of the nucleus). Nuclear forces are characterized by

many characteristics, the most important of which are:

1. Theyare forces of attraction to overcome the forces of repulsion of protons within the nucleus,

but at distances I' < 04fm =10"m they turn into forces of repulsion to prevent the
nuclei from colliding with each other and the collapse of the nucleus. (fm is a unit for the
measurement of atomic distances and is the abbreviation of the name fermi).

Their effect is very short, upto 7 = 1fm from the center of the nucleus.

These forces have the saturation property (their effect is very short, and therefore affect
adjacent neutron). Which means that a nucleus of four nucleons is more stable than any other

nucleus with larger mass numbers, as atomic nuclei tend to form pairs of nucleons.

29 1ol s ligu Kl o Luggil) Goall Aty § 130 230 Hlia il Aalall bl byl iy

il e
Blgdl clules e Aggudl (29 (0.6fM 559 1.2fM (10) gl Bpund :gs Bugss $98 .1

Bleall laas ¥ (§ liaddSl US o 53l 358 Jiass (S 0.5f1M) il s pund dagas 299 558 2
Lot o (Blgall hanal pue (e Uoggudl (f9 gl Bucay iligig all (s oo yeS ol i 593 3

233U asuilysnl€ AL ol Shanal ke § gubal 195 caals

Studies and scientific research have shown that there are three main types of nuclear forces among

the nuclei within the nucleus, which are monotonous:

1.

Strong nuclear forces (Strong interaction forces): short range (from 1.2fm to 0.6fm) and

are responsible for nucleic coherence.
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2. Weak nuclear forces (Weak interaction forces): shortrange (< OSfm) and representaforce
of repulsion between all the nucleons, so that the nucleus will not be compressed.

3. An electrostatic interaction force between protons: long range and is responsible for the

instability of the nucleus, as it plays a key role in the instability of heavy nuclei such as uranium

235
92U.

(Isotopes) aaid| aiggd! ysUaill
suay calizes LeSlg (Z gl sandl uas 6T) lisio ) sie uis Lalgs elliag &lyd Lely sllasd) (8 e
Touke JleosS a5l cllzey g goil) all s  oLag ety 293 conls o3 (A RIS s ) Lo
e & dasiad oy s Ao O5Ss Luaasg Aailall § s (S 39250 Lsanay ¢ 5laill (o Touma

ROV Y

Isotopes are defined as atoms whose nuclei possess the same number of protons (i.e. the same
atomic number Z) but differ in the number of their neutrons (i.e. the mass number A). They play a
major and important role in the field of nuclear medicine. Any chemical element has a certain
number of isotopes, some of which are naturally found in nature and some are artificial,

manufactured in specialized laboratories.

Baas s Anyly H, TH,3H 25 Gawb s a6 cmgyiedl 55 cllies :Jle

4H,3H,%H,7H

el e A 295l ¢ 19381 Liyd (Isotopes) jsllaidl ) ALY

AT G 126, 13]\/, 130 Jie (N olig Al sue yudi Lt 2993 jolic :(Isotones) wiligigsd! 1
N=8 sally BN sllacll o.ia

O Sl G 12C, 1L7LN Jie A SligSill sue s L 2993 uolic :(Isobars) wl)bigsdl .2
A=14 s0ally uplail]

LSy ciligig mlly culig Al e Cus (o Arlide S5 : LSl Loy o of (Isomers) <lpaegiy! .3
(5Y1) Bugall el Zalise

In addition to isotopes, we have the following nuclear types of isotopes:

1. lIsotones: nuclear elements that have the same number of neutrons N, such as

12C, 1;]\/, 130 where these three isotopes share N = 8.
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2. lsobars: nuclear elements with the same number of nucleons A, such as 1‘6*6, 1L7LN, where
these two are shared by A=14.

3. Isomers: nuclei which are similar in number of neutrons and protons but different from the

nuclear state (excitation).

(Radioactivity) (slady| bLid|

ol ot e slta sl Tyl ST 598 Jl 8yanud) a2 goill Joms il e Lol LA Capn

Osis

Radioactivity is defined as the transformation of unstable nuclei into more stable nuclei by emitting
a specific particle or photon.

055 Of (Salls of ligi sl s (pe ST lig Al e G586 O Lald (e J) 14 1,821 pe 352

gl sue e ST oligie ) sue

This instability is due to two reasons: either the number of neutrons is larger than the number of

protons or, conversely, the number of protons is greater than the number of neutrons.

sda u>l Jozmay JWlg wlig Al § pasls lia il @l « ST gl sue (£ < N) Jo¥ Ul @
(B — decay) sspd by cISan i Lo 389 il sliaag 9 785 Ogigm I Bleadl § g sl

n—P+e +v,
dI e Lo WLe el 3153l zpls 3] oy U Jus adle cISadl 1 oo mldl o9 ASTYI 28l ¢35

B 500L 0o AT s

In the first case (£ < IN): the number of neutrons is greater, that means there is a surplus of

neutrons and thus one of these neutrons in the nucleus turns into a proton, an electron and an
anti-neutrino, according to what is known as § — decay.

n—P+e +7,

The electron energy produced by this dissociation is very high, so it is ejected out of the nucleus.
This electron is often symbolized by 5~
po g lias Gyl sotall 3133 G ¢ s 99l L IS5 Jaiy PN U1 TEC Aaias 313 Joms Ui
Blgald LS suall e alaalzl
Co YN +e +7,
n—P+e +v,
AV i 389 291C J) 29 MO 41,3355 s
9Mo - PTc+e” +7v,
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In the second case (Z > N): there is a surplus in the number of protons at the expense of the

number of neutrons. There are therefore two possibilities:

©F Gay Aagall Lggll goall Aailgy Lo Aoyall wilig ASIYI ax sldasoly Blgill psas o L)
daleall alid ells L (Electron capture) s ASTY Sl Byallay 8y Lo gag cluds oy (WSAS
S1s ) 8y3Lal) ligips iy pLul olotial I 635 Lo (i ASIYT LuSy3 s g ASIY)

N

1.

