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Light & physics of human eye

:(History of light) ¢ gall 7,5

Ol (e e soball s siall sa olud¥l b (o oLt 355 caus L 55 ¢ guall Js> a,las (Claudius Prolemy) (sgeslbay aiis
o) i) Gyall GLnall mie oo el @ladls Lgsol 3 sledall (pa ostall Jid (oo Bylaill siia (ads @3 (oY e La¥l olda sloxily
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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.

e sda Lialys yatate dugaall alall Lelandas J) 28000 &l cnall e Leladaty 5LuSi¥ly pulSai¥l ity Al Tl

s guall JIAT baugl pzay ERUPPIEVREA PP |

el pml] Al Lo o JLs JSAST aBse dpmny elazSYlg s ladlly £ 1ai¥S ¢ gall Zemsll polsadl Jleals asdie T3]

Aslan ol Ao Apang ol Ludids Laagdog AT ALY sia Aulys J) 23LYL

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

scientific applications, this study will be limited to geometric light, which is the simplest form of light. So, we will ignore the

wave properties of light such as diffraction and interference, but we will just determine the location of the image of an object

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

:(Reflection's & Refraction's laws) ,LuSG¥ 1y oSad¥l cnil 98

107 5958 @gl3d Agls 07 olSail Bglsy uSaiy cdlass bl s e 31801 Giguadl s laidl o e JI olSai¥1 Ggild aty
0, = 0; | L8Mall gamws

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

reflection 87 equal to the angle of the incidence 8;. So, the following relation is achieved:|8;7 = 8;

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

Normal

Reflected
ray

Incident
ray

|

|

|

|

|

|

|
6, | 0
=]

|

|

Ly Jo¥T ulSai¥l igild 1.1 JSCad!
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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.
clldg AUS alises (dlad ooy O Juady mhse Laysie die Adgiall 2ad¥l e bzl (§ 8yl dily ¢ guall HLusGl 8 yay
onbasgll cpadia (§ s guald dalisel | LA de o
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.
Ay e § it ol e @lslilly ;uSOll Giguall g Laddly ylsll Gguall g laddl e SIS 0 (e Jo¥1 )LaSOY Goil8 ary
The first law of refraction states that both, the incident ray and the refracted one on the surface, are located in one level.
LSSl By LSy 395001 ugls O Lo Lauys Bplyy Ao e Blus 5d (SolSonmdaian 093l8) LSO 3 S ooslal Lol
Ad) AMally (Jaasg conalasell cula 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, < v;.

Incident Normal Reflected
ray

ray

ray

Sl Jg¥1 LS Ligils 2.1 JSad!

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.

dIC oMl s gl HLADI Ae s Al 45T e Lo Jawgd (Absolute refractive index) 10 Zallall LuSS¥1 (5,8 Casyai ) [REEoN
A Bally o) KGs-Jie 0938 LS (Say U Jasgll 1da 3 5 gl HLATI ey
sini n, v;

— = =n (2)
sinr n; v,
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MAMARA UNIVERSITY

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,

sinr ny v, " 2)
AI ¥ s o rborud Jldbs
(3.1 USadl) ol e @bl e oy Sl gladdl gy i 7 < T &= v, < 1y
(3.1 U ot e @bl e daiyy uSill plaidl ol gy lda L < T = v; < 15
LGl gy LI Iacosll § e ks 618 ol e lalill 389 Lagace Ladladl g Ladidd Aadlly Lo
So, we can distinguish the following cases:
Vq > Uy = [ > T, this means that the refracted ray approaches the normal N on the surface.
VU, > vy = T > [, this means that the refracted ray moves away from the normal N on the surface.
As for the ray falling vertically according to the normal on the surface, it continuous its path in the second medium without

refraction.

Normal Normal

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

When the beam
moves from glass
into air, its path is
bent away from
the normal.

bl e Tatie ¢ gl SLaSGl (b) @lalil o Lfda o guadl HLasGl (a) :3.1 JSAI

ekl paad At LKoY a8 111 Jgused!

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

1 (Air)elgJl

AN A8Mally Jay «(1.5- 1.4 JSaT) (Bc) Ayl Hlslly (T = 907) ;LS dugli ) AL 59561 Augly (a3

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 8| 114



—y

6)liaJl

MAMARA UNIVERSITY

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

(1) LSV Ty SLaSGl 5058 J1 1 5 Ol zLmsl 5T 6LL1) 39360 Ly 5Ll (3,3 JI T s e

Total internal
reflection

o gl IS 3101 alSad¥lg oyl gl 14,1 JSCASI

As the angle of incidence 6, increases, The angle of incidence producing
the angle of refraction 6, increases an angle of refraction equal to 90°
until 6, is 907 (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.
]
Normal | Nor nnl
f |
1 n>ng | ny > ny
2

I
|
I
I
I [
| |
I
I
|

No
ny

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

o gall I 511 GulSCai¥lg oyl Agl31 251 S

;

4l ) S Lasogdl olamsly Jo¥1 Jasusll (o 3lasdl Jguadl g laddl aulazig ¥ lacie Ayl 2ol ada 395501 g5 ciolans 13] Lol
SLIYI 3 Jlxl 9o LS (Total internal reflection) (JST1  As1udl  olSai¥dl 5yallay C8yny Lo 339 J5Il) g LS uSasy Losly (ueSS
(6.1 JCad1) (fiber optics) 4y g4l

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

following relation:
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sin90 =n-sin®:; = |0 = arcsin (—) 3)
n

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), butis completely reflects inward by the so-called total internal reflection phenomenon.

39,9 Agl3d allall LSy Loly e Bylee Ayl gl 055 48LsTI ch. Ly J BUSH jaazie bowy e Jlan¥l dl> 3 Lol
A A8Mally Janis f = 90 Layus
But in the case of being the incidence medium less dense than the refraction one, the critical angle is the angle of refraction

corresponding to the angle of incidence (i= 900) and is given via the following relation:
. o _ (1
1-sin90 = n.sinB; = 6. = arc sin ({) (4)

LS g HLaSGl 0,8 I T 9 (Slie e1gd1) 395501 Jog HLasGl 0,8 I 1 i s

s il ot ¢ guall JSI s 11 lSai¥ 6.1 JSATI

oly dasd | ‘p]éLi.U Al 350 Layud 39,59 gl 1o uals 4l ooy el éaw e «._o)Léé odemy sle Lo oyl
el bl 2l ¢ gunll LS

e dhamms (cl8a-duin 09518) SN SLuSEY (g3l8 Budats i Jed
n,-sini =n, -sinr = r =25.54’
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n =1 Air
n, = 1.333 Water
r

N
tite hams ¢ gl 5Ly &) K0a- s 09518 (e slazed Ly Jd!

ny+sini =n, -sinr =i =70.12
N

n=1 Air
n, = 1.333 Water

o

ool Ablra (ol ¥ (o Aaladl Aoyl 2913l daud s 30y nad
e i (3) 883lal) oy s
n, - sini = n, - sinr = (2.417) - sin 6, = (1.00) - sin 90’
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s 32l a8 padi loyas JSaI 29,8 cnall 0 Laag s gl 8y alS zgboe (£ 8yl cyall cligSe calzses (o Aboladl zsboadl o Ly

(S9SN ST B2y Lo Aol

Gord Lol gl AU alins (8Lt (s Oty Jomnos R s s S| 65,8 e 4] e (59,80 oS0 03 6 sy
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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 1, 1.

