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BASIC PARAMETERS I PHYSICS
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Measurement yuwladi 1/4

Measurement is a way to describe the word with numbey. "i'T”i' ”I’ﬁl“
Measurement is the assignment of a number to a characteristic of an object or event, which can

be compared with other objects or events
The Sl Systems of Unifs wiangll yJgall pUALI

The group of internationally accepted standard units is called the metric system

or ‘the international system’. abbreviated as S| from ‘Le Systéme International

\_/ @ d ‘Unites’ in French. in this system. each measurement is a comparison with the

® fundamental Sl unit of the related quantity. By expressing the length of an

object to be. say, 7.5 metres you are uctuully making a comparison. Everybody

acknowledges the length ofthe room to be 7.5 times as long as the fundamenttal unit of length,
defined as 10 metre.
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Quantity Name Symbol
Length Meter M
Mass Kilogram Kg
Time Second S
amount of substance Mole Mol
temperature Kelvin K
electric current Ampere A
luminous intensity Candela Cd
Prefixes wisaw

Standard prefixes are used for very large or very small quantities. The mort common ones are
shown in table below: For example, the frequency of an FM radio band, 1028 x 106 Hertz, is
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abbreviated as 102.8 MHz (mega-hert2). A honey bee flaps its wings once every 0.004 s or 4x10~
3 s. which can be abbreviated as & ms (milliseconds)

A=5Uil JAIDU JAAT Iaa 6 s gl fan 60 CilioAs) duwld)l Gball masii
x 1028 FM gualy $Uni aayi jlaaial polis « JUiodl Y Hle :oliai Jgaall b ALl
JA 6anlg 80 Laualing b0 )i Juus)l @lai, MHz (mega—hert2) 102.8 Ul e ( 100 Hertz

(85U o) Guili ollo 4 LJI L jlaial JAod Llg X103 s4 gl &l 0.004

Standard prefixes for the Sl units of measure

Multiples  Prefix name deca hecto kilo mega giga tera peta exa zetta yotta
Prefix symbol da h K M G T P E Z Y
Factor 102 | 10’ 10? 10° 108 102 | 10 101> | 108 | 102 107
Fractions Prefix name deci centi milli micro nano pico femto atto zepto yocto
Prefix symbol d C M v n p f a z Y
Factor 10° | 107" | 0% (1072 | 10° | 9107 | 1072 | 107" | 1079 102 | 1072

Radiamn it's a central angle opposite to the arc, its length equals to radius of the circle.

Hab ni oluy Wk ywedl dUlioll &yjapoll dugll L s nill digl I
B51aJ1

Circumference of a circle opposite to the radian (2rt vad) uai dulgj Juldy 6)51aJ1 hiae

o

2nr 360 .
2rrad = — 1rad = ——=157.3
r 21

Solid angle it is a central solid angle that opposite a part of a spherical surface with an area
equal to squrare radius of that ball, it is measured in units (SP.
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errors in measurementsclwliil b clasi

Experimental work is never free of error. Experimental errors that are inv-
loved in each measuring process would make experimental measurements '/
in acu- rate, nonprecise, or both. Although it is impossible to avoid
experimental errors completely, yet it is very important to try to minimize
them in order to obtain the best results. Experimental measurement errors are two types: human
error and instrumental error.

JA Lo Laua rody Ll G i)l cUaAU YUD o .cUaa I (o gLy ¥ Ll Josll
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Personall (Ruman) errery miv Uas

Human error can occur, for example, ifa mistake is made in reading an instrumemt or recording
the results. One way to avoid human error is to take repeated measurements to be certain they
are consistent, and to put strict rules for measuring techniques.

Jaaui gi 81al 6ld L6 Uad Gan 13] WJliodl Jw ule «5uiy Uas Gany Ui Uloy
Ll Uo 28U 6548050 Wlwlyd Aal ub il Uaddl wiiad Gpb $aa] Jiodi .5t

bl OLLigi) dojla acled &udgq Aduio
Instrumental Wil jlas oo Uaa

If the balance or the meter stick arc not correct, they Icad to an error in measurements. so,
measuring instruments must be chosen very carefully, and must be in good condition.

EUA) Olwipol U.o Uas JLaal o6 Qiaun it alas)l yugd bac gi vl glalal
B2 Ala Lo YA Ul Lingg A8 dylisy Ywlidl Wigal JLLisl wiay

Graphy 5Ll oaw I

Graphs considered one of the favorite ways to get the arithmetic mean for a number to readings.
To illustrate the relation between two experimentally variables prefer plot grophic chart And
graph can be used in many cases to conclude the mathematical relation connect these two
variables, in addition to determining the constants values from the graph.
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To Plot a Graph requires the following:
1. Determining the origin point in a proper location on the graph paper €0,0).

2. Drawing the two perpendicular axes from the origin point so the horizontal axis represents the
(x-axis) and the vertical axis represent the (y-axis).

3. Selecting proper scale drawing for each axis alone or for two of them together according to
readings that have been collected for purpose benfit from graph paper that you have.

&. its berter to use even number for the scales drawing.
o Lo bl rouw Yl rouw) iy

{(00) Ll o Y1 @6 jg e Lwlio Ylho Lb Jall @ndi ayani 1

(W Jeaoll) L6V jgaoll Jioy Carny Juall dndi (o Uiagoc ()eao row)l .2
(U2 Jeaoll) sag0=Jl Jgaoll Jiolg
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A train moves with a constant speed (1), and the distance (d) that the train travels is direct
proportion with the time (t) the train takes to travel that distance, then if the traveled distance
in two hour is (160KmM) what is the time needed for the train to travel a (400km) distance.

a
E = constant

constant speed (v) =k

. N




The volume (V) of a standing cylinder change with respect to the square of its base radius (r2)
while the height (h) is constant, and its volume changes with respect to the Hight while the
radius is constant. If the base radius was (14cm) and the height was (10cm) the cylinder
volume become (6160cm3). Find the cylinders hight when the cylinder volume is (3080cm?3)
and base radius is (7cm).

V « r? with constant (h)
V « h with constant (r)

Ve r2h & V=Kr%h

Vl = K?‘lz h’l
6160cm3® = K X 14cm X 14cm X 10cm
_ 6160 _4-4-_ 27 _ 6160 4.6
T1ax14x10 14 7 1960 T oy
V=Kr:h;
22
3080cm3 = 5 X (7em?)? X h,
_3080x7 140 _
T 2XTxTe T A
1 Msfﬂq_u_a_s_z'_ ala
Hi 140[6160
= 8400 - 560
Hedo || LT 11 560
18800 560
dpeldat— L 1 [ [ | 0
et
U  14]0
22130 8|0
2 2
88
88
0
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Found practically the volume(V) of a certain mass of gas is directly propotional with the
absolute temperature (T) when the pressure (P) is constant and this is charle’s law.

VT

And the volume(\) of a certain mass of gass is inversely proportional with the applied pressuere
(P) on it while the temperature (1) is kept constant and this is Boyl’s Law.

Vc>c1
P

VocT<=>V-KT
P NR P

PV = KT & PV =nRT
R =8314].mol . K1

R =8.314 J

mol. K
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iChooselihelcorrecifansweniortheliollowingss

1 Radian is the centered angle that faces an arc with length of:

a. Circle vadius b. Civcle diameter c. Half civcumference d. Circumference

9 Circumference faces:

a. 1 from the radius angle b. 21t from the radius angle c. 3rt from the radius angle d. One
radius angle

& Surface area of sphere faces:
a. 1t Sr b. 21t Sr ¢. 3rt Sy d. &t Sv

{1 One of the following physical quantities is measured by ampere

a. Electrical voltage difference e Electrical current b. Resistance d. Electrical power

B Square millimeter equals to:

@ If xis 2llazc ) arooesicion with(yd and (x=8) when Cy= 15). then what is (x) equals when
(y=10)

a.7/3 b2 B16/3 d. 3 X1 = kyl

X1 X3
yi Y2 —_— k
8 _xn X2 = KY2
15 10
_8x10 16
2T 715 T3

TIF OO [eral aeogesiione with (Y and (x=7) when (y=3). then what (x) equals when
Cy=7/3).
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X1Y1 = X2)2
7X3=x, X7/3
7X3X%X3
Yp=—g =9
@ The radius angle that equals to (1) rad faces an angle that equals to:
@ 57.3° b. 360°/r ¢90°/m d1°

@ The value of number (5) that is rained to the power of zero (5% equals to 2
a.5 b. Zevo e d. Infinity

10 If the mathematical relation that connects the variables (xy) la (y=2x + 5) then (yd
changes

a. Linearly directly with x and passes through the origin point.

b. inversely with (xD.

e Linearly divectly with x and doesn't pass through the origin point
d. Not linearly with OO.

Tk If the mathematical relation that connects the variables (x,y) is (y = mx) then (yd Changes:
a. Linearly directly with x and doesn’t pass through the origin point.

b. Inversely with (.

¢. Not linearly with (xD.
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CHAPTER 2 MECHANICAL PROPERTIES OF
= MATERIALS

£
Mechanical properties of materials depend on
external force acts on them.

LAl 698l Hle agi=i dalol uatilatoll yalgAll

Lale 6)iGoll |
external force is applied on Volume Shapes
Solid Cthey are deformed) Constant Change
Liquid Constant Change
Gas Change Change

The deformed change depends on many effects in soild state. Some of them are listed below:
1. magnitude of force acts on the object. roaall le 6)58.0J1 A jLAJl 698Jl jlado

2. Dimensions (size (of the object. ol al=yl

3. type of the material. 6alo EgJ

Studying about Mechanical properties of materials are important for improvements in
technology. Therefore; invention of these materials:

«oJIUG .Lngtgifill L Wlinuail) Godo Jlgol) Araiilaisll yailaidll Awlja
:alg.o)l 03a Cacyial

1- Industrial applications, Artificial fibers used in industry; They are used in manufacturing
of compressed gas cylindey, tires, bodies of transport vehicles and wings and sports tools.
rody ¢ Aclinll b AoaAimoll duclibny WL : duclin)l Ol il
WA jo pluaig wijlayig hg o)l jLell Whilghuwi &iini o Ldoladiwl
AU Yl Glgalllg Aaiallig Jbill
2- Space applications, Artificial fibers used in space systems: They are used in
manufacturing missiles, shuttles and fuel tanks.

Aullginl Srind b PaAiw ABlA pUAl Kb GoaAiucll Guclihnyl Wil
.295g) Cliliag WgAollg
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Elasticity and Hook's Law ( g oo g digroll gils

Activity: Elasticity Concept E
Tools: A spring, 01N loads, iron hangey, ruler, paper

Steps: -
Set up experiment as shown in figure.

- Hang the spring perpendicularly. Then place the paper behind of the spring and sign position of
free end of the spring on the paper.

- Attach a load C0.1ND to the spring. Then sign the position again.

- Then attach one load more. The weight of the load is 0.2N that means extension will be twice of

the initial one. -
oAl 5 31g
- Repeat the process for the other loads. N el
GRMTENEHLG Frwird A

Write each data on the table.
- Draw extension-weight table on the plotting table. The weight of the spring is neglected.
Result: Extension is directly proportional to change in weight.
digJo :kluivill

= 919 6 oo NOT YLl wdgjla Yyl Lilgalll
wigha

[ : JAUIUL Quag.0 9 LoA dypill alacy b
y 65)0Jl G (0 $ag0 Uit g ilall YAl Glsi ¢

Qlaill Glaj Aolle fuagl B9 LIgilall yauliJl wala
A6 joJl Lle yaslil 6 1ol
(5131 610 6211l Hle Jaw 5 . pdg Hadl yaylidl J) (NO.T) JEDI Gal=iiy o «

UoAiw UL Ol sy 13dg NO.2 day JAUI Ujg a1 6aalg JAUI Lol »
Joll UjoJl =i

WSV JLiw dalo=ll jpa

Joaall ule ULl JA wrisl
apdgiall YALill Yjg Jodl aghAill fgua Lle UKW Ujg Joaa o)l »
Uigdl 11%T &o Uaph wwliii (U~ Yl :Gayiill




FND AL Cem)
0 0
01 03
03 0.6
03 09
0.4 12

Therefore,Ul Ciia
Elastic Force = spring constant x change in length of the spring
AF = K AL
F: Elastic Forceauin)l 696
AL: change in length of the spring (AUUaLwI j1abo) g ilall yaylidl Joda Lo Jasill
k: spring constant which depends on the size, geometry and type of the material.
Qo Eginoll 8aloll £9ig LAliwaiad ©alsil Lle aoiswy Al cyU
WUUniwyl x yalidlcul = 2l 9.6

_EE'LA,S;TFH@![EYQ is the resistance against the force which works to change the shape,
volume and size of the object.

Therefore; when the force is removed, object returns to its original shape, volume and size.

&o Wgln gl Aoan gl aliii 6 j1seoll 698U rounll Layay il Asle)l Ly :dig ol
Figodl ela Jlgj a=y Gulull asiag Lyl Acea)

o)l al=ylg pang YAl pri ule Jo=i il 6981 auA Goglioll L :digroll
.0al=1lg Aoang Ll il Al HJl oauall ag=y 6981 Jlgj adc 1 uJliug

Properties of Elastic Objects; 53U Lod UpoJ! oaua)! Oy

- when the applied force is removed, the object returns to its original shape, volume and
sizeaic 6981 35U Jlgj ass @ulull ddgh gl AQoan gl alaid LJl ag=

- deformation of material is directly proportional to force on it in the elastic limit.

Aig)oll 3gan Ulouwd AJ duunoll 698J1 So Lha Uuwlid agsd Jualadl oguivil iy




ELASTIC LIMIT: Gigpoll 2

The greatest stress that can be applied to a material without causing permanent deformation.
The stress point at which a material, if subjected to higher stress, will no longer return to its
original shape.

6)38.0J1 591 Aijlial 13] $aJl anJl g :digroll an

©gaJl Ll Jlgj a=y arle YA Lo WJl o)l ag=iV
V-0ila oguiti ags Gany aijlial lalg

(W .rodla oguili oo il gga algell le adi i (a0 Gall alaayl rodaci
.\__?.Ln'lll alaui GJl pawall ag=gl Llel alaal Gl Cua =i 13] Baloll Ldaic ya =i wilalanyl ahdiadgii

If the deformation is too great, beyond the elastic limit for the substance, deformation is
permanent.

Losla oguiriJl oAy 6alol) Aigroll aall (ke iar=ig daa 11us oguirill YLA 1]
STRESS AND STRAIN

Stress: is the force on unit area of an object.

An object under stress means that shape of an
i

object or its volume or both of the quantities are l ! "
changed by force. . Dj i
7
Unit of stress is N/m?. T l o~
U.LC a-h-LH'LO-" ae!ago&" 69'6'" \_.?“ﬂ :2@;;“ compression tension  bending torsion shear
.Aalwoll 6anq

(LolA gl ol gl YAl b 1425) 0guili Aud Ciany rouus e J5§oll Alaayl
N/m? alddall 6anq

ek

1- Longitudinal Stress: Vertical stress causes deformation in length of the object.
ol Joh o Ldguini wipuuy (530l alaa )l oo : xJoda)l alaa )l

There are two types of vertical stress. Quegi ole plohbll alanMiggiig

a- Tensile Stress: If an applied force is perpendicular to cross sectional area of an object, the
stress is called tensile stress. An object elongates under tension.
oIl il $a8) Ubldio Uiatauw b Giagoc 698y Uil 13l :auivl alaval
(Ulaiwl) Jodall b Balyj
b- Compressive Stress: Stress on materials that leads to a smaller volume. Therefore; length
of the object decreases.




Compressive stress can be calculated by

vertical component of force
cross sectional area

compressive strees =

2- Shear Stress: When a book is pushed on rough surface, the book is deformed because
friction.
Awloo 698 Aiwdag AiuiiA 6aiio ddaw Lle ULA Caiag lal: yadll alaal
ATV g oglili Cigan Aali aakhau)

Shear Stress = Component of the force / cross sectional area
STRAIN dcqunol
It is the elongation of an object per unit length.
Johll 6aaqJ 6alodl UL LAl : deqlaoll
Strain depends on stress of the object: aJ ya =iy $aJl Al £gi yle LWQ5giS deglinoll

1- Longitudinal Strain: When an object elongates or shrinks its shape changes but volume
remains constant. The initial length (Lo changes with AL
JLs2i pré Uo AlAUD iy aklsAil gl roauall labiwl alic : dulglall Aeglnoll
AL jlasios Lo pliall Jodal 31y 5l.Qoan yb
change in length AL
initial length L.

Wl ey N I_g_dq.bJI?.bH.iiJl
Quuuill ayghlidcqolhholl = L, olovlJenl

2- Shear Strain: A condition in or deformation of an elastic bbdg caused by forces that tend
to produce an opposite but parallel sliding motion of the body’s planes. Therefore; the
body is deformed but volume remains constant. Shear strain is measured by angle
between the sheared line and its original orientation.

Aapa QUL LI Jiod 1595 U Q05U Uto s 0guili g b @i : yadll cqling
U-J roauall oguitl spJLidlg oausll sgiwo G jlgo USlg dujlgio Grsyjil
aalailg yadlllas Gy dgl JU yadll aldal ywls ol ol obu oaall

oLl

3- volume Strain: When an object is completely exposed to pressure, the strain is called

volume strain. The shape of the object does not change but its volume decreases.
change involume  Av

strain =

volume strain =

initial volume V-




AV oall po il

Qurill upaalldeqlgl)l = — = =
/A Ll paall
dcqUaoll Lo a2l JolalU ouuall yar=iy Loaic :duoaall dcqlao
Uasdlily Aoan (AJg ouuall JAb iy V.droaall deqlaoly

YOUNG MODULUSLig) Jol=o

It is the ratio of stress to the resulting strain.

t defines the relat lonship between stress (force per unit areal and strain Cproportional def'ormat iond in a material in the linedr elasticity regime of aUnigxial gdeformation

il Acqlnolig alall ) Awill Ha

stress
Young Modulus = -

strain
F/A
i A
AL/Le-
G F.L.
T A.AL

F/A alaa i

Y: Young modulus ¢Ligy Jol=o The unit of young modulus is N/m?
F: Vertical component of force Lagoc dinlinoll 5981
A: Cross sectional areaya p=Jl &b oll Aaluio

AL: change in length AWUATLWNI) Jgall o6 Alnlall 52D
Lo: Initial lengthodua il JolaJl




A steel rope which length is 4m and cross-sectional area 0.05¢cm? is pulled by 500N force.
Calculate magnitude of elongation if young modulus of steel is 200x10° N/m?.

- F.L.
T A.AL
F.Lo 500 X 4
AL = =2x1079%2t = 2% 1073 m = 2mm

T Y.A 200 x10° % 0.05 x 10—*

A group of students does some experiments to find type of a material and the data in the
table are calculated If the wire has 2m length and 125x1076 m? :

a- draw graph of force and elongation of the wire.
b- and young modulus due to slope of the graph.

¢ Given:
« Length of the wire =2 m
« Cross-sectional area A=125x105 m?

+ A table of Force (F) and Elongation (AL (you mentioned it's calculated but not
provided — we need that to proceed).

Step a: Draw the Graph
1. Plot a graph with:
o X-axis: Elongation AL in meters Cor mm)
o Y-axis: Force F in newtons (N)

2. The graph should be a straight line if the material obeys Hooke’s Law (in the elastic
region).

3. Slope of the graph =F/AL
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You can use Excel, Google Sheets, or a graphing tool. If you provide the data table, | can draw
the graph for you directly.

Step b: Find Young's Modulus (YD
The Young's modulus formula is:

stress
oung Modulus =

strain
F/A

" AL/L:
F.L.

Y= ——
A.AL

F/A alaa Vi
AL/L, @il dcolinoll

Y

Cligy Jolwo =

But if you're using the slope of the graph, then:
Y =L/A X slopeof the graph
Where:
« slope=F/AL
e =2m
o A=125x10"5m?
So just multiply the slope by L/A

Example:
Let’s say from the graph, the slope is 100 N/m
Then:
Y = L x slope of the graph = 2 — x 100 = 1.6 X 10%Pa
A 125 x 10-°




Aulinll slgol) Auslilasoll yaila sl

Mechanical properties of rigid bodies must be considered to manufacture construction materials

and household applications.
JUicVl Ay 3A8§5 Ul ptiy ulindl algol) drasilaroll yaslaall
dw jioll Cilgallg clivl algo &rinmil dulnll algoll JUWial aic

1- Ability of a material to deform material by elongation,
bending, shrink, drawing or hammering. i.e. copper.
cliniVl WUaiw)l @i (e algodl augditi Gle 6)ad)l :digalll _
wwlaill i @l ol Liaul (UbloAil) yaldill (U (ywedill)
2- Britileness: The property ?P/ materials that do not deform under |8
strain, but tend m.._QreM@énlg.

JuoJ Lalialg LAV Kl ogaili V il algoll duala :dublitdJl
JIEN Hlas Judaivl LJI

// ‘ \
Brittle materials are defined as; materials such as glass, pig iron and concrete which break by
exceeding over the elastic limit.

aJan gl Lall ayan) olall ayaalig @la Pl Jio algo (LoA duira algoll W=’ oliy
UGl Uo a2 dyle i $9ing) (J2L a3an gl ol agan of aganll Auwlod gi pajll
QolaAiwl (JAacs Vg lan Lite als oy Loo Al Jjg o £ 4.5-3.5 WJl 6ale Jual
aaJl jolad JAA (o il Ll Ciypaigalig (s lall el ya=y o VI 6 pilo
g JoJll

3- Rigidity (Sfiffness) : Ability of materials which conserve their shape and volume when
force is applied on them. Rigid bodies have great Young modulus. ie. Young modulus of steel
is 2x10™ N/m?.
laAiwl aic ldoang LAlAiD Lle Kol Ll algoll 6)a5 :(6qliudll) aslnll
Ul biod . Ju8 Eligy Jolmo Laua) (euawln) dulnll pluayl layglc 6gdJi
X10"N/m?2 sqluey 3¥gJl ayaall Joleo
NNESS: It is defined as the resistance to fracture of a material when stressed.
Toughness can be calculated by,

Toughness = Force/ Cross sectional area

The unit of toughness is N/m?.
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dalodl Aunla) alddaVl aic dalodl pual Aoglio Ll yle LAy =" roliy :dilioJl
‘dinwlqy AulnJl ula 1480d .(LaJ d= ki)l 698)l doglio)
paa el &adoll ddhio / 698Jl = dilioJl

N/m? o @ilioJl 6309

5- Rardnesss Resistance of a material to deformation, indentation, or penetration by

means such as abrasion, drilling, impact, scratching, and/or wear.
3922l of YAl Jio JSlwags @lyia vl gi ybaal oguiril) alo doglio :6alliall
JAUUI gl /7 g ybaall gi yuitidl i

Hardness of some material are | TAC cwzsun CALCITE B FLUORITE it‘;\i?.glre
listed Cascending order) in the table. 18 d 3 g 2
X d 3 - E .
FELDSPAR (QUARTZ TOPAZ @rE 5 y
w e e
LT oo R = - - ; .‘

e 6. Feldspar Clalw)jlauloll
1. TaleelLidl (00 LLoJVl
2. Gypsum (Plaster ) yaall 7. Quartz jijlgaJl
3. CalcitecurwJLall 8. Topaz jugiJl
4. Fluoridecuwljglo 9. Rubycugslul
5. Apatitectisyi 10. Diamond ywloJi

6~ Falllures A bility to lose resistance under stress.
Aldal Ciali Lol gali 696 Ulabs yle 6jad)l :Juindll

Think! Compare mechanical properties of caoutchouc
Crubber DUEHTY and diamond Hardness.
Elastic and Plastic Deformation 5yiwyl oguirillg Upoll oguiill
a. Elastic Deformation

The temporary increase in length or shape (Hooke's Law is applied). When the force on the object
is yemoved, it returns to its initial length and shape.

