[

6jlioJl

Faculty of Dentistry Jbimid | wala dulS

dudal ) sbiydd] § pio
S ladd] syl

2021-2022

b g yied

U 2| Dty .

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



ay

6)Liall

MANARA UNIVERSITY

+963-41-2335301 Jg—o aoljg¥l wala ilel ggpitall dLyguw (18331 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



6jlioJl

yib! Gl pdo

dadal) Jualdl) ylgic

sgdall pusdaiiag <l iyl

T
3
E

T e

Aghall aclaplaiy )l

@
E
; E

o

=
.
E
E

ailgall diSsalisa
115 Jilsad) lile 5 el Jara 2ealil) Juail

QM\

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



Py

6jlioJl

Contents of the Course

Title of the chapter

The Electromagnetic spectrum
(EM)

13 Optics: The light and the physics of | Chapter one
human eye
37 | The Ultra Violet (UV) Radiations and | Chapter two
it's medical applications

47 The Infrared Radiations (IR) and it's | Chapter three
medical applications

59 The X-Ray Radiations and it's Chapter four
medical applications

The Terahertz Radiations (T) and it's | Chapter five

medical applications

75 Nuclear physics and Radioactivity Chapter six

The LASER and it's medical Chapter eight
applications

Fluids Dynamics

115 Il Gas pressure and liquids mechanism | Chapter nine

The Sound

137 The Ultrasounds (US) and it's Chapter ten
medical applications

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

6)lioJl

JISd) gu phid

15 Slly V1 Sy gl 1.1 J<al

16 Sl 1 LS igils 2.1 Jsal

17 | Taxise s guall Sl (D) . abilil) (e Lt e gall il (@) | 3.1 JSal
ALl e

18 pyuall I SN ulSaiV s Al 2yl 4.1 Jsal

19 pyuall I 20 ulSaiV s Al 2yl 5.1 Jsa

20 s il Gan g guall S A ey 6.1 Jsal

24 @58 ) 7.1 Ja

25 o gall Baziag 43 jaa Ciluae 8.1 Jsall

26 o G dpane duae GilA Gigliag s Jla S 9.1 Jsal
el

27 | Gis O auall dane dusae ol pomiag | ety Jus IS | 101 Jsa)
g

27 i) Cpall sl Jalos V15 oL 11.1 J<al

28 Cahall Jlae paa N1 4355 e U gl A gall XAY | 12,1 JLa

(Optical light) Al
29 ol 4 pead) daUaal) Cigan 4401 13.1 Ja
31 | 25 JLa O avall (diverging lens) sassal) dvaal) Jis | 14.1 Jal)
1Y) puall (g ials sy |

31 sanse dde aladinly sywal) Cpall dallas 4401 15.1 Ja

33 4jie duae alasiuly (Hyperopia) bl s dadlee 401 | 16.1 JS

38 g s oSl Caall e Tl 36 Aad) cV | 1.2 JSA

39 & WY1 Ay 955y ds s 2.2 Jall

+963-41-2016

+963-41-2335301

Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833
Syria, Lattakia, 10" Project, Behind Orange Mall

www.manara.edu.sy
info@manara.edu.sy




ﬁ S; /

dool

ol Gl clade b (ye55Y) lSang IS 3.2 J<al
42 UV el alatinly dpdall il agies 4.2 Ja
42 UV dxdl alasinly Gl 5L aied 5.2 J<a
43 | ellyy dadndl (35h AxiSU \gumyyad vie Bl mag sl | 6.2 JSa

el LS5l lag
44 UV J 4asl Jd e DNA 3 cd) 7.2 JLal
47 emrlaling 5 5eSl) Calall peia ¢ fpenl) cind AadV) eV | 1.3 Jgal
49 35 anall ¢ Lall Gl b 2.3 gl
52 (A) ansll e syaball ¢lpanll it 4 dya 3yp0m 3.3 J<al
(B) Ceills
53 | A Ty sball Ghlall e @l Jaill Gph e shall dals | 4.3 il
T, 53l lald)
54 | Sl) shedl wdin s (hal daall Goh e phall dils | 5.3 Jsa
(Bl ) elsedl pmiasy o A AoV sad cALU (il
LAY s 3l

56 Aall 3k ge Al ddauls 3)hall dals 6.3 Jsal
57 | a4 ooy appd ehanll cnd 2l Apla bsa | 7.3 JSA
59 | esuall halina o<l Ciplall aua (X-rays) ) 222y | 1.4 Jgal
61 Auad) 423V ad g 4 2.4 il
63 el bypeall 8 AaHA ) sl Bhlic cpls 3.4 g
63 @l el gl 4.4 S
65 (CAT) wosnal) abiall sl Slea 5.4 Ja
66 Ol 32a) Unpsy doe a3y 5uma 6.4 Jil
67 il el sild) ypaail) Slea 7.4 Il
67 bl Lla 3y50m 8.4 Jsal
68 oSl il g 9.4 J<al)

+963-41-2335301

+963-41-2016

Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833
Syria, Lattakia, 10" Project, Behind Orange Mall

www.manara.edu.sy
info@manara.edu.sy




[

6)lioJl

o it A a7 lsaly ol JolS Sige il ypn

Jaud 482y (ol alia Byseall 8 say L4lh Bid0s dews | 1.5 KA
A asall e 43l Jumy 2 3Lyl g lad) a9 sl
(beel) il

73 | .okl 50y e AV lle Jseanll i sl 8500 1 liay

lede Jpemall 5 Sipabll dasly pull 3 a0 50 il | 2.5 2

sebaia¥] clily e sldieYl
78 sy Aajad 1.6 Ja
79 @A 2)5853) 7 gl 2.6 Jsal
83 SESH 20al) Lpngliy Kl Jals ) 8l Lo i 3.6 Jal
84 a5l Bl V) Al e alaie Yl 4yl A6l 2l 3yl | 4.6 J<a
89 SN ) sl 5.6 J&aill
93 Lle l& Cpaca CadlSll Jae 44l 1.7 J<al
94 ol <) e ae e A Sa Lle )yl 2.7 J&al
95 @3l ol We .y SPECT Jles 3.7 Ja
96 @5 sl & PET I Slea dac Tas 4.7 S
98 bl gl Alatinly any e Ol 5.7 Ja
98 lelad) Jayiiall Adanslgy ull alyl z5ke 6.7 Jsa
100 Jin dgmsn Gamgphigl) 853 (sigpl A€aall ) s 7.7 Jsal
B oaa asbine