P ——

($95S ulSI1:7.1 S

lia (uly oo P @8l ang O Ui puie s Byobiall Aguall Laill off Cus cdlae Ty 69,01 4l IS4 7.1 IS s
de Jlslly Gguall aall oo S ady ulSl 1da ol e G Wl da Gyl ol i Jls Un 5ulSl pe 5uSis S
Sssall ezl @y dyai 90T dalaiad) uas

ik LS aady S i (e Sl ciag eanell a5 IS5 5,08 i oy Lo 5 By A8Me 39293 (59,01 SulS1 e

. B (4)

The previous figure shows the shape of a spherical refractor and it's working principle, Where the optical light coming from a

ng M MNp;—Nny

light source O with a distance of pto the head of this refractor, refracts through this refractor forming an image for this source
with a distance of gto the head of this refractor. Both the optical sources and the formed image are on the same straightness

Ol, known as the optical axis.
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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:
Mo n_mp—m @
p 9 R
ey Aol Apaal 13 (29 (019, (yunlS xlas (ya Bale 058 (g3 209,801 1l oS e AT @l (e (Lenses) ciluaall pial
4 SLatl obgSdally (Microscopes) 4ggsall yalzlls (Reading lenses) 861,411 el ylas o) cu Aga gl Lisle> ERERESINE I RES
LSS olgs g Slwaall Je gw‘.uj S dezad (Cameras) &l alS01g (Astronomical telescopes)
Leeal (0 ¢(8.1 JSCAd) wiSleally sl ¥l Aalizes Sluaall (o apial) puasad @3 s abpaddl @le § 858 deliall Helas s
.(Biconcave) (y>3tl 82449 (Biconvex) (yzgdl Laze Sluwaall

Plano- Positive  Negative Plano-

. . Biconcave
CONVEX meniscus  meniscus concave

Biconvex

gl Buaieg Aiyae Silude 8.1 JSA
LT o 3815 > «(Thin lenses) 238,01 cluwaall dyay b P duball e lell ol § deaseiad) Sluaall &Ijﬂ el o
Wolagy Uslall sda (£05 . 4unadl sda e JLxlls P ezl dasg (Focal length) f awaall Gl aadl (e S o B Uolas
A ABMally Jaaiy 4848, 01 duwaall

+ (5)

Q| -

= |-
K| =

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 fof the lens and the distance of the body pand the image g to this

lens. Itis called the thin-lens equation:

(5)

=
Q
| =
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(101 ) Adlas q 05559 Awaall alal 289 13] mumsog (29 4

We say that the formed image is real and inverted if it is behind the lens (as in the human eye) and q is positive. And we say

thatitis true and virtual if it forms in front of the lens, and q is negative in this case.

When the object is between the
focal point and a converging lens,
the image is virtual, upright, larger
than the object, and on the front
side of the lens.

*

Front Back

:(Human eye) 4,4l cnall

Iia Jeloes Aaga (oY £ ool oz, 2l e coglie i Jls JSads poas (Camera) 1ol sa 4y caall 404 oSay Lo Juadl o)
’té‘}” L_? L_’Q LASﬁL««:;Y‘j ;Lﬁ.ﬁ&\ 3.:5) ‘:;L‘ZJL@ doeominly JL_;_.:xﬂ

(Cornea) aui,ally (su5 28lad Wil Lgadda 37 = 1.20M Jhad Carmiy (1.1 JSad) Loyas JSAD1 29,8 el 2,ill cnall 5lies
N = 1.333 5,LusGl )8 Uile o153 93 Jilua e slan = 1357 Laylusil )3
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(blind spot)

nerve

Sclera
. Art by Robert Demarest from Cecie Starr and

Beverly McMillan, Human Biology, Sth ed., © 2003,
Brooks/Cole, a division of a Thomson Leamning, Inc.

Ayl cadd Aas 31 Dol gy o L ¥ 111 JSCad

(Focal lens) aduatl dwaally Cdyas Lo ‘aLAT S5l 1 2y (Pupil) ol 50 ylad Caimiy @S (G (Iris) &3l s g 35,301 Cals
o8 was 4y (Vitreous humor) (23l UL (sos Blas Jilu wdally layey M = 1.437 Lg.uu S LSO (y8 3

n = 1.333 Ul LSl

s gl lia S5 Laygs a9as QI Audpadl dusall olmsily diesi 2985 03 (a9 Cadl (he Ladludl ¢ guall HLusSl (e Aggundl 445511 piald
axbll £05 (Reting) L86ad) (o dulus dahie § plue JSEIL ALY aas auiel) Awaall cals 28le)l Gyl (3 g
(Rods) =luaslly (Cones) tas,lell c0 Tos> adle dws Walaill o 3 3S56ASHL Bamlly C8yay Layd Bag>oll (Macular) sl yaiall

(12,1 JSad1) 35160 ¢ gpanld dmm ol Jlolo¥l Calisel Adlall Ll Jady 0319191 485 oo ozl gl

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.

100 —

30—

Mormalized absorbance

-I-_'I-‘[J 498 RS )

1
\R
.

»
~

T ] T T ' T T T T T T T TTT TTT TTTTTTITT
400 3 G T
};l'l\rff BF!I‘P C'l{n’.l! GrffJ? }.E'lrj"ll- Rﬂ's’nl
W avelength (nm)

(Optical light) G, cagdall Jlzs cass 0lsI¥1 2535 (e ggad] Asguall LI 12,1 JSad!
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:(Visual Accommodation) & yadl 44, Uall (RS
oy o ] e Lootie 05 il e 5yl ady o] 1 JLs 8 o sn qoa olomily uadl ks Gl Sl Lo
By oot B3l 13 S99 (sl el ol W1 conall il e 0589 Aaall il Toots ads ! 1 JLs 18 Lo

Avaiall JSin 2aSmtll Bl Dty duoiall Higye e Cadgns 2 (13.1 JSadl)

Distant object @ Close object @

Ciliary muscle relaxes Ciliary muscle contracts

ol By a1 28 igam 4,07 $13.1 JSCAI

e Sud (agdseis 2o,all aluadl ) Sl die cuall e e gundl HLasGl 30 5005 el e Zopnd) 28yl Cayai o pudaze 13)
aady oo 2lam! conadl e cbiludl Calisea e “-\LWQ-SU oty Jhs ST 4618 ey Low cBua ) ‘au.;g\ Al el we HLasSY
(Far point) gull dais &9 (Near point) s

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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P=]7 (6)

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 Pof a lens is defined as the ability of this lens to refract the light rays it receives, which is the invert of the

optical length of this lens.