)0 OQiL]
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6qJl dljl ol Loaic .(Clgad PUgild @Gkl roliy) | N qi JaohlJl U..o didgoll 6aLJI
(dig)oll agan Uod).ulni Lalaiig Lalgh Ll 2g=i Lails « oawall lc

b. Plastic Deformation

The permanent increase in length or shape (Hooke’s Law is not applied). When the force on the
object is removed, it cannot return to its initial length and shape.

(UaDI) el )l oguiri

6q.9Jl Wijl aic .(Ggd PYgild @§arkai oy V) JAauill qi JohbJl U.D doslaJl 6au i
(@g)oJl 3gan @)La).udoll alauig gk Wl 639=Jl USol ¥« foauall blc 639290

1- Split (breaking) starts form the cracked parts of the body. Because crystal structure of

those parts is deformed.

b undlig aluall ailiall Ol5 gblia)l ue 6slall abhuw Lo by (JuSl) chall aslay

2- Resistance of brittle substances increases with increasing pressure. For example; 10 km

below the earth'’s crust, the rocks are less brittle and elastic deformation is more.

Jganll aun’i aus U1 6 pindl o Km10 Gac aic ias henly olojb ddall 6olall Goglao
haoll oguiti) auUlaisl jiSlg puSill Ulais| &l

3~ In order to prevent breaking of glass, polyvinyl butyral is placed between two glass plates
g0 Géuhy gldgnao b Pl go Jlinean 3565 ( puSligai plaiol gl) 2 Pl puS quiail
JuSJl gail éolas Jacs tillg JIyigu Jilis tlgy 8alo




Q.1. Choosa fhe correct answer,

1- When the stretched spring is released, it returns to its original shape. Which one of the
following properties explains that;

a- brittleness b- softness c- hardness (G
2- the steel elasticity of is greater than caoutchouc Crubber), because
a- Steel needs more tensile and compressive force b- caoutchouc Crubber) needs more
tensile and compressive force [Vl Nig 0ol U [TER @S (LI WER {1 {dg d- Young modulus of
steel is smaller
3- Hooke's Law is applied in
a- hardness b- deformation BEERIEI d- shear strain

4~ the material that's length can't increased unless by high stress and in their elasticity, limit is
called;

a- brittleness [Z AT IR |c~ inelastic d- can be hammered
5- When the force is applied, the longitudinal stress is defined as;

Sl 1 LRGN - perpendicular force on cross sectional areafaliTTNal Rl (NI

elastic limit
6- Shear stress affects; a- length b- width c- volume

7- What does the strain which affects load attached wire depend on;
What doesn’t the stress which affects load attached wire depend on;

SR G S GTRNTE b- diameter of the wire c- mass of the load d- gravitational acceleration

8- Consider two identical wires (x and y). The length of wire x is half of the length of wire y and
the diameter of wire x is twice of the diameter of wire y. If magnitude of elongations of wires
are same, force applied on wive X is;

a- half of the force on wire y b- twice of the force on wire y c- 4 times greater than force
on wire y d- 8 times greater than force on wire y
L= Ly, Rx = 2Ry, Als=Aly , identical wires (x and yd Yx=Y,




F. x1/2L, F, X L

2 X712 XxmXAL, (
F,x1/2
O
Fy
= Fy

8
F, = 8F,

oY

)2 xm X AL,

9- Increasing in length or shape of the object over elastic limit is: -

a- called temporary deformation (¥l |8 Zdd T A 3 gnilg c- directly proportional
to force d- inversely proportional to force

10- When two forces pull that are equal in magnitudeand opposite direction and parallel to each
other are applied on object. The stress is called;

b- compressive stress c- vertical d- shear

In order to cut a wire, required force is F. Calculate the force applied on; (Note: all wires are
identicald

a- two identical successive wires tied together.
b- a wire which diameter is twice of the wire used in question.
¢~ a wire which length is twice of the wire used in question §

What are the factors that determine the amount and type of deformation that occurs in
solid material?

@.%.What is meant by the elasticity constant of the spring? What is the unit which we use to
mm it? and on what does its magnitude depends on?

Define type of strain for following choices;

a- ratio of change in length to length
b- ratio of change in volume to volume
¢= magnitude of an angle between the sheared line and its criginal orientation.




@12 A tensile stress effect of (20 x 10 N/m2) on a metal wire having cross sectional area of
(15mm?) What is the force acting on it?

2= —6
, vertical component of force Imm® =10""m
A tensile strees =

cross sectional area

T ===

20 x 106 =

1.5 %10°°
F=20%15 %10 =30N

@.23 What is the amount of length that occurs an (2m) long steel wire with diameter of (lmm)
if mass of (8 kg) is attached to its end(g=10m/s2)7 Steel= 200x10°N/m? =2x10"N/m?

= F.L diameter = 1mm
—— 80 X 2 cross sectional radius
2 X 1011 = re . AL = %mm =ing
— 2
2R = 180><2 A = mr? IS Beans o
= (3 x1073)%.AL

AL = = 80 x 2

= X 7 X 107%, X ;2 x J01!

. 80 ><4><7_80><2X7><10_5_1120)(10'5

22'% 105 11 11 i .

A wire with cross sectional radius of (0.5mm) and length of (120cm)

hanging vortically. What is the perpendicular forces that needs to he applied to
its end so that in length become (1212 ¢cm) (young module of the material is
(14 x 10 N/m?.

Lo = 120cm = 120X 10™%m, L=121.2cm = 1212 X 10~%m
AL=L =122 % 102m—120 X 107 2m = 1.2 X 10™%m

% (0.5 % 1073)% 1.2 x 1072

22
=

120 x 102
F= 02%22 %0,25%10%% 11 510° =110

YRS/ 3. 5
= s <l 3

I I

oo 14 x10%314 x (05X 107%)*.12 X 1072 5

120 x 1072
F= 314 %028 x 100%=




F = 1.4 % 3.14 X 0.25 x 102 = 109.9N

@42 Two identical wires the length of one of them is (125 cm) and the other B (375 cm) if the
first wire was cut by a force of (489N). What is the force required to cut the second wire?

F1=F2=G89N because both of wire has same the cross-sectional radius

A rod with length of (0.4m) was pressed an its length shortened by (0.05m) what is its
relativity strain?

. change in length _ AL _ 0.05 i — 0175
R T length ~ L. 04 40

@62 A bronze wire with length of (2.5m) and a cross sectional area of (1x1073 cm?) pulled and
elongated (1 mm) by attaching an object of (0.4 kg). calculate young modulus for the metal.
Consider the gravitational acceleration is CTON/kg).

F.Ls 4 %.2.5

Y = 101743 = 1011N/m2

T A.AL W07 % 10-°







a

its shape.

U0 JAub A8a ole 6)ald préq ddusid Clwloill $9b Lausd Ll 6aloll il &SloJl
aL6 Eaagi $aJl clegdl JAub SaloJl AAlig Wiliyjall e il 1) 6alol)

(PF@SSII® is the Cperpendicular) force per unit area.

Sl unit for pressure is Pascal C(Pa). 1 Pascal is the pressure applied by 1 Newton force over pushing

against 1 m? area.

EluidBressuke)
it uidfiEEsStire:

A liquid has a weight, it too exerts a downward pressure but it also exerts pressure in every

direction.

material thus the particles move and take the s'
definition fits liquids and gases and its easy in response to t¥

Liquid pressure increases as we go down from the surface to the bottom of the liquid.

w Fish and } divers at the bottom of the sea feel greater pressure, which is due
weight of water above them. The water presses in all directions on
the bodies. Therefore, divers wear very special suits to protect themselves from the effects of

to the

pressure.

liquid pressure properties:

1- A liquid exerts pressure in all directions.

2- The pressure of a liquid is directly proportional to
the depth of the liquid.

3- The liquid pressure depends on the density of the
liquid.

Wl ha
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cloJl Ujo Ly das il (o atjod U9l Jaull L6 ub Utnlgslig Wilow i
$aip Ua) oluall ple ULALIVI &ron Lo Unia ololl bl (obeb
il il o maum b il dylon) durnla CiMay (gnlg )]
WSl hed yasuas

Clalivl JA oo s bl J5lw « -1

Jilwh§oc So Uarh wiwliiy Jiluwl hseaa e -2

il dslia ole Sl A agiic -3

$63
337

Pascal's principle Liquids Cin equilibrium) transmit pressure equally in all directions.

that's the Weight of the column of linuid represents the perpendicular force that acts on the
area.

F weight of liquid _mg ng pgAh g
Puquzd A_ A A A A |v=A><h
m p AXh
Pn = pgh Weight =mxg=pxAxhxg
Liguid Pressure = liquid density x gravity x depth o _F_pxAxhxg
A A
P=pxhxg

// p N
"REMEMBER

liquid have two properties these are inability to be compressed and sliding of its molecules on
each other easily that let it apply force on the walls of the container that it’s in and also a
force upward.

That's the pressure of the liquid doesn’t only affects downward but it affects in all directions
wacdl lancy wie ajlisjs GYjilg (QulSill) aben wle 6)aill pac lamg (lian of Jilwll

nlellgad acalaé ogo L|:|.|Ig aJgiai vl auglall Jjljas vnle ogall guhis W) 20y lao dlgauy
ubtuﬂEuuum}@mmﬂhJnmﬂg;uﬂcbnnﬁghhpmmhmnd




Calculate the pressure in N/m? unit generated on a diver in a depth of (20m) below the water
surface noting water density is (1000Kg/m?):

Lole cloJl ddaw C1ai m20 Goc ule yalgs Lule clodl Jid o algioll hsall cal
Kg/m?1000 cloJl dblia Yl
Pn = pgh

Kg m
P, =1000— X 9.8 = x 20m
m s

N

AtMosnherclinressure)

¢ Goallh=all Atmospheric Pressure — Simplified Academic Points

1 VAl dbw Lle $oall WA awjlos $iJl h2all gd Feall hnall
Atmospheric pressure is the pressure exerted by the atmosphere on the Earth's surface.

2. clgall ub cpdb JA Lle Aijg YAy b2y clodll (o Jay Canl yig=i g
Glhll.
We live under a sea of air that pushes with all its weight on everything in open aiv.

3. @aluoll 6309 Ylc LUagoc Ji§oll clgall agoc Ujg Uc AL $oll hill
Atmospheric pressure results from the weight of the air column applied perpendicularly on
a unit area.

4 Jigogl  Louy jlan  madimly o)l  heal gl
Atmospheric pressure is measured using a device called a barometer.

5 $45PU cqloog adph Uo 29ifo Jio Wgh yalaj ol g jirogyll
The barometer is a one-meter-long glass tube, open at one end, and filled with mercury.

6. W LJI a8 oo AL Lle $ging cleg Vb 29idoll WLl Wi Sudol
Ui=o &Ll aic gl Lo Gl
The open end of the tube is placed in a mercury container, causing the mercury in the tube
to stabilize at a certain height.




i u].l..l.l.ljg..l." EdIl ouy wouill Llci Lo Lo QUjlodl 1aa ©ljis
This balance creates a vacuum at the top of the tube, called the Torricellian vacuum.

ml

pui aic G5l agoc hen Jales $eall henil Yl oJl plluinggs Jaagi

ol G oimgll
Torricelli concluded that atmospheric pressure equals the pressure of the mercury column
at the same horizontal level.

9. 76 @151 agoc ELQI)l &l (@igio J91n 6)l)a @ayag Jaull Adaw ($5gituo aic
fouw.
At sea level and 0°C, the height of the mercury column is 76 cm.

10. yapl Qaw e ELATHVI alj Lolas (ELQ5)VI L G815 ago=dl Joh prsis
Gl hsAll J5.
The height of the mercury column changes with altitude; atmospheric pressure decreases
with increased elevation above sea level.

—d

What is the length of the water column that is needed to equalize the atmospheric pressure where
the mercury column equals to (76cm) noting that the water density is (1000kg/m>) and the
mercury density is (13600kg/m3).

agoc $oluy Cua Sl hdll b Walol I Wglholl cloll agoc Joh g Lo
.(kg/m313600) &5 J1 Asliag (kg/m31000) clodl Golia (i AUAa e o (cMT76) Gus I

P, =P
v o (136
Pwdhw = Pmghm —A—Og;’g
+..
kg kg 952
1000—)(98 > Xuhy, —13600EX98—X076T}1 10336
136 X 0.76
h, =————=10.33m

10




PASCANS PREICTLE

principle in fluid mechanics given by Blaise Pascal that states

that a pressure change at any point in a confined incompressible fluid is transmitted throughout
the fluid such that the same change occurs everywhere,

Bl cla eljal &toa OJI Wil Ejgiy &ilo Uo cja gi ude bluoll LHLAVI kil

Ulndigaig
Pl = Pz
F, F
A, A,

= ;
Calculate the force required to lift a car with (3000kg) mass using the
hydraulic lift that is used in car washing garages knowing that the sectional &

area of the small cylinder is (15¢cm?) and the sectional area of the big
cylinder is (2000cm?)7? Consider g = 10 m/s?,

VAYgjaLdl Aol Pladiwl (kg3000) aliay 6jluw &oJ AojlJl 6g8Jl il
ilglauw\l o)l Aalwoll Ul ol &o Wijlul Juwé wislpo VO ANl
9 1=y $(cm?2000) o 6 sl dilglaiw ) dueihd oll dalwollg (cm?15) Lud 6 prenll

=10 m/s?

F, = mg = 3000 x 10 = 30000N

Psrnall cylinder car big cylinder

FF_FR

A A
F, 30000
15 2000
30000 x 15

L™ 2000

=15 x 15 = 225N

oil is used in hammaers and hydraulic lifts since it has very low compressibility.




ARCHIMEDESIERINGIPLE

if an object is partially or totally immersed in a fluid it loses from weight equal to weight of the
displaced fluid.

Sl Ujed gluejady Wijg Yo 284y aild &ilo Lo LA gf Liijn Lo o yott 13]
2ljoJl

Examining the figure above, we see that the lifting force of the water on the object equals the
weight of overflowing water. Since the volume of overflowing liquid equals volume of object under
the liquid surface Ccalled the "immersed volume™), we can write the formula for the magnitude
of the force trying to lift the object up Ccalled the "buoyant force™

clodl &6 695 Ui 5 0lel Al o N
2ljodl cloll Ujo $olui ounll Llc

oluy eljoll Jiluwll s UV IpAj
Al Jowl agagoll ro.u‘:a_Jl oan
("Jgo0l)l " Lowy) JSluwll
UuJqu.QJIroana.v.l.nJla.lleLl.lb.o.l ! ;
voli) olel) puuall &o) Jolai _ :

("dasUall 5qJI"

Fg = Weight of displaced liquid(Buoyant force )
(odeVl gaj d=olall 59.6)(ghdkll 59.6) aljoJl clodl Uja= F,
Buoyant force = volume of immersed object x weight density of the liquid

Fp = Myisp tig X 9 = Pliqg X Vdisp lig X 9

Fyouyant = Piiqg X Vaispiiq X 9
So, we can say that any object when immersed in a fluid effect on it by two forces and they are:
1. Weight (mg) that is perpendicular in downward direction
2. Buoyant force Fp (displaced fluid weight) that is perpendicular in upward direction.

Jib (o Aule 58 &ilodl b (Jos2y) Uy Loaie o i Ul Jodi Ul Liifog aslJ3)
lodig Uligd

J2wl 9o hagoc ani ga g all (mg) Ojoll -1
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oleVl gai biagoc Ay Ygay $allg (2ljoll Jiluul Ujg) Fs g2lnll 695 -3
SN Weight is greater than the up thrust.

The density of the object is greater than the density of the liquid, the ClJEEISIIES to the
bottom.

JOw I L6 ol G2y Capa (Jiludl GoLA o Al puua)l dolis
Fp <mg
weight < up thrust Weight

density object = the density of the liquid is hanged inside the liquid and in an equilibrium state.

Vo9 Sl Jala Gl=eo oauall Jlul dolis)l = pauall AoUA)l
Ujlgi dJLa

- [density of ™ object)

Fzp =mg "F’objw
weight = up thrust Weight TN~

[{loading: Up thrust balances weight 4+
The density of the object is less than the density of the liquid the object

Hloaling
.loJl daw §g6 gl J5lull Aslia (o Jbi oauall dAslis
Fg > mg
weight > up thrust Weight
In case of floating the weight of water displaced is equal to the weight of the object.

Floating is a special case; The up thrust of the liquid is equal to the weight of the object. Ships,
boats and all things moving on water experience up thrust equal to their weights. And also, they
displace water equal to their weights.

ol (jg (soluy dnljoll ool Ujg gl Gl b

Ul oauall Ojg ol Jslul) olelll gai d=blall §gill .dunla Ala gi gahll
- Laglg .Lavil jol $oluuli 62 698 Aalgi clodl ule &l yali il cLub il JAg Ljlgiiig
ol joi $oluy @ljoJl clodl Jao Joy

a. for fully immersed objects.

Buoyant force for liquid = weight of displaced liquid
aliodl JSludl (jo = JSbwl) g Il 96
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Weight object in air - Weight object in liquid = weight of displaced liquid
eljoJl Jslul gjq = Jsludl Hb roaull U jg - clgdll LB Puul Ujg
Weight object in air -Weight object in liquid = volume of displaced liquid x weight density of liquid
Aslis x @ljoll Sl pan = Y5l b i (jg — clgdll o sl Ujo
Joluli
weight of displaced liquid = W,;;,- — Wiy ater
Wair — Wwater = PVg
b. for partially immersed objects (Boating objects)

The weight of floating object in the liquid = zero

the weight of floating object in the air — 2zero = weight of the displaced liquid

Weight of the Boating object (W body) = the volume of immersed part (V) x weight density of
the liquidCpw)

Wbody = pmVg
weight density of the liquid(pu) = mass density of the liquid Cpm) x g

—d

An object weights (5N) in air and weights (4.55N) when fully immersed in water, find the object's
volume?

water density as: (1000 kg/m?) and that gravity equals to (g =10 N/kg).

Wair — Wwater = PV g

5.00 — 4.55=1000 x V X 10
0.45 = 10000 xV

V=045 x 107*m3




A wooden cube have aside length of (10 cm) and weight density of (7840N/m?>) floats on water,
what is the length of the immersed part in water?

9 Lo cloJl Lle Wil (N/m37840) (jgJl @blisg (cm 10) puirdll iAol Yoo &luy
Seloll b Jgo2oll ejnll Joho

Weight object in air = weight of displaced liquid
Wbody = pmVg
(pwv)body = (PmV)waterd

N
7840 — x (0.1)* = 1000 X V x 9.8

_ 7840 X 0001 _ o
— " ogon P ¢ &
_V_0.0008
V=Axh h === = 0.08m

¢ oahuull yigill Surface Tension — Simplified Academic Points

1 Clalaivl &102 Uo Wglurio walad gdy J5lis Jslul Jala Glisjall
Molecules inside a liquid are affected by equal attractive forces from all directions.

2. Jalal oJl ldraun’ Glna g 698) yapRiis «JSlull ddaaw Hle Slisjall Loi.
Molecules on the surface of the liquid experience a net force pulling them inward Cinto the
fluidd.

3. Jlpoiwl agauitg Gud) U)o cliine s Y5l Jdaaw b iy A Aaaii.

As a result, the liquid surface behaves like a thin flexible membrane in continuous tension.

4. (Ao Jad Jbi Il JSuwl Qdraw dalm o (Lo JULE8J Ligill 13d.

This surface tension minimizes the surface avea of the liquid as much as possible.

5. dbgrsell @uiLj1dll tdleb il pa®) Ly pabhwll Geill

Surface tension causes some well-known physical phenomena.
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6. cloJl daaw Llc SVl gh ELA Lle dlioi.
Examples include: the floating of a needle on the water surface.

7. yaoi Ul Uga JSlul dbaw Hle Slpiialdl paw Uadlg.
Also, the movement of insects on the liquid surface without sinking,

8. clodl Ulphd 03ATT $aJl $g)all JAiill cUaAg
And the spherical shape that water droplets form.

Geplam Propeily @gpsihl &patad)

1 ob JSlgul yalaail ol £L45)l :pakhumll Jigilu dhyijoll yalgall o
adall duala Pl Uil
One of the phenomena related to surface tension is the rising or falling of liquids in
narrow glass tubes.

2. Olp=aill Gnla" ouwU 6 paUAadl oad wi=i" (Capillary Property).
This phenomenon is called the capillary property.

3. JAla cloll £95 3 celodl b Uagoc Yudphll 2Qido (5 )=ib Wouil ot aic
VLAl olgio Hob LIgLiVL
When a two-ends-opened capillary tube is vertically immersed in water, the water rises
inside the tube above the outside level.

4. aajla olgiuwo (e YA2Ai) Wguilll JAla olgimo ULb (§45 1 AL b Lol
But in the case of mercury, its level inside the tube drops below the outside level.

5. $9d ulc elajig cloJl U1 G il 595 He2i LI cloll ELQT)I Eap
elodl Olija Uw Clwleill.
The rise of water is due to the dominance of adhesive forces between water and glass
over the cohesive forces among water molecules.

6. &o Gl $95 Yo 1T Alizja U Clwleill 95 UgaT G855l ub Loily
elajl
In mercuruy, the cohesive forces between its particles are greater than the adhesive forces
with the glass.




*The cohesive force is the attraction force between the particles of the material itself meaning
particles from same type (mercury).

* The adhesive forces is the attraction force between different particles, and its amount varies
depending on the materials such as water adhesion to the glass.

Uo Wliyjall yixig Lo @i 6alodl Wlisjiall U walaill 696 v Clwlodl 690Jl «

(GBI Eqill yuai
algol) Loy waliaj duosg Aalisoll Glorwall (s wiaall 6956 L@ Y liJl $g8l «
2L jJu ool YLl Jio

The capillary property has very big importance:

1. Rising of the underground water inside the soil pores and it prove is the
appearance of the salt on the soil surface.

2. Rising of the water through the plant roots and stems.
3. Filtration of the blood in the human's kidney.

4. The rising of the petrol used in the petrol heater’s filament. _—
‘122 618 droai Lal @yl dunlAJl
g A wlllq duyiJl e JAla dudgall ool £LQG)1.1
i)l daw ole dloll joa ks
Uldnullg Wil jgan JUA Yo cloll £LQ1)1.2
A il GLAJN Hb o)l Qi3
Uil Ulaw hgtd ub A woll Uy jil £LQ1)1 .4
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IMeEhanicallbronertiesjiognynainelEluids;

Properties of ideal fluid

regular flowing:  not viscos: viscosity
Incompressible means that the is considered a
means can't be speed of the fluid measure to the
presses so its How in a certain internal friction in
density remains point remain the fluid at flowing
constant during [constant in amount therefore we
flowing and direction with assume viscosity of
time the fluid is zero

not spiral or
rotational: its
flowing is not
Turbulent, means
flowing lines don’t
overlap so no
spirals form in it

wlioJl &loll yalilas
G621 clidl Ayl Laiolia JUAT cUA) hluaill difos) $i( uwbsill Juls pic)

¢ Yo QLG Wi digso Gndi b WIS &Slodl depw Ui piss odaiicl Goaill
15gJl jgJo &o oliVIg AuoAll

Goai)l aic Sl b Llala)l WEia lwlibs dagjill pixi :daqil royac
Kun ) &ilodl Aol Ul uasii GILLg
Jalaii ¥ @oaill heha Ui piy oo « Upaiie yuy) §6a0L6 : )92 of puolga yuy
as Wlolga JAuiriij M in

(Gomammiy EIueian ih s Jleml -5 &glpetwil sl

The average flow of the fluid amount in any section inside the pipe stays constant
LG Weuill Jala &hado i ub Jiludl dpes GHai Jamo VAL
AV; = A,V;

Small section area A1 x flowing speed V1 = big section area Az x flowing speed V;

7\

157 A/




The water flows in a horizontal pipe with two sections the diameter of the big section is (Z.5¢cm)
with a speed of (Zm/s) to its small section that's radius is (15ecm), what is the watey flowing
speed in the narrow pipe?