101 A oambiie Jis dsag Ofied ) slall Bl il | 8.7 JSal)
102 | ool asdairall Coglatl) 4465 daulsy 33ale ¢ Laall 5y5m | 9.7 JS
104 ol 3 Ggiaall laayl o 1.8 Jsal
105 | 58 Dl dlee s o(Hls) Lo a8 M g | 2.8 ISl

(W)

-

+963-41-2335301

+963-41-2016

Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833
Syria, Lattakia, 10" Project, Behind Orange Mall

www.manara.edu.sy
info@manara.edu.sy




ﬁ S; /

deola
oAl A1) L) 3.8 Jsull
106 AL 3l g A 4.8 Ja
107 ol gl dalad) 2N 5.8 Jsal
107 iyl 15l Calide laa) Jlas 6.8 Jill
108 (0ol sl 3B 3o H3) gy dajdia 7.8 Jill
110 | leampps dic dabide ofgll aa alaal) dabide dpegeS Llas | 8.8 Jil)
ol ¢ gl
111 | sl ypeaill 8 darsind) NIR window LMl 38Ul | 9.8 J<all
111 il Gy i 10.8 Ja
113 ol A g oladdy) jia 11.8 Jil
115 dian jsere cSe o L haas 1.9 J
117 S siasile Galie 2.9 Jsa
120 a2l a8 aieaall 2830 e gilall (ulia 3.9 Jal
123 L) ey Alalae 4.9 Jsal
125 | Gl ye gl g i) aibiae ok o il gloa | 5.9 Jsal
(csloin Asles)
126 (TIA) Lt bl 4y 5 it 6.9 Jsal
128 Sl ol 7.9 Jsal
128 o3 ol 8.9 J<al
129 Aag ) dasliad gl Byl G el (38 9.9 Jsal
130 (b) das 3l e adll Gliyas () Aag 3l o adll Glasa 10.9 Jsal
131 SNkl elsel loa 11.9 Jsa
132 sl sl 12.9 J<al
134 | Jled) oon b il (g5l A ) e 35554l (g5il) dlasa | 13.9 J<
nbadl 55l Jeiy B aall s 8 s g5l
135 abadl 5l Jady oLl mha e ciyiall iy 14.9 J<a
136 Sl 5y b Ayl el 15.9 J<al
137 igigall z15aY) ik 1.10 Jsal

+963-41-2335301

+963-41-2016

Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833
Syria, Lattakia, 10" Project, Behind Orange Mall

www.manara.edu.sy
info@manara.edu.sy




Py

deola

(b) Aok dasas (a) Arcare Aase 2.10 J<all
139 | X ynall (Bh piin dagal dpulu) cilyialll :3.10 J<al | 3.10 J<a
140 sk dagal Sl Jial 4.10 Jsal
142 Agigall z1saY) Hluily (ulSal 5.10 J<a
144 | L5l 35 213k lle Jpanll & pa )l e (sin 3y5a | 6.10 JS4l)
145 A g dosde Ao 5y A5 gaaall Aajal) 7.10 Jsa
146 igall 358 2 lsa¥l i) Cadan lea 8.10 Jl
146 ifgal) (35 =15Vl Ll Cada 9.10 Jsall

+963-41-2335301

+963-41-2016

Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833
Syria, Lattakia, 10" Project, Behind Orange Mall

www.manara.edu.sy
info@manara.edu.sy



[

6jligJl

Jolaall gu ki

18 Mgall (e Al LSSV A3 1.1 Jsaall

38 Gl (38 dadY) ¥ lae 4818 Al g dage sk 1.2 Jsaall

82 @ Jsanll yualic (gaxy Lali)) 48l Lausie 1.6 Jsaall
+963-41-2335301 Jg—o aoljgdl cala piile ] eqpivall (Uyguw (A 1833l www.manara.edu.sy

+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

0jliaJl

o 2l |

Introduction

il A alsdally Calall e aall o)y A3l L) e Je by Gl J3Y1 i
ke o CiSad A8)la (g8 dsag eV () Casally Jeall oald cadl 8 oSy
Mg Al g Lguai

bl o e el daladl wilag (L) a8 a3l ae gyl Jiall sk aa (S
S lahally a1 e apally 2Ll Gas Sl e aal) Jisaity e i)
dly M Mied Aimae cpilshy dasSae Agmplall alglall oda G A ) layen Cacadl
liliasl Gl Cunilly Al ) s (JanY) ) Aaliil) Ja s Canns Adyral ¢ guiadl)
8 Bl Gaaale Ally IV 2l IS 5l 1 L Apilall 8 aladl agili delua
Aesl) lad Lpeal (e 4l Loy Leliall Ll o Ladll o 5le

Dol LAy Sl oy ccalall) aglall cVlae Cilida b asilly o) adieg
Slie bl Jlae 8 e lpadl)l o ulad <5 (AL clalal; 4l Gl
Al el teale oz Mally pandiill b desstioaa) dulal) 3362 Y) aline adind
e O (o2 5l el ey pldll la e Ladally (i y3all o el dually
el iy (gydal) auall Ayl 4l Cas ¢l e Sia cpulal) byl i)
)l 8y BaY L) anead Al clmeY) ypead Ay g AT aanas
Cile )Yy ClLESY) cllg el ¢pshail gailsell U8 (e seadll delia 5 e
Okl GLES) e L adlally pmpiiil)l Q) Jlae 8 Caediad Al Al
Al 22 CS) ey o Laally Calil] | L 5eSU dagladl 3ja apaal & Sl
bl ppaill 3 daphll sda aladiu) & oty aleld SWNI Syl JE o
A3 Ly Sing callall las e eladl)

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

nnnnnnnnnnnnnnn

Jadl & eledy) Llaall s Ge 3oy Al ) cuzil s dalal) Eila Yy
e 3andl sty delia G 33y . e ladY) goell Clall BaY Cie Lo sag okl
(sl alall Jlae (8 Aaaiiosal) z3ally ulilly sl 3gn]

)yl e ccilalaial¥) e aaedl dudal) o Ldl) cpanats

Apadill 2Vl s lya o

Lo i) 2ol oLyl

Joaaal) oLyl e

GAY) Glalaia¥) e paall ) dilayl

B gy s callall Claly aliee 3 Sgage (alaimnV) 3 G ) L sLEY) jaas
o) 13 8 o)sSa5 pfivale VL s hal Ba agd iy Loy ce Lyl ol odall (Ul

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



daola
Jod| Juaidl
dol yuaintel| Syt | s’y sguidl
Light & physics of human eye
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:(Geometrical light) gl s guall
dagiine Jaghad (38 Aalide 4lad Lalusgl 8 A gual) dadly) Hliml aily waigl) ¢ guall Capay
DSy (ul€atV) (il il aaads Aagiinal) Jaghadl) o3 ) Cam ¢ gual) aiall (e By0la