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 17| 114



[

ojliogJl

P= (6)

~l =

Lyall sludadl § zge (29 f =1m, Gl Laay dvoiad 8IS 59801 Ll e 8,39 (Diopter) Bl £05 Buslgy ulasg

Buadl oluaall § 4l
MLy AaUall das cbiyad LiSasg LeS cdeialall 45,01 Jles o Lo Aaiy ) Andig (STl Alads G Byguamll 28LLLI £us
4 S

! 7
= @

Q|

sl aags a3 D g oSl alazs iy J) d 5 o

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

accommodation capacity can be defined via the following relation:

A=

1
D (7)

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.

Front — Back
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Myopia

Parallel rays from distant
object (at infinity)

P

Far point of
this eye

Myopia Corrected

Parallel rays from distant
object (at infinity)

e

Fe

Virtual

image

formed
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In a myopic eye a person is able to see nearby 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 «, 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.
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On the contrary to Myopia, a hyperopic patient suffers from the problem of being unable to see close objects clearly, while

being able to see distant objects clearly. This is also due to an error in 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.
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When a farsighted eyve 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

£
</

This optical error can be treated (corrected) with a convex lens in order to increase the eye's refractive force, this lens creates a

Mear / Mear
point A point
] 3 o

Ohbject \‘__ /

Ayhe Lude plasialy (Hyperopia) Jlaull s dxdlas 4,01:16.1 JSC&I

Object

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.

AL aa 2dlae (Sar Jo Z9uss dalie 0 LOM (o o8 lua T 403 e 5315 2 Uy 15000 0e

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 20| 114



[

ojliogJl
:Jed
q =—1.5m & 1.5m p joxall oS dass
p = 25cm & 25cm p daaxdl oS Al
A58, dwaal Uslao (e
1 1 1
—+—===f=03m= P =3.33D
r qa f

TSl sda Jo Koy S 10M o il 8Ll Ll adatiang ¥ o Il e S 13) e § Sladdl jund e oy Glas ipmpes 1
igllally . 10em, 220em il e (2 A 4wl gally sl alads ¢ Jlasll pus paded ifpped 2
el lia e 4l da v ungl @

Arzllal esseiud| Auaall 8, w801 85819 Auwall g3 @

3. Whatis the difference between a myopic and a hyperopic eye?

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 21| 114



[

ojliaJl

S sl
ddatl Lplindaty deuaid! $g8 dan iyl
The Ultraviolet Rays (UV) Rays & medical applications
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[eV] asut L PSURAN| PPN ESY
3.10-3.94 315-400 UVA
3.94-4.43 280-315 UVB
4.43-12.4 100-280 uvC
6.20-12.4 100-200 VUV
12.2-124 10-100 EUV

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 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 ozone molecules

needed to form a pure ozone layer at a thickness of 0.01mm at0° 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 = 1Tmm.
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The Sun rays (ultraviolet rays) disassemble the oxygen molecule 0, 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.
UV\
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Both ultraviolet rays UVB and UVC affect negatively living organisms by the high energy of these rays, but the Earth's

atmosphere (oxygen and ozone) absorbs almost all of these harmful rays, while most of the unharmful UVA rays reach the

Earth.
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Exposure to sunlight, for a limited time, helps the human body to produce vitamin D in the skin with an average of
1000 IUs/minutes. Where the UVB range is responsible for this, despite of its low rate in the UV rays reaching the

earth surface, but 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 UVA and convert its high energy into heat while maintaining the DNA structure of skin cells.

These rays are used to sterilize equipment and medical laboratories by using special UV light lamps, such as mercury gas

lamps, where the resulting light and its high energy destroy the DNA of the spherical organisms so that they become unable to
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produce themselves again. These rays are known as UVGI. Other useful uses of these rays, are air and water sterilization. The

body of new born babies can be sterilized by using studied quantities of the UV radiations.
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One of the most important medical applications of ultraviolet rays is the treatment of some skin diseases, such as psoriasis and

vitiligo, where the affected area is exposed to special lamps to produce ultraviolet light after taking special drugs and
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stimulants such as psoralens, which make the skin very sensitive to these rays, but because of the risk of skin cancer and Liver
problems, this treatment is done for a limited number of times during the life of the patient.

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

sample.
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Since the ultraviolet rays are energetic high enough to cause damage to living cells, this damage may exceed the limit of solar
burns and lead to a change in the composition of these cells (skin cancer). Prolonged exposure to the sun in general and
ultraviolet rays in particular, causes various damage to various organs of the human body, particularly the eye and skin. This is
due to the high energy of these rays, as they affect the composition of DNA within skin cells, but may even lead to ionization

of these cells and destruction. UVA, B, and C can damage the collagen protein in human skin, causing damage to the skin.
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The UVB and UVA rays damage the skin cells by destroying the DNA directly, causing severe skin Inflammations that may even
reach the level of skin cancer, but studies have shown that even long (harmless) rays (UVA) can cause skin cancers by
penetrating deep into the skin and generating a chemical medium, which leads to a change in the composition of the DNA
indirectly.
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As a result of the properties of the electromagnetic spectrum of light, the human eye is unable to see and distinguish the
wavelengths of ultraviolet rays, because the lens of the eye and cornea does not allow the UV rays, which reach the earth, to
cross the retina, but studies have shown that cones and rods can distinguish a small range of the ultraviolet rays (Seen in the

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

plastic eyeglasses should be used to protect the eye.

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

such as corneal and conjunctivitis.
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It's important to menschen that these Radiations are induced using special lamps and with different capacities according to

their use. Many Lasers are immitted in the UV range (as we will see in the LASER chapter), one of the most important types of

these Lasers is the well-known Excimer Laser which is widely used in the eye surgery or skin treatment via laser ablation.
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Near Infrared Rays (NIR): (0.75[1771, 25um) A range close to the visible spectrum and used widely in communications

and night imaging (night vision and security cameras). Most of the near rays (NIR) can penetrate throw the earth atmosphere.
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Middle Infrared Rays (MIR): (Z.Sum, 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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Ablack body is defined as a perfect body absorbs all electromagnetic radiation falling on it at all wavelengths and frequencies,
and it radiates thermally at all wavelengths and in all directions.
When drawing the changes of the radiation’s intensity emitted from the black body (the energy produced by 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).
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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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E(watt/m?) = oT*
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Ao ' T = 2.89 x 1073m - K
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 o = 5.67 X 10 8watt - K% - mz, refers to the Stefan-Boltzmann constant.

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

shifts towards short wavelengths.
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It is known that although the human body maintains an average temperature of 37 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.