(95l Sl Jlzs § pusenud
Either the nucleus captures one of the nearby electrons by weak nuclear interactions, and then
forms a new neutron, the so-called electron capture phenomenon. The electron cloud then
arranges its electronic construction, leading to a radiation known as X-ray fluorescence, which

is used in the field of nuclear medicine.

S ASTYI =l 5alls 5.6 JSCad!
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2. Orthe proton, after having energy, turns into a neutron that settles in the nucleus to give the
nucleus of the element preceding it in the periodic table in addition to the positron et and
gamma-photon ¥, according to what is known as reverse [§ —decay (,3+) or positron
emission. This positron is eliminated to one of the electrons in the medium, forming two

photons that go in opposite directions, where they are used in the Positron Emission

Tomography (PET).

U e by Z &l suadl palassl Jamall 1 3317 el alas ) a0, SO alas Jyons e Lo
iUl Jelazdl 389 9050939 9 5bigs Hlsa) ] A8LSYL
BC-UB+e* +v,
P +energy >n+et+v,
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When two isotopes have the same mass number A, while one nucleus is excited (with excess

energy), this excess energy can be produced in the form of photons according to the followin
gy gy P p g g

nuclear decay:

Tc - PNTc+y

This is the basically used isotope in many nuclear imaging techniques.

99m
43

It is possible that the excess energy moves to one of the electrons, causing it to be thrown out of
the atom, thus forming the so-called internal transformation electron, which means X-ray photons

are emitted.
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Nuclear medicine
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Is a very sophisticated camera used to image gamma rays from radioactive isotopes tagged in an
object to checkup this body. This camera includes a large number of detectors that record
radioactivity in many body points at the same time.
Axpiin) D3loall Apobio I ¥l (o pllaiy pulaias Leld panll mun (e Lele iligigs 79,5 wis
ST alladl s gomy leladdl (olatel e Buyaddl (olioy ) 8508 cruy I3y (Aol dydeud
oebioll 8 e Lpoliaial @id 591 Laly s iU 23lok) culigigall (gowe pmy ¥ il oy ulmzall
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When gamma photons leave the patient's body, they collide with a system of parallel lead tubes
because of the ability of the lead to absorb radiations. This system contains thousands of openings

so thatitonly crosses the photons parallel to the tubes and the other are absorbed by lead in order
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to form a clear image of the studied o:;:rRIAeU.NﬁTiI:is followed by a crystal of sodium iodide and
thallium (Scintillating crystal). The detectors record the distribution of the radioactive component
and then a computer forms a two-dimensional image showing the ratio and concentration of the
radioactive isotope in the studied area of the body.
oobiatols p3ds Auiliang Bigly (Fu5 Axlaue Brgly 0 G¥L> Lol 3 (1.7 JSad)) CadlSdl oS,
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(asasl 138 sloal ]
In its simplest form, the detector consists of a flat crystal called Scintillating crystal that absorbs the
photons generated by the decay of the radioactive isotope, where it emits a flash when the photons

collide with them (the high-energy photon displaces one of the crystal electrons, so that it returns

later to its position causing this flash).
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This photon is then directed to the so-called photoelectric multiplier tube (Photomultiplier, PMT),
where the collision of this photon with the Cathode emits an electron (photo effect). This free
electron is then directed and accelerated by an electrical voltage applied to a set of secondary
electrodes. Each electrode is coated with a special material that helps to increase the ratio of the
release of electrons. The resultis a huge number of electrons (the optical ray is amplified to about
one million times). This means that an electric signal (pulse) can be read and processed by

computer.
Llas (el e 3 sladyl LLa sus old Sl pudl Jol€ ey pody (§ ablS) el yoes 0y
5 3305 0 S ] o Cro sne Al s Lple tatad anl) At sy JUlly e
Lo payes lall e 1o 0555 08 LLA (olass)
The detector is activated to scan the whole body and thus to measure the intensity of the
radioactivity in a large number of body points and thus to draw a body map used in the assessment
of the condition of a particular organ of the body, as the increase or decrease activity may be

indicative of the incidence of an illness.

— PMTs

’ ‘ ‘ Scintillating crystal
] O ) o T Lead plates
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(Single Photon Emission Computed Tomography, SPECT)
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Is one of the most important techniques in nuclear medicine. It differs from the Scintigraphy
by giving a three-dimensional image by taking multiple transverse sections of the studied organ (a
large number of two-dimensional images and from different angles). The used camera is rotated
(3 600) to take an image every 2° — 3" with atime of 15-20s per section, so that the total time

is 15-20min. Special software is used to process these images.

895! psailllale gl SPECT 3\ > :3.7 JSad!
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(Two Photon Emission Tomography, TPET)

(Positron Emission Tomography, PET)

G5isd Bydume malip ASIYN ae las ilawms ilinysiaed Bytimn (Aadie yilas ol 2aazll sda § ok
20mMin) 11as,S Jie liwd Bpumd cami Hlesel @ld oalmVl usSlae 2l Gle Lle
Sl s e Syom s 13 (10MIN) oMl (110mMIN) 18 55k (21MIN) 154 S Y1
s Wy 59Selal€ o Lud ¥l e LS run L€ pe 4 il
This technique uses radioactive isotopes which are the source of positrons that annihilated with
electrons emitting two high energy gamma photons, with relatively short half time, such as carbon
11 (20 min), oxygen 15 (2 min), fluor 18 (110 min) and nitrogen 13 (10 min). These isotopes are
included in compounds consumed by the human body, such as glucose and water.
Len oolitn S (Rnsnsl) Byplel) usignsl oS (o cliline (s e Otisindll (i ay
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These two photons fall on opposite pairs of detectors (Scintillating crystal) simultaneously, causing

two optical flashes (see the principle of the detector). A brain image is then formed by knowing the

distribution of the isotope in the brain.
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This technique is used to study the activity of different regions of the brain and to detect