S biie 8as Cpdaus on Lo Jualh mhas ) Loy aic

The geometric light is 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.

llinks Y ALYl Apddl Gl o Llialy LSVl QIS ld dpaal i
e puall JIET Lol yiiay 5y ¢ oanigll ¢ gaall e oda W)y juaiiins csayall dyalal)

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

0jlioJl
UL JS5 g oty £ S, ¢ J20lly 7 LIS o pall Al Gl Jlably 5 13

o dgida Ll s AN ALAY) o328 Ay ) ALYl ( La) avall duall Lo aus

Aslia of Aaaia A

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) lusiVly qulsai¥) ¢pilgh

oSy oilids aled o e 3l gl g ledll o e JY) GulSaN) sl el
0, = 0;| Al Dl Gaams ol .0; 255l Lyl Ayslse B elSas) Ay

The first law of reflection states that the incident ray of light on a smooth
transparent surface is reflected at an angle of reflection 8, equal to the

angle of the incidence 6;. So, the following relation is achieved: (8, = 0;

The incident ray, the reflected
ray, and the normal all lie in
the same plane, and 6; = 0.

Normal

/ Reflected
| ray

Incident)
ray

i i AP

P PRSP WUV RETEIIED B9 Q%1
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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.

Op Jeady mdans Wi die A suall i) jpene olail  Cilad) iy ¢ gl Ll Cagey
gl e e sl Aabal) LY de o oy Sy ARESY bl (plad Cpdang

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.

el suall g Ledilly il Jgall g il e SIS o e B LS o9l ay

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

O L Loy dualyy ADle e Bl s (Sl Ui G5l LS 8 N1 sl W

A Al Loy ¢ bl Cppdans sl LSS s LSy 2555l gl

n, - sini = n, -sinr (1)

All rays and the normal lie in the
same plane, and the refracted
ray is bent toward the normal
because v, < ;.

Incident Normal Reflected|
ray ray ‘

A

01_} o y
Air : 7'1'1
Glass N\ Uo
N\
i Refracted

: ray

LSl I LSy g :2.1 sl
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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.

ail e L sl (Absolute refractive index) dllad) HLSiY) ¢ caypas ) ol
LS Sy v Lol an 8 e gl L) Ao ) C DA 86 suall L) de jus daass
:Alll) dpally CylSoa—Jaw (58

sini n, v

sinr n; v,

n (2)

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, v

n (2)

sinr ny v,
A eV Saa o) apkiis

JSall) mdand) oAbl e oyt puSid) g ledll ) a1 o7 < T = v, < 1y

(3.1
JSall) mhand) e ABUI e iy il g el of S V(<7 =1y < 1y
(3.1
S Tl 8 oyse alhy 4l cmhaud) o LUl 385 Lagee Ll g leill dpally L
LS e
‘ Normal Normal
When the light beam
moves from air into
glass, its path is bent
toward the normal.
When the beam
moves from glass
into air, its path is
bent away from
the normal.
Bl e Taxise ¢ gl LSl (D) LAl (e Liiia ¢ puall LSSl (@) :3.1 Jedd)
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So, we can distinguish the following cases:

v; > v, = i > r, this means that the refracted ray approaches the normal
N on the surface.

v, > v; = r > i, this means that the refracted ray moves away from the
normal N on the surface.

As for the ray falling vertically according to the normal on the surface, it
continuous its path in the second medium without refraction.

el Goand Fll LSV Aija 1.1 Jgaad)

n Balall
2417 (Diamond) (LY
1517 (Class) g
1333 (Water) sl

! (Air)ese)

(1.5~ 1.4 JSa) (B) daad) Al (1 = 90°) S i) AL 35 0) dyly o
Al Al ass s

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

Taws il 0 I 15 (e o) o eLall) 3yl day JLaH cf N M ol
(1ol sVl

Total internal
reflection

couall S R0 Syl Al sl 141 JSE
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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 8, is 90° (ray 4). The dashed line is the critical 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.
| |
| J
[ /
Normal | Normal |

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

o guall IS I alSaiy )y A sl ) 151 Js

Oo il sl o ledll apkaivg ¥ laaie dAagall Ayshll o3 250 Aygly yslas 1) L
Copns Lo 385 2 as WIS ey Ll (LpuSy Y 3f ) (380 T g iy IV dasssl
Gl 8 Jull s LS (Total internal reflection) JSU Jalall GulSei¥) 5yl

(6.1 Jsal) (fiber optics) 4 gzl

The angle of incidence corresponding to the angle of refraction (r = 90°)
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.

sle Al Ayshll )sS AESY e Jawg ) AESY (it Jans (e JESY) Alls b ]
(Al AL Jaats of = 90° la)ya a5,y gl ALE) L&Y dugly e
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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 = 90°) and is given via the following relation:

o 1
1-sin90 = n.sinB. = 0. = arc sin (;) (4)

LS oy L) G (I s oDl e lsall) 25550 oy Sl (s M 1 e Caa

s il Gana s gaall S RN GulSadY) 6.1 JSa

L) 555 A5l Aam L3 4l gy« el s e )l 8 (alay b il 1] gy
adalll Aoually ¢ guall LSSl Ayl Aa Conenl bl dpuilly 35°

Slo dran ()lS—dain 5 8l8) S LK) 9l Gadaiy 1 dal)

n,-sini = n, - sinr = r =25.54°
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n, -sini = n, -sinr = i =70.12°

N

n =1 Air
n, = 1.333 Water
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n, - sini = n, - sinr = (2.417) - sin6, = (1.00) - sin 90’
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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 ny, n,.

) < Ny

(s S w171 Je)
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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 p to the head of this refractor, refracts through this
refractor forming an image for this source with a distance of g to the head
of this 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:

(4)

n, Ny MNp;—MNy

» ¢ R

Gindas e Bale ()5S0 g8 Ay KUl U e GBS aaf e (LENses) cluaell o
O e sl Wil Baasial) Lgalaladiind Cun dals Lpaal ld by e S CpymlS
Al b Sl (Microscopes) 4sisall jaladlls (Reading lenses) sehsl) cufjUss
Gluaall o ulul (S5 ades (Cameras) wiywlSlis (Astronomical telescopes)
LS alsas

alaa¥) Aahie sl Ge dal) sresd & Cun Slpeal) e 55 deliall gl s
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.(Biconcave)
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. . Biconeave
convex meniscus  meniscus  concave
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One of the most famous types of lenses, that are used in various medical
fields, is what is known as thin lenses, where it achieves a famous equation

between both, the focal length f of the lens and the distance of the body p
and the image g to this lens. It is called the thin-lens equation:

(5)

1 N 1 B 1 )
p q f
Front Back

Principal

-

¥
]
-]

+ p

e o Ga ddiaae duse A Gigliay i JLa <519, Jedd)
cd) 8 el L) dusal)l Gla IS 1 liay s il Jamdl JUal ge Jsis
Sy Al el 4y 13) umiay (ats 48] Jsiig (91 JSAll) dunse gpsSis (pdad
(10.1 Jal) g
We say that the formed image is real and inverted if it is behind the lens

(as in the human eye) and g is 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.
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When the object is between the
focal point and a converging lens,
the image is virtual, upright, larger
than the object, and on the front
side of the lens.