:(Radiation) ¢ La&¥! .1

Ml § Aputlolines S zlgel S (e gLl Goylo (v <8993l zlati¥l Jedhao (pe Amslidl 28U a5 adid) 6T pglall oy
Otilad! alaall 3 Crangyall Apzudidl Gsd Aaiilly 3 ¢ guall Jio Loles

oo ASY Aasll JIsb¥1 Jlme @ (st xS) Sl glad] US4 e 28Uall adng siuay Grdudl ! OF cylmtlly byl
IR el s A i1 Jlzo § T e GpL) 5 5uall

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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q = AeoT*
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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 O to 1.
daady cle @ud Glud¥l qun (atas L Lylyo A8l a4y oumll bassdl 018 2yl A8l ady lad¥) @ oF ) 23LYL
S A8l
q = AeoT'*
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In addition to the fact that human body radiates thermal energy, the surrounding environment radiates thermal energy as

well, so the human body absorbs a section of it, and it is given via the following relation:
q = 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

radiationis A,y gy = 9.6UmM.
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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.

:(Transport) Jad! .2
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(4.3 U

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

objects where heat transfer is only through this mechanism.

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

temperatures.
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The exchange of heat between the human body and the surrounding environment is connected to the position of the body.

When the person is standing, the rate of heat transfer is negligible because of the low area of

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

should be reduced.

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

The human body loses a part of its temperature by convection between warm lungs and cold inhaled air.
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Due to the evaporation mechanism, the human body is able to maintain its internal temperature (about 370), through the
sweat glands that discharge this high energy caused by a great effort or by the high temperature of the medium (for example

in the summer).
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The Purpose is to maintain the structure of organic matter within the human body, especially proteins that are very sensitive to

high temperature. The pituitary gland in the human body is responsible for controlling the temperature of the human body by

sending orders to the sweat glands to evaporate the high temperature.

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
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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). Therefore, thermal imaging

(Thermography) in the medical field is used to detect breast cancer by women, the temperature of most areas of the breasts is
measured (via Wien's law of displacement) and temperature variations are measured by special software.

In addition, thermal imaging is used to detect Arthritis and some problems in the blood circulation.
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The X- Rays & medical applications
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X-rays are known as electromagnetic waves that form part of the electromagnetic spectrum of light. They have very small
wavelengths (0.01nm — 10nm) compared to visible light, but their photons have high energy (1026V - 1056V).

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.

b Ladllay 3lass dalizs Byl Glud?¥l e § Lo oud oliatal @iy 4l (o cooliess Lpld o Lad¥) e 2uiiad! 222891 Hgc wic
3lel Ggigall sl dasgill SlBlall D> 35 (05 Assall) sabasy ¢y AT | culigigall Aol wane Jgoets daas,ll culslall 2>

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 40| 114



[

ojliogJl

PCIRHERDV-ELIRCAL (NP1 B LTy «(OsimsS Jgada) Ogigall lda 28l slasl J 635 Leo i ASTY Aol delabais! Jady

Byl § daBga 5oliy (§ S, Al JSi (e 09 ASIN Lellae| oy o (Jo9 ST Jpaall Jasy 28U laad
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 aresult, it generates a secondary radiation from the human body and spreads in the vacuum, part of which falls on the film
causing distortion in the image taken to the body but can be using the so-called anti-scattering network reduce its intensity
and thus its influence on the quality of the image. In addition, the length of the distance traveled by these rays leads to an

increase in its damping, all related to the intensity of the medium and the primary energy of the radiation.
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One of the characteristics of these rays is that it spread in straight lines causing ionization of the medium it crosses, and

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

heat. Therefore, the Anode is permanently cooled to maintain its quality.

:(Radiography with X-rays) adew]! aai¥ plasiwly £laddl gt

(Normal Radiography) gslall flaidl gl .1

sl > e ddy (Flddl pgadll (§ O G Asuziadl Ghall AST e Loy Labluy o péylly cduadl sia sl
il I Jums Ltn L1 el 6515 3 505 (ool snall) Gkl s s By3hall ) 2l o g alaall Ggun iy
saall By54m U e Byglae Al J) of sl

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.
(Computerized Axial Tomography, CAT) ¢ gl (adll pgadll .2
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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.

Moray

Patient
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The ring is then rotated at a certain angle and can be 1o to 1800. Thus, the organ is permanently photographed and a large
number of images called sections are acquired. A computer with special software handles these images. Since the images
(sections) are taken for the fixed human body (axis of rotation), this technique is called Computerized Axial Tomography

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

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

Terahertz rays are used in monitoring, such as airport security checks for passive detection of hidden weapons (passive

imaging is done without the use of an external source, but rather by relying on self-radiation issued by the body within this

field).
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Most organic and even lighter molecules, especially many pollutants, have basic rotational or vibration frequencies within the
Terahertz field.

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
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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.

Doubtable skin surface, point by point, can be wiped using terahertz pulses. As it takes only minutes to wipe a 5C7’n2 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.
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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 s, 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 ()/ — 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) 3¢l 4l
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The nucleus consists of particles called nucleons, including protons P (positive charge) and neutrons n (neutral charge) to be
positively charged. Atomic nuclei are divided into two basic types, stable nuclei and unstable nuclei that show what is known
as radioactivity.
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The number of protons in the nucleus is equal to the total number of electrons, which is called atomic number Z, and the total

number of protons and neutrons (the total number of nucleons in a nucleus) is what is called a mass number or the number of

mass A. Thus, the number of neutrons in the nucleus is . In the general case the nucleus is represented as

follows:

X
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A=1, M, cteus = Mp = 1.00759amu

lamu = Soludy Asgeadl LSl poluad Hwlud Buslgll P9 «(atomic mass unit) &,ddl Sl susly Jl AMU 4SS o>
931.5Mev

A distinction must be made here between the mass number and the mass of the nucleus, which are not equal. If we take the

hydrogen atom %H as an example:

A=1, Myucieus = Mp = 1.00759amu

Where @MU refers to the atomic mass unit, which is the main unit for measuring atomic masses, and it's given via

lamu = 931.5Mev.
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M(4,2) = m(4,2) + Z - m, (1)

Assuming that M( A4, Z) is the mass of the nucleus and M(A4, 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(AZ)+Z-m, (D
(Nucleusradius) 819! yad Cayas
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The nucleus itself is another world whose exact structure is not yet precisely known, and it is difficult to measure its

dimensions (the best description of the nucleus is energy).
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When rays are directed from O particles on a thin paper of gold, it is noticed that some of these rays refracts and some of them

are reflected, but most of them are passing through. This means that there are particles, charged with the same charge of the &
particles (i.e. positive charge), in addition there are empty spaces in the atom.
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The American physicist Rutherford is one of the most famous scientists in the field of nuclear physics. It is up to him and his

research and experiments the first atomic model, known as the Rutherford atomic model, based on his famous experiment

(Rutherford's experiment in the dispersion of alpha particles).
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The experiment consists mainly of a radiant object ZégRa for radiating O particles and directing it towards the target, and a

metal plate in the shape of an incomplete circle covered with fluorine (zinc sulphate), in addition to a very thin gold foil.
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The X 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 O
particles had crossed the chip without any deviation and a small fraction of it could not pass through, but reversed. He
concluded that most of the atom is empty and there is a high-density section that occupies a very small space where the mass
of the atom is concentrated, which is the reverse of the Ol rays, so it is positively charged. Thus, the reflection or deviation

means that it is approaching a particle charged with a positive charge, and the dissonance occurs.
il 6301 Az 350 339853 aung I3 J) Tolil

According to that, Rutherford developed his famous atomic model.
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Dgitper = 3.2 X 10™14m, Dgyyg = 3.0 X 10~ m
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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.