Alzheimer's disease and brain tumors. It does not need a lead-release plate (as in the previous

technique).
(Radiotherapy) (&Mall g 99| all
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Radiotherapy is defined as the use of radioactive isotopes to treat many diseases, especially cancer
tumors, because these ionizing radiations can destroy cancer cells. Treatment may be close-up or

telemedicine.

dela] Loy wdons agsy (5.7 JSadl) LINAC gb Jos § i daalss @18 iy (e Allaold dsdlly
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Alall 2l ala gzl ly 20,8l Ll 2ol e

For telemedicine, a Linac medical accelerator generates a radiation rays that is either high-energy
electrons (1-18Mev) or high-energy (X-ray) photons (1-15Mev). For photon rays, they are used to
treat deep tumors due to their ability to penetrate, but near-surface and surface tumors are treated
with electronic beams for low penetration of tissue. A computer with advanced software
determines the proportion and size of radiation directed toward the tumor in order to maintain the

safety of cells near and surrounding the affected area.
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In the case of small head tumors, the patient is given a very high dose at the site of the tumor in
order to destroy it and maintain healthy cells adjacent to the tumor. A specially fitted helmet is used

to keep the beam guided through a helmet hole, known as a gamma knife.
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In this technique, the patient is given doses of radioactive elements (iodine 131) orally or Venous,
producing ionizing radiation that takes a short distance in the place of emission, which helps to
reduce the damage to organs and tissues adjacent to the tumor. When radioactive iodine is used
to treat Thyroid diseases, it is given orally to concentrate the radioactive material in the gland
where the iodine disintegrates according to the 5 — decay giving electrons with high energy
that destroys the tumor.
Another technique for the closeup treatment (near-treatment) is through the implantation of the

radioactive substance in the tumor or surrounding tissue in the form of capsules (seeds) by needles

or special injectors (prostate cancer, breast and cervix cancer).

$99H! (guulaiall cuglmidly jsguailly g 99l (uulaiall gl

Nuclear Magnetic Resonance (NMR) &
Nuclear Magnetic Resonance Imaging (NMRI)
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The NMR phenomenon is related to the magnetic properties (Nuclear magnetic moment and
magnetic fields) of nucleons inside the nuclei, where the basic dependence in this physical
phenomenon is on the nucleus of the hydrogen, because it is the most common in the organic

matter.

Spin (wind ()5 (sudbaide Ja> 92919 (h 9yl Blgs raus GglSoll (gl o131 & Lo asl

7.7 JSadL (s 90 LS ,up & Spin down
The spinular angular momentum of the nuclei takes within the nucleus of the hydrogen and by the
existence of an external magnetic field two values Spin up & Spin down, as its shown in the

following figure:

90

https://manara.edu.sy/




[y

6)li_aJl

MANARA UNIVERSITY

| J \

| \ | 5
A T A ' B
| | A |

i l

‘\ i | S—

| l Up | B

\ ] Down |

B 5l stbaiie Ja> 35251 i asmiudl 553 0539 ) 218kl (] Gl 7.7 JSA)

ol (g dl (gl gudlaiie Ji> 9250 (a9l Gs3 (ress Sligio ) Al Aol Jlaids
3y gedall guabaiall Jamedl 5 pe Tl Ceelily cntagad! cnila o 28U 316 o) > o(8.7 JSa)

I 4Bl 399
The energy of the state of the protons within the hydrogen nucleus is split with the existence of an
external magnetic field into two energetic levels. The energy difference between these two levels
is proportional to the intensity of the applied magnetic field according to the following
relationship:

AE - kBT
ST oM Ly by s culs sa K ol G

Where k is a constant that varies with different nuclei.
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The studied body is placed within a static (external) magnetic field. Then a Radio Frequency (RF)
pulse of an electromagnetic radiation is applied to this body, so that the frequency of the pulse
fully corresponds to the energy difference between the two levels.

Radio frequency photons are absorbed so that many nuclei move from the lower energy level to

the higher one. This phenomenon is called magnetic Resonance.
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These coils or another coil can detect the absorption of energy or the emitted radiation (and also
its frequency) when the nuclei jump back toward the lower level. The signal from the organ (which
has been subjected to the influence of the magnetic field and the radio frequency pulse) is received
by the same coils that transmitted the radio pulses where the frequencies are sorted according to

the regions from which they were emitted.

Scott Camazine/Scence Source/

UHBTrust/Stone/Getty Images
Photo Researchers, Inc.
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The received data can be manipulated to form an image of the section or of the organ using special

software. The resultant image is an anatomical and functional image in which we can distinguish

clearly between the different tissues and thus determine where additional or low activity are exist.
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The LASER & medical applications
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Amplification by Stimulated Emission of Radiation)
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Stimulated Emission of Radiation)