Fromt Back
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Choroid

Retina
Vitreous humor
Fovea
Optic disk
(blind spot)

Ciliary
muscle

Iris

-Pupil —
Lens
Cornea—

Aqueous

humor
Sclera g )

Art by Robert Demarest from Cecie Starr and

Beverly McMillan, Human Biology, Sth 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.

-L'I-‘[] 498 Sfa—l i

100 —

Mormaized absorbance
b
]
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4000 S0 [Eny 7000
Vieler Blete C van Green Yellow Red

W avelength (nm)
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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, Allowing the possibility of
forming a clear image of objects on different distances of the eye,
beginning from the near point until the far point.
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The near point is the closest distance, so that the eye can form a clear image
on the retina, it is 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 P of 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)

i) ey Ll 5l 5l 3l e Capaiy (Diopter) 8wl exi saals Guliy
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A=37D 7

) A 3y ) D 5 IS A 3y ) e

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)

SN
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When an object is anywhere in
front of a diverging lens, the image
is virtual, upright, smaller than the
object, and on the front side of the
lens.

Myopia

Parallel
object (amm Swant

Myopia Corrected

‘ﬁ' s foom distant
J Foessill

Virtual

Bane dte laxiuly (MYOPIC eye) 8ymal) uall adlas 1 :15.1 JSid)
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In a myopic eye a person is able t0'se€ hiearby objects 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 oo,

does not fall on the retina but in front of it.
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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.

Ll s Y Jall 138 o cadde 13) L el diie B il pend e day Sl 1400
SaSy (Al sda Ja Sy Ja Ldie ddauls 80CM (pe 2zl ddlisdl

:Jal

Bazie dude aladliuly ASAAl 528 pellad

80CM & Lanyall (saall ddass

q = —80cm a5 s cAudall s2a Aaulg (p = 00) LD A sl (S JLA)

14838 1) dael) Adalas (e

f
= —1.25m™1 = —1.25D

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

6)lioJl

(vaeropia) pad) (e Ji da

Sl 5l ane A< (e il ae Ala 8 (el ey laill jad Alal AuSles 8y
G s Bl alaal) Ay, o S0l sS4l s (8 s Al slall Ay
Lmidie 05S5 dudall 5yulSl 55l o 3) (Al dually a8 AGe ) L ey
ISy S A8 sady sl alual) e Ladlall il AV S ks Yl
JSal) (las S sy omall all) A0l Cals JLal IS Laily €00 e Jla

Z\_u_.)sj\ e\.umij\ 538 :\_&) L':A C}m} e.ﬂc c;":’ Las 6(161
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 the cornea and the ocular lens,
since the refractive 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.

(Ol 5pulSH 35l a3 Lay Gy Apjie e Aladinly gyadl Cuall 13a dallas (S
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When a farsighted eye looks at an object
located between the near point and the eye,
the image point is behind the retina,
resulting in blurred vision.

A converging lens causes the
image to focus on the retina,
correcting the vision.

Converging lens |

Mear MNear
point point
o} o
Agjie e pladinly (Hyperopia) bl e dallas 441 :16.1 Jsid)
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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 it

strongly to form an image exactly on the retina, which means seeing these
nearby objects clearly.
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What is the difference between a myopic and a hyperopic eye?
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The Ultraviolet Rays (UV) & medical applications
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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
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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
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on ozone and the upper atmosphere layers, as well as its effects on living
organisms on Earth.
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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 0zone molecules needed to form a pure
ozone layer at a thickness of 0.01mm at 0 ° 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 it is about 100DU = 1mm.
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The Sun rays (ultraviolet rays) disassemble the oxygen molecule O, into 2
active oxygen atoms O, which combine with the O, molecule, forming an
ozone molecule (O3). 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 UV 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 /Us/minutes. Where the
UVB range is responsible for this, despite of its low rate in the UV rays
reaching the earth surface, but It is warned against long exposures to the
sun due to the high energy of these rays.

This vitamin has great importance 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 UV A 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
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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.

Before After
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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.
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The light of the welding produces S6me 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): (0.75um, 2.5um) A range close to the visible
spectrum and used widely in communications and night imaging (night
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vision and security cameras). Most of the near rays (NIR) can penetrate
throw the earth atmosphere.
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Middle Infrared Rays (MIR): (2.5um, 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 200um 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 pérfect 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 unit surface 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).

10 Fultraviolet | visible infrared

Intensity /

Wavelength A
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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.

E(watt/m?) = oT*

Where ¢ = 5.67 X 10 8watt - K=* - m?, 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°C in normal 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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It is 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 = AeoT*

Where A is the area of the radiated surface, T is its temperature, o 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 0 to 1.

i B Al oy 4 sl Jansgl) ol Gl il ol QL) pen o ) ALY
AN Al aaty clgie and ) ana Gaiag

q = AeoT'*
Aha dapn g by AT pball dapn 50 lad)) aus 42y Lo la 1 UL
Sl Al Jany T

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

8)Liall

q = Aea(T*—-T'*)
sl buglly avall 5ha (s G e (@hall gLl 1 adiag
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 = AeoT'*

And thus, the radiation of the human body with temperature T in an
environment with temperature T’ is given via the following relation:
q = Aec(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 e = 0.98 for various skin
colors. In addition, and thus it's called gray body. The maximum
wavelength of human body radiation is 4,,,,, = 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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The opposite ends of the rod
are in thermal contact with
energy reservoirs at different

temperatures.
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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.

Ol Caghy dind ¢l 138 Lymia gy Aaynall Jalusg ¥y Ll a8 ladl Jolis (3l
O (0meddl) Gl Alaie Aalue (alisil Ca Jege dphal) Zlall Q) Jae (S
Al s 8515 GV G Lo el didaie dabe Jili sy Gllilg ¢ L) anmg o))

(el 5 id) @hall Jil 2y Jalss

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
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.