Jlo

de puy (em2.5) sl pandll pad Elu Udodud o Lol gLl Ub clodl GHalky
L Lo« (cm15) opiasd Wi &l 3l il Aoiud Il (M/s2)
TG gLl b olroll §Ha3 e py m“ |

A V) = Ay,

wr2V, = ar*y,

T2V1 = T'ZVZ

r2V, (2.5)%(2) 1250
r2 (152 = 225

cm
V, = = 555— =555 m/s

BI[[EIDEIDQJQJMU:L‘.

1 1
P, + Epvz + pgh, = P, + Epvz + pgh,

noting that p is the fluid density and its constant since the fluid is incompressible.
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Applying Bernoulli’s Principle
a) Venturi scale P; — P, = pgh *An atomizer is an application of Bernoulli’s principle.
SRIDG The figure shows the venturi scale, if the

Direction of air Low pressune

height difference between the two pipes of the ¥,
manometer is €0.075m) calculate the pressure w/}}h ——
difference between the two-venturi scale's section 4 q\&*"f“":\.x
noting that the (p) of mercury is (13600kg/m?. ; S» “““““““
Pl _ Pz — pgh irection of perfume — =P

P, — P, =13600 x 9.8 X 0.075
= 9.997 X 103N /m?
b) Atomizer
¢) Airplane lift force
Lifting force is the pressure on the lower surface is greater
than the pressure on the upper surface which leads to generating
pressure difference between the two surfaces of the airplane’s wing

and creating a force in the vertical direction, which helps to lift the //:;fé: -
airplane AT ]
Lift ole h=all Ui‘ v &opl 69b L*-‘I’
heall Jo pal olowll aawl
UJ! GJ&J LO-O GQJSJI ab.l.l.l." OJ": THRUST m—pp- DRAG
elia padhw Yy hall §16 agi 1
Ol;jl" l)-o 09-9- @Jaq 6ijbJ| WEIGHT

6)Unll &9) Lle aclu) Loo 45390l
seosll) @i

Viscosity is the friction force between the layers of the fluid itself and
between the layers of the fluid and the walls of the tube contains them

and it was found experimentally that fluid viscosity depends on

1. Fluid type

2. Its temperature
Uljang Jilul ciléisih (g auudi &ledl Giliiyin G WALV 665 d dagjll
Layle sqing il gl
wle api=i Jlgul g Ul Lpai ang abg

&SloJl Eqi -1

@ijlpa aaja-2




Q1. Choose the true answer for the following:

1. The following figure shows a fluid of neglected
viscosity that flows regularly in tube with changing
cross section area, then:

a- The liquid pressure in section (A1) less than me liquid
pressure in section (A2).

b. The height of the liquid in tube y equals to the height of the liquid in tube (X

¢. The flowing average of the liquid in section (A1) is greater than its flowing average in section
(A2).

d. The height of the liquid in tube (XD is greater than the height of the liquid in tube C¥).

2. A horizontal tube where a liquid flow, its diameter decreased
from (10 to Scm), then which one of the followings is true:
a. Fluid’s speed and pressure increases.
b. Fluid’s speed and pressure decreases.
¢. Fluid’s speed increases and its pressure decreases.
d. Fluid’s speed decreases and its pressure increases.
3. The pressure applied to an enclosed fluid moves in all direction and without decreases
according to: e
a. Archimedes principle - b. Pascal principle
c. Bernoulli effects d. Continuity flowing equation
4. The weight loss of the object immersed in a liquid depends on:
a. Mass of the object b. Weight of the object c. Shape of the object
d- volume of the object
5. Bernoulli principle is bases on:
Qa. Energyhmsémqtion law b. Archimedes principle c. Pascal principle d. Capillary tubes
6. Gases and liquids are called fluid since the have flowing property because of;
a. The high internal friction between its particles b. Big distance between particles
¢. Big particles force d. The low internal friction between its particles
7. Fluids have force that lifted the immersed objects in it which called:
a. Buoyant force b. Gravitational force c. Frictional force d. Compressing force
8. one of the following applications doesn't depend on Bernoulli's effect: a. sailing boat b.
Airplane ¢ hydraulic press d. Atomizer.
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9. a swimming pool of (100m) length and (Z0m) width and the water height in it is (5m),
then the pressure on the pool base is: a.98x102N/m2 b. 95x10N/m? c. 49x106 N/m? d
49x103 N/m?

P = pgh =1000 X 9.8 x5 =49 x 103N /m?
10. When the liquid flows from a side tap into a closed container like in F e
the given, we note that the liquid rises in all the different containers =
by the same amount, this can he explained by
a. Archimedes’ Principle b. Pascal’s principle c¢. Atmospheric
pressure d. Liquid pressure
11. From the given shape which of the following relation is true: '
a h=hs
b.hi<hs
¢c.ht > hs3
d. hz > h
12. If an object of weight mg is immersed inside a liquid and still hanged in an equilibrium
state then the buoyant force (Fg) is:
a Feemg b Fe=mg c. Fe <mgd. Fs = 2 mg (the density of object = the density of a liquidd
13. to describe the regular flowing of a fluid at any time, we need to know:
a. Its density, weight and pressure b. Only its density and flowing speed
c. its density, volume and pressure d. Its pressure, density and flowing speed

14. If an object is immersed in a liquid and this object’s density is greater than the liquids
density, then the object:
a. Floats on the liquid’s surface
b. Fully immersed in the liquid
¢. Still hanged the liquid and, in an equilibrium, state
d. Still partially immersed in the liquid.

Q2. Give reason for the following

1- A razor can be placed on a steady water surface without immersed.
Because of the surface tension generated in the surface of the
water as it is in the form of a thin and flexible membrane and in a
state of constant tension.

094 3l elo)l Abw ubd Algioll pahmll aub il Ciywy

601 gl w KioJ .rojla Jigi WLa LHQ Usog G1d) clilié JAuiny
ldijg Jal=li olcll) 695 algy g clodl O asilall
2- swimming skin sticks to the swimmer body when he comes us of the water but doesn't stick
when he is inside the water.
If it is immersed, there is the adhesive forces between the water and the swimsuit. There
is also the adhesive forces between the swimmer's body and the swimsuit.These forces are
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equal. If he comes out of the water, only the adhesive forces between the swimmer's body
and the swimsuit will keep the swimsuit sticking out of the water.

CUiAq Aaliull yarodg clodl (s @Gl 696 Clia Lo [jgos20 ULA L3I
aAalbuwll yatosg lull pund Y §nulli 696 Clia
wiLimé cloll o @5 131 Lol (lizgluwio YligdJl Jlila
aAalwll yatodg Al puuad 1 Guolill 6956 hid
Uo A9g)a aic @wily dalwll yarod J=ai il

.eloJl

3~ when pressing the internal surface of a tent with a finger while
it's raining water flows from that point.

Because the pressure on the inner surface of the tent reduces the surface tension of the water
and its fading at that point, the water runs out of that point.

;@IUM#MM@&INIMI@:MIMUH
.&99.0Jl CUA o clodl 39i16 Aill cLLj Vo aubllig clolJ vahull
4- a wet towel absorbs water from the skin faster than dry towel?
Because the wet towel increases the forces of adhesion to water and according to the
capillary property absorb water.
AQunlall wnag clol) Gl 596 Lauisd alaji dlligll @2iiiigll YV

.cloJl yaiois Ayl
5- The concavity of the liquid surfaces that touches the walls of the capillary tubes?
Because the strength of the liquid the adhesive forces to the walls of the pipe is greater
than the strength of the cohesive forces of its molecules.
Wil jo Clwloi 6956 Uo j..!bi oMl Yyhaat Sl Gl 696 YV
6~ The flying of buildings roofs that made up of aluminum sheets during hurricane?
The roof's of buildings are flying due to different wind (pressure and speed) and low
pressure at the bottom of the roof's.
wodwll Jawi V99 {rhlgg hing A b Al WALAl Ly el plnj
7- The barefooted swimmer feels pain in the rough beach and his pain decreases as he goes
deeper in the water?
The lifting force of the water "buoyant force®, which raises the body upward, increases as
it permeates into the water, which reduces its weight in the water.
Lola alajid aydelMl gai oauall &850 il Uagsiall cloll o2 695 cqlivil
abull ple A UohLd cloll b Wijg Yo JLE Lillg clodl YO Szl
WJul8 (i sl
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@1. A rectangular fish growing pool of (20m) length, (12m) width and the water height in it
is (5m) calculate: a. Pressure on the pools base? b. The force acting on the base?

P = pgh = 1000 X 9.8 X 5 = 49000N /m?

A=LXxXw=20mXx 12m = 240m?
F
=1
F=PxA=49000 x 240 = 1176 x 10*N
If the mercury barometer reading is (75cm), then what is the amount of the
atomospheric pressure in Pascal?

P = pgh = 13600 X 9.8 X 0.75 = 99960 Pa

In a hydraulic press has big press area is (50) times as much the small one, if the force
applied on the big press is (6000N), the calculate the force applied onn the small press?

Az

A—lz 50
A,
F, = FIA_l
6000 = F;50
B = i bl = 120N
17\50 V

@4, A person is about to float while totally immersed in water if the body weight is C6OON),
calculate its volume? Considering the gravity is (10m/s?)?

Wbody = Fp
Wbody =pXgXxV
600 = 1000 X 10 XV

Pt o s
- 000D o
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The weight of a solid object in air is (ZON) and in water is C15N) calculate the objects
volume?

Fg = Win air — Win water
Win air = Winwater =P X g XV
20—15=1000x 10XV

=5% 10~*m}

V= 10000

The water flows through the big section of a tube with a speed of (12m/s) and when

reaches the small section its speed becomes (6m/s). calculate the ratio between the two-
section diameter?

AV, = A,V
nriVi =mwrsVs
o =
R1Z2=7 %6

2 6 60

2 12 12

¢ s R
Ty 2r, R,
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THERMAL PROPERTIES
OF




AL PROPERTIES OF MATERIAL

e Intermal @@eF®Y C U D:the sum of the kinetic and the potential energy of the particle.
diolaJl &sUallg dus pall 8UnJl Egoao (U) dulalall &sUaJl

o o =

Remember

Specific heat depends only on the type
of material and the heat capacity
changes with object mass and the

specific heat for its material.
sald) £ g e e gl 5 jall il
aall AIC 3L 4 ) jall dxdl (alids g
sl e gil) 5 ) sl g

Heat an chject depends on: &o j2UN &jlpai @pes
wie apl=] euus Gaduul)

1. mass of the object 2. The change in its temperature 3. The type of the material it made of
Laio Eginoll 6alol £9i -3 Aijipa An)a Lo PRl -2 paupJlalis -1

Heat quantity = mass of the object x Specific heat of the material x Change in temperature
&)1l Cilaja OO Jidl x Salol) Gregill 6)13aJl x ol LA = 6 1))l dros
Q = mC,At = mC,(T, — T,)
(c,) The speclie heat of e MR veasured under a constant pressure P>: the quantity of heat

required to raise the temperature of (1 kg) from material one degree Celsius and its unit is
(Joule/kg )
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6)I)a Aq)a &b Aojll 6)1)aJl Arol LAl ¢) cut has sic dwtio 023Llol) Arcgill 6)1)aJl (C)
(Joule/kg°C) Cilangy Ywliiq 6aalg dujilw Aaja 6alodl o Anlg ol k& glus alis
Its important to mention that the sign of (At) and (Q) is positive when the material gains

heat energy from the surrounding so its temperature increases, and the sign is negative when
the material losses heat energy to the surrounding so its temperature decreases.

U0 @u)lja @6Un 6alodl i Loaic Guago (At) and (Q) 6yl Ul )AL panll Uog
wll jlpa asla 6alodl 20897 oaic AuUlw JoAig LAlijlpa Aaja &Qikio hiaoll
Lajjlpa Aaja yaaAaiis haagll

Heat Capacily dylpol @l

(€) Heat Gapaelly : The amount of heat required to raise the temperature of the whole mass
from material one degree Celsius and its unit is (Joule/°C).

A=uy 6anlg dyjlw Aaja alolsy puunll §)lpa daja &y Gojlll 6)1)aJl Auos
o l) dyjlyall

(the Heat capacity of that object), and it can be calculated by the following relation:

Heat Quantity = Mass of the Object x Specific Heat x Change in Temperature

Heat Quantity = Heat Capacity x Change in Temperature

Heat Capacity = Mass of the Object x Specific Heat

= m(,‘p
Q = CAt ="6(T7—T),)

Where (C) is the heat capacity for the material, and heat capacity for a certain mass of the
mate

—b

. «ﬂgﬁ ~ What is the amount of heat energy required to raise the temperature of (3 kg) aluminum
AL\ from (15°C) to (25°C) noting that the specific heat of aluminum is (900 J/kg.°C).

S 01C°15 (1o ooriolVl Uo kg 3 8)l3a days S dojll dglyall A5UAN lado Lo
J/kg°C 900 rogriol ducqill 6)lpall OU Lole C°25

Q — meAt — me(TZ = Tl)

Q = — 15)°C = 2700 x 10 = 27000] = 27kJ

kg.°C
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The specific heat for water is greater than all other material used in our daily life. And this can
help us to explain many natural phenomena. And its also useful in many daily applications as:

ittt 8 5 138 Ua sl Saogl Lilea uob dloxiuell algoll Sbond Livio A clod) Sacgidl 6)lpali
Lo Bilyadl Ol (o aasdl b 3 Loag duasriall jdlghall o pisl

1. Its Effect to the weather (and and sea breeze). (Jaulg Jul roguwi) dliodl Hle 1t
2. Its use in car engine cooling.6 Jlull Elypae Ay Auloc LS Ulo=iwl

4. Cooling of the machines in the factories using water. Jlo=iwl &ilnaoll o6 VI 2y
cloJl

m What is the heat capacity for a piece of iron of (4 kg) mass and its specific
heat is (448 J/kg.°C)?7

< J/kg°C 448 aucqill LaXijlpng kg & LAXilia ajaallJo A=ind) dyjlyall dA=aull Lo

J J
R A

C =mC, =4 kg x 448

Question

If you have three different metal pieces and where given the same heat quantity so their
temperature increased as shown in the following figure then which one of them have the greater
heat capacity, explain your answer?

Aaja Ci=e9i)jlo Lauudi o)l pall el Ciagjo AQlisg duiaso &b Gl clial LA 13l
$Lo LI JAdill ub o Los Laddijlya

j...I.I.I..D cpAal dyylpa dew W &kl
celilal

Q = CAt

Q, = Q, = Q5 it's same (constant)
C,At, = C,At, = C3At,
€,5°C = C,9°C = C;3°C

C3=




- Ganiwi Vg Lifl ¥ dsUallg ([GWdlnll Jaubi o JAI o d)lpall
Heat is a form of energy, and energy cannot be created or destroyed.

Al Ol pus (o JELD (J Daniwi Vg Sl ik ¥ oIl
Therefore, heat cannot be created or destroyed, only transferred from one object to
anothey.

. &0 8)1)a YVaUL M Lodils dara ol hwgll (e Ujlpa Vg ji=o Yloaa Yla 13]
LVEYIEY | il
If two objects are thermally isolated from the surrounding medium, they exchange no heat
with the external environment.

. Lodlijlpa Gilaja $oluii Loaic ($)l)a Ul bl la b (ol Ul JodiAjaic.
We then say the two objects are in thermal equilibrium when their temperatures become
equal.

Ul Jstudl go 6)13aJ1 JQiis (Quialisg 6jl)a piajay yalilw kil aic
Wi ol
When mixing two liquids at different temperatures, heat flows from the hotter liquid to
the cooler one.

. aulaill Aoadll yudi HJl galilull 6jlpa @aya Juad uda 6)13aJ1 §062T joiuy.
The heat flow continues until both liquids reach the same final temperature.

. 6Jpadl @Hal WbHgiy Hangoll )il daja) loddong  aic
Once they reach the uniform temperature, heat flow stops.

The principle of conservaiion of Deat @DEFHY the heat lost by the hot object is equal to the heat
gained by the cold object.

6)13aJ1 $oluwy Ualuwl pauall Yo 629808.0J1 613l Ay)lpall AsUall Hle Blaall iato

)W ol (o Guunisoll

Heat lost by hot object = Heat gained by cold object

Quost = anined




eat energy is measured by joule unit that’s if a matchstick burns it will produce about (2000 J)
J2000 &lys aiil) ulds sge G pisl glsd, Jgall Olasgy éyjlpall aslall guld

e calorimelry It to measuring the specific heat for a certain - Coffee Cup Calorimeter

object

* Gl p=moi Calorimeter

i

Stirrer Thermometer
Qcgil 6j1)aJ YL jlan Gl p=uoll

Aiirxo 0aloJ.
A calorimeter is a device for measuring the specific heat \S__M il
of a substance. T,

: o . A _ | Nested
U290 0220 (o $45) plala cleg o Dol ., |y insulafed
U"I ~ill . |"‘| o LY o Mixture w Cups

It consists of a thin inner container made of a good
heat-conducting metal, such as copper.

Ua=oll UL U-o vaJLA clcgy CVEYEY ] clcgll hlag.
The inner container is surrounded by an outer container of the same metal.

(bl of wwirall 6juini Jio) 6)lpal) @Wjle 6alo Uuilegdl U Jangi.

The two containers are separated by a thermal insulating material (e.g., sawdust or
felt).

hinoll huwgllig p=uusll GUQgisng s Ujlpa Vjic oy {§oll ouonill.
This design ensures thermal isolation between the calorimeter’s contents and the
surrounding environment.

JLAaY auitlg ( fiogo sill) jlpaodl JLaay Lol :(ainid $gog clhné jlaal)
(Ulugingll hiAal) Epaall.
The calorimeter has a lid with two apertures: one for a thermometer and one for a
stirrer to mix the contents.

612l dpos wlwialg @paill eay) Aipleo Guw clos plalall clegl oy
ddlihigll ol anigoll.
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The inner container is filled with a known mass of water to begin the experiment and
calculate the absorbed or released heat.

—d

An aluminum cube of (0.5 kg) at (100°C) was placed in a container filled with (1 kg) of
water at (20 °C), Csuppose that there is no lose for the heat energy to thesurrounding),
calculate the final temperature for the Caluminum and water) when thermal

100G equilibrium is reached (means the temperature of the aluminum and water equalize).

(Noting that the specific heat for water is (4200 J/kg°C) and specific heat of aluminum is
(900 J/kg°Cd

ole $eing cleg JAla &uag €100 6)lya daya aic kg 0.5 Ailis rogitolVl o Li=io
oJl @ujlpall @sUaL EWA Jguan pac yaisl) €° 20 6)lpa &aya aic kg 1 clodl (o
Jouaan aic (clollg rogriodVl) asilalill 6)lpaJl Aaja vwal, (bassl

(2loJlg rogLiolVl Sjlya G ja Soluwii i) Syl Ojlgidl  «sson 5 E"f‘,‘ s
rooLiol\ ucgill 8)lyallg J/kgC 4200 clol) duceill 3jlpali QL lole | m |
T/kg®C900 — i
Qiost by aluminum = Qgained by water B }—;:L EE—
mCy(Ty = T}) = mC,y (T, — Ty) | it 4

0.5 x 900(T; — 100) =1 x 4200(20 — Ty)
450(T; — 100) = 4200(20 — T)
450 T; — 45000 = 84000 — 4200 T;
450 T¢ + 4200 T; = 84000 + 45000

4650 Ty = 129000

129000
= = 27.7°C

T, =
7™ 4650




Calculate the heat capacity for a copper calorimeter contains (100 g) of water at a temperature
(10°C) add mother amount of water its mass of (100 g) at a temperature (80°C) and the
mixtures final temperature became (38°C)7

il €210 6)lpa G )as g 100 ailis clo ard ywlaill (o puod dujlpall sl Cunal
halall 6)lpa Gaja Cranls €°80 6)lpa Aayay g 100 LAilis $pal clo Gios aul
C°38 duslaril
Q(hot water )lost — (QCppper “+ Qcold water)gained
mCy(Ts —T;) = C(Tf — T;) + mCp (Tt = Ti)
(0.1)(4200)(38 — 80) = €(38 — 10) + (0.1)(4200)(38 —10)
(420)(—42) = C(28) + (420)(28)
17640 = C(28)+ 11760
C(28) = 17640 — 11760

5880 .
C(28) = —o— = 210]/°C

Heat Elieet on Materals sleell wle & i
Materials expand by heat:6)l3aJU alg.oJl 2207

When the temperature of the solid, liquid or gas material is increasing the average kinetic energy
of the particles increases so the gaps between them increase then it gets in expansion but this
expansion is different depending on the state of the material, so gases expansion is more than
liquids and liquids expansion is more than solids if the gained heat was equal for the three states.

daslall Jaso alajy @jlsdl gl alslull gl dulinll 6aloll 6l Anja &0) aic
a20ill 1Ad (AJg 220l Juaais lodriy Load aclyil alajud Clisjall) ausall
Slguull b ale g Loo 1A1 UeS) WIjLl 22016 Baloll ULa WBALLAY Lalis)
gluw’io Auuria oJl 6 )1l CuilA 1Al vl U.D AQilc ga loo _|..|.b| Jilgwll aagiq

.Balol iVl CyLaL
a. Expansion of solids@ulinll algoll 220l

Expansion means increase in the dimensions of the material, thus there is:
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* Longitudinal expansion means increase in the length of the stem Cexpansion in one dimension).

* Surface expansion means increase in the surface area Cexpansion in two-dimensions).
* Volumetric expansion means expansion in objects volume Cexpansion in three-dimensions).
AU S arleg Saloll alsul Lub 8alj Lixy 220
aalg 2=y b 3201) Glul Yo pb 82l i wleh 2300 -
Ua=y Lo 2200l Qdaull aluwg Lo 8abj Yl padaw 3205 -
alsyl @55 Lo 3205) Pl Pan YO 63l Bl Loa 2205 *
lengimdinal EPpansion: ekl ssell
Length change = Longitudinal expansion factor x Original length x Amount of temperature change
Where AL= new length - original length

a = longitudinal expansion factor yJglall 3201l Jol=o

AL
~ LAT
The longitudinal expansion factor (o) (aipha) can be defined as: The amount of increase in the unit

lengths of the material when heated one degree Celsius is measured by (1/°C) unit and it differs
according to the material.