(Laser Emission) ; U1 )l ius)
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The electron is transferred from

the grownd state to the excited When the atomn falls from the excited

state when the atom absorbs a stute to the ground stte, it emits a
photon of energy & = £ — Ep. photon of energy bf= E, — E|.
E:! 'Ei
- - o I Ep e
2 Rf 2 '[ hf = AE
N e 7 AF S ATATAY =
] AE 5] 1
E, E, Ey £y
Before After Before After
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The laser emission is based on the principle of stimulated emission, which is an electromagnetic

emission process supported by a stimulated emission. In the process of the electromagnetic
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stimulated emission, a photon is releasr:gA;;;N;lfR;; excited atom by providing external energy to
raise it from a ground energy level to a high energy level, i.e., the process of emission is done by an
externally induced incoming photon with a frequency equal to the frequency of the induced
photon.
HaL yay Tum ale by Gudsmi sl 3 s 8551 @y Jidlg Sigill Hlauad) ains 2y
Sy S Anedall Al 3 dis ,STEUY Ul 3 ) sie 0986 0F Gy T (2.8 JSCad1) SIS
Lol 0ilste Lo sz 3 Bagtonk| s Abend diins =ty )l 5 Lad) plid Jlais | 0l ddasd] ol
Byl syl sue sl diad slajs Sgtzmll Hlouadl (¥ (Aagans 4k o
Aray be (2 gl laadl sals Ay () Oilsdl Al 7yl B, clyddl g395 dd dulee O]
Population Inversion iyl )&
In order to achieve the stimulated emission and thus achieve the laser, a very important condition
known as the Population Inversion should first be achieved. In other words, the number of atoms
in the excited level must be higher than itin the ground level.
Where theoretical studies have shown that the probability of stimulated emission by an incoming
photon in an object with a thermal equilibrium state is almost zero, because the stimulated

emission is increased by increasing the number of the excited atoms.
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The laser device consists in general of foMl::A;:;'}I;lEF;I;rts. The first one, most importantly, is called the
gain medium and the second is the energy source of laser, while the third and fourth are two
different mirrors of transparency.
For the gain medium, itis a catalyst substance for the stimulated emission that may be solid, liquid
or gaseous, and is located within a high reflective cylindrical cavity. The population inversion is
achieved by an energy source that may be an electric current or even a laser source.
This cavity contains two geometric reflectors in a geometrical way that allows the reflected light to
travel back and forth through the gain medium permanently, which in turn amplifies the light more
and in stages. The first mirror is very reflective so that it prevents the light from entering
permanently, and the second mirror is relatively transparent to allow the laser beam to go out ata
certain intensity.
GLrS AT e e o 1 098 L(Ruby laser) g8l 5l oass Lalases 4.8 JSaI1 @ (lay
Sl ogdin s 8L (e i d oy §ylie 9 7yl dag Lol (Buidl JLle (Xe gas) (15103801 5Le 7 sy
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o5 Lle 38l g J) delasyl Qg Osa¥1 1 8yU) J) 5519 5398 A8lat 29,0 5l (oliatal g5
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Au (577nm) 7 — Kr+(647nm)
Nd:YAG + KTP (532nm) Alexandrite (720-790nm)
Ar (488 + 514nm) GaAs (780-830nm)
XeCl (308nm) Nd:YAG (1.064 pum) CO, (10.6 um)
ArF (193nm) Dye - Ho:YAG (2.1um)
oL Er:YAG (2.94 um)

100 \ , 1000 10.000 nm
uv-c |B|A] visble [ IR=A | R-B | IR-C I
100 280315400 760 1400 3000 nm
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Because of the many applications of lasers in different fields of life, there are a very large number
of lasers used and at different wavelengths. Most lasers used in medical fields are involved in the
three frequency fields (visual, infrared with its three fields and the ultraviolet with its three fields
as well). These lasers are either solid, liquid or gaseous.
The field of lasers is called the dynamic or useful field and extends from the med infrared range
(MIR) A = 10000nm to the Middle ultraviolet range (UV-B) A = 200nm.

As for lasers outside these wavelengths, they are purely laboratory applications.

Agdall oly 1l 1957 @l o0
sl Jolall e dellanaddl Jle ¢ lads] logo] e 45,udy Slies G5Le 53 :08ayS ueusT U512 5 7
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The CO2 laser: Is a gas laser which has the ability to produce high-capacity radiation at the
wavelength A= 9.6um, which corresponds to the maximum absorption of the human body

(as a black body). This laser is therefore used in surgical procedures as a laser scalpel.
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Excimer Laser: Is a gas laser with a gain medium which is a mix of an Inert gas (Ar or Xe or Kr) and
aHalogen gas (F or Cl), and is emitted in the UV range. This laser has the effect of being superficial.
Living matter and organic compounds can absorb the radiation of the excimer laser well, which
means adding enough energy to interfere with the molecular bonds in the surface tissue so that it
can be disassembled by heating (not burning) by the heat of radiation, and this is known as laser

ablation. This laser is capable of removing the surface layers without harming them. Therefore,
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these lasers are used in the treatment O;AZ::nUZ:;Sgllin layers in addition to eye surgery and retinal
treatment.
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In addition to the previous laser types, which are the most famous and used laser in medicine, there
are various kinds of lasers used in the branches of pharmacy and microbial detection. By
combining nanotechnology and laser technology, it is possible to detect the presence of a virus or
bacteria in a sample by using what is known as fluoridated quantum dots.
These quantum dots are used in microbial analysis, where these points are labeled with antibodies
against certain bacteria. When a particular antibody is placed against points of a given diameter, it
is possible to detect the presence of this microbial in a sample when illuminated by a laser light.
Only those quantum dots will radiate and will be thus able to detect the bacteria that carries its

antibodies.
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Laser imaging
Laser imaging is a new technology in the medical field because it is low in cost and safe compared
to other imaging techniques such as x-rays and gamma rays, which are classified as offensive and
ionized radiations.
Since the laser is an artificial light, it has the properties of normal light, which means it reflects or
penetrates and scatters within living tissue. Light retention within living tissue is closely related to
wavelength, where blood absorbs lightin the visible range but the absorption rate decreases when
moving from red R to NIR, which explains the red color of light passing through the body.
The spectral range between 650nm-950nm has the lowest absorption of
light by the tissue. It forms the so-called photo (NIR) window, where light radiation can penetrate
into the biological tissue with low energy loss, this window is used in imaging the tissue.
A Pulse Oxymeter is used to monitor the performance of the heart and oxygen saturation in the
veins. The Pulse Oximeter uses light-emitting diodes to apply two wavelengths of light, one of
them is 780 nm red, which is strongly absorbed by HDb inthe general case and the other is a near