Dsitper = 3.2 X 10™24m, Dgpyq = 3.0 X 107 m
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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=r1,-AY3 (2)
The volume of the nucleus can then via the following relation:
4 3 4 3 4 3
V=§T['R =§7T'T0A=k.A ;k=§7l"7'0 (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) 89! boLg,| a8l
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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.

o by AE liaa 819l sl AN ABlall Aoyl (adseis Blgs JSAD paadl Luaay ae SligdSdl (10 Aegoma slxsl i
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Ep =AE =AM - C? (4)
A ABMally Jany g &SI ladi Hlaze AM 5 3lsill Ly 46l 2 Ep o gnllde 2 C o cs
AM =7Z-Mp + N - My, — 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 ofits components. The total binding energy of the nucleus is given in the

following relation:

Ez = AE = AM - C2 (4)
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Where C is the speed of light, EB 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, — Mpycieus (5) )
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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.

My = 4.001493 amu o lele o sl 8150 200 Ll ¥ 281k 2agd s 103
a1 g S oda IS Aaud AL diag ((2P42N) (a9 (58395 (30 p o] Blos oS3
2Mp + 2My = 4.031882 amu
(4) 23Mall e Tolaze| 2sSH 3 (adil 5l dda casony JUillog
AM = 2M, + 2My — My, = 4.001493 — 4.031882 = 0.030389 amu
E =m-C? sliii) Wslas alusral LLaNI a8l Cluo aubatd dios
Ez = AE =AM - C? = 0.030389 amu %X 931.5 @ = 28.306 Mev
amu
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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 H | 3H | 3He | jHe | 3¢Fe | 235U

Egz/A (Mev) | 109 2.8 2.5 7 8.7 7.5
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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 ‘Z*He, which is the most stable atomic nuclei. Then the energy decreases relatively by
the formation of gLi and then increases to reach a second maximum at 1gC, then it drops slightly by increasing the atomic
number to a third maximum at 130. The binding energy reaches up to its greatest value at g’gFe, then begins to drop slightly

until it reaches the heaviest elements 2?9>§U’

The region of greatest
binding energy per nucleon Muclei to the right of
is shown by the wn band. BEPL pre unsmble.
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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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B> ) 2upall Lgsill $sall e ol (3EFE sy 02) el 320l @ Wi Fe, Ni, Ge g (6151l o lisalSall Ll
Ep /A 2esd 0555t 30F€ s 5 Laadl) Al Al o3 A clignSall s sbsjl e 31555 ol 0slSall byl 28UaY oS 6l o Lyl
Gl Bt (asseis Sl L Lesd 8Ll 658 Bud sloy) ) 5050 ilisTg ! sae oLzl o Boyddl amy (adsess Ll cn § Agelac]
Sydiie it Al Goll sn Jazms Lo padses LY AU o f auaadl dgeadl
This diagram can be divided into three main sections. The vertical band indicates the location of the most stable elements (the

highest binding energy for nuclei within the nucleus): Fe, Ni, Ge. In the left part (left to ggFe), the strong nuclear forces
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did not reach the saturation state, i.e., the binding energy of the nucleon could increase as the number of nucleons A

increased, and then reach the saturation state at ggFe where the value EB/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.
‘L) (4.6 JSCad)) caslall ksl @ Lladl aslb JMoaiw! (Say
ST 8lgs JeSad) agas Goi motid g ¢ 5993l) zLoai¥l Alawlsy (A < 20) 2aasd! joliall o 1
casl onilgs d) B Blgs Jladds s (g 95l Hlaii¥l Alaulsy (A > 150) alathl poliall oo 2
The binding energy can be used to produce energy, either:
1. Oflight elements (A < 20) by nuclear fusion, where light nuclei fuse into a larger nucleus.

2. Of heavy elements (4 > 150) by nuclear fission, where a large nucleus breaks into two lighter nuclei.

55 Br 128 o
\

Energy released by fission

10 ®Fe

i =

Energy released by fusion

Binding energy per nucleon (MeV)
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(Nuclear forces) 99l! 554l
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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 < O.4fm =10"m they turn into forces of repulsion to prevent the nuclei from colliding with each other and
the collapse of the nucleus. (fm is a unit for the measurement of atomic distances and is the abbreviation of the name
fermi).

Their effectis very short, upto ™ = 1fm from the center of the nucleus.

These forces have the saturation property (their effect is very short, and therefore affect adjacent neutron). Which means
that a nucleus of four nucleons is more stable than any other nucleus with larger mass numbers, as atomic nuclei tend to

form pairs of nucleons.
iyl e P9 Blodl ags LSl cny Aig9all (S9al) A, &\3.;? LW 2l 4l dealad! &l Syl S
Blaill cluoles e Wosadl (29 (0.6 M 529 L2 (10) il 1mB 12055 Buges 553 .1
Sloill i ¥ (§ syl S on ,8L5 358 Jiass (S 0.5FM) ol 5umd Aagas 2ugss 58 2

pae 8 @.ubui 293 el Ll s (Blgadl )l poe e Uggaudl (pg gl Buay 1ligio wll (s oo S Il wlisss 3

233U psuilyslS Alstl) ol il

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 12fm to 06fm) and are responsible for nucleic
coherence.

Weak nuclear forces (Weak interaction forces): short range (< 05fm) and represent a force of repulsion between all
the nucleons, so that the nucleus will not be compressed.

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 zggU.
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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.

AH,3H, SH, TH aias s anyls dH, 2H, TH oy 2uande 5llas 453 cumgpoiad] 5,5 ellies : Jlie

slaid) e 3L Ageadl o 153¥1 Lyt ((Isotopes) jslasll J) 5Lyl
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.N=8
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In addition to isotopes, we have the following nuclear types of isotopes:

1. lIsotones: nuclear elements that have the same number of neutrons N, such as 1gC, 1;1\/, 120 where these three
isotopes share N = 8.

2. lsobars: nuclear elements with the same number of nucleons A, such as 1gC, 1A7LN, where these two are shared by A =
14.

3. Isomers: nuclei which are similar in number of neutrons and protons but different from the nuclear state (excitation).