Laisaws aic 8aloll (o Jlghl 6ang b dlnlall 8aljl Jlads : o wlglall 330l
.algodl WAL waliag gag C°/16aags yuldyg 6aalg dujrliny daja

a

Surfieial QUPABSIOR: .m0 il 25,011
Change in area = surficial expansion factor X original Area X Amount of temperature change
.Y
V= AT

The surficial expansion factor Cy) (Gamma) (yaupa) can be defined as. The amount of increase in the area
unit from object when temperature rises one degree Celsius and is measured by (1/°C) unit.

ouwall Jo Galgll 6anq Lo dlnlall 8abpl Jladio v palkuull Aa0ill Jolwo
C°/16anq) yulilig .6aanlq jiliy A ja 6)lpall A ja &825) Loaic

Surface expansion factor = twice the longitudinal expansion factor

v=2a




Cahnge in Volume = Volumetric Expansion Factor x Original Volume x Amount of temperature
change

AV

B=var

The volumetric expansion factor B veta (o) can be defined as : is amount of increase in the volume unit
of the material when temperature one degree Celsius and measured by (1/°C) unit.

&)l aic aloll o Pl 6209 LB Alnlall 63U Jlabo L :f Lol 2aoiI
C°/16anq) yuliiq 6aanlq Aujiliw daja Laijlpa daja

Volumctric Expansion Factor (B) = three times the Longitudinal Expansion Factor (o)

B=3a

The phenomenon of the expansion materials as the temperature increase and the contraction of
them as the temperature decreases had been used in many practical applications like the
automatic thermostat in electrical devices like fridge, freezer, flat irons and fire alarm device,
where a bimetallic strip band is used to control the opening and the closing of the electric circuit.

walaail launldiq 6)lpadldaja £LQ5)U algoll aa0i 61dUA o 6alQiwll Cioi a0)
ldiog dulo=l)l WbELKIN (o )il Lo 6)l)all da)a

_ Normal - Jio GSUIAAI Sidall b Gl VALYl LAl
S oIl gl Jo=iuy Al agupadl jlal jlavng 6300llg SlgAollg Al
EEEeeeS— icated AU IS 6 51aJl Glég Qb yle 6 bl Ya=soll

W The metal of high expansion factor bends around the metal of lower

— expansion factor when temperature increases leads to open the

electric circuit and when the temperature decreases it retums straight to close the circuit and
open it again.

aice Joll aagpill Jolso 93 Yasoll Jo U..Ia..IJ HAV anoill Jol=o 93 Yasollo
Aijlpa daja yasaii lgaicg jlaaal) Aubpasl 6)5lall ais g 6)lpadl daya £L40)1
13U 6 0 Llyuiriq 6 51aJl §Lé Gorfimo 6)g1a) &

Some of the important application for the difference solid material expansion phenomenon.
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- The usage of two different materials have equal thermal expansion factor and taking the
advantage of this in the electric lamp industry. The lamp’s glass has equal thermal expansion

factor to the wire used so when the wire that holds the lamp filament and that’s
another end is immersed in the lamp’s glass expands the glass also expands by
the same amount in order to prevent the lamp’s base from breaking. 7
al $olwio $)lja 2307 Joloo Lo (idlise ULislo Uo | dalQiwyl
elunoll @laj ellioy Al LAl Aulnoll dclisa Lo A Jodiuy
Jo=iwoll il 51l 22008l Jol=ol gluo (5)l)a 2200 Jol=o
elaj uo JAVl asyh jgoollg Unoll khygA) JolaJl el ulo
Aulinoll 6acls puA (Lo la=iol aundi jladolu lapl aa0is 0a30i aic elunoll
AQala i

- Also, materials thermal expansion was taken into account in the construction design to avoid the
dangers, and that’s by putting proper spaces or separators in
bridges and leaving spaces between railway bars.

611U algoll 2205 WilelitiVl fououni ub LLg) Lod
Jaalgo ol Wlélyo &aag @uh Uycllig phlaogl Liqi
ajaall daw heha g Qoo Upg jouuall oo duwlio

. Thermal epansion ef Doulds JNeul s207

The solid material expands by increasing temperature, liquids also expands by it and to know about
the liquid expansion we perform the following activity:

Activity Extent the fluids by heat

Tools: glass beaker, big container, two-end opened narrow glass tube, a rubber cub that's the tube
passes through, colored water, thermal source

Steps:

1. we fill three quarters of the container with water and then heat it by the thermal source.

2. we fill the beaker with the colored water and close it by cub and make a sign at the water
surface in the tube
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3. Put the beaker in the container and observe what happen to the water height in the tube. When
heating starts the level of the water drops a little in the tube because the class expands at first
and increases in the volume, so the water level drops to replace, the vacuum resulting from the
increase in the volume of the beaker. When the heat reaches the water through the beaker’s glass
it expands and raises in the tube due to its volume increase but the volumetric expansion of liquids
is greater than the volumetric expansion of solid materials under the same temperature change,
as a resuit of the containers expansion that contain the i liquid then the expansion that we see
and measure is less than the real expansion and its called apparent expansion.

And so, we can define;

Apparent Volumetric expansion factor (B,) for the liquid in a container: is the ratio of the
apparent volume increase for each Celsius degree.

Real Volumetric expansion factor (By) for the liquid in a container: is the ration of the real volume
increase for each Celsius degree ().

Qpalall 6oyl duawi g :eleg L6 $AJI JSlwl) By Gl poaall aa0ill Jolzo
.6anlq dyjuli daja JAJ oaall OO

L6160 aJl 62U JI Auui g :eleg u..o \5.::JI Jlwl By Q.Q.I.QaJl U.oa-‘th aagill Jol=o
6anlg @jrlw daja JAJ panll oo

Its important to know the following:

Real expansion factor for the liquid (B> apparent expansion factor (By).

And also:

Real expansion factor for the liquid (Br)=apparent expansion factor(By)+Volumetric expansion

220ill Jol=o v + Graldll 2200l Jolwo = Br JSlwl LQ1aall 2200l Jol=o
cUi Lol

Br=Bv+3 a

That the Pyrex glass with stand fast changes in temperature without breaking and that’s
its longitudinal expansion factor is smaller compared to normal glass.




When placing a mercurial thermometer in a hot liquid then it drops a little at first then rises,
explain that?

1. W Jaian 353 ages Jazm peddl wis g3 giull (Je ($Sluwg gl Jarsall 8oL
JaVI § paisug.
The hydrostatic pressure on the bulb increases when it’s immersed,
slightly compressing the mercury reservoir and forcing the column
downward at first.

2. e o ydiis 1799 odeun Y dganll § 3531 tdaliseadl &yl il ] do-Luced!
Jol ciuib (LSS Guoed cluandl,
Thermal lag between bulb and stem: the mercury in the stem doesn’t
heat as quickly as the reservoir, causing an initial slight contraction.

3. Gyly>dl ddedll § 353 T czluall § 383 I Goxayd Bylyoell JUESH aa.
As heat gradually conducts into the mercury reservoir, the mercury
begins to thermally expand.

8. Ay Beld J] 3551 29as D o Siliuwg ung!l Jaksall (o kit el Sl
dudidioell B)ly2ell,
Thermal expansion overcomes the hydrostatic compression, causing the
mercury column to rise to the true temperature reading.




The gasoline tank of the car of (60D litter volume was fully tilled with gasoline when the
temperature was (25°C), then the car was left under the sun light many hours till the tank
temperature became (45°C), calculate the volume of the gasoline that’s expected to spill from the
tank (neglect the gasoline tank expansion)?

(03 (C°25) 6131 G2 CuilA Loira Lolod (ujisdy L60 onn &bl (g jiy YIS cudo

Cranl Pl WJl 6ac Wlelw yuoaill dabl Caad 6l Cisyi

Ul &6giodl Uujidl man vuaual (C°45) Yliall 6jl)a aaga
(U1 3200 Jodl) Ul (o WA iy

B=9.6x10"¢ 1/°C

AT =Te=Ti

AT=645-25=20°C

AV=VBAT

AV= 60 x 9.6 x 1074 x 20 = 1152 Litter

C. Gases expansion jlszJl 220

The gases expansion is greater than the liquids expansion and greater the solid materials due to
less molecular force between their molecules. and gases are characterized by having equal
volumetric expansion factor at constant pressure, and it has been proven that the expansion of
the container that contain the gas is very small compared to the expansion of the gas itself so
containers expansion can be neglected thus the apparent expansion of gases is considered as real
expansion.

Ay jll ol Lb Ly dulall algodl o yisig Jlguull 3205 o Jisi wijlell 2203
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Wljlel) $raUAl 3agill aey 13dug cUVI a0l Jlodl Jhol Ldaic amdi jlsell aaoil
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Each pure material has its own melting point. The different kinds of materials require different
quantity from heat to melt equal masses. (for example, melting point for ice is 0°C)

elg.ull Ulg (Lau duala jlauail Aaja dudi 6alo JAJ Ul

Uo AQlisg Wlios WJl @liai algoldl o Afliagll

d.u.w wule Ao @aglwiioll JisJl jlauniV 6)lpall

0°C LI Jlavmil ddndi JUioJl

laiemt heat ol fuslom is the quantity of heat required to convert a

masses unit from solid to liquid at the same temperature and
under constant pressure. (measured by (J/kg) units).

Ala Jo JidJl 6anq Jugail Gojlll 6)lpall AuoA :jlévaiil) oY NEV|
J / kgulanagy ywldig Lauwdi 6 jlpall Aajasq gl dla HJI Al
Quantity of heat required to melt the material = mass x latent heat of fusion

Jlaunill diolall 61yl x Alisadl = 6alodl Jlaunill o jAUI 6l pall AuoS

—b

Calculate the quantity of heat required to convert an ice piece of (259) at (0°C) to water under
the same temperature. the latent heat of fusion for ice at €0 °C) is (335 kJ/kgd

6Jlya A jay (925) LAilis aglall o A=hd Jugail Ao jlJl 6)lpall Ares waual

L ojlpall Aaja aic clo JI(C°0)
Q='mL; = 0.025 x 335 = 8.375K]

That B for any gas equals to 1/273 (1/°C) under constant
pressure.

(C°N) 273N s J& &Y B &




Calculate the quantity of heat required to convert (2 kg) of ice at (-15°C) to water at (25°C)
noting that specific heat of water is (4 200 J/kg.°C) and the latent heat of fusion for ice at
0°C) is (335 kJI/kg) and specific heat of ice is (2 093 J/kg.°0).

clo (€°25) WJI (C°15-) Gajas aaladl Jokd) 2) Jugail o jll 6l pa)l Guos il
Jlauniy diolall 6)lpadlg (J/kg°C 200 4) elol) ducgill 1)l Ul Lode 6)lpa dajay

(€2 093 J/kg°C sluwi aglal) Gucqill 6)lpallg (kT/kg 335) @ “C0aic aylall
Q1 = mC,AT =2 x 2093 x (0 — (—15)) = 62 790/ = 62.79K]

Q, = mL; = 2 X 335 = 670K]
Qs = mC,AT = 2 X 4200 X (25 — 0) = 210 000/ = 210K/
Qrotar = Q1 + Q5 + Q3 = 62.79K] + 670K] + 210K] = 942.79K]

latemtheat i vanoiizdionis the heat quantity required to convent a masses unit of the material
from liquid to gas state at the boiling point.

daloJl Uo JiAJl 6229 Jugai) Gojill 6 )l pa)l GuoA Huouurig : pauhil) @helad) &glpsl

Ul Gajga aie dujlsdl dLadl Il W)l ULa (Lo

The temperature which matter start converting from liquid state to gas state is known by boiling
temperature

dyjldl W)l LI Alludl W)l Jo Joally Salodl adaic iayi Ll 8)lpal daya

(V]IS LY JEY. EYEY

which is a physical property of matter, where each pure matter has specific boiling temperature
at a specific atmospheric pressure.

6)l)a daja drdi 6alo JAJ Ul Cupa Salol) 6jrooll Ausbijrall yalgdll o g
(420592 heA aic Loy dala gl

Heat quantity required to convert an amount of liquid to vapor under the same temperature = mass X latent heat of vaporization




Calculate the quantity of heat required to convert (3kg) of water at (20°C) to vapor at (110°C)
noting that the specific heat of water is (4200 J/kg) and the latent heat of vaporization of water
is (2260 kJ/kg) and the specific heat of water vapor is (2010 J/kg°Cd 7

LA WJI (C°20)abjlpa daja clodl (o (kg3)Jugai) GojiJl 6)lpadl Guos rwal

6)1aJlg (J/kg 4200) soluwi clol) Gucgill 8jlpall Ul lole (C°110) @ijlyndaja
J/kg°0> 2010) elodl JLaw) ucgill 6)lyaligkT/kgd)  2260) clodl paril diolall

Qtotat = Q1 + Q2 + Q3

Qtotar = MC,AT + mL,, + mC,AT

Qtotar = M(CHAT + L, + CpAT)

Qtotar = 3(4.200(100 — 20) + 2260 + 2.010(110 —100)

Qtotar = 3(4.200 x 80 + 2260 + 2.010 x 10)

Qtotar = 3(336 + 2260 + 20.1)

Heat transfers in solid material by conduction method, and the time
average of the transferred thermal energy differs from one material
to another depending on the internal structuve of the material and
metals are considered good thermal conduction materials and that is because of their free
electrons and close atoms while heat transfers very weekly in poor thermal conduction materials
like wood, rubber, plastic and others.

wiofl Jasoll Woldiyg Jungill ddyphy Alnll algoll Lo JAiii §)l )l
axijgoalol ylalall LS Pl s § a1 ol dalo Ulo Wahioll Gyl all AsUal)
Clig Ayl Gl Lailgial Ll EUA agsug §)lall Jungill 8aua algo il jlall
@iya algoll Vb WA gai ole §)i)all JAiii Lody Lavil)a wjldiq 6l

hungllg wuitall Jio Jangill
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The heat energy amount that is transferred through an object by conduction method depends on

a property on a TEGI] CODONEIRY of maiier

wle agi=y JuagiJl 48y Lo rounn JUA @ldiioll dyjlpall AsUall jlado Yl
dalol ayjlpall dulingill eali dnla
Themeal grdient is the amount of change in conductor’s temperature at each

meter of its length when the heat transfer perpendicular on its cross-sectional
area.

gl Yo fio JA vo Jngoll §)ln aaja VO il JIaQo ga 151l Jlanil
ARl ashio Aalo vlec Bagoc 6)lall JLiili Loisa

" AT
Thermal gradient = A

And from this we find that as long as the thermal gradient increases the amount
of thermal energy flow increases, and the time average for the transfer of
thermal energy can be expressed by the following relation.

the time average for the transfer of thermal energy = thermal conduction coefficient x cross sectional area x thermal gradient

&hdoll Aaluox W2l Jngill Jol=o = ay)lpall dsUaJl JLaiiy Vo jHl Ja=oll

GJJl jlaniVix pua Rl
H=KA 'l
T

Where:
H: represents the time average for the transfer of thermal energy by conduction method and measured by Watt
Watt wlaagy ywliiq Jusagidl Aby g dyjlpall AsUadl JLELiV viopl Ja=oll Jios
A: cross section area measured by (m?).
AT : temperature differences measured by (°C.
L: length of the rod Cor its thickness) measured by (m).
k: thermal conduction coeflicient measured by Cwatt/m.°C).

(watt/m°C) Wiangs ywldig )il Juagill Jol=o

Question

Why does firefighters use helmet made of yellow copper (srass is an alloy of copper and zinc)
rather than helmet made of red copper?

V3 Jan il ywlaill o Gegino Yuipl ole 6304 Gilpall clohl Jla) Jo=iuy 1alo)
Joall yulaill (o Gcging 6393 Uo

because the conductivity coeffficient yellow copper less than red copper
Joa¥l yulaill (Lo Jbl jamn Vil yulaill GIJl Juagidl Jol=o Ul iy ClAg
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Engineers took the expression of thermal resistance for an insulating layer and it’s calculated according
i to the following equation

—b

An iron rod of (50cm) length and sectional area of (1cm?), its one side was placed on
flame at (200°C) and the other end was placed in crushed ice at (0°C), if the rod was
covered by insulating material and if the thermal conduction coefficient of iron is
(79Watt/m.°C) then calculate:

1. Thermal gradient

2. The time average for the transfer of thermal energy.

ole Ao anl faag(1cm?) ashap Aaluoeg (50cm) algla ajaall (o Ylw
ULA 131 (0°C), ubgrao atla b JAaVl Adpn &uagg (200°C) dijlya dn)a wrd)
Goluy aanl) Gl Juagill Jolzo Ul lole Wjle daloy Lalo Glul

‘wwal (79Watt/m.°C)

Gl jlanivl-1
il AUl Ll o Pl Jasodl-2

AT 200-0 )
L 50 x10-2

Layer thickness
Thermal conduction Coef ficient of the layer

Thermal resistance =

= 400 °C

Thermal gradient =

AT
H = KA—L— =79 x 107* x 400 = 3.16 watt

—d

Room window with one-layer, if the length of the window (2.2m), width (12m) and thickness
5mm, assuming the temperature of the window surface inside the room (22 °C) and the
temperature outside it (3°C), calculate the time average to transfer thermal energy from room,
note the thermal conduction coefficient of glass (0.8w/m°C)?

LA peq (M22) 6361 Jgha ULA 136 Haalg dduhh Cila dualaj 630U Lo doyé

JAla dualapl 636Ul adaw 6)lpa A ja Yl yalpisl oleg 5mm LS owwg (m12)
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JUiY pdojl Yasoll wimall) °3) @jladl (oldiijlpn dajag (C° 22) Goysi
S(w/m2C08) @la il @il Jrngill Jolso Ul Lole @byl (o dyjlpnll Ul

AT 22—3 2112 xX19
H = KAT = 08x (22 12) % z = 8,025.6 watt

X 1073 5
1. Using metals to make Kitchen-ware.
2. Using insulating material for handles in Kitchen-ware.
3. Thermal insulation in house constructions using insulating materials like air, glass
and polystyrene.

One of the other applications on thermal insulation is the thermos can which is made
of an interior layer of plastic and an exterior layer of polystyrene, and according to this
system the temperature of the liquid in it is kept by reducing thermal leakage to the
outside.

$SIaJl Juagill ole wlan kil Jog
Al Lilgl dcliual Yaleoll Jloxiwl
Al Lilgl b YAILel djle algo Jlo=iwl
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We find in thermal convection method that the material’s particles themselves move and transfer
from one place to another, and thermal convection occurs only in fluid and doesn’t occur in solids,
And convectional streams also occur in liquids, the water that is near the heat source warms up
more than the water in the other places thus it expands and its density decreases compared to
the density of the surrounding water as a result it raises carrying thermal energy with it by
method called thermal convection and another water with less temperature comes to its place,
heat is transferred in gases by the same way.

Ulao o Jiiiilig Wl yndi L dj Saloll Gilinja Yl $iladl JooJl Adyph o6 a0
Janig algoll v Juamllg &lgoll Lo Ao Junagy §)lall Joallg yal JI
a0 b clo b piawo Gnl Eudg aies Jilguwll b CUAS Jonll Ciljlyl
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elo Aap Jnyg §)lpall Joall o @y piny gjlpal 88UaN as o Woln G&5b

L Qi A U Ol jLsdl Lo 6)1)Jl JAiihg Jol dijlyn s




Types of converction
1. Free convection

In this type the convectional current generate by effect of gravity, cold air have greater density
so it comes down because the upthrust force is less than its weight, while hot air’s density is less
so it goes up carrying the thermal energy with it because the upthrust force is greater than its
weight in this case.
)l p=udall Gjlpall Joall
AWl clg Lo dusd jil ddlall pitiy Eqill 1Ad -0 A1l Yool Wiljlis aJglil
Wijg Uo Jb1 Ugai dyag=unll 598l YV J2wll ol lardy 6 Aolis palygsy
AsUnJl Ao Wola Hlell GJI &Q1 16 Aluls Joai Ualul clgdl AoliA Loiy
@Wijg Uo MAI Ll 0aad L UgAa ag=nll 6981 Y dyjl i
2. Forced convection
In this type the fluid is motivated to circulate by installing a pump or a fan in the fluid’s way that
creates a pressure difference which forces the particles to move, hence in some central heating
processes the hot air is pushed into the halls using fan or the hot water is pumped into radiators
that's placed on the ground.
) G1udll) )l paavl )il Jooll
25 Q2910 gl AAAL LA JUA Go Uleall ule Eilodl UAS) Egill 13 b
ARy L6 ASpall ple W) h2All Gb G)16 Laic Lty &lol S1a0
dng)o Anlwgy Wieldll Lo YAl clgall &6 Lol Ayjs ol Aioxill Wililoc
ua VIl Lle &aagi @jlpa Wisalio WJI YAl clodl dudy gl

Heat transfer by radiation o

%

The sun's heat transfers and reaches to the earth and warms it and know that there is a huge
gap between the sun and the earth that doesn’t allow heat to be transferred we whether by
conduction or by convection method since there is no material medium that transfers the heat,
the method that heat is transferred from the sun is called radiation. Heat is transferred by
radiation in form of electromagnetic waves in the speed of light and its wavelengths differ
depend on the radiating object’s temperature, and it ranges between violet rays and infrared rays
And all the objects radiate energy in the form of electromagnetic waves even the ice cube and our
bodies And the amount of radiation energy emitted from the objects depends on:
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ole
1. The nature of the surface that emits radiation energy that's as long as the surface’s area

increases the amount of emitted energy increases. also, its color, since black surface radiates
energy with an average that is very greater than the average emitted by a fair colored object.

Walj lolas aahay Galo Jio Gxuitoll AsUal) Caclll ol Gk .1
agwll Aawls aigl clAAg diiioll AsUnJl jladoalajl Aol Aalo
QLI Yol 3 ddawl Eleabl Jaso IS G99 Jasol ASUn Suily

2. Temperature: the objects radiates energy in the form of electromagnetic waves that can be

seen if the temperature of the objects was high while the radiations are invisible when the
object’s temperature is low.

Wlago JALD Lle AdUa Suiti pluwaVl Ul ¢ :6)lpal)l Aaja .2
Loib G910 ol 6l daja Cuilalal ldisg ) Uhos i hli 0g s
UAQ AT ol 6jlpa Aaja Cuila 13l o pié Cleleib)l JoA

that material those are good heat radiation are also good heat absorbers and the amount of
absorbed heat energy differs by the following changes:

JIado Ylg W)l yualaioVl 6a1a Ygai y)lall El=abVI 6212 algodl Yl
L-lilo WALiAL alididunicoll dyjlpall Asuall
1. Type of the material 6aloJl £qJ
2. Color of the materialoaloJdl (ygJ
3. How smooth it is. Lal@n a0

Where smooth and fair colored objects absorb radiation energy less than rough and dark colored

objects do

pluall (o JBl ducleibl AbUn yaisi dgiinsllg Gailol pluadl Ol
doiléllg At sl

Application on heat transfer by convection and radiation methods:

El=airdlg Yol ik png 61l W le Wl g
1. Plastic (glass) houses — radiation.
2. Solar heater — vadiation.