infrared light 830 nm absorbed by HbO?2, on one side of the finger.
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By measuring the amount of light passinrgwtpl::(u)tlvgl:he finger and concluding the amount of oxygen
absorbed by the blood, we can read on the screen of the oxygen meter the changes of the oxygen
saturation, which is the percentage of the amount of oxygen that the blood can carry. We can also
read the frequency of pulse.
One of the most famous laser imaging techniques is Acousto-Optic Imaging (AO), which is used in
breast imaging, as well as Coherence Optical Tomography (COT), which is used extensively in
retinal imaging.
The COT technique is characterized by a very high-Resolution ability, almost close to the resolution

of optical microscopes, to surface tissues.
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Gas pressure & Fluids dynamics
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The force exerted by a fluid on
a submerged object at any point
is perpendicular to the surface
and increases with depth.
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latm = 101.3kPa
Most fluids have pressure due to their weight, so the liquid affects the vessel with a power

perpendicular to it and to the contact surface. The pressure value of a liquid on a surface is defined

as the vertical force on this surface.

p=t (1)
A
Pressure in the international sentence is measured by the Pascal (Pa) unit, where

N
<1Pa = —2>
m

In addition to the existence of another unit called Atmosphere, which is the average of air pressure

atsea level.

latm = 101.3kPa
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30kPC s> Jiatd pauel alys § podl Laies Bayd iy (S Ly byl (ol Lniall e oYl
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latm = 1bar = 103mbar

One of the reasons why a human being can live on Earth is that the pressure of most fluids in the
human body equals the surrounding atmospheric pressure. But the value of blood pressure in the
arteries of the body rises up to 30kPc, which causes its expansion, but the value of this pressure
remains constant due to the opposite force of the surface tension of the walls of the arteries, which
acts against this pressure.
05Se 329 (2.9 JSidN) (Manometer) fasilll yoliie sa basiall yolid § Lonsiad) Gualall o i e
Sy (30,0 JSAI 3 minge 5o LeS) dliaed § B3l (0 AaS 9 U iy S e (2l gl (0
dlais ol LA 3L Gamy eleg ] dhogud ,3¥1 Caylall LT oyl el ) e 7otan dudylo sl 055,
St aall Al
One of the most commonly used measuring tolls for the pressure is the Manometer, which is a U-

shaped glass tube containing mercury in the bottom (as shown in the attached figure), one of his
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two ends is opened on the outside, and the other one is connected to a vessel containing the gas,

its pressure to be calculated relative to the atmospheric pressure.

Air

c

d

Bl = WB!|
| |
N ////

(A5 Aagile elide 2.9 JSAJI
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Pp=Pp =P +p-d-g (2)

AP =Pp —Pc=p-d-g (3)

$lid 52 G333l oiae o BNl d (0 = 13600 kg.m™3) a3l a8US p p com
Ao ) A3l
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(gauge pressure) owliall laaally Coyay

Pgauge = Paps — Patm (4)
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Connecting a vessel with a gas, its pressure bigger than the atmospheric pressure will push the
mercury towards the open end of the tube, which means that the mercury level in this side is higher
than the other side. The value of gas pressure and mercury pressure is the same at the point B
(equilibrium point), and since B’ has the same height as point B, it has the same pressure value,

but the pressure at point C is equal to the atmospheric pressure.

Pressure at point B is calculated via the following relation:

Pp=Pg =Pc+p-d-g (2)

The pressure difference on both sides of the Manometer can be calculated with the following

relation:

AP =Py —P.+p-d-g 3)

Where p is the density of mercury, d the difference between the mercury levels, and g is the
acceleration of gravity. What is calculated in this way (one end of the tube ends is opened) is the

difference between gas pressure and atmospheric pressure, which is known as the gauge pressure.

Pgauge = Paps — Patm (4)

Jolall Caylall 9 15em Hludey pahyl ud Aesilll (elide § Gl Gt OF Cuale 13 :(Jgdna) (s
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=

Gas Air

15cml
=174 | 30cm

15cm(

Hg
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Pgauge:p'd'g

Pyauge = (13600kg.m™=3) - (9.8m.s7%) - (0.3m) = 40kPa
A 2L s Ul Lusall Lo
Pabs = Patm + Pyauge = 101kPa + 40kPa = 141kPa
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:(Blood pressure in a human body) ¢Lud¥! g Gl bas uld

Sphygmomanometer

Stethoscope
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Blood pressure can be measured in the human body by one of the models of the mercury
Manometer, where one of its two ends is connected to a compressor belt that can be filled with air.

This belt is put around the upper part of the arm close to the heart level and then filled with air.
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The function of this gauge is to measure the gauge pressure of the air in the belt, as the initial
pressure is very high within the belt (above the systolic pressure) to the extent that the artery is
closed in the forearm and prevents the blood flow in this forearm. The air is then allowed to exit
the belt by a small valve and very slowly until the value of the air pressure in the belt drops to a
value slightly below the systolic pressure value. The heartbeat sound can be clearly heard by a
Stethoscope that can be placed down the belt.
ALl oL A 331501 sonll 325 (oLt ¥l Ll iy Lo ] b ] 0 el 2,5 lpatel g
Okl e 8yl Aaid (i 61 ¢ lase S ¥ JLdlig putadl 08 (L ad) e Lasuall 685 diaie 2udall
{diadl i all) oLl Luiall s 3815 syl
Jomr Ll Wl @ e olad] dal Lawdly golall crwlall caladall o S dayd jaas
(120mmHg/80mmHg)
As the air gets out of the belt we reach what is known as diastolic pressure, which is the
corresponding limit for the relaxation of the heart muscle. Then the pressure on the artery has been
eliminated and therefore no pulse can be heard with the Stethoscope, the value on the mercury

gauge corresponds to the value of the diastolic pressure (lower pressure).