:(Evaporation) Al
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Due to the evaporation mechanism, the human body is able to maintain its
internal temperature (about 37°), 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).

Lagady (bl aua Gava dypcmal) Al als 4 o Blall g @l o Cagl)
Glsiy) a3 Apalaall 50a]) et 5hal) Aayd g1V Tan dulua oad Al gyl
ol Al 23l ) Sl Q) Gk ge Qe s Bla Ay oSall e Al gl
glladl 50yl

Ola dame 3L Y s L S asene JN die o Canall 8 dyseall Bae V) s
Ji) Al sl A gl U s Lee Bl sad Al sylal) Jlam Ul )
oe Al syl dayy e Aailadly anal) aghy BAl Jiad 4l GSally (b
AN sas Agnall dpal) Aalall AueS jmias  Jllyg gl e ) Gacai Gpba

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

Al Gyl e Al daudy yhall Jalis :6.3 Jeid)

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.

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.
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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 distribution of this body, Where
temperature variations 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).
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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

Wilhelm ) cais alals Sl S5l ) 1895 ale dxill oda LS| 3 Juadll 25ny
1901 ale el & dosi3yla Sl ~ie Cus ((RENtgEN

CrleS agas Sme ARl (gonas olsel) (e fke Capl il de ad) (g Jaa
Cymy Tan 508 Am Bl g S s sl o Mo dea (38 Gl e 4ld
Gobas gy CaiiS) Bay L sel) Jab mhan e lghagiu v 58 (sl Ll
LaY Cua cdyyshugd daghias 45 o3a (G ding) 4 aaas Levic 2aiY) 538 3)08 daaal)
3 b Ledle LRl L) aual Tielad Bypem Jol ol CulSs oy alaal §ypem JS
Al geae il LY X dadl Y

:(X-ray properties) 4zl daiY) Galsd

s puall ushaling g oSl Cadall e s3a IS AudayeS zlol Ll dyindl sl Cape
c‘;_b,d\ ;5..4!1.1 2\_1)13.4 (OOlnm, 10nm) ;\J; et SO :\:t;}a d\}l:j Sbia c(14 dS.uﬂ\)
(10%eV,10%eV) o Lo sl Adle dillay Wl s oy

< Increasing Frequency (v)

10'* 10'° 10" 10" 10" 10* 10° 10* 10° 10" v (Hz)
I | ) | I 1 1 I

UV‘

»

10% 10% 10
| |

Y rays X rays IR Microwave |FM AM Long radio waves
Radio waves
I I I | | | | | I I | | |
107 o™ w02 1w o 10° 10 10 10" 10° 10°* 10° 10° 2 (m)
Increasing Wavelength (1) —
vosaall slaling s 36SU Calall ana (X-rays) duisad) x5Y) :1.4 Jsil)
+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy

+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



Byli_a
O3Sl Aad il Leidsii Aaxy cgpdl) amall e Ml e 3yl deY) sda ellia

Jaalg 8 aadiill

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 (10%eV — 10°eV).

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

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

deola

8)Liall

the image taken to the body but canbé 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.
:(Generating of X-rays) 4wl 4aiy) 2
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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 a very 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 is 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 1° to 180°. 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.

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.

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 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.
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Doubtable skin surface, point by point, ¢an 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, 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.

:(Nucleus structure) 31gi) 4.y
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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.

Z N 22l ey e gay Sl ST ST 2l gluse 3lsill & Gligig pll 2o (65
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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 a nucleus) is what is called a
mass number or the number of mass A. Thus, the number of neutrons in

the nucleus is [N = 4 — Z|. In the general case the nucleus is represented

as follows:
A
7X
A =235 :JBa

2220 = 7 =92
N =143

onened) 53 BRT 3 L ousltia e Legh aalsill Sy JHSH aaall o s i) oy
) Jas e 1H

A=1, M, cieus = Mp = 1.00759amu

ool Al saalsl) _ag ¢(atomic mass unit) apall JiSli sasly ) amu el dua
lamu = 931.5Mev sbds eyl J)
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, M, cteus = Mp = 1.00759amu

Where amu 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(A,Z)=m(A,Z)+ Z -m, (1)

Assuming that m(4, Z) is the mass of the nucleus and M(4, 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:

M(A,Z)=m(A,Z)+ Z -m, (1)

(Nucleus radius) 8lsill jhé Cias
Juzail) laalasl (el lSay Camaal) (pag iy 0S5 Caypy ¥ AT alle Lild asy 515l a3

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 a 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 a particles (i.e. positive charge), in addition
there are empty spaces in the atom.

ad) Gl 35 3) Hygil e L3l Jlave e Lalell Ll e 235835 (e Sl ey
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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).

legansis O Clapn Hlaal 228Ra adie auan (o ouslasd (<8 (1.6 JSall) a8
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The experiment consists mainly of a radiant object 2235Ra for radiating a
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.

Source af
alpha
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The « 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 a particles had crossed the chip without any deviation and
a small fraction of it could not pass through, but reversed. He concluded

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

deola

8)Liall

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 a 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.

el ()M Andad 3)58)d) amg lld ) sl
According to that, Rutherford developed his famous atomic model.
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Dgitper = 3.2 X 10™14m, Dgyyg = 3.0 X 107 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.

DSilver =3.2X 10_141’1’1, DGold = 3.0 X 10_14771
) AU DA (e A 20 A G Byl R B oo oo 5 Y

R=r,-AY3 (2)
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The radius R was then later calculated in a rough manner and in terms of
mass number via the following relation:

R=ry-A3 )
The volume of the nucleus can then via the following relation:
4 3 4 3 4 3
V=§T['R =§T['T0A=k.A ;k=§n-r0 (3)

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

(Nuclear binding Energy) 31sill Jalsi,) 43la
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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.
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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.
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Eg = AE = AM - C? (4)
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AM =7:Mp+ N M, — Mpycieus (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:

Eyz = AE = AM - C? (4)

Where C is the speed of light, E is the binding energy of the nucleus, and
AM is the amount of mass reduction given by the following relation:

AM =7 -Mp + N - My — Myycieus (5)
050 Z 5 s N e A3 Sall 51l o ALY 8 (3380 by (55530 ol V) Aala aaai 13
o3 pand Aeaiiivual) A8l ¢ 88y ABKN 3 55l o Cus (gl o2 IS £ gene O

Bl g g i 3l

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.