3. Central heating — convection + radiation
4- Night photographing by infrared rays — radiation.

Eleuil — duAariwyl Cigaudl .1
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Thermal Pollution 1)l Sglidl i

Human our century is making many activities that result together in the temperature increase
or the land and atmosphere and water which leads to a dysfunction in the environmental
structure and this phenomenon is named thermal pollution.

daja &o) ule LuA =) Jo=i dac Olknliliy WLl Upac oo yluiyl 090y
038 Lrouig iyl duas Jill b LA LI 361 Loo clolig gaJlg 1l 615
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Thermal pollution sourcesis i}l Giglill jalao

Thermal pollution is considered an industrial problem in spite of the civil waste also cause a limited
change in the temperature of receiving water for this waste, the most important thermal
Pollution sources are:

G Giaodl LA Ul o ot Pl ble Guclin GLA R0 §)lpall Ciglill Ay
WALAG oaad) alidiwoll olioll 813 Wl ya Lo 139200 12T $)AV LB
o $)l i Sglill jalno roadlg
1. Electrical energy generating Sources. AU 1Al AsUaJl a)gi Jalno
2. Petroleum industry and refineries L Olnollg akhaill Slelinll

QUESTINNS of GRAPTER 4]

@1. Choose correct answer for the following

1. When water converse from one state to another then its temperature:

a. Increases by one Celsius degree.

b. Always changes.

c. Decreases by one Celsius degree then stay constant until all the water amount i

d. Stay constant until all the water amount is converted

quesiiio

NSe

2. When the first object of (T1) temperature contacts with the second object of (T2) temperatrue
both are thermally insulated from the surrounding medium, so if (T1>T2) then the heat energy
transfer between them continues untit

a. The second object’s temperature become less than the first object.

b. The first object’s temperature become less than the second object.
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c. Both of them reaches the same temperature (1) where (T2<T¢<T1)
d. The temperature of the first object become zero.

9
Opeain 0 2724013

3. If The time average of the transfer of thermal energy from the window’s glass to the room
was (H), then if the area and the thickness of the glass were decreased to half then the time
average of the transfer of thermal energy becomes:

a GH b.2H H d H/2
K 1/pAAT
- 12L

4. Heat Transfer in gases occurs by:
a. Radiation only. b. Convection only.

c. Radiation and convection only. d. Radiation, conduction and convection.

5. When Vapor condenses and becomes liquid:
a. Its temperature increases. b. Its temperature decreases.

¢. Absorbs heat.

6. Heat transfer is space is done by

a. Radiation only b. Convection only.

c. Radiation and convection only. d. Radiation, conduction and convection.

7. When the mass (m) and the temperature (AT) is constant then the heat quantity of the
object depends on:

a. Volume of the object. b. Shape of the object.
d. All of the above.
Q = mC,AT
Q xC,

8. when matter converse from liquid state to gaseous state at the boiling point then it should be
supplied by a heat quantity equals to:
a. Multiplication result of the mass x latent heat of vaporization x temperature.
b. Multiplication result of the mass x temperature difference.
¢. Quantity of latent heat of vaporization.
Multiplication vesult of the mass x latent heat of vaporization

Q2 Answer the following questions:
1. Three vods of copper, steel and aluminum have equal length at (0°C) which one of them
will be fonger at (250°0).
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Aluminum will be the longest because the longitudinal expansion coefficient largest.
2. Steel rods are added to reinforced cement to strength
it, why the steel is considered suitable to strength
then the cement?
That because to equal the longitudinal expansion
coefficient for both cement and steel is 2x1076 1/°C =
3. Why its advised not to open the radiators cover until the engine cools down, explain that?
Because the cooling system in car engines is closed, it acquires extra heat from the engine
body and when the cap is opened directly, the excess water temperature burns the hand.
4. The pipes in the solar heater are painted with black paint, why?
Because the solar radiation energy absorbed by the black coated tubes increases
5. The water in the aluminum cup freezes before the water in the glass cup when placed in
the fridge?
Because the specific heat of aluminum is greater than the specific heat of glass.
6. When you touch two pieces one is iron and the other is wood at (0°C) you feel like the iron
is colder. Why?
Because iron is a better conduction of heat than wood, ivon gain hand temperature, and
you feel its cold
7. Hot water is poured out on the glass containers cover that contain specific food in order to
open it easily?
Because the coefficient of thermal expansion of the cover is greater than that of glass,
when pouring hot water, the cover expands more than the expansion of the glass.

PRUBLE'S of CH'PTE ' 4

1. A piece of gold of 100g mass and at (25°C) and its specific heat is (129 J/kg.°C) calculate:
a. Thermal capacity of the piece
b. Temperature of the gold piece if it is supplied by heat quantity of 516 joule
Ans: a. ¢ =129 Joule/°C, b. Ts = 65°C

C=mC, =01X%129 =12.9]/°C

€,=1290/kg"C
Q = mC,AT 129 : 16 e
_ BNaapsien * sli]s o
o= mCyl 0.1 %129 =S Te2s
AT = Tf = Ti /
Tr = AT + T; = 40 + 25 = 65°C "aestojoule

2. What is the quantity of heat that a (1609) mass of water vapor lost at (100°C) when the
water became (20°C)7




Ans: QTotal = - 415360 Joule

Q, = mL, = 0.16 X 2260 = —361.6 K] '
Q2 = mC,AT = 0.16 X 4.2 X —80 = —53.76 K] 7210

Qtotar = @1 + Q2 = 361.6 + 53.76 = 415.36 k]

TF20
watey at

3. A container of (50 J/°C) thermal capacity contains (0.5kg) of
),c water in the

(10°C), an amount of (1 kg) hot water at (80°C) was added to the
container, what is the final temperature of the mixture?

Q1container = CAT = 0.05 x (T; — 10) = 0.05 T; — 0.5
Qacotd water = MCRAT = 0.5 x 4.2 X (T; — 10) = 2.1 Tf — 21
Q3hot water = MCRAT =1 X 42 % (80 —Ty) = 336 — 4.2 T;

QShot water — Qlcontainer + QScold water

336 —4.2T = 0.05Tf — 05+ 2.1 Tf — 21
=0.05 T —21 Tr —~4:2 Tp-=—Q8= 21 = 380
6.35Tf = 357.5

Ty = 56.299°C

GfA wall of bricks with (10m?) area and (15¢cm) thick, calculate the time C= 50KJ/°C
average for transfer thermal energy if it's two sides temperature are (T+ 20°C), (T2 10°0),
noting that thermal conduction coefficient of bricks is (0.63 watt/m.°C)

Ans: H=620 Watt

H—KAM
N L

~ 0.63x10x10
0.15

115 0

o
[=R{TTY (¥

ww]
oo oo

= 420 watt 1 |0

5. When heating three quantity of water of masses (m1= 0.5kg), (mz= 0.1kg), (m3=1kg) by same
heaters for three minute which one of the masses temperatures raise more, and why?

The smaller the mass that heats more, the less water 0.1kg is the one that heats more and has a
higher temperature because by give the amount of heat is constant, the lower the mass, the higher
the temperature.

Q = mC,AT

6. (0.5 kg) of water and the same amount of oil were heated for the same time, which on of the
objects gets warm faster? And why?

oit = 1.89KJ/Kg.°C, Cp water = 4.2 KJ/Kg.°C

Cp




anin oil = Qgicm water

mcp 0itdToi = mcpwaterATwater

0.5 % 1.89 X AT,;; = 0.5 X 4.2 X AT, 4ter
1.89 X AT,; = 4.2 X AT, ater

o, = 42% BTvater

1.89
1.89 X AT, ,
ATy ter = —%7
+1.89 < 4.2 m=200g=0.2Kg

ATOEI > ATwa!:w"
The oil warm faster than water
7. What is the quantity of heat that a (Z009) of water gains when temperature increase from
(20°C to 80°C)7

Ans : Q = 50400 Joule
Q = mC,AT = 0.2 X 4.2 X 60 = 50.4K]
8. What is the quantity of heat that a (5009 of copper loses when its temperature decreases
from (75°C to 25°C)7 Copper
c=3874/kg:c  Ans: Q =-9675 Joule

0.387 °C
T=75

Q = mC,AT = 0.5 X 0.387 X =50 = —9.675K]

AT

T=25

9. What is the final temperature for a (3009) of water with ianis&)ﬁ?f%Kﬁerature of (20°C) when
gains (37800 Joule) of heat quantity?

Ans: T = 50°C
Q = me(Tf = TI) a0
Q 37.8 126[6300 e 4
= — —, Q C,=4.2KJ/kg"C
al mC, 0.3 X 4.2 Pt AREC

Te = AT + T; = 30 + 20 = 50°C

e mC,T;+Q 03Xx42x20+378 252+378 63

=——= 50°
J mC, 0.3 X 4.2 1.26 1.26

m=300g=0.3Kg
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10. A (0.5kg) of water at (20°C) was placed in the ice cubes tray and then entered to the upper

freezing part of the fridge, what is the amount of energy that need to be removed from the
water to convert it into ice cubes at (-5°C)7

(s = =2007328 Jonie
Q1 water = MC,AT = 0.5%x42x%x(0—20)=-42K]J
Q2 water toice = MLy = 0.5% 335 =-167.5K]
Q3 ice = MC,AT = 0.5 % 2.093 x (-5—-0) = —5.2325 K]
Qtotal — Qlwater e QZwater toice C QSEce
Qtotar = —42 + (—167.5) + (—5.2325) = 214.7325 Kj mw

C=42 KJ-/I( ’c

T=20

T=0°C KJ/kg

)

i

C,=2.093KJ/kg °C
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The light that falls on objects and being reflected from them and that reaches to the eye
allows us to see them.

In the dark we cannot see

B®8: Sun, stars, glow-worms etc.
8: Lamps, candles, and torches are.

ﬂl&@&ﬁ[ﬁﬂ& E)ECEUD such as the @ moon and mirrors are not light

sources, because they just reflect the light falling upon them
Does light pass through all matter? Light cannot pass through all materials.

But the light does not limit to this. For example, the bodies that sun light falls on them are
heated.

This means the light has energy that transfers it from the sun to the earth through the free
space, and its known that energy transfers either by waves or particles, and according to this
the nature of light was explained by two theories:

they are THIE PARTICULATE THECRA? and THE WANE THECRR?.
THE RPARUTCULAUTE UTRIECIRNY?, the light is a flux of very small particles called by

Newton (corpuscles) diffused in a medium and he explained using it the phenomena of

reflection, refraction and the spread of light in straight lines in the homogeneous medium

(but his explanation of the phenomenon of refraction was wrong). .

Lalea Lill laa Sl Glotwall go Juw (e d)uc cgidll glo daailsall aypiaill

WA =iVl pdlgls Lduagos jud a59.Lo g ub 6uiriioll (corpuscles) G5loaIL (g

o} Yl V) ywilaioll lhuwgll b Gosdimo hghiay cquall juliiilg juuisiVig
(Uhla gla juuiaiVl 6 palia)

TRE WANVE THRIECRN? for the scientist Huygens and he explained using it the

Phenomena of reflection, refraction, interference and diffraction in light.
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Although that neither of these two theories alone could not explain all optical phenomena
fully explained.
-£g2all b agLallg JAladllg jLusilig
&ton i i od 6a)8io 6)gunig Uriypaill Upild Yo Sl Ul Yo o2l Ll
UolA [ di dypngl pdlglall
UHE FUECTR@MAETEUTE UTRIEERN?, for Clark Maxwell (at the end of the 19th

century) it showed that each light ray is an electromagnetic wave.

Ui (e Sawlidl (sl duladi) Juguunalo wjllA odlsl) duuhliss oqpa Al dyplaill
durihlis 09)ala Wilago Uc 6jlc g Ligua Elsaly JA U
And by that he reinforces the role of the wave theory again.

232 Yo Auagoll dyphaill joa jjc llagg
we find that the frequency of the electromagnetic spectrum includes frequencies of visible
light waves whose wavelengths range from approximately (400nm) and it is the violet color
to approximately (700nm) and it is the red color.

In 1905, Albert Einstein explained the emission of electrons from metallic surfaces exposed
to light (photoelectric effect) using the particle nature of light. According to Einstein the
interaction ofa photon and an electron'in the photeelectric effect was similar to the
collision of two particles.

the particulate theory the wave theory the
electromagnetic
theory
the light is a flux of very small particles called by | For the scientist Huygens for Clark Maxwell it
Newton Ccorpuscles) diffused in a medium showed that each light
the phenomena of reflection, refraction and the | explained using it the Phenomena of ray is an electromagnetic
spread of light in straight lines in the reflection, refraction, interference and | wave
homogeneous medium Cbut his explanation of the | diffraction in light. And by that he reinforces
phenomenon of refraction was wrong). the role of the wave
theory again

O LIpoll el Llago Wiaaji Yoy puthliogpaall GalnJl Calaayi Ol aod
aadg Lypdi nm7000J1 Laawdidl el gdg Lyl o NM4G00alisl Gungoll Lidighl
Joa ¥l Yol

C=Af




That light year is the distance that the light travels it in the vacuum at speed of (3 x 108 m/s in (365) days Which is
estimated about (103 km)

speed of light in vacuum = (wavelength)(speed of light in vacuum)

c: speed of light in vacuum (3x10%) m/s.

A: wavelength (m)

f: frequency (Hz)

And it is worth mentioning that there are other phenomena that the electromagnetic theory
has failed to explain such as the phenomenon of blackbody radiation and photoelectric
phenomenon, which was later explained by the scientist Max Planck (assuming that the light
does not radiate from the source in the form of waves but in the form of specific packages of
energy those are indivisible called (Photons), and light quantum energy (photon) is directly
proportional to the frequency of its radiation.

ob druhliograsll dyaill Cibaal $ial palgh Wlia Yl J83J4 paall Uog
o oillg A1iguagraall 6 aliallg agwll puwnall Eleibl 6pallh Jio Lo di
At Lle 0jaua0 Yo Suity V egudll Ul yafisl Al) Ll yuilo o)l Jub (o Liay
(Lligigs) WloA Leal &5jail) QLS it dsUall o 63320 (o)) ditd Lle JyWlago

Acleubl 3255 &o Liaph wuwliii (Ugigall) Liguall Al dsla Ulg

E=h.
Photon energy = Planck constaj;t .frequncy of radiation

E : energy of the photon (Joule)
f: frequency (Hz)
h: Planck’s constant equals (6.63 x 10734 JS)

Calculate tne frequency of the violet light that have wavelength of (400nm), noting that the
speed of light in the vacuum is (¢ = 3 x 10 m/s)?

V0 cguall Aepw Ul Lale nm400 Vgl gl FAl LSl £guAll a2 ) vua]
(c =3 x 10° m/s) ol £1)0J1

= 3 X 10° = 0.75 X 101°H
S =3 200x100 % z




What is the energy of the green light radiation photon whose wavelength is (555nm)?

$555nm Lagoll gk Al AR cqall Eleib) Ugigsd dbla Lo
i h.c 6.63 x1073* x 3 x 10°
A 555 x 10~

= 3.58 X 107 1%joule

BOINIEEIGHIgSOURGE

The light waves are transmitted in the homogeneous medium in straight lines and in the
direction of light propagation.

Juiriil olailg douafime hgha w0 pwilaioldl bhuvgll o J2iii cguall Glago Ul

Sguall Asabyl
If these waves encounter a barrier with a circular opening of diameter (d) that is much larger
than the wavelength of light (d>>A), the wave passes through this opening and continues to
move in a straight line

Job (o Iia pai (d) laphas dpsla daiso aws ijala wlagoll 0id Cidsala 13l
hay dapall ule 6joiwp AQidJl 0Ad jliai dagollls (d>>\) Auiguall dago
lum“ Qi
But If the diameter of the barrier’s opening is approximately as much as the wavelength of
this light (A= d) then it will be diffused from the opening in all directions.
200w Waic(A= d) cquall 1aa) Lypdi dagoll Job jady jalall @ais phsd YA 13l Lol
Ul &0 U.oCL:.mJ Qg IU.oE')l.l.l.u.l.o"'
But If the diameter of the barrier’s opening is much smaller than the wavelength of the light
(d<<A) then this opening is considered as a point source of light

a=j Ajaic(d<<d) egual) Lagoll Johll Uo pis) p2uni jalall dxis pas YLa 13] Lol
ol Lhndiljano Aaidll oid
HUNMGENRSIPRINGIEEE

Huygen's principle states that (Each point of the wave front points is considered a point source to

generate secondary spherical waves called wavelets)

auqgi) Wi ijaunoe axi dayidosll Aagoll ddua hléi o dadi JA» yaiy 138 iyl iare Ul
Laugoll o dugps dygili Wilago
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Which spread away from the source through the medium at a certain wave’s velocity in that
medium. After some time, the new position of the wave front is the tangential surface of the
wavelets.
dawgll cla b Wiagol digwo dcpuy huugll Jila janoll (ke iag=y piriii yil
wrlooll dhiull g dagoll Aaddial ayaall Sudgoll Ugay Cabgll yas) cLAGIl awig
Cilasgoll
Accordmg to Huggen s virtual principle any point on the wave front is considered as a point source.
Wi Ijmomaawlmolcqhmdbunlmnl j..lmlﬂla.l.o@.oqol.c

Opeain 0 2724013

LUOXMDLICUS RIUERISITS? (I): is known as the amount of light energy Cuisible) emitted

from a light source per unit time.
| = illumination intensity of the point source measured by Candela Ccd)
U0l 6209 JALA LIguAd Jauno o Aistioll duyoll duiguall dsUall dios
cd Guwlidll deouy 6jadio piadill janoll 6elial 696 Jiod I=
LUMDICUS FLUUER (¢): The part of the radiation flux that generates a light sensation in

the eye so it is a measure to luminous intensity of the source.

is measured by lumen (Lm) which is known by incident flux on a (1m?) unit area of a spherical
surface that’s radius is one meter and a point light source of one Candela (cd) is placed in its
center

UtsJl L6 Wigua lwlwal algy $aJl El=ub VI Juw (o 51 CUA :(¢) wiguadl Jaawll
i ) Jamnoll 6clal 598l oo gad
6anq ulc bholwll Jruly Wiy $illg Im Yogll 6aags P Liguall Juuwll yuldig
b LIgGIA Jauap 0j5 )0 VO 819 anlg Jio opnd LA 5915 Adaw Yo Aaliuoll
6aalq Auwlid Asold Aiclial 695
¢ = 4nl
MLOMBIARIELE (E): is the total luminous flux incident on a surface, per unit area.
illuminance and measured by lumen/m? and it’s called: CLux).

6229 Lle hslul Ligwall Juul duos L : E Selaiwyl 6
.cloll alaaul) daluoll
Lux yusgUl Lourig Lumen/m? 6a.aqs Yuldig 6claiw)l 6a1b

(0]

E==
A

llluminance (E) is measured tools by the photometer device and the Luxmeter
JFiiowAglllg Jiiogighll jlan dinlwgy E 6cLAT W axh Ywlds
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There are two ways to increase the illuminance on a surface using a point source of Luminous
intensity is known and they are:
1. Increase the incident luminous flux (¢) on the lighted surface.
2. Decrease the distance between the point light source and the lighted surface.
695 LIadi Jao Jbxiwl b dbw ple Sclaiwyl dadl 6alLY Ylikuph Wluis
Lodg Alogls o @isLAl
eldoll ol ple bbbl O LigaJl Jrwll 6abj (1)
baoll daullg b il Liguall jaunell u Aol Ylndi(2)

¢ 4aml 1

4mtr?  4mr?  r2

A white screen is placed at a perpendicular level to the direction of the incidence of a ray of
light from a point source having a luminous intensity of (5cd), calculate the amount
illuminance on the screen if it is (5m) away from the source.

ub.n.lja.n.ouoﬂ.uqn d=1bl hodw olail Lle Ll.aq-o.l:\jq.l.l.l.l.oJ cbay dubUb Cising
Jasnodl e lda sy YLA 13] dublidl Hde 6 cLATw VI 6 aub JIad o v al (5cd) Aiclal 696
.(5m)

I 5cd

1
E‘r_Z‘(s)?-m_'s'

Lm

A lamp having a luminous intensity of (32cd), and its distance of (0.6m) from a screen and
there is another lamp on the other side of the screen its distance of (1.2m) from it then if the
illuminance was equal on both side of the screen, what is the luminous intensity of the second
lamb?

ALl AaaJl (o 1Al eluno Wliag dubUb (Jc(0.6m) asu (32cd)qiclal 696 eluao
AUbLil oAag ple Sclaiwll 6aib gl 1ALS  (1.2milaic A=y dbLIUl (o
Sl 2lunoll 6clial 65 Jladiolo

E, = E,
L

2, =7,
32 I,

06)2  (1.2)2
32x12x12

=32 x4 =128cd

b =—6x06




12m i 0.6m

QUESTI O SIOSCHARTEREY

@13 Choose the correct answer for the following questions.

1. Light produces a point source spread in the vacuum in:

a. One direction b. Two direction

¢ All diections d. All of the above

2. The amount that doesn’t change when a beam of light is transferred in an oblique way
from one medium to another is:

a. Its direction b. Its speed

. Its wavelength d. Its frequency

3. To double the illuminance directly on a horizontal table surface where the lighted lamb is
placed exactly above it on Tm height from its center, by making the lamb at Height

a.0.75m b 0707m

¢.0.5md. 0.25m
L=1

E, 13

B, 1%

E, 1%
2B, (1)?
r, =%

rp =41/2=0.707m

4. The luminous intensity is measured by
a. Candle b. lux

¢. Watt d. Lumen

5. llluminance is measured by:
a. Joule b. Lumen

¢ Lux d. Watt
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6. As long as the distance of the surface that’s lighted by a point source increases the illumi-
nance on the surface:

a. Decreases b. Increases

¢. Not effected d. All of the above

7. A point light source is placed in the center of a spherical surface, if the radius of curvature
for this plane increased then the incident luminous flux from the source:

a. Decreases b. Increases

¢. Doesn't change d. All of the abov

@1, Two lamps the luminous intensity of the first one is nine times that of the second one

and the distance between them is (1m), where a photometer should be placed between the
two sources to become the illuminance to be equal on both sides of the photometer?
Answer: X = 0.75m

7 m 2

Yi=X = ra=1-x

h
'1. | |
\ _//' Im t"j:
= s
ri=1-x = raex
A lamp with luminous intensity of (12cd) was placed (1.2m) distance from a photometer

and on the other side of it another lamp was placed at (1.32m) distance, the illuminance was
equal on both sides of the photometer, calculate the luminous intensity of the second lamp.
Answer: |2 = 16.52 cd

E]_:Ez

1
4 7 - 1h = 12cd
T21 Tzz -:-:/ 1m —-—(;
2 " b - .
(1.2)2  (1.32)2 r2=132m = r=12m

_12x1.32x1.32

I, = =12x1.1x1.1=12x1.21 = 14.52¢cd
2 1.2 X 1.2
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A lighted lamp in a perpendicular incidence on a book’s page creating a luminous flux of

C100mtLm) how far the book from the lamp? if its illuminance was (&4Lux).
Answer: ¥ = 2.5m
b ¢  100m 100 10
E=—=wr?= = = w1 =— = 2.5m
4rtr AnE  4Am4 16 4

In a moonlighted night where the moon was full in it, the illuminance was €0.6 Lux) find
the luminous intensity of the moon in that night, noting that the distance between the moon
and the earth is (3.86x108m).