(Radioactivity) (s£lai¥! LLadll
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Radioactivity is defined as the transformation of unstable nuclei into more stable nuclei by emitting a specific particle or
photon.

sae oo ST Eligio ll sae 05 o0f Sl 91 ligig all sue (o AST lig A sue 0555 OF Lol o J) o 5la0ud sue seay

g sl

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 (£ < 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 § — decay.

n—P+e +7,

The electron energy produced by this dissociation is very high, so it is ejected out of the nucleus. This electron is often

symbolized byﬂ_.
Slgall ST suall e Aadlall o dly ol e ol stall alszs Cam 99l i 1S3 Jasy TN ) 1EC 2aias 8155 Jyns i Lo
BC->UN+e +v,
n—P+e +v,
AT s 339 99T C ) 29 MO 2zt 5153 Jymei
29Mo - PTc+e” +7v,
n—P+e +v,
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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:
Byay Lo gag il (95 JSAT o (o9 Adpmiall 99l Soall Aaselgy Lo 2yall lig ASTYI da slidasols 319l pgas ol L) .1
gl slaso) JI 605 Lan o ASIY LS55 iy A ASTY) Aalasl ol s L (Electron capture) ig ASTY1 ,udl 5yalls,
G950 el Jma 3 ot @l i 5,811 g iyny
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 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 et and gamma-photon ¥, according to what is known as
reverse 5 —decay (,3+) or positron emission. This positron is eliminated to one of the electrons in the medium, forming

two photons that go in opposite directions, where they are used in the Positron Emission Tomography (PET).
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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:

Tc - PMTc+y

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

99m
43

Itis 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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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 means that an electric signal (pulse) can be read and processed by computer.
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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 (3600) 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 opposite pairs of detectors (Scintillating crystal) simultaneously, causing two optical flashes (see the

principle of the detector). A brain image is then formed by knowing the distribution of the isotope in the brain.
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This technique is used to study the activity of different regions of the brain and to detect Alzheimer's disease and brain tumors.

It does not need a lead-release plate (as in the previous technique).
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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 B — 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.

s 92 LeS (Spin up & Spin down (niad (2l gulaiin Ja> 352939 (a2 9sued! 8153 (i 09l Gl gol3l ¢ Lo sy
7.7 Sl
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 intensity of the applied magnetic

field according to the following relationship:
AE = kBT
ST oMy Calisey cewlis culs ga K of o

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

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

phenomenon is called magnetic Resonance.
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These coils or another coil can detect the absorption of energy or the emitted radiation (and also its frequency) when the
nuclei jump back toward the lower level. The signal from the organ (which has been subjected to the influence of the magnetic

field and the radio frequency pulse) is received by the same coils that transmitted the radio pulses where the frequencies are

sorted according to the regions from which they were emitted.
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The received data can be manipulated to form an image of the section or of the organ using special software. The resultant
image is an anatomical and functional image in which we can distinguish clearly between the different tissues and thus

determine where additional or low activity are exist.
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MASER (Microwave Amplification by Stimulated Emission of Radiation)
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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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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 state is almost zero, because the stimulated emission is increased by increasing the number of the excited

atoms.
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The laser device consists in general of 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.
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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.
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Au (577nm) - Kr+(647nm)
Nd:YAG + KTP (532nm) Alexandrite (720-790nm)
Ar (488 + 514nm) GaAs (780-830nm)
XeCl (308nm) Nd:YAG (1.064 um) CO, (10.6 pm)
ArF (193nm) Dye - Ho:YAG (2.1um)
FHA--EH-H - Er:YAG (2.94 um)

100 v , 1000 10.000 nm
uv-c  |B| A| visble | IR-A IR-B IR-C >
100 280 315 400 760 1400 3000 nm

Al 1951 Calisa sl Jlre 6.8 JSKAJI

58 Jl=ll QI 4 = 10000NM Lacugall yeo¥l mixs Jrll oo oy daall Jlsll of unll Jally o elll slsal Jlome £y

A =200NnMm Lwsill wsil

Ay Ay lelageiul I3 g8 Azl Jlsb¥l sda 7l ol all il L

Because of the many applications of lasers in different fields of life, there are a very large number of lasers used and at

different wavelengths. Most lasers used in medical fields are involved in the three frequency fields (visual, infrared with its
three fields and the ultraviolet with its three fields as well). These lasers are either solid, liquid or gaseous.

The field of lasers is called the dynamic or useful field and extends from the med infrared range (MIR) A =10000nm to

the Middle ultraviolet range (UV-B) A =200nm.
As for lasers outside these wavelengths, they are purely laboratory applications.
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The CO2 laser: Is a gas laser which has the ability to produce high-capacity radiation at the wavelength A = 9.6 um, 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.
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 HbO2, onone 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 & Fluids dynamics
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The force exerted by a fluid on
a submerged object at any point
is perpendicular to the surface
and increases with depth.

V.
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latm = 101.3kPa
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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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One of the reasons why a human being can live on Earth is that the pressure of most fluids in the human body equals the
surrounding atmospheric pressure. But the value of blood pressure in the arteries of the body rises up to 30kPc, which causes
its expansion, but the value of this pressure remains constant due to the opposite force of the surface tension of the walls of
the arteries, which acts against this pressure.
S e 2l sl e 0sSe ga9 (2.9 USa) (Manometer) fogilll ulidn go lasiall (bl 3 dsasiawll puplall a0 oo
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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.
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AP=P . —P.=p-d-g (3)
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(pressure

Pgauge = Paps — 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 (eqU|I|br|um pomt), 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.

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 88| 114



[

ojliogJl

Pressure at point B is calculated via the following relation:
Pp=P_.=Pct+p-d-g (2)

The pressure difference on both sides of the Manometer can be calculated with the following relation:
AP=P_.—Pc+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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Gas Air
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=771 | 30cm

15cm(
Hg
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Pgauge =p-d-g

P

auge = (13600kg.m™3) - (9.8m.s2) - (0.3m) = 40kPa
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P,ps = Pyem + Pgauge = 101kPa + 40kPa = 141kPa
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:(Blood pressure in a human body) ¢Lui¥! e Gl s b

Sphygmomanometer

Stethoscope
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Blood pressure can be measured in the human body by one of the models of the mercury Manometer, where one of its two
ends is connected to a compressor belt that can be filled with air. This belt is put around the upper part of the arm close to the
heart level and then filled with air.
Licall e Jel) alindl gais Tum Jle 08 Jo¥1 daieall of um ol @ slodd wliall laiall Gulid eliall 1 dega
Lelall alimdl (o 79,3l eloed) zlowd! U5 day iy el @ pudl 3505 piag deludl (3 OLyadl 32| oy 451 Ayl (o Leas]
diie (Juldy @alal haall ded oo J8T 4egd J) plisdl @ eloell ladis Aayd (adsess O ) coitd s oy s plows Aauls
A Gl e 2agall sda 38155 nelall aliml Jaul asss of (Say juso Aelows Anulsy rowdgs lall (o Sigio loss (Say
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The function of this gauge is to measure the gauge pressure of the air in the belt, as the initial pressure is very high within the

belt (above the systolic pressure) to the extent that the artery is closed in the forearm and prevents the blood flow in this
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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.
Ll 098y daie Anlall Aasll s A 3815kl uxdl gag Joluas¥l baally dyay Lo ) has plidl (10 sloel 7955 5l raiul as
(aad! Taaall) Jolus¥l Iaaiall 2ad 38155 a3l Glill (e 81,801 2ad s (gl Lo 0San ¥ JUdlg putail w8 obyddl e
(120mmHg/80mmHg) Jsz: dadadl Ul 3 el L] alad Jaaadly Soladl crasoliall il (oo S 2aud sutas
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) £5d1 ¢ 39!
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= = (5)
Pwater  1000kg.m