Mye = 4.001493 amu o Lle casbigl) 1510 BIKH Jalii V) 48Ua dad canal 20y
Ay )] i ISl o2 ABS Aad alis s o(2PH2N) (s g (higis e (se psaligl) 8153 55
2Mp + 2My = 4.031882 amu

(4) Dl e Taldie) ALY 5 (abil) laie Caway Nl

AM = 2M, + 2My — My, = 4.001493 — 4.031882 = 0.030389 amu

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



Py

6JVL1_0.J' oJl
E=m-C? sidyl Aolae shainly Laly¥) 2ls Qlas gl 4ieg

Mev
Ep = AE =AM - C? = 0.030389 amu x 931.5 P = 28.306 Mev
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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.
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Element tH. | 3H | 3He | 3He | 3Fe | 233U

Eg/A (Mev) | 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 big in 3He, which is the most stable atomic nuclei. Then
the energy decreases relatively by the formation of 3Li and then increases
to reach a second maximum at 2C, then it drops slightly by increasing the
atomic number to a third maximum at 1§0. The binding energy reaches up
to its greatest value at 3¢Fe, then begins to drop slightly until it reaches the
heaviest elements 235U.
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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.
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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

>8Fe), 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
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increased, and then reach the saturation state at 3¢Fe where the value Ez /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.
) (4.6 JSa) cdilall 2 ) b Bali¥) d8la Dl (Se
ISl A0 (553 zeadli Cuns ¢ 5551z Ladi¥) a5y (A < 20) diial) pualiall g 1
.51 33
S 5uS slg e Cua gyl SR Aaslsy (A > 150) A& jalial) e .2
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The binding energy can be used to produce energy, either:

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

2. Of heavy 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. They are forces of attraction to overcome the forces of repulsion of
protons within the nucleus, but at distances r < 0.4fm = 10~ 5m 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).

2. Their effect is very short, up to r = 1fm from the center of the
nucleus.

3. 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.
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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
1.2fmto 0.6fm) and are responsible for nucleic coherence.

2. Weak nuclear forces (Weak interaction forces): short range (< 0.5fm)
and represent a force 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 233U.

(Isotopes) Aadiall 439ilf il

Sy (Z ) axall i ) cligio ) axe Gt lalgs el iy Ll iUl Capes
(gl ) Jlae (8 alag ety yon Canli ag (A A ey g) Lt i aaey i
@M\&ﬁ@aﬁy@g‘jw\wﬁhmﬁbx @%wg\dm

A a8 Axidd 2l Can ¢ grina 5 gaans

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

1. Isotones: nuclear elements that have the same number of neutrons N,
such as 12, 15N, 150 where these three isotopes share N = 8.

2. lIsobars: nuclear elements with the same number of nucleons A, such as
11¢, 12N, 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).
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Radioactivity is defined as the transformation of unstable nuclei into more
stable nuclei by emitting a specific particle or photon.
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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.
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In the first case (Z < N): 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 f — decay.

n—P+e +v,

The electron energy produced by this dissociation is very high, so it is
ejected out of the nucleus. This electron is often symbolized by ™.
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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:
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1. 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
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construction, leading to a radiation known as X-ray fluorescence, which
is used in the field of nuclear medicine.
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2. Or the 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 e* and gamma-photon v,
according to what is known as reverse  —decay (B*) 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).
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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 following nuclear decay:

99MTc - PMTc +y

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

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.
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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 that it only crosses the
photons parallel to the tubes and the other are absorbed by lead in order to
form a clear image of the studied organe. This 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.
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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 result is a huge number
of electrons (the optical ray is amplified to about one million times). This
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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.
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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
(360") to take an image every 2° — 3° with a time of 15-20s per section, so
that the total time is 15-20min. Special software is used to process these
images.
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(Two Photon Emission Tomography, TPET)

(Positron Emission Tomography, PET)
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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.
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These two photons fall on oppositepairs 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).
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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.
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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 f —
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).
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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.
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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:
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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
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intensity of the applied magnétic field according to the following
relationship:
AE == kBT

LK CadEal caling ks cul g ko G

Where Kk 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.
Glaay aladinly @lliy joaall gasll §f adaiall 5)gen JiS55 Al Ul Aallee Sa
On oo mall Lo adiind Adida gy Ran 6 Bypea (b A3l Bypall of Cua dala
coadaiad) Ll b Ly bl Sl paas Jalls At gl

The recived 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.

Scott Camazine/Science Source/

UHBTrust/Stone/Getty Images
Photo Researchers, Inc.
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The LASER & medical applications
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(Light Amplification by Stimulated Emission bl mllhaddl jlaial ag

.of Radiation)
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MASER (Microwave Amplification by Stimulated Emission of Radiation)

(Laser Emission) _jlll Jlaa)
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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 stimulated emission, a photon is
released from an 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.
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When the atom flls from the excited
state to the ground stte, it emits o

photon of energy Bf= E; — E.
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The electron is transferred from
the ground state to the excited
state when the atom absorbs o

photon of energy & = B — Ey.
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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 it in 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
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state is almost zero, because thé“stimulated emission is increased by
increasing the number of the excited atoms.

oo [, — —Sesesses  p
—sseeeeee ;o »e 2

(e S8 D Alaey o(Hlas) Lo pun 3 A anda 555 :2.8 S
(Laser Parts) sl wliga
@) a5 (oY) anll Leny Ay aludl Aag)l e cdalall Al 5l Sl oS
ASasl) b il oo Ble Lagd aablly bl W ¢ )5l d8la aie B el Jasso

(3-8 Jsa)

. A

W

ol iyl 2Ly :3.8 gl

I
/

|

o Al s Adia (6 B Cgiaal laadl Biae 33l e Ble seb ol Jangl dually
Sy O 30 L AulSaY) e Cuaas sl Ciysal e Baalsie b Agle

(o e i sl (SleS Ul e Bl 5% 8 A8l aie dauly S
S alall o gl i dpevia Adplay Giifine (fiesSle ihe o Caygatll ol (son
oy ST IR ¢ sl s ) o)sn g5 e s ey IS )l T Tl Ly Llad
A0 3Tl Walg Liled o puall 38 piad Lol Gy LpnlSai) 520 J5V) 3Tl (3685 -l e

A 328 die zylA) pa Sl 5l g ladd e S Lo 4863 <8

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



5 2‘”"'—‘3@ sl

L Eq=179¢V

225¢v \N\N\»
1.79 eV

o  as S oY A ) Al S

LAl g A 14,8 Jsad

The laser device consists in general of four main parts. 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, it is 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 at a certain intensity.

e ol 13a o< L (Ruby laser) S8l 5l duads lalada 4.8 JS&) 4 jelay
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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) 1 = 200nm.