Answer: | =886 x 10" cd

I 2 8y2 16
E = [=Er?=06x (384 x 10°)? = 8.84736 X 10'°cd

A light photon having a radiation wavelength of (600nm), what is the amount of energy

noting that Planck’s constant is (h=6.63 x 10-3% Js)?7
Answer: E=3315x101°J

h.c  6.63 X 10734 x 3 x 108
Y 600 x 109

= 3.315 x 10~ %joule
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REFLECTIOMN 6F LIGHT is the phenomenon of the rebound of the incident light on a surface
that separates between two medium to the medium that came from it.

is when light bounces off an object, same medium.

Wl U wg U Juals adaw ule sl guall alad)l 6 pals il squall yula =il
Qo b $all hwgll

REFRACTION @FLIGHT is a change of the direction of the light ray when moving between
two transparent medium different in optical density if it fall in an oblique way on the
separating surface between two medium.

Uolaud (uauwg U ALl aic (5guall Elsuill olail b Ji g cgudll jLu A

Ut Juolddl ol ole @Wilo 6jg0y bdw 13] @ubguall GslAll yo Yaalisg
Uthagll

is as the bending of light, when light passes from one medium into another, it changes direction.

OPTICALBENSITY is a property of the transparent medium that the speed of the light
passing through the medium depends on.

a5 JloJl cqudll Gepw Layle api=] Wlaull huvgl) ddn L. diigall Aolsll
THE MORMAL The line perpendicular to the point where the light strikes the boundary,

it is represented by N. The angle between N' and the mirror is 90

THE ANELE CF BICIENCE 01 The angle between 'N' and the incident light.

rolioll ago=llg hslull Elsaivl Uy 6)jguanoll Aigl Pl g hgduul duglj
THE ANGELE CF REFLECTION 0'1The angle between 'N' and the reflected light.

rolioll ago=llg yui=ioll Eleiitl ) 690l duglJl Ldg
LAWS CF REFAECTICeN

There are two rules for reflection of light: 6,

a. The angle of incidence is equal to the angle of reflection.

ywla=idl ayglj Yol kgt dyglj




b. The incident ray, the reflected ray and the normal are all in the same plane.
Vo L ioa &5 bhglwll dnili (Lo rolioll agosllg uieigl Eletilllg hslwll ELsail

anlg gy

The normal

Angle of 1 Angle of

incidence i reflection

1

i reflected ray

6,

incidence ray

(77777707 7 W 684

REFRACTION OF LIGHT AXD THE LAWS OF REFRACTION

When a light ray that have fallen obliquely from a transparent medium that is less optical
density such as air to another medium of higher optical density such as glass, so is transmits
into the other medium and refract getting close to the normal of the surface that separate
between two mediums
digua Aols Jbl wliiy huwg Yo @ile §jeny bhslw Lign fleu Jdiiy Loaic
AU hawgdl LIl A9y Aild 2la A duigud Aol pAal Al wladd khawg LI clgdla
Uthbuwoll U Juald)l ol Gle oldoll ago=Jl o Lfido juiiig
And when a light ray that have fallen obliquely from a transparent medium that have high

optical density to another medium of lower optical density, so is transmits into the other

transparent medium and refract getting away from the normal




= onlssnssz
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ol Aigua dslia Pl wWwlaul huwg Uo @ilo 69104 nblw Ligud Elsedd Jdiiy Loaicg
Ve Ia=ito JuAiig AVl hawgll WJI iy ails Auigun dolia Jbi pal wlaub haug

refracted ray Incident ray

Air
(optically less dense)

Air
(optically less dense)

Water Water

(optically more dense) (optically more dense) :
Incident ray ! refracted ray |

Ow Juolddl adawll ole olioll agosll | tncident ray
Uthwgll (optically less dense)
Direct light ray to be perpendicular to the

separating surface between two transparent i= 0°
medium, will notice that the light is transmitted
perpendicular on the separating surface
between the two mediums without bending or

(refracted), means the light ray is not refracted.

wde Lagoc Uohy Cirny Liguall El=aidl i
wle agoc 6jgunug Aioldiwl Hle A0i) cqual)l YU Aol Uubawgll u Jualall adaaull
HuAy ¥ oSeall Elsditll Ul Gl .(Juiiy gl) W paiy Ul pié Uo Ubwell U Jualadl ddauull

THE LAWS ©F REFRACTICN

1. The incident ray, refracted ray, and the normal or (normal line) drawn from the incidence
point on the separating surface are all lie in one plane perpendicular on the surface separating
between two transparent medium.

abaull Hle hgdwll dindi (o olioldl ago=llg puiioll fleiillg hilull Elsaill

Uthwg U Jualall dawll ole $agocanlg gluio b la=ion &ai Jaaloll

2. The ratio of the sine of the incidence angle to the sine of the reflected angle is equal to

constant value.
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L jlado $oluy Jluaivl diglj wiing hedull diglj Lt U Guauill
RIBER OF REFRACTION from the first transparent medium to the second transparent

medium or the relative index of refraction between two transparent mediums
LSl Jolso gl il wldainll sl oJIl Joil wléunl gl (o JLubidlJolso
s Ll Jn gl U il

sinf; vy A4

n, =— = —=—
2 " sing, v, A,
c

n——
v

; . ; Light speed in vacuum
Absolute index of refraction of the medium (or the transparent) =

Light speed in the transparent medium
n, sinf, = n,sinéb, Snell's law

It was found that the light speed in a transparent medium equal to (156 x108 m/s), find the absolute
index of refraction of this medium, if you know that the light speed in the vacuum is equal to
(3<108m/s)?

JuuAiVl Jol=o a3 (156 <10° m/s Solui Cadldud g ub cqudll depw Ul ang

S(m/s108x3) Sqlui E130J1 b £guall e jw Ul Crole 13] huwgll 1Ad) GlinoJl

€ 3x 108 dloio
n=-—= —=A || 1373078
v 156 x108 e T—
1404
360
312

IS
= = oo
o N0o

O O
M O

"
=
-
2

A light ray fell from air on the water surface in an incidence angle of (60°) and its refraction angle in
water was (40.5°), find the absolute index of refraction of water? (Noting that sin 40.5°= 0.649, sin 60°

= 0.866).
dy9lj Cuilag (°60) Lduwlid hodw digljy clo)l ddaw Lle clgdll Uo wigsd Elsil
UL rodsedl Go € cloll §linoll Jusivl Joleo 3 (. (405°¢qlusi cloll b ojLuLsl

(Neting that sin 40.5°= 0.649, sin 60° = 0.866)




Incident ray

Air

(optically less dense)

Water

nq sin 91 = (optically more dense) :
refracted ray |

n, sin 6, Snell's law
1 X sin 60° =n, X sin40.5°
sin60°  0.866

n, =— = =1.33
sin40.5° 0.649
Air I Air ey
(optically less dense) i Iflight is incident at an (optically less dense)
. angle greater than the -
i r critical angle, light cannot
|‘\ pass into the other medium

CRITICAL AMELE the angle of incidence at which the refracted light makes an angle of (90°

with the normal.
ol Lajlwail daglj Lillg Lifgud Wis vl hiwgll yub bhedull dyglj L da )l dygl I
daigua Aslia aio JSVI paVl kgl ,5 90°

It is worth mentioning that diamonds owes much of its beauty to the total internal reflection
phenomenon, where the brilliance and shininess of the diamond is due to its critical angle Cabout 24.4%
that is considered one of the smallest critical angles relatively so its absolute index of refraction Cabout.
242) is relatively the greatest absolute index of refraction, the light falling on the diamond passes into
it will suffer many internal reflections to comes out to the observer eyes giving the diamond that
brilliance
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If you knew that the critical angle of a light transmitted from a gy o sat)
transparent medium to air is (41.1°), then what is absolute index of
refraction to this material? Noting that Csin 41.1° = 0.657).

6alo Uo JAiioll couall 41.1 °Aayall dygll Yl Ciole 13]
oid) dlholl juusiVl Joleo 9 Lod clgaddl HJI Adloui
(sin 411° = 0.657) YU roL=l &o SHaLoJI

n, sinf; = n, sin 6, Snell's law

n,;s8in41.1° =1 X sin90°

1
™ = 0657 2
There are other natural phenomena that can be explained by the phenomenon of total internal
reflection we mention an example them, mirage phenomenon which you have known previously,
also there are many applications in optical devices for the phenomenon of total internal reflection,
mention one of them the reflecting prism. Which is a glass prism of angles (45°- 90°- 45°) and
its used to change the path of light beam by (90° or 180°).

J8A pdAlal LA Yla=eil §pals wuua L di (Ao il dreubh palgh Wlia
64is Wi 22gi LA Ll Layle Cib = Hillg Wil junll 6 pala Jlioll Jw ule laio
9aq uil=ll joiligoll Ldio JAAS LlAlall LLAJ YAV §dUA) adl §jaall yb
dse iVl jUno prrsei o6 b AVloiwl (oq «( 45 - 90 - 45 ) Llgj 9 roils Lyalaj joubgo

(180 [°( daglj gl) 1°90 )auel ju digaall




the binoculars of two prismx)gilig.0ll 53 jolalil, the periscope LigA1uyq iyl

Also preferred use the reflecting prism in optical devices rather than using the plane mirror
because its more reflector for light that's because light in the prism refiects a total internal
reflection by an approximate percentage to (100%), but in mirror absorption accurs of the light
incident on it by certain percentage make their refiection less than reflecting prism Cideal mirror
usually reflects about 90%) thus the image looks sharp and clear detailed and brighter when
using the reflecting prism. And another important application of the total
internal reflection phenomenon is the (fiber optics)

ole Qpadl §iaxll b yuslll jouigoll Jlowiwl Jad) Los
J9goll b £guall YV EUAQ cqual) Lusc Jiai ajV «@ugioll 6ipoll
V9 UAJg (100 %) LIl az dlio iy Wlala LA s =il yua=iy yuAaLll
Joig0ll (o UB1 LduwlA =il Jeai direo Gy Layle hlull cgall yalaiol any 6ixoll
6ala 9ayi §)gunll Yo wlalg (90 % Jllga duwi yuia =) 6ale Aunigoill 6lpoll) pusi=ll
Uo09 .puilell joubgoll Joxiwl Wla o leghuwyisly Jualdill dasilgg rollsoll
WL gl) dypadl WLV G LAl LA yula=eidl §paUA) $aVl dodoll Clbyhill
(Asguall
GPTICALFIBERS are fine glass or plastic fibers used to transfer light from one place to another
according to the phenomenon of total internal reflection

Araviwil ol dralaj Wl v Gpayl WL |
bbb ]

odalall LAl yula =iVl 6 aua

QUESTIO! S0 (CHARTER|G

Q1. Choose the correct answer for the following questions.

1. Which of the following statements expresses one of the reflection laws:

a. An incidence angle equals to twice the reflection angle.

b. An incidence angle equals to half the reflection angle.

¢ An incidence angle equals to the reflection angle.

d. An incidence angle equals to the square root of the reflection angle.

2. The speed of light in glass is: _

a. Less then the speed of light in vacuum b. Greater than the speed of light in vacuum
¢. Equals to the speed of light in vacuum d. All of the above
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3. The ratio between the sine of the incidence angle of the incident ray in the first
transparent medium and the sine of the refraction angle in the second transparent
medium is a constant ratio for these two mediums and it called:

a. Energy of the light ray.

b. Momentum of light ray. |

c. Relative refraction coefficient between the two transparent mediums.

d. Frequency of the light ray.

4. The unit of the absolute index of refraction for a transparent medium is:

a.m b.1/m c.m? d hasno units

Q2. Answer the following equation:

1. What’s the reason for brilliance of diamonds?

It is worth mentioning that diamonds owes much of its beauty to the total internal reflection
phenomenon, where the brilliance and shininess of the diamond is due to its critical angle (about
24.4°) that is considered one of the smallest critical angles relatively so its absolute index of refraction
(about. 2.42) is relatively the greatest absolute index of refraction, the light falling on the diamond
passes into it will suffer many internal reflections to comes out to the observer eyes giving the
diamond that brilliance

2.Which one is more efficient in light reflection, reflecting prism or plane mirror? and why?
The reflecting prism in optical devices more efficient than using the plane mirror
because its more reflector for light that’s because light in the prism reflects a total internal reflection
by an approximate percentage to (100%), but in mirror absorption accurs of the light incident on it by
certain percentage make their reflection less than reflecting prism (ideal mirror usually reflects about
90%) thus the image looks sharp and clear detailed and brighter when using the reflecting prism.

3. What are two laws of refraction? And what are two laws of reflection?

The laws of refraction

a. The angle of incidence is equal to the angle of reflection.

b. The incident ray, the reflected ray and the normal are all in the same plane.

The laws of reflection

a. The incident ray, refracted ray, and the normal or (normal line) drawn from the incidence
point on the separating surface are all lie in one plane perpendicular on the surface separating
between two transparent medium.

b. The ratio of the sine of the incidence angle to the sine of the reflected angle is equal to
constant value.

4. State the mathematical equation for Snell’s law explaining the physical meaning for each
symbol?

n,sinf, = n, siné, Snell's law
5.what do you mean by critical angle? And what is the relation to absolute index of refraction
for a transparent medium?
The critical angle is the angle of incidence that the angle of refraction is 90 when light passes
from an optically denser medium into an optically less dense medium.




(a) Total internal reflection (b) Total internal reflection demonstrated with
a laser, mirrors, and water in a fishbowl

Total internal reflection occurs only if ny, < &

6.what is meant by saying that (the absolute index of refraction of water is 1.33)?

RIBER OF REFRACTIOMN the relative index of refraction between two transparent

mediums is 1.33
7. When the ray (1) is the incident ray in the figure, then what are the reflected rays and

refracted rays from the other four red rays?

Incident rali Reflection ray refraéi:ed ray

’
»
# -
o
£

.
- N
o L)
H
i

Air
(optically less dense)

glass
(optically more dense) <
v

[ I I N
: : v v = ,
i 10 | | e =
i i ¢ 0 = 90° ; refracted ray T Reflection ray
n
- f r\( - Walid K. AL-Fatlaiwi
n ; . ‘
' | 3
1 L = Blegiy r ion
0, :
= Al the eritical angle __
2 3 of incidence, 0, the
- 47 angle of refraction ), = 90°,
5 I'wo mirrors at different angles
Any ray with 8, > @_., shows a

total internal reflection

PRUBLE!'S of CH'PTE " 6

1. If you knew that the absolute index of refraction of diamond is (2.42) and light speed
in the vacuum is (3x10® m/s) find the light speed in the diamond?

8
Answer: v=1.24x10 m/s

c
v
S £ 3X10 N 10°
"TagazAz. m/s @

2. If you knew that the light speed in a transparent material is (¢/1.52) where (c¢)

is the light speed in vacuum, then what is the absolute index of refraction?
Answer: n = 1.52

n=—=—st 52

1.52




3. If the absolute index of refraction of water is (4/3) and the absolute index of refraction
for a certain type of glass is (3/2), find the value if the critical angle between these two
mediums.
Noting that (sin 62.75° = (.889)

Answer: 0. = (62.75°)

n,sin @, = n, sin 0,

3 . . ano

Esm 0, = §sm 90

in 0 —ZX4—8—0889
sin@, =o-—==5=0.
0. =62.75°

4. A light fall from air on water surface at an incidence angle of (30°), apart of it was
reflected and another part was refracted, so if you knew that the absolute index of
refraction for water is (4/3) find:

a. Reflection angle

b. Refraction angle

(Noting that sin 30° = 0.5, sin 22.02° = 0.375)
Answer: a. 0;;=30° b. 0;2 =22.02°

a. 6, =0,
30° = 30°
b. nysin@, = n, sin 0,
1 X sin30°=4/3sin@,

3x0.5
=0.375 w0, =22.02°

sin @, =
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5. If the speed of light in ice was (c¢/1.31) where c is the speed of light in vacuum, find
the critical angle for light transferred from ice to air.
(Noting that sin 49.73° = 0.763)

Answer: Oc¢c = 49.73°
C C

n=—-=—(—=131

1.31 i
n,sinf, = n, sin 6,
1.31 Xsinf@,. =1 X sin 90° D

1 optically less dense caladiat o
sin9c=m=0.763 - —
_ 20 ' = goulnl 53]

6. =49.73 [k e i

6. Light falls from air on a transparent medium of (1.5) absolute index of refraction and
at an angle of (30°), find:
a. Refraction angle
b. Wavelength of the light ray in the transparent medium if its wave length in the air was
(600nm)
(Noting that sin 30° = 0.5, sin 19.45° = 0.333)

Answer: a. : 0i1 =19.45° b.: 4; =400 nm

nq sin BC =Ny sin 02
1 xsin30°=1.5 X sin0,

. 0.5%, 1
sin @, = 15-3° 0.333
0, = 19.45°

n, sinf;, v, A4

n, sin6, v, A,

A _n
Ay - ny
600 1.5
A, 1
600 2000

A, = 400 nm

~15 &
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PLARE MIRRGRL is the plane mirror is a flat smooth surface, the light is reflected from
it a regular reflection.

rokiiio Lla =il equall dic yua =iy Jidn giue daw L dgiumoll 5ol

A virtual image: is an image formed when the outgoing rays from a point on an object.

Actually, the candleCobject) is not there, it is just an image. Virtual images cannot be formed on a
screen.

An object placed in front of a plane mirror has the following properties:
1. The image is the same size as the object Chopject = himage)

2. The distance between the image and the mirror is equal to the distance between the object and
the mirror (xobject = Ximage)

3. The image is virtual.
4. The image is behind the mirror

5. The image is laterally inverted, that is, the left side of the object is at the right side of the
image.

1 2 3 4 5 6 7 8 91011 1213141516 17 18 192021 22 26 23 24 25 27 28 2930 O |
4




Why is the word " JOUAIUBMA * yritten as on vehicles?

Ambulances carry ill or wounded people to hospitals, so they must travel at high speeds. If an
ambulance is at the back of a car in the traffic, the driver of the car can read the reversed
writing correctly from the driving mirror as and give way to it.

Wlewl) JAiiy dwga=o Wil Wlew)l Oljlw Goabe yle LIAT Ll Wlsw| Aols
burbJl aJ Quudig Aaiso Alhjlw Olj.o Lo Laoloi u.:JI 6Ll GS5lw Lol p)(

The number of images formed by the lighted candle changes by changing the angle between the two
mirrors according to the following equation

Uil ol U gl Pl ywlad prasei sy 6adioll Gsouitl) @igAlioll jguall ac Yl
AVl Adalsodl caun

360°
Numb di = -1
umbggof foMmgd HiBEs Angle between the two mirrors
360°
n= —
0

An object was places between two plane mirrors the angle between them is (24°). What is the numbey of
formed images for the object?

Jondl aac Uosy s (24 °) Lodviyy dugl Pl Upingim o Utilyo U rouus Sidg
Sroaunll AigAligll

360° 360°

n= — 1 =15—1 = 14 number of images

] 24
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Spherical mirrors: is a mirror which has the shape of piece cut of a spherical surface in another meaning
reflecting surface is part of a sphere.

6920 644 alaw o lejn puislsll Aol Laws oiy Ll Ulxoll Lag dig)all Uiloll
There are two types of spherical mirrors, GENCAVE MAIRRCR and CERIVER MIRRCR.
Spherical mirror with BRTERFACE as the reflecting surface is known as concave mirror. Spherical mirror
with GUTER FACE as the reflecting surface is known as convex mirror.
@200 61109 6 =80 6110 @9l Lljoll o Ulegs CULLA
ol YLA 1alg 8280 8ijo Citow Llala)l Ahull gd yuslell Aol YLa 15l
@ano 6o Citow LLAJI Adauull ga yusl=ll

=

Principal axis ot
C

@ Principal axis
€

To know how images form in these two types of spherical mirror we have to know some concepts
related to them

Ul v Qg i bipoll Uo Uteg i)l Juad b Jounll Uoil Audus e Wy=illg

a8l =ioll AU roudlaodl OJl Wi

1. Center of curvature (¢): is a center of sphere which the mirror was cut from it.
2. Pole of the mirror (v): is a point that in surface center of spherical mirror.
3. Principal axis of the mirror: is the line passing through the center of curvature of the mirror and
its pole.
4. Radius of curvature of the mirror (R): the radius of the sphere that’s the mirror’s surface was
cut from it.
5. Focus point (F): the point that is on the principal axis of the mirror and that is resulted from the
intersection of the reflected rays on the mirror’s surface Cor theiv extensions) and incident in a parallel
way to the principal axis.
6. Focal length (f): is the distance between the mirror’s pole and its focal point, and the focal length
for mivror curvature equals to (f= %4 R,

6l 1ol Ao Lavio &SI $AN 6351 jA )0 a)(C)6Ipoll Jo&i j5 1o

dyg sl 8l o)l Qdnun hngil ANl dhbill ga (v) 8l s

Lo hh 69 61 odl JoAT j5 10 U Junlgll nAll g :61 o) yulwll jgaell

8loll Ao Ao Elnlisl Ll 638l pad Lani gadg (R) © 6110l JgAT b Lo

Do o
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<Ll Ue diiliig 61)0l) Ywlw)l jgaoll e G=blg ndi ya (F) :61)0J16)8s .5
6)guay Ml duaslulig( Lailalaliol gl) 61podl adaw (e dunAs ioll dsibI
wwlwyl jgaol) Ajlgo

6l1oJl JoAiJ 5)aul aullg LaYij§uq Slpoll b u a=ul ga () $)gul =yl 6
( (f= % Rsqluuy

1. The light ray that is PARALYEL to the principal axis of the
CERICANE mirror reflects passing through its real focal point, while the light ray
that is PARALLEL to the principal axis of the CEMVER

mirror reflects where its extensions passing through its
virtual focal point.

Principal s —@

Iilo YA =iy 63280l 6l kol Guwlwill jgaol) 5jlgoll LIguall ELsail
Vwlwil jgaoll (5jlgoll ELztivl Lol sjlgoll ELsuit)] Lo] Ay bl Lavijé
Gy pabil LaYijgu pod oalaliol Ciray yus=iilo assll 6lpol)

-

2. The light ray Cor it’s extensions) that passes throu gh focal point of
the mirror reflects in a parallel way to its principal axis.

684 Lo JLoJl (0alaliol gl) Liguall ELsaln)l  rivieales —54
Vwlwi Lo jgao) Ujlgo yuis =iy 6ipoll

3. The ray that passes through the center of curvature concave mirror

bounce back to itself after reflection, and the ray that
goes toward the center of curvature of convex mirror I
... alsoreflected back to itself. il -
\ i A=y @b ole iy 6 pdoll 6lyoll JoAT j4 1ol Jlodl ELsailll

ole YuA =iy aaoll 6ijoll JoAT jA ko gai Ay Al Eliidig yula=iVl
Lagi auudi

4 the angle of incidence of the light striking the pole is equal to the angle of reflection.

Frincipa axis
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ILAACEE FERMAATICH BY A CLICAVE MIRER

@@S@ 'ﬂ : if the object is beyond the center, the image is If the object is located at a distance
from the mirror is greater than twice of its focal length (2f)

63
37

. Between the center and the focus.

a
b. Smaller than the object (diminished).

c. Real object
d. Inverted
Principal axis
Case 2 . it the object is at the center, the image is ;

If the object is located in the curvature centey (means at a distance twice of focal length)

a. at the center.
b. The same size as the object (diminished).

c. Real object

d. Inverted

Principal axis

»




ﬁﬂ_}&@ 3’; : if the object between the focus and center of the mirror, the image is ;

If the object is located between the focus and the center of curvature

a. Beyond the center.

b. larger than the object (magnified).
c. Real

d. Inverted

@@S@ 4 : if the object is at the focus, its image Is said to be formed at infinity.
Because the reflected rays travel parallel to each other,
they never cross. (No image).