The upper and lower gauge pressure of a normal human heart is estimated to be

(120mm.Hg/80mm.Hg).
:(Specific Gravity) £934I
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p p
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One of the important physical parameters in the pharmacy is what is known as Specific Gravity

S.G.=

(S.G.) of a material, and it is defined as the ratio of the density of this material to the density of

o
water at temperature 4 C
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Blood tests include what is known as specific gravity of blood, which is in normal between 1.040
and 1.065. The low value of this indicator means that the average density of red blood cells is low
and the person may be anemic, so it is necessary to test the blood specific gravity before the blood
donation. It is also possible to do a qualitative specific gravity test of the urine, which its normal
value between 1.015 to 1.030, where the high value can indicate the high proportion of salts

dissolved in urine, which may mean a medical problem for the patient.
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The continuity equation states that the volumetric flow rate of non-compressible fluid remains

constant.

Al' V1 ES Az. V2

111

https://manara.edu.sy/




2y

6)li_aJl

MANARA UNIVERSITY

The pressure Pj is greater than
the pressure P, because v < vs.

.n:'r'!.l
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We conclude that the smaller the radius of the tube, the faster the flow of fluid will be.
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When the blood is pumped from the heart to the aorta and then from the aorta to the 32 arteries,
the blood velocity in the arteries decreases compared to its velocity in the aorta. This is due to the

large surface area of the arteries (combined) compared to the surface area of the aorta.
deyu paasis (Olud¥l pue Gous LU Lasae aly @iy cdgadl Sl paddd duddly OS{IEIATY
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As for the blood capillaries, which are billions in the human body, the blood flow velocity
compared to the arteries, according to the continuity equation, is reduced by its large surface area,

which provides the possibility to deliver oxygen and food to most tissues of the human body.

:(Bernoulli's equation) gy Jalas

haill ells e Laally dume dadi 3 aile ey (o dasyd Lss by Wolas Ll (de L5550 Wolas Bya3
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sl i plade o pdd Aealny
Bernoulli's equation is defined as a mathematical equation between a fluid velocity at a given point
and the pressure at that point, while the continuity equation gives the relation between the velocity
of a perfect fluid flow in two different points of the same tube as a function of the surface section
of the tube.
Jaae e Ladleyd dic i oo sy o A Halate dlgses e gylady A3 018 2yl st Toiee J) Tolidaal
05Se Uiy Toee ) Tolidael (S5 Gasansll 1 45yalie Jl> Alam¥) diegd ) o5 oF comedl 3ol
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According to the continuity's principle, the fluid accelerates when entering a narrow area, which
means it increases its speed to maintain the volumetric flow rate, then it returns to its initial value
once it has left this area. But according to Bernoulli's principle, the pressure in narrow areas (where
velocity is greater) is lower than in other regions where speed is smaller (outside these narrowed

areas).
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Bernoulli's equation states that the sum of the pressure, kinetic energy and latent energy of the

volume unitin a perfect fluid remains constant.

(P, =P +3p(53 — D) + 090 —y) =0 ()
K
1 1
Pi+5pvi+ pgyr = P2 +5pv5 + pgy: (3)
9l
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1
P+ Epv2 + pgy = const (4)
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That is, Bernoulli's equation connects both the pressure Pand the flow velocity vand the height y

between two points in a perfect fluid.
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An application of the Bernoulli's Principle in Medicine is the interpretation of the so-called

Transient Ischemic Attack (TIA), in which the patient suffers from vertigo and pain in the head and

limbs, as well as blurred vision.
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Blood is pumped from the heart and across the aorta to the brain by right and left vertebral arteries

that ascend upward and then meet below the brain, forming what is known as the basilar artery.

The two vertebral arteries branch out from the two subclavian arteries as they follow their path

towards the arms.
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Basilar artery

Left vertebral artery ~  Right vertebral artery

Subclavian artery
Subclavian artery

Stenosis
Aorta
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The Stenosis of one of these subclavian arteries (as shown in the attached figure) leads, according
to the continuity's equation, to an increase in blood flow in this artery for the necessary blood
supply, this in turn, according to Bernoulli's principle, reduces the pressure value in front of the
vertebral artery compared to pressure at the entrance of the other vertebral artery where the
pressure is normal, thus, a part of the blood is converted from the healthy artery to the stenotic
artery (from high pressure to low pressure), which means that the amount of blood reaching the

brain is reduced by this stenosis, known as Transient Ischemic Attack (TIA).
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ButIn the case that the stenosisis in an artery of the human body's arteries, it means that, according
to Bernoulli's principle, the pressure in this area of the artery is decreased. Since artery walls are
flexible and not tough, low pressure causes arterial contraction in this area, where the blood flow
velocity is high. The walls of the artery continue to contract until the artery is closed and the blood
flow stops temporarily until the pressure accumulates and is sufficiently elevated to open the

artery and allow the blood to flow. The process is repeated as long as the stenosis in the artery is

there. This medical problem is called arterial stenosis.

Atherosclerosis

Red blood cells

Y

Narrowed blood vessel

Plague
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In an opposite way, the walls of the artery can be weak and have little elasticity. Blood pressure
causes these weak walls to move outwards and form a bulge called aneurysm. Blood flow velocity
is low and therefore the pressure is high, which means that it can expand and explode due to the

increased pressure.
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Aneurysm
Normal blood vessel Cranial aneurysm
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The Bernoulli equation is a special case, as it dictates that fluid's viscosity is negligible, so this ideal
fluid can flow in a horizontal tube with a constant velocity.