One of the important physical parameters in the pharmacy is what is known as Specific Gravity (S.G.) of a material, and it is

S.G.=

o
defined as the ratio of the density of this material to the density of water at temperature 4 C.

p p

S.G.= =
Pwater 1000kg-m_1

(5)
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Blood tests include what is known as specific gravity of blood, which is in normal between 1.040 and 1.065. The low value of
this indicator means that the average density of red blood cells is low and the person may be anemic, so it is necessary to test
the blood specific gravity before the blood donation. It is also possible to do a qualitative specific gravity test of the urine,
which its normal value between 1.015 to 1.030, where the high value can indicate the high proportion of salts dissolved in

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

Al' Vl ES Az. Vz

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

el Aslas 4.9 (S
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We conclude that the smaller the radius of the tube, the faster the flow of fluid will be.
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When the blood is pumped from the heart to the aorta and then from the aorta to the 32 arteries, the blood velocity in the

arteries decreases compared to its velocity in the aorta. This is due to the large surface area of the arteries (combined)
compared to the surface area of the aorta.
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As for the blood capillaries, which are billions in the human body, the blood flow velocity compared to the arteries, according

to the continuity equation, is reduced by its large surface area, which provides the possibility to deliver oxygen and food to

most tissues of the human body.

:(Bernoulli's equation)  §giy Ualas

&yl yerad) slas RS G sl ells wie ladally Lpae dlads 3 adle Aoy oy ooy s lyy Aslas Ll e Joim Uslas 3yai
sl e aladio lae ad Aeanly g iYW dt (e (ializee caads 3 L aile Oy Aoy o Al nas
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.
Jl 352y @« ezmaedl 3ol Jume e Ladleyd dic oo dujy o 2o Balaie dlsss die gludy AU 018 4yl paradl Toe ) Talie
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According to the continuity's principle, the fluid accelerates when entering a narrow area, which means it increases its speed to
maintain the volumetric flow rate, then it returns to its initial value once it has left this area. But according to Bernoulli's
principle, the pressure in narrow areas (where velocity is greater) is lower than in other regions where speed is smaller

(outside these narrowed areas).
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Bernoulli's equation states that the sum of the pressure, kinetic energy and latent energy of the volume unit in a perfect fluid

remains constant.

1
(P, —P) + Ep(vﬁ —v) +pg(y, —y1) =0 (2)
K
1 2 1 2
P+ SPvit pgy1 = P, + SPv2 + Pgy, 3)
K
1
P+ Epv2 + pgy = const (4)
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That is, Bernoulli's equation connects both the pressure 2 and the flow velocity vand the height y between two points in a

perfect fluid.

L_é 2299 193 (e L@s UA"J‘“ L";Li_j' ‘zgd\j Bl A led) Lg Al | il &.a}u Aoy be puds ga Ll L_? L}}-’)-’ i.,Lm Slaadas a IE'
L5l @ o9 paie J) ALYL 1,1y Ll I

An application of the Bernoulli's Principle in Medicine is the interpretation of the so-called Transient Ischemic Attack (TIA), in

which the patient suffers from vertigo and pain in the head and limbs, as well as blurred vision.
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Blood is pumped from the heart and across the aorta to the brain by right and left vertebral arteries that ascend upward and
then meet below the brain, forming what is known as the basilar artery. The two vertebral arteries branch out from the two

subclavian arteries as they follow their path towards the arms.

Basilar artery

Left vertebral artery | ~  Right vertebral artery

Subclavian artery
Subclavian artery

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

Transient Ischemic Attack (TIA).
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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 is
closed and the blood flow stops temporarily until the pressure accumulates and is sufficiently elevated to open the artery and
allow the blood to flow. The process is repeated as long as the stenosis in the artery is there. This medical problem is called

arterial stenosis.

Atherosclerosis

Red blood cells

g

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

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

fluid, an external force must be applied to the viscosity friction forces of the fluid flow, which means pressure difference

between the ends of the tube.

Pid =
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To maintain the viscous flow, a pure force (Pl — PZ)A must be applied by the liquid's pressure in the direction of flow to
be balanced with the viscosity force ﬁ/) which reverses the flow. The pressure in the fluid decreases from P; to Pjto 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.

Non-~viscous flow
velocity profile.

Viscous flow
velocity profile.
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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

4~ Tar
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Poise (1P = 0.1 Pa.s) i tu> sladl 5usly clliSy Pascal. s(Pa. §) dsasxiadl dxg3ll Sluslg e

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).
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The volumetric flow rate in the case of liquid flow in a cylindrical tube AV /Attis proportional to the pressure drop at the
unit length AP/L, and is inversely proportional to the fluid's viscosity 1], and is proportional to the fourth force of the tube

diameter.

AV TAP/L
At 8 7

T4
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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 U and radius 7" in addition to the viscosity factor 7). This force is called the Stokes force

and the law used is the Stokes law.

F = 6mnrv
Aol Ao Il AL Aoyl noudy aLapd! ope Aoy udl CaBgund 8,501 O3les oof ] Arudd) Ao sLssl F 540 sla3s
The force F is increased by the increase of the relative velocity until the ball is balanced and the velocity stops increasing and

the corresponding velocity is called the terminal velocity.

(sedimentation velocity &Centrifugal) &3S,41 3,kadlg Jaid| de yus
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The end velocity required by small particles falling in a liquid is called sedimentation velocity, which is usually a small amount

due to the low density of these objects compared to the density of the liquid and because this velocity is proportional to T'z,

while the viscosity strength is proportional to 7.
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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 Jorr = w?-r.

1

Centrifuges can rotate at a rate of 105T€U *min~ " and thus generate artificial gravity more than 1 million times the earth

gravity g.

(Surface tension) bl 5401
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The surface tension of a liquid is defined as the force at length unit that the surface effects on its edge. The direction of this

force is tangent to the surface at its edge.