If the object is located at a distance equal to the focal length of the mirror, then the rays reflect in
parallel way




@@Sﬁ@ J :if the object between the focus and the mirror, the image is ;

If the object is located in a distance from the mirror that’s less than the focal length of the mirror

a. Behind the mirror.

b. larger than the object (magnified).

c. virtual

d. upright (erect) Emag@

Principal axis 7.
L=

@ﬂlﬁ@ ﬁj : Another type of image is the revers of case 4. If the object is at infinity

(far away from the mirror)

- itimage forms at the focus of the mirror.

- Itimage is real.

r 3

/

A

Principal axis —_

r 3
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CHRARACTTERISTIES CF KMAAEE FERMED I CERIVER LARRCER
IMACE FERMATIGH BY A CELIVER MIRRCR

The convex mirror diverges light rays which falls on it therefore called a diverging mirror.
There is only one type of image for convex mirror. The image of the object in front of a convex
mirror is;

a. Behind the mirror (between F and P)

9
Opeain 0 2724013

b. Smaller than the object (diminished)
c. Virtual
d. Upright

Principal axis
8 C

SPHERIGAL AEERRAUUCLN is not collecting the reflected

radiation from the surface of a spherical mirror in one point.
6aalq @ndi yb Gugpa dljo dow e A A 2ioll A=ib)l Soi At g 159181 &yl

To avoid the spherical aberration, the concave mirror is made as parabola
with a point- focus and it’s preferred to use spherical mirrors of small face, as
in light reflectors and reflective astronomical telescopes »
Wla Holao &ad JAdin 6=l 6lyoll &ini Gl &l o palaill )
GlwAle oo Los Angll § 12 WA Ulpo Jloxiwl Juardyq dundi 6)4s
dun Al ausloll Sugsaulill LH9 cguall

f: focal length of the mirror. gl asyll
u: distance of the object from the mirror’s pole.8lpodl wilnd (o oauall a2y
v: distance of the image from the mirror’s pole. &l podl vadnd (e 6)gunll 2y

1. The distance of the object (u) positive if the object is real in front of the mirror and negative if
the object is virtual behind the mirror, (in a system of a spherical mirror and a lens).

yan e 6ipedl vuils 13] Wlwg 680 6lpedl vuils 13] Lago gl a= Ui F Ugay

2. The distance of the image (V) is positive if the image is real and negative if the image is virtual.

6l 10Jl rolol LadiVl Loila Aungo ouwaJl Ay ugAj
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3. The focal length (f) is positive if the mirror is concave and negative if the mirror is convex.
ALo.aq 6 jguall CuilA 131 Alwqg Qa8 6 jganll CuilAa 13l Guago Jjodl Ay v JgA
(Apadi auus)

MAGTFICATICN LAW B AARRERS
y kv
" h  u
M: magnification.
h: height of the object.
h: hei ght of the image.
V dygliio Cuils 13] A 8)UbYIAS JUDYI uago 1] Cuils WaisoT (A

When applying magnification law, the following should be noted:

1. Length of the image is positive for erect image (upward) and is negative for inverted image
(downward).

2. Length of the object is positive for erect object (upward) and the object is negative for inverted
object (downward).

3. Magnification sign is negative when the image is real and inverted to the object.

4. Magnification sign is positive when the image is virtual and erect to the object.

Also, magnification shows us the magnifying and minimizing range of the image:

a. If the magnification M>1 then the image is magnified to the object.

b. If the magnification M<I then the image is minimized to the object.

c. If the magnification M=1 then the image is equal to the object.

d. The magnification sign is positive for image is erect (upward) and its negative for inverted real
image (downward).

A concave mirror having a focal length of (20cm) find the location of the formed image and its
characteristics and the amount of magnification for an object placed at a distance (30cm) in front of

the mirror.
oaual pAill jladogq Lailéng AigAioll §)gnll &g aa (20cm) S1eul Ldasy 6y sedo bl jo
8is0ll plo (30cm)amy ole £girgo

1 1+1 1 1+1
—_— = —_—— — =
f uw v 20 30 v
1 1 1 3-2 1

v 30 20 60 60
v = 60cm the real image is inverted and at a distance greater then the center of curvature
v 60

M = —— = — — = 2 means the image is magnified two times

u 30




A concave mirror having a focal length of (15cm) where should an object be placed in front of the
mirror to form an image for it:

1. Real and three times magnified

2. Virtual and three times magnified

:6)gua A QAL Lia Laolol rouwa Euagy Ul wany Wii(15cm) §)3Ul Lda=y §p=bo dlpo

Gl o Gl 6180 Buiighia -1
Clpo G 180 @padi -2

1-M=-2
u
1
.
u
v=3u
1 1 1 1 1 1 1 341
—_— =t - — == 4 — W — =
f w v 15 wu 3u 15 3u
3u =15 X 4 w» u = 20cm distance from the object to the mirror
v = 3u = 3(20) = 60cm distance from the image to the mirror.
2-M=-2
u
1
+3 ===
u
v=-3u
1 1 1 1 1 1 1 Y380
—_— =4 —w — = — —_— - — =
f uw v 15 u w=3u @5 3k
3u = 15 X 2 w» u = 10cm distance from the object to the mirror
v = —3u = —3(10) = —30cm the virtual image erect and magnified

A convex mirror has a radius curvature of (8cm), an object placed in front of the mirror of
(6cm)from its pole, find the distance of the formed image? And the magnification power?

sea fam i gt

a®yan lahg (o (6cm) asy ole roaua Laglol &aag (8cm) Lajgad pns womi Gyang 6ljo
AN 595 ARG S digAlioll 6)gual

1 8
f::R:::4'C?TL

L Z
1 1 1 1 1 1
—_—=—4 - —— = =4 —
f u v 4 6 v
1 1 1 1 -3-2
_ —— —_— - — =
v S I 12

1

_ Lk 2.4
v=——0=-24cm




v —-2.4
M = e = - % = 0.4 magnification. Positive sign means that the image is virtual.

Application on Mirrors

Applications of plane mirror:
1.It has many uses where it exists everywhere in the house to decorate the houses and lounges as well
for personal use in bedrooms and in bathroom and others, the mirror at home.
2. Use the angled mirrors to get multiple images and invest this phenomenon in embellishment and
shops.
3. And in front mirror of the driver to see behind the driver when driving the car. The driving plane
mirror in front of driver and sometimes it is called the driver’s third eye.

Applications of concave mirror
1. To magnify the images, dentists use the concave mirror which gives a larger image of the patient’s
teeth to help them see the details clearly.
2. Used in car headlights
Where the light source is placed in the focus of parabola and the light rays fall on its surface and
reflect from it in parallel so it lights for far distances in front of the car.
3. Collect solar energy and use concave mirror to focus sunlight in its focal point and use the energy
for heating and cooking this is called the solar cooker

Application of convex mirror
Convex mirror is called driving mirror its found on both sides of the driver to give miniature and erect
images and it gives a wide field of vision on both sides And it’s used in shopping center to observe
the customers during their shopping

QUESTI011SI01CHARTERY

Q1. Choose the correct answer for the following questions.
1. Virtual image:

a. Is erect with to the object b. Its inverted with to the object.

c. It can be projected on a screen. d. It’s in front of the mirror.

2. The concave mirror shows an erect image of the object when it is distance from it
a. Is less than the focal length €f) of it b. Is equal to the focal length of it
c. Twice the focal length d. Very far from the mirror

3. Number of images formed in faced parallel mirrors:
a. 30. b. 180. e Infinity. d. 0.

4. The principal axis for a spherical mirror is the straight line than passes:
a. Through the center of curvature of the mirror and another point.




e Through the focal pomt of the mirror and any pomt on its surface.
d. Tangential to the mirror.

S. If_you look in the mirror and your image was magnifying then the mirror is:
Concave. b. Convex. c. Plane. d. All of the above.

6. The radius of curvature of spherical mirror is:

a. Half of the focal length. b. Tgy]ﬁe@f‘fm»fgm] ength.

ARSI Iaraeail

c. Three times of the focal length. d. of the focal length.

7. The characteristics of the image formed in the convex mirror:
a. Real erect and miniature.

b. Virtual, evect and miniature

g, Real magnifying and inverted.

d. Virtual, inverted and magnifying.

8. A spherical mirror of 15 cm f focal  length then its radius of curvature is :
a. 15 cm. b. 7.5 cm. c. 60 cm. d. 30 em
R=2f=2x15=30cm

9. A ruler having a length of 10 cm was placed perpendicular in front of a concave mirror
that’s focal length is (+ 50cm) and at a distance of 100 cm from the pole of the mirror
then the length of the formed image is: ANl

a. 3cm erect b. 10 cm erect ¢. 3 cm inverted d 10 cm inverted
1 1 1 1 1 1

™50 100

f-u
1 1 1 A g
v 50 100 v 100
v =100cm
M v h 100 7 1 e ; )
SE-—=sS s = — .
u h 100 10 cm nega 1ve [or inverted rea lmage( ownwar )

Answer the following question:

Q1. Someone is suggesting to place a concave mirror on both sides of the car instead of
convex mirror? Do vou see that his suggestion is true? And why?
-No, it’s not true because the concave mirror doesn’t reflect the real size of object while the
convex give mimiature and erect.

-No, its false because the image that's formed on the concave mirror is always inverted. (upside
down).

-No, your suggestion is incorrect because the driver's side mirror is a convex mirror that gives
a mimiature and erect image and gives a wider and broader field of vision on either side.




Q2. Ahmed stood in front of a plane mirror wearing a sports shirt with a number (81)
written on it. What do you read the image of number (81)?

It will be reflecting as: 18

becuase one of the characteristics of a plane mirror is that the image formed on it is always
inverted (right side of the object is the left side of the image).

Q3. The next shape represents a clock image placed in front of a plane mirror what time

the clock is referrini to?

Q4. Why no image form for an object placed in the focal point of a concave mirror?
because the light rays travel parallel to each other so they do not cross (no image 1s formed).

Q5. What is real and virtual focus?
The real focus is at a concave mirror where the light rays cross
The virtual focus is in the covex mirror where the extension of the light rays cross

Q6. Distinguish between convex mirror and concave mirror in terms of the reflective
surface and the characteristics of images formed in each of them?
. A concave mirror it uses the inner face as a reflective surface

2. A convex mirror uses the outer face as a reflective surface
Q7. Show by drawing the image’s location of an object that’s at a distance greater than
the radius of curvature of:
a. concave mirror. b. convex mirror.
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Q1. An erect image formed by using a concave mirror having a curvature radius of (36
cm), if the magnification power was = 3. Calculate the location of the object with respect
to the mirror.

Answer: u= 12 cm

f==R=—=18cm
v
M=——
u
v
3=—-—
u
v=-3u
1 1 3 1 1 1
—_ =4 - — =4+ —
f u v 18 u -=3u
¥ —~1+3
18 3u
_2><18_
U= g = cm

Q2. Two plane mirrors the angle between them is 120 °. Calculate the number of images
formed in the mirrors.

Answer: n =2
360° 360°

) ~ 1200

n= — 1 =3 — 1 = 2 number of images

Q3. An object was placed an object 4cm away from a mirror and a virtual and three
times magnified image formed for it. What is the kind of the mirror and what is the focal
length of it?

Answer: f=+6 cm concave mirror.
a virtual and magnified image the mirror is concave

v
M=—-—
u

3. 7

4
v=-—-12cm
1_1 1 1 1+ 1
f_u ) f 4 —12
1 3-1
f12
[ = 6 cm concave mirror

(4. An object was placed in front of a concave mirror that’s focal length is (12cm), then
a real four times magnified image formed for it. Find the distance of the object from the
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mirror and also its image distance from it (consider the object is perpendicular on the
principal axis of the mirror).
Answer: u=15cm V=60 cm

M=--
u
v
—4=__
U
v = 4du
1 1+1 1 1+1
—_——= - —_— - — = — B —
f u v 12 u 4u
1_1+4
12 4u
12X 5 1
— = C
u 2 m
v=4u=4XxX15=60cm

QS. An object of 4 cm long was placed in front of a convex mirror that’s radius of
curvature is (20cm), if the object was (40cm) away from the mirror. Then find the type
of the formed image and its length and clarify your answer by drawing.

Answer h' = 0.8 cm virtual erect miniature image.
1 —-20
f=§R=—2 =—10cm

< S|l R~
—
H
|
p—
|
N

40 10 40
_ M
.
” h_ v h —8
“"h  u 4 40
—8 x4
= = —0.8¢cm
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1. Convex lenses: or called (Converging lens) and it is center is thicker than its edge, used to converge the
incident vays on it after its passes from the lens when the refraction coefficient of the lens material
is greater than the refraction coefficient of the medium it’s found in it, and exist on several types

a. Biconvex.
b. Convex - Concave.

¢. Plano - convex. | e el
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2. Concave lens: called (diverging lens): its center is less thick than its edge, used to diverge the
incident light rays that passes from the lens, and exist on several types: :
a. Double-concave. v
b. Convex Concave. ..

¢. Plane - concave. Zx

Jo=ig ldisla (1o Laow Jbl Laakhiwg (Jgauq Ab 100 Guuac Hyoui 6o Guvac -2
angigduwa=ll Jo ldigli sy layle dn sl dusguall AsabVl (G395 ole
6ac Elgil Lle

A convex lens (Converging lens) is like two prisms placed base to base located at the optical center,
diverging lens is like two prisms placed head to head located at the optical center.
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1. Optical Center: C P
Is a point at the center of the lens if a light ray passes through it transmit straightly without deviation
because the two sides of the lens at the optical center are approximately parallel mean the passed ray
diverges slightly from its original path which can be neglected because the lens is thin?
e (o Qiol&iw] Lle 30i) Wigus Lelsul LAJMA po 13] Awa =l jbj.oa.l.chh.n.lu.ﬂ@j.n.lJljbj.oJI
2ljiy 36Ul Eleiit)l Yl i s YUjlgio Gradl jSyoll aic Gwawll piila Ul i Ll Wiyl
845 Qwa =)l Uos wruy Aled)] US oy Jladios plall ojluro (e Mils
2. Principal Axis:
A straight line passes through optical center of the lens and its two focuses
Lalrijgug Awas U 5 3aull 5 1oll Lo Jlodl pudimoll ga :ywlwil jgao
3. Focus: F
Is the point placed on the principal axis of the lens, that any ray emitted from it or going toward it
travels after refraction parallel to the principal axis
Llagaj aqio gl Ldlio jaln El=ib Sl YU il duwasl) ywlwll jgaoll plc &48) dadi Va6l
uwlwil jgaol) Ujlgo JLusivl Ay pruy
4. Focal Length f
The distance between the focus and the optical center for the lens
Qwa =l spadl j510llg 8)4ul &690 U a=ul: §)4ul Ayl

A lens has two focal points because light can enter the lens from both sides. Twice the focal

length is represented as 2F

5. Secondary Axis:
The straight line that passes through the optical center for the lens is called the secondary axis
WU jgnoll Gouy dwaell srnyll jA)sll b Jlodl poadimoll: $oilill jgnoll




There are some special rays for lenses, as there are for spherical mirrors:

| A light ray parallel to the principal axis. passes through the focus after being refracted by

the lens.
[ '
P o = i
2k e FNFU
2 A light ray through the focus travels parallel to the principal axis after being

refracted by the lens.

(¢

2F

> Q
-ﬂcJI
-HC

3 A light ray passing through the optical centre travels without changing its direction.

Q
D

2F F F™ 2F <
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Case 1: the object is beyond 2F from the lens, the image is;

a. between F and 2F on the other side of the lens b. smaller than the object (diminished)

c. real d. inverted

)

2F F F l 2F¥

Case 2. If the object is at 2F. the image is:

a. at 2F on the other side of the lens b. the same size as the object c. real d. inverted

object
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When the object is placed between the focus of the lens and twice its focal length,

a. beyond 2F on the other side of the lens b. larger than the object (magnified) c. real d.

inverted

2F

0
A
/

Case 4: if the object is at the focus then the image is said to be formed at infinity. Thus. if
we place a light bulb at the focus of a converging lens we can obtain parallel light rays.

Laboratory light sources include a converging lens and a bulb located at its focus.

object
Principal
~ , P axis
o F 2F

=4

T




Case 5: if the object is between the focus and the lens, the image is;

a. behind the object b. larger than the object (magnified) c. virtual d. upright (erect)

Due to these properties converging lenses are known as magnifying lenses.

= w
-~
-
-~
=

Image

0]

2F

Case 6: There is one more case which is the reverse of case 4. if the object is
far away (at infinity) from the lens. the rays are al-most parallel. the image forms nearly at

the principal focus. It is real and invented. For this reason, a real image be formed on a screen.

N\
Princlpal
£ ,-\ms

2F

2k F




Example

The figure below shows an object which is placed at a distance of 2F from the converging lens.
a. Where is the image formed? at 2F on the other side of the lens

b. List the image properties. the same size as the object, real, inverted

object
/\\ x 7
o ads

2F F F 2F

Image

I A light ray parallel to the principal axis is refracted so that it appears to come from the

principal focus behind the lens.

D
D

13 ¢ _F
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7

2 A ray directed towards F on the other side of the lens bends. so that it becomes parallel to

the principal focus.

o 0 Principsl
Pt “"‘m L awils
k- F 2F ¥
3 A light ray passing through the optical centre travels without changing its
direction.
Princlpai
= ~ P o~ Euls
2k g Fe ¥ O
law of lenses and magnification
1\ r: 1
F u v
M= i =
" h u
A V2
A u?

1

1
P=(n-1G 1)

R,
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The general law of lenses is applied whether the lens is convex or concave with regard to the
sign of each quantity when the light incident on the lens moves from left to right as follows:
1. The object’s distance (u) is positive if the object was real located on the left of the lens takes negative
sign if the object was located on the right of lens.
2. The image’s distance (v) is positive if the image was real and located on the right of the lens and
takes negative sign if the image was virtual located on left of lens.
3. The focal length (f) is positive for converging lens (convex lens) and negative sign for diverging
lens (concave lens).
4. The length of the erect object (upward) have positive sign and the length of the inverted object
(downward). have negative sign.
5. The length of the erect image (upward) have positive sign and the length of the inverted image
(downward), have negative sign.
oA JA 6)Ubl Slelpo o 6280 gl Uano Auwas)l CuilA clow Glwa sl oledl (gilddl Galaig
Loaic
‘i Log Uo ! OJI Ll o Quwa =)l ple sl cquall J&iiy
Uls 1Al AJw 6jublg duwa =)l juuy ole Leblg Lbida rouuall LA 131 Ungo U oauall Ay Jgly
Lditos ule Leblg roauall
6)ubUq duwa =)l (liod Lle G=blg Grdi6a 6 gl Cuila 13l Lingo V 6jguall A=y Ugsy .1
dwaslllUago f WUl a=ul ygay lajluy ole d=5lg dla 69l Cuils 131 Aduw
(6 )80 Guwa=ll) A5 90l Auwasl) dlw 6 jUbLg Wano duwas]l ol
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And for the magnification (M) sign:
1. Positive: the image is virtual and erect according to the object.
2. Negative: the image is real and inverted according to the object.

'UeAd Loaizs M puaill 6juby duanily Lol
oaual) iy Waliso (AQJLA) padi 6j9nll Ugdi:Auago .1
ol dpuily dyglio Ardida 6)gunll Yoii:adw .2
The value of magnification tells us the following:
. If M>1 then the image is magnified according to the object.

. If M <I then the image is minimized according to the object.
. If M=1 then the image is equal to the object.

0o

oIl Lo ule JuATI Aoldd LiJale
roawalldpmily 6 ao Ugiidgnllgle. M > 1gLalal (a
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The yvatio between two areas of image and the object equals to the ratic between the square of distance
from the optical center of lens.




A converging lens of (10 cm) focal length, formed images for objects that are away from it in the
distances:

u=30cm.
u=10cm.
u=5cm.
From on of the sides of the lens. Find the image distance, magnification and its properties in each case.
1 1 x 1
A F u v
1 1 1

30 g %
L 4 1 3—=1 2 ¢ %
v 10 30 30 30 15
v = 15cm distance of the image from the lens.

The positive sign for the image distance means that the image is located in the second side on the right
of the lens and its real.

M=——=——=-0.5
B u 30

The negative sign for magnification means that the image is inverted and its minimized because the
magnification is less than one.

When the distance (u of the object equals to the focal length of the lens (10 cm), means the object is
located in the focus of the lens so the image is located in infinity.

C
1 _ 1 N 1
F u v
1 1 N 1
10 5 v
1 1 1 1-2 2 1
v 10 5 10 10 10
v = —10cm sign of the image distance is negative means the image is virtual.
v —10
M=——=——7-=+2
u 5

The positive sign for magnification means the image is erect and number (2) means the image is
magnified.




An object was placed (12 cm) away in front of a diverging lens (6 cm) focal length. What are the
properties of the formed image?

1 1.1
F u'v
1 1 1
6 12 v
1 1

-2-1 -3 1

1
v 6 12 12 12 4
v = —4cm the negative sign of (v) means that the image is virtual (in the same of the object side)

% —4 1
=——=——=+_

u 12 3
The positive magnification means the image is erect and virtual

<

Combination of Thin Lenses

Many optical devices contain two or more thin lenses.
Total Magnification M = Magpnification of the first lens M1 x Magnification of the second lens M2
Myotar = My X M,
T 1\1 d

+
F u v fify

d represents the distance between the two optical centers of the two lenses while the special case that's
when the two lenses are placed in contact each other (d = zero).




Lens Power

Optometrists and ophthalmologists use diopter unit to measure the power of the eye lens. Which is the
inverse of the focal length of the lens measured by meters:

1

Lenspower P = ——
b f (meter)

a lens power (+) Positive for converging lenses,
a lens power (-) Negative for diverging lenses.
Its unit is the dioptre (D).

Dioptre (D): is a unit of measurement of the optical power of a lens or curved mirror

We can find the lens power by the equation that The lens makers

1 il

A system consists of two convex lenses the focal lengths of the first one is (10cm) and the second one is
(5em), the distance between them is (40cm). An object was placed (15¢cm) to the left of the first lens
find the location the final formed image and its magnification?

I |
f1_u1 L1
1 1 1
0-15 %

1 1 1 33—/ M

v, 10 15 30 30

v; = 30cm
M. — vy 30 5
YT, 15

Since the image formed in the first lens is real and formed in front of C(leftd of the second lens therefore it's considered a
real object for the second lens and is located on a distance Cuz).

U, =40 —30 =10cm
1 1 1

2 u; v




Mrotar = My X M, = —2 X —1 = +2 the positive sign means image is erect.

O S59)aJl &3jJ1 Spherical Aberration
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A lens defect where parallel rays to the principal axis do not converge at a single focal
point.

2wl
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Caused by different refraction angles for rays depending on their distance from the
axis; of f-axis rays refract more than paraxial rays.

3. aLanill
o BalIUI G=ibll Laa) Guva =)l Adla olol jala wiiays
o @gilo-Guaap Qwac laidiwl (Plano-convex) Qicgrago GecgrigoA.
- Place a diaphragm at the lens edge to block marginal rays.
- Use a plano-convex lens oriented correctly.