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

gl <yl g 15l aal (pe
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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 a Halogen 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,

these lasers are used in the treatment of corneal skin 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.
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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 light in 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 Hb in the general case and the other is a near
infrared light 830 nm absorbed by Hb02, on one side of the finger.

By measuring the amount of light passing through the 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 & Fuids 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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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== (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 at sea level.

latm = 101.3kPa
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Liall uld 8 deadiiusad) (a8 claalgll o e Jarall 13gd il el adand)

datm = 1bar = 103mbar o &us millibar § bar L Gayy L
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One of the reasons why a human béing 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.

Jall) (Manometer) jiesilall (ulie sa Jaal) (uld 8 Geodiis) Gunlial) el o
L) alind (8 33l (e daeS (gsm U cipa 0S5 o alay il e (058 525 (2.9
Cophall Wl alall o lsell (e 7site 4yl aal 5S) Cumy o Biyal) JSA 8 inge 52

cgsal) Tarall Ll adaraza s dyall Sl gy sleg ) Jagd AN
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 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

Hg

L i) agsile ulie :2.9 JSdl)

sibal) oyl sas 3l by ) (goall Taaal) e ST adain Sle (gsnasley Juas (3%
e (sl AN Caplally Bjlae Caplal 13a 3 B3 e i)t Les sV (e
gl uis ellici BY ddasill (K5 ¢l Adats) B adaiil) aie 353l Jariay jlall haka
(gsall biall slue seé C akiil) & baaal) Ly casall e (i llas 8 B Akl
A (e B dkai) e Jaxiall oy
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Pp =Py =Pc+p-d-g (2)

A AL il s e daial) 58 s (S 4y
AP=Py—P-=p-d-g (3)

A gl qsiee gn WU ((p = 13600 kg.m™%) o)l BES 4 p Cus
Ay dpilall gl

oall Iaxuzally Sl daia o (3l o8 (75380 sl iyka o) Ayl g anbs S Lo
(gauge pressure)  owball baalls Cayeg Lo sag

Pgauge = Pups — Patm (4)

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:

Pg =Pgp =P +p-d-g (2)

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

AP=Pgp—=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)
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Pgauge=p'd'g

Gas | Air

15cml
= | 30cm

Pyauge = (13600kg.m™=3) - (9.8m.s~?) - (0.3m) = 40kPa
;A0 ADally Jaxd (3lhaall Jaaiall L
Paps = Paem + Pyauge = 101kPa + 40kPa = 141kPa
150m Jlsie; aiiy) 8 jiasilall (uliba (b B (goimna O Caale 13) 3(J gl ) Qe
LSl Sl Bladl) Takals bl akaall (p0 S ol ¢ Al Jpaa sl Caphall b
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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.

S 0K AV daraal) o Gua caliall 8 e lsell sl Jazall (uld bl 138 degs
ies 2o bl 8 Lyl (le) i 4l Al (pmld) Ll e o) ahall ana faa
alaa dauls T lall ahall o 7 Al o lsell mlandl Gy aay 5y e bl b aall (38
Linall e e OB Al ) phall (8 ologll daia Gad (midsi o ) i edany i
O S ra Ao low Ay g Q) Gan Cigea g law (Say Btie (Jiliy )
ealil) hicall ded A8 sl o el oda 35 helall aball Jaul o

(3.9 Jgall) (gstal) Laxazall)

Sphygmomanometer

Stethoscope ' Cuff

o i Gl aaiad) G Siasilall (il 13.9 g

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



deola

8)Liall

The function of this gauge is to méasure 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.

Bilsall ) a5 bVl baally Cajry Lo () dhas aliad) (e 6 lsgdl zosa Dhaind aa
) g law (S Y s aaedl a8 Lyl o Jaraall ()5S Maie Alal Alaal) o8N
(lindl Jarazall) JalesV) baaall dad 315 853 el e 5ol e ¢

9 dpmnlall Al bl ol Ql) i)y (sl cpanldl) (plazaall (e JS A S
.(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) sl &g
Specific Gravity e sill 3sll Caymy Lo s Alanall agle 8 dagall L5l jpaliall ohe
A4 C A el AES ) salall s A8ES G by Lo 32

p p

S.G.= =
Pwater 1000kg-m_3

(5)

One of the important physical parameters in the pharmacy is what is known
as Specific Gravity (S.G.) of a material, and it is defined as the ratio of the
density of this material to the density of water at temperature 4°C.

p p
S.G.= = — (5)
Pwater ~1000kg.m
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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.

:(Fluids movements) adigall 4Sa
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The continuity equation states that the volumetric flow rate of non-
compressible fluid remains constant.

Al' Vl == Az. VZ

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

AN ) \

Ay Al 14,9 Jeil)

Al Gl Aoy @l LS jraal sl Cuai IS LS il g
We conclude that the smaller the radius of the tube, the faster the flow of
fluid will be.

@il o(r=1cm) e oludll je auall 6 adl) fimy QB G asbead) (o 20 54
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A.vy = A0, = v, = 0.20m.s7?!
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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.
i ¢l aa e bbbl ase iy il dysedll cpeidll Apally ey Sl
oo dalie ey cdyhain¥) Ao Y ol byl Ljlie g adll Glys dejus
oY) ann i alimal 135 SV Qo il A5ISY) Hgy Lae 3] Lgataia
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 dalaa

die axually Aigee A 3 adle Ao jus g day Apalyy Alea L o g3y Alalee G
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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.

Laila ) e pos (e Ay (sl Alaaia Ailaie alsin die gty wSlall ld Ayhaia) fase ) ol
ol (15 L Gaail) 138 4y0lia Jla AEY) 4ted ) 35m & ¢ anall 3050 Jaes e
Ghliall 8 4t aidl (508 Ao yull Cua) Ainall Bhlia) 8 hiall (35S st law )

(Gl 2)8) sl eyl Eim gAY
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 unit in a perfect fluid remains constant.

1
(P, —Py) +§p(v22 —vi) +pg(y, —y1) =0 (2)
N
1 2 1 2
P+ SPvi+ pgyL = P, + SPv2 + pgy; (3)
B
1
P+ E'sz + pgy = const (4)

& bl ey S Wy v @80l deyuy P baal) oo Sy Jasy sy Aalaa o Lﬁi
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The wbe of fluid between points

@ and @ moves forward so itis
between points @ and @

V)
.(é}.a),\ Zdalu) oolaie e gl gy Jahiaa ool g adle Olpa :5.9 g

That is, Bernoulli's equation connects both the pressure P and the flow
velocity v and 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.

ey el (il Al g ladl ) e Gl e QI e pdl) i
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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.