However, in the general case, all fluids including water have a viscosity factor, and therefore to

maintain the flow in a viscous fluid, an external force must be applied to the viscosity friction forces

of the fluid flow, which means pressure difference between the ends of the tube.

g3l Aaglal gl @k o Taiall (3,5:9.9 JSAI
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To maintain the viscous flow, a pure force (P; — P,)A must be applied by the liquid's pressure
in the direction of flow to be balanced with the viscosity force F_V) which reverses the flow. The

pressure in the fluid decreases from Py to Pyto the right of the channel.
Gaadall oy gyul (0585 e LS Ll sl Glhua (e dadl e 5L ey aziad 501 Lyl
59 BB Zimyll Bl s i s ool 1 39 il sy cogus¥) 35
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In the viscous flow, the velocity of the fluid depends on the distance from the static tube walls,
where the layer's fastest flow is in the center of the tube and the layers closest to the walls move
slowly. Where the outer layer adjacent to the tube remains static. Each layer of the fluid applies
viscous forces to the adjacent layers; these forces reverse the relative motion of the layers; the

farthest layer applies viscous force on the tube itself.

Non-wiscous flow
velocity profile.

Viscous flow
velocity profile.

it
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n such a flux, the fluid viscosity coefficient can be defined as the proportional constant between
the velocity gradient, ie, the velocity of the layer with the distance from the tube wall, and the force

applied to unit space to maintain this gradient:

F Av

A~ Tar
LA 8yl Ay g Las by of Jalgad) 815> Aoy (olaseily g3l slags
Poise (1P = i o> 519l 5uslg clliSs Pascal. s(Pa. S) asaziall 9301 Sluslg oy
0.1 Pa.s)

Viscosity increases with lower fluid temperature or higher temperature of gases.
One of the viscosity units used are Pascal.s (Pa.s) as well as the Poise unit where Poise (1P = 0.1

Pa.s).

gﬁlﬁ)ﬂ @.Ia_” Gb.qj‘ QL.';)'?' :11.9 M'

Poiseuille law 3l 05513
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The volumetric flow rate in the case of liquid flow in a cylindrical tube AV /Attis proportional to
the pressure drop at the unit length AP/L, and is inversely proportional to the fluid's viscosity 7,

and is proportional to the fourth force of the tube diameter.

AV mwAP/L

- =_ 4
At 8 17

r
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The movement of an object in a viscous fluid causes a resistance of this fluid to the movement of
the body by applying a force proportional to the velocity of the body ¥ and radius 7" in addition to

the viscosity factor 7]. This force is called the Stokes force and the law used is the Stokes law.

F = 6nnrv
1L Ao ) (weudy sbapdl e Ao yud) CaBgu2d 8,50 (3319w (0 ) Al Ayl aliasl F 890 sla3s
The force F is increased by the increase of the relative velocity until the ball is balanced and the

velocity stops increasing and the corresponding velocity is called the terminal velocity.
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The end velocity required by small particles falling in a liquid is called sedimentation velocity,

which is usually a small amount due to the low density of these objects compared to the density of

the liquid and because this velocity is proportional to T'Z, while the viscosity strength is

proportional to 7.

GSU Skl Sl alasial Jatll Ay 8L oS F ae Tob Jatdl Aepn clis

Jeff = W2 T Lgesd Laio 1a3 Saimy 133 s Leg 509 (Centrifuge)
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The sedimentation velocity is proportional to g, it can be increased using a centrifuge, a rotary
container that produces an artificial gravity of about g rr = w?-r.

1

Centrifuges can rotate at a rate of 1051‘81) *min~ -~ and thus generate artificial gravity more

than 1 million times the earth gravity g.

(Surface tension) xbull 5401
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The surface tension of a liquid is defined as the force at length unit that the surface effects on its

edge. The direction of this force is tangent to the surface at its edge.

F
M—
V=R

Sl oo e d) gt b dile glas e 231601 s g3l o 2ai> ) gelaadl 552ll 5,alls (s5a
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The phenomenon of surface tension is due to the fact that the molecule on the surface of a liquid
is attracted to the attraction of adjacent liquid particles, so that these forces are in one direction
only, so the sum of these forces acting on this molecule is toward the interior of the liquid and

vertical on the surface.
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Surface tension can be seen as latent energy, as the surface increase needs to be worked out, stored

in the surface in the form of surface energy; this can be seen if we multiply the relation of the

surface tension with the AX transition, so we get Energy.

Q\ B "

7N

Xtz
/1IN

.

</

a9l Jady B sesel) Wl 3 am ol Sl 0 3 yiaad! $5bad A sl e 8,350 69211 Al :13.9 JSAI
JPSION|

Jaiy mhadl e 3y cbladl galas clliSy (14.9 JKadl) sW gl e Chydoll ol bl aatud
.‘zgda..««.” )3‘9_ﬂ|

Herman Eisenbeiss/Photo

Researchers, Inc.

el yianll Jady s Wl oo e ilydidl (39351149 JSal)

122

https://manara.edu.sy/




2V

ojli_gJl
Insects can stand on the surface of the r\4/‘:/'«::1\::2:N;;RS\I/::e|| as floating plants and leaves on the surface
due to surface tension.
zhadl iy HLADYL elell e Lel oo o bl 3920 Aasls dalaill slslly Ogabiall (e JS piny
RFAECRING
Both soap and detergent are surfactant, allowing water to spread and moisten the surface to be

cleaned.

(Surface tension and breathing) (waiilly glowd! y59!