F
“_
VR

sl (985 Eupmy Byslaell Biludl ilinia (o wda ] puases Lo il g (e 231501 ¢ 6520 ol daas J goud! 393l 8ralls (5a5
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(13.9

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.

pda s 38l S8 e mowdl § O (Joe Do J gl o) 8ol O Hliely (el Al 4l (ol j5eall il (S

o plall §9 a8l bl § muisd XA Jlanly selasdl 352l 28Me aliag Joy Ly 13) U5 (e (Sasg

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.

Aaglais sl ahaadl Jelisg LAY elell o Ll o ¢ sebaadd) 59il) Aasls dalaill slglly gsbiall (e JS iay

Both soap and detergent are surfactant, allowing water to spread and moisten the surface to be cleaned.

(Surface tension and breathing) (waiilly gl wld! 39!
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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.

Sl il Aaual Aol ladl i sebaaad! y5gal) 2ayd il 1308 (ULl (o Adle Aud Gom) Jolies Jilua iyl s alaS
o1l Ledialg Lasaas ) o2is AP = Py — Poyyp ol Js 1l o lasuadl 2aid (3 3,8 <l 0585 ol ool

These wormholes are coated with a mucous liquid (containing a high percentage of water), If the surface tension value of this

liquid is equal to the surface tension value of the blood, there will be no difference in pressure AP = Py, — P, between

the inside and outside to extend and fill with air.

Ll 855 G a0, il 115.9 JSAd!

Ll (A Eommy ad3ll (§ (assisy Guedd! @ wnud slai (lurudll) blell sliall @ mhadl 5ol 2080 Bole coylsedl 3,45
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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 ¥ / 27" remains constant.
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The Ultrasound waves (US) & medical applications

20HZ — o axall (goasdl Jlall) Losio Jlre ooy (110 JSad1) Aguall z19a¥l il oy cirs Eguall 7 15a¥l ellias
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Aty ¥l B85 Caglall s Soomy

Acgoud] Agguall 719l Jlzma .1

Aigsall i 719l Jlme 2

Aggiall 38 715l Jlma 3
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20Hz 20kHz IMHz 200MHz
Hpac e dga gy
Agguall zlsadl il 11,10 S

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.

:(Wave movements) 4>l | i€t
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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.

o ol § By SLAD 6354 Lpd alis¥l pasiedis mudll e 3 puiiuds «ailoll § 54t ¥ &) padll zlsel of 2l all Z1sdlls
210 JSad) b1 LaTH osY talan sy sbmily il (s J) pasidl bl o 5331 1k loaa 515001 1) 559

Transverse wave

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

Compressed Compressed

Stretched Stretched

Longitudinal wave

(D) sk 2z sa5 () sty e 2,10 JSL1

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.

(Trough) slally ((Crest) aall i 59,401 Azsll sda Sliall pal o dzge Kb e b Loy § Lsla¥l 4, L4k
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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 Crest or the Trough to the basic

level. The wavelength A is the distance between two consecutive Crests or Troughs, and the frequency f is the number of

1
vibrations in one second. The period T = /: is the time between two consecutive Crests or Troughs.
.
:(Pressure waves) Laxsll 7 gl
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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.

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 106 | 114



[

ojliogJl

Density

' Equilibrium

|
I
_
: density

sl A sl Ll Jutedl] :4.10 JSCAJ)

Aguall ailoll Aalins mad o 2eolall sl Jimad (e dotay gdlly 3L2sSO¥l jagiat 52 Aigall Lailell lipbs eal o

ST Cpzmeadl Aailas on Lo Blall (3985 Lo yladay 48T 0880 LolSai¥l Jalas of s

One of the most important applications of acoustic impedance is the Echography, which depends on the recording of echoes

coming from different tissues with different vocal impedance, where the reflection's coefficient is greater as much as the

difference between the impedances of the two tissues is greater.
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:(Properties of the acoustic waves) &gl 715431 ailas

Acoustic waves have acoustic characteristics similar to those of light waves, such as reflection, refraction, interference, and
diffraction.

. - ; .

ot

Agigaall £15a) Lusily ulSail :5.10 JSAJI

ionialine Sio G JUlly cializa (Py # Pp) 0x8liSs (2 # Z) osisiyie cxiailes 00ies olaile Ll 08 13)

vy =Z21/p1 #F V2 = Z3/p2
Lgl3d Bglane olSail Al Lo 6 52 (uSaty Adguall Aailall alise cnbassll (pda o Juads glaw (e Aisio Laj> 555 Losie 4l
SIPCG {JPHE R EPRES PTS RO CHRTE PEVETS|

sinB;/v, = sinf;/v,

Soiendl s § 2as (;uSilly (uSailly 5lgd1) WM Aa i) o iy

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 108 | 114



[

ojliogJl

b HLAEY Ao yu) yauol duailes U dasg J) (Rl au8 HLaEd ) Zepu (6) 308 Bigunll drailos Tasy (10 Aigum Azga 355 Lontic
oSl oz I TN g (el lill (pa 8 yeeSall Agatl Ao gl s «(Jo¥1 Lasgdl oo J3T
Auiguo 81,0 Hyliay 58 (st ot uolall lasdly Jlie (wlSai¥l o 6T o fp = T 06K Laiie
L5l oloials oy Jrolall mhaudl o G Los «(8,uSin (3> of AuSain Azgo iz Y il gy ligd (I, = [ = 0) 06K Lawie
el Bl C3ya e sag 83,1511 Aigual

When [, = [}, thatis, the reflection is perfect and the surface between the two media is a sound (acoustic) mirror.

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

totally, and this is known as acoustic insulator.

:(Echography) &.cg4all 394 71540 13 guail|
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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.
dlye ) 20LaYL (el (e ¥l sgag e Gladl aaSs oy camll @ onre g pdge e Wl bl ISl el
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The doctor can now locate a specific tumor in the body, and reveal the presence of the pursals within the ovaries as well as
control pregnancy without the risk of damaging the human tissues.
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An ultrasound wave is generated by an Piezoelectricity crystal that convert the electrical signal to an acoustic sound signal and,
conversely, convert the acoustic signal to an electric pulse. The Quartz crystal (S105) is the most common type of these
crystals. They have the ability to expand and contract permanently and periodically by applying voltage differeces between its
two ends producing acoustic waves. Conversely, the application of pressure by a sound wave generates a voltage difference

between the two ends.
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This piezoelectric crystal converts the incoming ultrasound into an electrical voltage and is therefore called a transducer
because it transforms the electrical signal into a mechanical and vice versa. A transducer may consist of a number of
piezoelectric crystals. The principle of the work of the sensor is pulsing, because its component elements receive and send the
waves at the same time.
Ligsall Aojoll uels o Julaall Ay dubass (SN By9ldl diandn § oo 3] Guall jugims Sl 3 ﬁ.:;)’l addl ezl pay
(710 U1 Anstl i yas Aeiy (acoustic lens) duges dude ausg el Bygldl (ye 8yalall

Without acoustic Iens_
wWith

_~Acoustic lens

Beam focused by the acoustic lens
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Best of luck my dears

Dr. M. Moualla
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