Basilar artery |

N

Left vertebral artery : Right vertebral artery

Subclavian artery
Subclavian artery

Stenosis
Aorta

(TIA) Lt el gy ) i :6.9 Jol)
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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).

ol eVl i 138 b)) pun b e Lo Ol (3 Gl € Jla 3 W [b]
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But In the case that the stenosis is 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
iIs 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.
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Atherosclerosis

Red blood cells

Narrowed blood vessel

Plaque
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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.

Aneurysm
Normal blood vessel Cranial aneurysm
.pd ﬁi :8.9 J&
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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.

P 1‘4 PrA

—_— X
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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, which reverses the flow. The pressure in the fluid
decreases from P; to P,to the right of the channel.
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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.

i

Non-viscous flow
velocity profile.

5

Viscous flow
velocity profile.
'
|
N
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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

7= "5

AN Bl A il f il B A Galiily Ay s

O Cus el saaly QI Pascal. s(Pa.s)  deadieadl dagill claaly o

.Poise (1P = 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).

LBkl e leel) Gl :11.9 Jedd
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The volumetric flow rate in the case of liquid flow in a cylindrical tube
AV /Att is proportional to the pressure drop at the unit length AP /L, and is

inversely proportional to the fluid's viscosity n, and is proportional to the
fourth force of the tube diameter.

AV wAP/L ,

r

At 8 7
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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 v and radius r in addition to the viscosity factor 7.
This force is called the Stokes force and the law used is the Stokes law.

F = 6nnrv
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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 2, while the viscosity strength is
proportional to r.
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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

— 2,
geff =w Tr.
Centrifuges can rotate at a rate of 10°rev-min~! and thus generate
artificial gravity more than 1 million times the earth gravity g.
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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.
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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.
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Insects can stand on the surface of the water as well as floating plants and
leaves on the surface due to surface tension.
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Both soap and detergent are surfactant, allowing water to spread and
moisten the surface to be cleaned.

(Surface tension and breathing) («iiilly sl g3l
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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 0, between inhaled air
and blood.
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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 = P, — P,,,; between the inside and outside to extend and fill
with air.

2 mm
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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 y/2r 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.
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Transverse wave

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

Compressed / \& Compressed

iy

| VW
Stretched Stretched
e e
Longitudinal wave
b
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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.

S50 cinsall o3a il aal o Ane IS Slo Lo s b Al Al i
g &Y Jiey g (Amplitude) Jdaddl 5l axdls «(Trough) ¢ Wl «(Crest) il
Ofiad (g ALalal) Aaluall 5g3 A asall Johall L pdall ggisall (o g Bl 55,00 _alac)
a5t T =~ sl Ly afl Sanly 8 Y1 20 sed f 5l el (e

(3-10 JSal) cpallbiig cpped o (il G Jualdl)

If we use BEquation 12.5 to plot
v Tunction of x for time § = 0, the curve
shows the shape of the stang at ¢ = 0
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If we use BEquation 12.5 to plot
functicn of ¢ for position x = 0, the curve
shows the displocement ¥ of the particle
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The vibrating movement propagates in a medium in the form of a wave.

One of the most important parameters of this wave, are the Crest and the
Trough, and the Amplitude which represents the maximum high of the
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Crest or the Trough to the basic Tevel. The wavelength A is the distance
between two consecutive Crests or Troughs, and the frequency f is the

number of vibrations in one second. The period T = ]lc 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.
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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 au much as the difference between the impedances of
the two tissues is greater.
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= 3dB + 65dB = 68dB

L =10l0gZ: = 10log2 + 10log

:(Properties of the acoustic waves) dsigall z s pailad
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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 I, = I;, that is, the reflection is perfect and the surface between the
two media is a sound (acoustic) mirror.

When I,. = I; = 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.
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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 (Si0,) 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
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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 reciev and send the

waves at the same time.

cAohain;eSl) 3y0ll) diedia 8 (geay Y aall sageai Slea A aaY) audl) Guaall i

ACOUSLIC ) 4tiga dude a2ty 3yskll (e 3paliall 4 peall dajall 2ol (e Qi) duays
(7-10 Js&)) dasall s an (lens

Without acoustic Iens_
wWith
_~Acoustic lens

—

Beam focused by the acoustic lens

g Lot Ay ddiguall Lajall o 17,10 JSaid)

HIFU 3ybS gl 5 sl 73l al Gl 3 aid sl s 1) dilayl
Ot A zlsed) Al e a3 G5 High Intensity Focused Ultrasound.
Gl o3 ooy Absall (38 sl Call iy (K Lonf L Ll Funy Ty all Ay
Gl addaaiy Adgall (38 G‘J‘&L-‘ )l cndgig, Ultrasound hemostasis

L 4l 358 7150 LlaiNL Thrombolysis

Afigal) (58 zlead) aladiuly (ULl Cidat

gy 858) T Al ey Lee L) il A3) (L) Calati Alee 8 4y
by il lila) (e paall D) ylall LS5 Apall s ALY ) dsLay L
Calatt L e waall els ) cicadl sane el LYl cadan Gl caags Jl
Agigall 358 zlsa¥ls ol A8yl ) o L) Jari Dol sy ol

Gy S8 e gl e i Qbually slaball e L G e (DU) ) i
lehgan el AL i) ) ASLaY L clemssuiiy Glanl] il adl ae Sasnse Az

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

6yLial
Gl aal el ey @lld ) Caal el £l agal) S g J80) lgallS 22 3

Sl adll 3ad),
cifigall (8 715l Hiae jaall e Q) Cadatl pald Glea aladiuly el Cadan
By ) o aShiad) o) auS (salsiall Adgeall (368 zlse¥l) LA g Cua
coapall Sy all @l Gy of 50 s B30 ) Baals Auda PUA lldg Bpma odd )

Agsall 58 zlsaVl Gl Calan Glea 18,10 Jedd)

ciggall G5 2Vl QL) Caas :9.10 Jad

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

6jligJl

sals!

References

College physics, Vuille|Serway, eighth edition. Brooks|Cole, USA
2009. ISBN 13-978-0-495-55498-1

Segway's Essentials of college physics, Vuille|Serway.
Brooks|Cole, USA 2007. ISBN 13-978-0-495-10619-7

+963-41-2335301 Jg—o aoljgil walA iiile I egpirall Uyguw (d 1833 www.manara.edu.sy
+963-41-2016 Syria, Lattakia, 10" Project, Behind Orange Mall info@manara.edu.sy



[

6jlioJl

Best of luck my dears
Dr.M.Moualla
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