8y b Camiy JSAdl 29,8 (29 (15.9 USAd)) coplsdl (£ Bpdie g e Glud¥l (G5 Gas
i) eladl o €Oy 5 O Jols A Jsm9 g5 | cluasll 4l § 0.15mm 3] 0.05mm
el
The human lungs contain small pockets called the wormhole, which is spherical with a diameter
of 0.05mm to 0.15mm at the end of the pulmonary bronchi. Its task is exchanging
CO, 5 O, between inhaled air and blood.
Blad i zhaadl y5gall Aays oS 1308 (s LU (o Adle i (omm) ol Bilug bl oda Calas
AP = zyladly Joladl o basall 40 3 $yd la 0585 ol aall mhaadl y3eal) dagal Lglue
o1l Ledlialg Lasaas ) (oady Py — Pyt
These wormholes are coated with a mucous liquid (containing a high percentage of water), If the
surface tension value of this liquid is equal to the surface tension value of the blood, there will be
no difference in pressure AP = Py, — Py, between the inside and outside to extend and fill

with air.

LWl 85, § B30l sl 115.9 JSA!
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The wormholes produce a surfactant in the mucous membrane (leastin), its rate increases during
inhalation and decreases in exhalation so that the surface tension ratio to the diameter of the

wormhole ¥ /21 remains constant.
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The Ultrasound waves (US) & medical applications
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The acoustic waves have a spectrum called the acoustic wave spectrum, which includes an
intermediate range extending from 20Hz — 20kHz, which is the range of sound's
frequencies heard by the ear and at the same time produced by the throat.

This spectrum includes three main ranges:

1. Acoustic sound waves.

2. Infrasound waves.

3. Ultrasound waves.
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Longitudinal waves, pressure waves or compression waves that belong to it the acoustic waves

used in the Echography, where vibrating molecules or body vibrations (e.g. pulse rings)

vibrate in a parallel direction to the wave propagation direction, Compressions and temporal

expansions, corresponding to Crests and Troughs in transverse waves. Sound waves spread in

the air in Longitudinal waves.

Led abodl Gauk iy maddl g 3 pusiady cilsll 3 ,adis ¥ @ yadll 7z 1gel ol Asls el #1961
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Transverse wave

As the hand pumps back and forth, compressed regions
alternate stretched regions both in space and rime.

Compressed Compressed

Stretched Stretched

Longitudinal wave

(D) Alshs 3509 (@) Ausiop 3290 2,10 JSAI

Transverse waves or shear waves that do not spread in fluids, and are used in tissue palpation and

the diagnosis of tumors. A wave propagation in a spring or a string causes vibration of the particles
of this string up and down in a transverse direction quadrature to the wave propagation direction.
Zall 5l 89,1 sl sdn @bl pal oo Amge JSA e Lo s § Bglia¥) Ayl Al
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The vibrating movement propagates in a medium in the form of awave. One of the mostimportant
parameters of this wave, are the Crest and the Trough, and the Amplitude which represents the
maximum high of the Crest or the Trough to the basic level. The wavelength A is the distance

between two consecutive Crests or Troughs, and the frequency fis the number of vibrations in one

1
second. The period T = j:is the time between two consecutive Crests or Troughs.
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The application of a pressure difference between two points (acoustic pressure) causes the sound

wave to propagate between these two points, just like the electrical current.

A A A____BRA R AR_.. _BRADRJA.

Density

' Equilibrium
density
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One of the most important applications of acoustic impedance is the Echography, which depends
on the recording of echoes coming from different tissues with different vocal impedance, where
the reflection’s coefficient is greater as much as the difference between the impedances of the two

tissues is greater.
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:(Properties of the acoustic waves) 4 gl Gb.é!\ saibas
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Acoustic waves have acoustic characteristics similar to those of light waves, such as reflection,
refraction, interference, and diffraction.
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When Ir = Ii, that is, the reflection is perfect and the surface between the two media is a sound
(acoustic) mirror.

When Ir = It = 0, there is no reflected or even refracted wave, this means that the surface

absorbs the incident wave totally, and this is known as acoustic insulator.
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The Echography technology enables the imaging of the body's internal structure by echoes. These
images represent a major medical victory, as the ultrasound is able to penetrate vital tissues,
allowing the human body to be explored without any damage to it.
resd A28l 3529 e Glal Lo Ol el G Cne a9 pBse dpmt Ll el Sk el
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The doctor can now locate a specific tumor in the body, and reveal the presence of the pursals
within the ovaries as well as control pregnancy without the risk of damaging the human tissues.
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An ultrasound wave is generated by an Piezoelectricity crystal that convert the electrical signal to
an acoustic sound signal and, conversely, convert the acoustic signal to an electric pulse. The
Quartz crystal (SiOz) is the most common type of these crystals. They have the ability to expand
and contract permanently and periodically by applying voltage differeces between its two ends

producing acoustic waves. Conversely, the application of pressure by a sound wave generates a

voltage difference between the two ends.
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This piezoelectric crystal converts the incoming ultrasound into an electrical voltage and is
therefore called a transducer because it transforms the electrical signal into a mechanical and vice
versa. A transducer may consist of a number of piezoelectric crystals. The principle of the work of
the sensor is pulsing, because its component elements receive and send the waves at the same

time.

131

https://manara.edu.sy/




ZY

ojl_oJl
oo il kg Abis S 5ypLl| diaie 3 Gy 3] Sebsadl ugemi shz (§ oY) | el iy
Lyl cuyas duay (acoustic lens) dbge dude ausy i Bygldl (e Spaball Abguall Aajadl uels
(7.10 Jscad)

Without acoustic lens

~

wWith

_~Acoustic lens

Beam focused by the acoustic lens
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Best of luck my dears

Dr. M. Moualla
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