O dgll &aiJl Chromatic Aberration
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Dif ferent wavelengths focus at different points; violet focuses closer and red farther
from the lens.

2. il
vauil coiall pagoll Johll i &o lajll JuuAil Jolzo WALAL
Dispersion: the glass’s refractive index varies with wavelength.




el elaj Vo Gujléo Quwac ladiwl (crown) daclio Quwac So ASwloiog
s i o (linD Lasy loaudasy Oail  psdil
Combine a positive crown-glass lens with a negative flint-glass lens Cachromatic
doublet) to cancel dispersion.
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. The eye, _ O cameras, { telescopes and ._Uw Microscopes
- @ [ g

ication on Lenses

defects (defects of vision)

el '.‘-rE,_ -
s,

Some people see distant objects clearly but can’t see nearby objects with the same clarity. This is
because their eyeballs are shorter than normal, or their eye lenses are too thin. These people are
said to be Longsighted. Therefore, light rays entering their eyes from a near object are focused
behind the retina.

A converging lens can correct this defect. It combines the rays so that
the eye lens forms an image exactly on the retina.

Short-sighted
Some people see nearby objects clearly
cannot see distant objects with ——p»—
same clarity. These people are >
sighted. Their eyeballs are longer
their eye lenses are too thick. Therefore, light
object are focused in front of the retina.

—T 7 but

the
said to be near-
than normal, or
rays from a distant

This results from an irregularly shaped cornea or eye-lens. if the eye-lens or cornea is not perfectly
spherical, the eye can form a correct image only in some directions, but not in others. A cylindrical
lens can correct this defect. Original Compromise

alo0  alo

Horizontal Focus Vertical Focus

al0 aio




A diverging lens is used to correct this defect. It diverges the -
rays so that the eye-lens forms an image exactly on the

retina.

In photographic devices
Optical instruments
A. Objects magnifying instruments
1. Simple magnifier 2. Compound microscope
B. Telescope (Refracting telescope - Galileo telescope- Reflecting telescope)

QUESTI0NSI0ICHARTERIB

Q1. Select the correct answer for the following questions.
1. The focal length for a thin lens doesn’t depend on:

a. Diffraction coefficient of the lens’s material.

b. Diffraction coefficient of the medium surrounding the lens.
c. Two radius of curvature of the lens.

d. Diameter of the lens.

2. To get a inverted, real image and magnified than object using a converging lens, the object
should be placed at a distance from lens

a. Greater than twice the focal length of the lens. _

b. Between the focus and twice the focal length of the lens.

c. Less than the focal length of the lens.

d. Equals twice the focal length of the lens.

3. To get an erect virtual magnified image of the object using a converging lens the object should
be placed at a distance from lens

a. Equals to the focal length of the lens.

b. Equals twice the focal length of the lens.

¢. Less than the focal length of the lens.

d. Greater than twice the focal length of the lens.

4. To get an erect virtual magnified image we should use:

a. Diverging lens (two side concaved).

b. Diverging lens (concave — plane). _
c. Converging lens and the object is placed within its focal length.

d. Converging lens and the object is placed at a distance greater than its focal length.

5. To get a virtual minimized image to the object a diverging lens should be used and the object
should be placed at a distance:
a. Less than its focal length.




b. At any distance from the lens.
c. Greater than its focal length.
d. Equal to twice of its focal length.

6. An object is placed at infinity distance from a converging lens an image formed for it and
was:

a Real b. Virtual c. Erect d. Greater than the object

7. A converging lens of 15 cm focal length (f) the distance of the image formed for an object on
this lens depends on: _

a. Distance of the object from the lens.

b. Height of the object.

c. Weather the object is erect or reversed.

d. All of the above.

8. A diverging lens of (10cm) focal length, an object was placed (40cm) away from it then the
location of the image of that object will be at a distance of:
a.+16cmb.—10cmc. +20 cm d. = 8 ¢cm

9. An object was placed (40cm) away from a converging lens that’s focal length is (20cm) so an
image formed at a distance of:
a.30cm b. 20cm c. 15 cm d 40 cm

10. If the magnification of a converging lens is (-3) then the properties of the image is:
a. Virtual, erect and having a length that’s three times the object’s length.

b. Virtual, inverted and having a length that’s three times the object’s length.

¢. Real, inverted and having a length that’s three times the object’s length.

d. Real, inverted and having a length that’s one third the object’s length.

11. An object was placed 80 cm away on the left side of a diverging lens, a virtual minimized
and erect image formed for it and at 16 cm away from the lens and on the left side also, then the
power of the lens equals:

@ =90 b. -4D c. -2D d. -1.25D

Answer the following question:
Q1. Give reason for the following.
a. The focal length for a lens differs depending on the color of the light that fells on it?
The lens has some resemblance to the prism, when white light falls on it, it is dispersed, because
violet light is refyacted in it more than the rest of the lights and it collects in a focus further away
from the lens than the dimensions of the rest of the focus where the rest of the colors collect.

This means that the red light whose refraction in the lens is less than the rest of the colors will
collect in a focus further from the lens than the focal lengths of the rest of the coloys
b. The change in the focal length of the converging lens when moved from the air to the water?
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the focal length of a lens remains the same as it works on the principle of reflection and reflection
is independent of the medium.

However, in case of a lens, the principle is that of refraction. The refractive index of the material
of the lens depends on the medium from which the ray is approaching the lens and that to which
if goes after refraction.

When a ray of light in incident on the lens parallel to the principal axis, it gets refracted and meets
the principal axis at the focus.

When the lens is immersed in water the refractive index of the lens reduces. If the refractive
indices of water and the lens.

Since the refractive index is lesser, as compared to not being immersed in water, the vay of light
would be deviated to a lesser extent. Hence, the point where the refracted vay would meet the
principal axis would be farther away from the lens as compared to not being immersed in water.

The focal length of the lens would be increased when immersed in watey.
ny

nq
c. Light rays those pass through the optical center of the thin lenses goes out from the lens at the

same direction?
Because the sides of the lens at the optical center are almost parallel
That is, the ray goes slightly from its original path so that it can be neglected because the lens
is thin

Q2. What is the reason for chromatic aberration in lenses? and how is it treated?

Q3. What is the reason of spherical aberration in lenses? and how is it treated?

PRUBLE'S of CH'PTE 8

1. An object was placed in front of a diverging lens that’s focal length is (12¢m) an image formed
for it that’s length is one third the length of the object, what is the distance of the object from
the lens, and what is the distance of its image?

1Nz =

Answer: u=24cmv=-8 cm

M_fl_ v
" h u
P 1
h v gh U 3
_= —— _ = —— ) = -
hou v v
1 1 1 1 —-1+4+3 1 2
=— 4 — = A e
-12 -3v v =12 3v —-12 3w
_ 2><12_
v = 3= cm
u=-—3X—8=24cm

2. A magnifying lens (converging lens) of (15¢m) focal length, on what distance from it an object
should be placed to get an erect and three times magnified image?




Answer: u =10 ¢cm

v
M=—— w3=——
u
v=—-3u
1 1 1 1 1 1 1 3-1 1 2
e W —— = —— o — = " — = —
f u v 15 u -3u 15 3u 15 3u
2 %15
u= 3 = 10cm

3. A model used slides to get an image on a barrier that’s is (6 m) away, if the height of the image

was (1.5m) and the height of the slide was (Scm), what is the focal length of the projectors lens?
Answer: f=19.4 cm

_h 15
M—E—m—BO
M=—2wip= "B 0B 6% +30u

u u
u—%—g—O.Zm
v =430(0.2) = 6m
1 1.1 1 1 30+1 31 6
P ;:.(Tz__]_g_. N -k =ﬁ=0.194m

4. A pencil that’s length is 10 cm was placed at (70cm) away from the left of a lens that’s focal

length is (+50 cm), find the properties of the formed image:
Answer: h=-25 cm length of the image (Real, magnified, inverted according to the object).

1 1M1\ e 1 M, 1 1 1 7-5_

F=E+;M§6=%+;M_ ——— = > v = 175cm

v 50 70 350 350
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v —175x10
= — s i
u 10 70 70

=—-25cm

Electrical charges are characterized by:

1. Unlike charges attract each other while like charges repel each other.

2. The electric charge is conserved.

3. The smallest amount for the electric charge is the electron charge, any charged object will be
the multiples of the electron charge. When an object is charged, its charge is a multiple of one
electron charge (e unit, this is meaning the charge is quantized, that charge equals integer
number for electron charge.

And the total electric charge is given by the following relation:

Where

n : represents a positive integer number (n=1234 ..

e : electron charge and it’s equal to (1.6x107"° ().

It has been found lately that there are six types of particles inside the nucleus called quarks three
of them have a charge equals to + 2/3 of the proton’s charge and the other three have a charge
equal

Total electric charge (Q) = positive integer number (n)# electron charge (e)
A5 yaslas b ausUpa Sl Gliarill jagis
30U Al oJl Ciliagiillg (§ AVl Lavio J& Wiaai Eqilu dalisell Ciliagill 1-
JAaVlyasUl fo ldsia e
AUAgan o AU S Aingil)l 2—-
Uoauilo o i Ulg 0o iyl s uo dysbyasll Aisiil doud penl Ol 3-
Lail |4| ool QuibLaAll diaddlil llilunubJUI il Clo el p Wiinal C1aA
Al AL ARSI diaaill uh.?.lq U9 LAl il (o Aaramm alacl yoluw
AW G5 <JU




COUVEOMB

Coulomb’s law: the mutual electric force between two-point charge is direct proportional to the
amount of the charges and inverse proportional to square of the distance between them

JA JIado o Uaph luwlii guith G (uiiaai O Ualliodl QU pa Al 6981 Ui

Loaiy a2l §upo &o Luuscq Uriinui Uo
§ €7 P 7 T —_ .
F= Chz 4> E ;
¥
k=9 X 10°Nm?/C? £130J1 Lo rogJga Ll
Where Ceo) (the Greek letter epsilon) represents the air or vacuum q 1 q 2
permittivity and its vale is
- . - 2
clgall gl E138l o Egalowli €, = 8.85 X 10712 =

—d

A point charge of (+2 pC) was placed at (90cm) from another positive point charge of
(+5 pC) calculate the mutual force between the two-point charges identifying the type
of the force and the reason?

Qiaul (o (90cm) Ay ule (42 1C) Wdjlado dusUpdAa Gihndi diaib CisiAg

ULiinaill O @alioll 8¢l crwal (+5 uC) Layladio $1al @uago duhd;
Tl 353 Go 6901 €9 Litlo Utirhoill

_Kaq, _ (9%109)(2x 107°)(5x107%) _ 1017676*2 1

F =
r2 (9 x 10-1)2 9 9

So, the force between the two-point charges is a repulsion force since the have the same charge
which is positive charge.




In the following figure there is (3 point) charges placed on the same line. Calculate the amount of
the resultant force that affects the negative charge.

q=+4x 106 ¢ q=-5x10% ¢ q=+6x10%¢
‘ ri=2m a r2=Gm )
K 9% 10%)(+4 x 107%)(=5x 10~°
F= ‘ffzqz 4 ) L X ) _45x 109-6-6 = —45 x 10-3N
_ Kqiq,  (9%10%)(+6 X 107%)(=5 x 107°)

=—169 x10°7°°=—-16.9x 1073N

r2 (4)2

Fr=F,—F,=—45x10"° - (-16.9x107%) = —28.1 x 10 °N
The resultant force is toward left side and in the direction of the bigger force (F.

EEEGNRIGEOND U GNIVIiTaY

Materials are divided according to their ability to conduct electricity into insulators, conductors

and semi-conductors.

Insulating material in which the electrons are closely connected to the nuclei of their atoms and

cannot move freely within the material. If we bring a charged object near an insulating material,

no charge will be induced on it.

Examples of insulating materials rubber, glass, mica, dry silk, distilled water and others.

The conducting materials are completely different. If we bring a charged object near a conducting

material, the valence electrons present in the outer part of the conductor’s atoms (Electrons that

are weakly attached to the nuclei of their atoms) will be affected by the charge of the charged

object that is close to it.

So it will affect the electrons and move them inside the conducting material transferring the

electric through it means it allow electric charges to pass through it immediately and metals are

considered that conduct electricity and the best one is silver, followed by copper and aluminum.

While semi-conductors are those materials that have intermediate properties between

conductors and insulators in terms of their ability to conduct electric and the most common is the

silicon €S> and germanium (Ged and these two materials have a special importance in technology

since they are used in the manufacture of transistors, crystalline diodes and solar cells.
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LRIRBUTIEN CF FECTRICAL CRAREES Crl CerPUCTER SURFACES
that electric charges stay on the outer surfaces of the charged isolated conductors due to the
repulsion of these charges when placed inside the conductor’s object because they are of the
same type.

g j=oJllq dhigaliloll Cilngol) duajlall eodoaull Hle 385 AsU A Cliagill Ol
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ALECTRIC CHAREE PRI,

The amount of electric charge per unit area of the charged isolated conductor’s surface and the
charge density on the spherical mineral surface is calculated as follows:
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e
=

= is the charge density (a Latin letter called sigma) measured by ( )

tlectrical charges are concentrated on sharp headers from the charges and isolated conductors’
surface with greater charge density.
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VHE FLECTRIC is the space around the electric charge where the effect of an electric
force shows on a positive test charge placed at any point in the field.

dyyuial dinab ole GUra sl 598l Jl aps pathy $allg &5Ua sl diaiidy haaoll jiall g
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THEELECTRIC FELRLLE: is the path taken by a free positive test charge when placed in the field.
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And electric field lines are characterized by:

1. Its generated from the positive charge and perpendicularly over the charged surface and
its directed towards the negative charge perpendicularly over the charged surface by the
negative charge.

wle bagore Ayl diadilll gai axliig Ugaditel Aawll Lle Aiagoc 6)g1n49 durngoll Aiaui)l o &uil
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2. The tangential of the force line at any point represents the direction of the electric field
at that point.

A dill ELL yb LILEASI Jlaollalail Jios dndi dil GH69d)l hal yulooll
Electric field lines don’t intersect with each other but they repel and tension to take the
shortest possible length.

F
E=—,-
K
q
&= o,

3.
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Homogeneous electric field: is the field that has constant amount and direction at every point of
its points and the electric force lines in it are parallel and of constant density and homogeneous,
electric field can be made by charging two wide parallel plates with two equal and opposite charges
and the electric field lines in the area between the two plates and the distances between them is
equal, (Neglecting effect of bending edges) and that means the field have same amount and

same direction at all points
hghig ahlii o dhdi JA aic olaiVlg jladoll Cuylill Jlaodl ga : mpdiliioll Lilpas)l Jlaoll
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Non-homogeneous electric field: Is the field that's amount changes from a point to another. Like
the field generated from a point charge or around a charged spherical conductor. where the field

decreases as we get far from it due to decrease in the density of electric force lines.
Ucalgioll Jlaodl Jio . $palg dindi (u ojlado pusiy Gl JlaoJlcli gad: pdiiioll j.LCUJUj.ﬂle JloolJ
dolia Juadi vy Laic Uasbl Lola Jlagdl Jlade Jdy Al Qigauilg Glingo o)4 Jga gl Gungi Gi~ib

auslyasll gill hghs




Two identical parallel plates are charged with two charges of same amount and different type.
A charge of (2 x 10 C) at point (a), see figure bellow, between the plates and it was affected
by an electrical force of (6 x 10* N) in the direction of the field lines.

1. What is the type of the point charge?

2. Calculate the amount of the electric field at point (a).

3. If the charge was moved to point (b) what is the amount of the affecting force on it?

1. Since the electric force is in the direction of the field then the point charge is positive.

ZE—F—6X1O_4—3><102N
T T 2x106 /e

3. When the charge 1s moved to point (b) it will be affected by the same amount of force
(F=6x10"*N) in the direction of the field (E) because the electric field between the plates is

homogeneous.

—d

A charged spherical conductor of (100pC) charge and (1cm) radius calculate:
1. The electric field at a point that’s (50cm) from its center.

2. The electric field on its surface.

3. The electric field at a point inside the sphere.

1Pc = 10" %2¢ w» 100Pc = 100 x 10~ 1%¢ = 10710

% 9 =10 9-10+2
1-p=%1_0O-Ag@l ) _ 10 =0.36 x 10" = 3.6N/C
r2 (5x10-1)2 25
Kq _ (9x10°)(10719) 9—10+4 +3 N
2-E=%1- 0 ) —9x10 — 9 x 10*3 = 9000~
T (10~%)2 C

3- The electric field inside the conducting sphere equals to zero since there is no charges,
hence all charges are on the external surface of the sphere: E =0




The following figure shows two-point charges of (1uc) and the distance between them is (2m),
calculate the amount of the electric field at a point on the line connecting the two charges that’s
at (0.5m) from the first charge and (1.5m) from the second charge.

q=+ luc qz=+Tuc
® ; tY
) ri=0.5m = r2=15m :
E, = % = (9();1:?0(_1?);6) -2 120; 7 _ Y et 10*3N/C
E, = g = (?:5129131_2;) Ky ;g?m = 0.04 x 105 = 4 x 10"3N/C

Since the direction of (E:) is opposite to the direction of (E:) then the resultant electric field (Ex) is in
the direction of the greater field.

Ep=E, —E, =36x10"3 — 4 x 10*3 =32 x 10*3N/C
TE ELECTRIC

The electric field in a particular area depends on the density of the electric force lines passing by that
area, so it increases as the density increase and therefore the density of the electric force lines is a
measure of the electric field. The number the electric force lines that intersect the surface
perpendicularly is called the electric flux and is symbolized by the Greek symbol (®@). we find that
the amount of electric flux increases by increasing the number of the electric force lines penetrating
the surface (A) perpendicularly, as well as by increasing the area of the penetrated surface.

And from that we can conclude the relation between the electric flux and the electric field as:
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Calculate the electric flux through a charged and isolated spherical conductor that’s radius is
one meter and there is a (1uC) charge on its surface.

Kq (9x10%)(107%)

E =

=y =9 X107 = 9x 10WN/C

d=EA=9x%x10" x4x3.14x 1*=113.04 x 10°N.m2/C

—d

An electric charge of (+2x10° C) was placed in a homogeneous electric field that shows a
force of (8x102 N) what’s the amount of the electric field?

__F_8><10‘2 —4><104N
g 2x10-6 C

EPESRIHEOMERTIALE
the potential electrical energy of the charge unit at a point inside the electric field and its scalar

quantity means that:
gag LILAAI Jlaodl Jala @adi yo dinill 6ang) AL diola)l AsUaI
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V=—
K

v=—
r

the potential is positive if it’s generated from a positive charge and negative if it’s generated from
negative charge.
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POUEIUTAL RIAAIRENESE is the amount of work required to move the positive electric charge
from one of the point to the other divided by the amount of that charge.
oJl (i il saal (o Gengell ALl disaill J8i) jill Jaitll jlafio gig
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Vap =Vp —Vy =—2
AB B A q

* Electric force affecting a

positive electric charge point —
to the direction that The stress test used to examine |
potential energy is low. heart patients is performed by

* The electric field is always calculating the relationship

between potential differences
between two metal poles as a
function of time. This test shows
if the heart is functioning
normally or not.

in the direction of low
potential
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EAUIPGTTERITIAL SURFAEGE is the surface that’s surface point have the same amount of electric
potential means the potential difference between any two points of its points equals to zero.
wmmwhﬁjﬂq&gﬂlwlwimmﬂggmw
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Most important properties of equipotential surfaces:
1. Don’t intersect with each other.
2. Electric force lines are perpendicular on the equipotential surfaces.
3. Equipotential surfaces get close to each other at the areas of high electric field (E) so the density of
the electric force lines also increases and for that reason the equipotential surfaces get close to each
other near the sharp ends of the charged and isolated objects.
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A metallic isolated sphere that’s radius is (5cm) and a (20 uC) charge is placed on it, find the
electric potential at the point:

1. On its surface
2. At (15 cm) from its surface
q= (20 pC) = (20x10° ¢)

—d

The following figure shows two parallel plates of equipotential surfaces, the potential of one of

them is (— 5V) and the potential of the other is (+3V) and the distance between them is (4m).
calculate the electric field between them.

Av Vv,-V; 3-—(-5) 8 ‘
E=—= = = — = 2—amount of electric field
X b 4 4 m

=R =

The point (A) is (30cm) away from a sphere’s center that’s radius is (1cm) and its charged by
(2x10° C) and point (B) is (90cm) from the center of the same sphere, calculate the work
needed to move a charge of (1uc) from point (B) to (A).

Kg 9x10°x2x107°

V4= - 3% 10-1 = 60volt
v _Kq_‘9><109><2><10_9_20 "
DT T T gx101 Y0

VAB == VA - VB == 60 - 20 = 401)0“3

Wig = qVap = 107° X 40 = 40 X 107° Joule




TRE EARTY ELECTRIC POTRTIAL

The electric potential of earth is zero, and this doesn’t mean the earth doesn’t contain electric
charges but due to its very large surfaces that doesn’t allow any charge that’s taken from it or
given to it to change its potential since its considered a very big storage of positive and negative
charges.
VAU Ul iy Y laddg Jpun Al VLA adall ay yd)Il LIUAAT adall
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Conductors those are charged by positive charges and away from electrical effect have positive
potential, if the reach the earth negative charges will move to it from the earth and equalize it
thus its potential become zero like the earths potential but if the conductor was negatively

charged then when connected to the earth then negative charges will move from the conductor
to the earth and its potential will become zero like the earth’s.

ldada Ygiy Aulpdall Wikdoll e a1y diago diaiy digauiio)l WAlngolls
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UIERIRAE when the clouds become electrified and their charge is positive in the upper layers

and negative in the lower layers of the cloud, if a discharge occur Cin the form of close strikes)
between the different parts of the same cloud, or between two different clouds.

THULIEER is the sound caused by lightning when increase in temperature leads to the sudden
expansion of air generating a sound that’s echo is repeated between the clouds.
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Q1. Choose the correct answer for the following questions.

1. The electric charge density for a charged isolated conductor that have sharp heads
is:

a. The greater on its sharp heads.

b. The smaller on its sharp heads.

c. Equal in all points.

d. All of the above.

2. In the case of homogeneous electric field:

a. The field amount is changing in all of its points.

b. The field amount and direction constant in all of its points.

c. The field direction is constant in all of its points.

d. The field amount and direction are changing in all of its points.

3. The electric potential of points located between two parallel plates those are charged
by equal but different charge is:

a. Always positive b. Always negative

c. Positive or negative d. Maybe positive, negative or zero

4. If you place a free electric charge in an electric field than it will move:
a. In the direction of the field always.

b. Inverse the direction of the field always.

¢. In the direction of the field if it was positive and inverse to it if it was negative.
d. Perpendicular to the field.

5. The potential of a point of an isolated charged conducting sphere is one volt, the
potential of its center is:

a.One-volt b. Zero
¢. Less than one and greater than zero-volt  d. Greater than zere volt

Q2. Put the right sign for the correct statement and wrong sign for the false statement
and correct the false statement without changing the under lined part:

1. The electrical attraction or repulsion force between two charged objects is greater than the
gravitational force attraction between their masses.v’

2. The electron attracts the nucleus’s proton in the atom with a force smaller than the force
that the proton attracts the electron. * equal

3. All the point of charged conducting sphere have the same potential. v*

4. Semi-conductor are always good electric conductors. ¥ Sometimes
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5. Coulomb’s law applies for electric charges those are equal only. ¥ equal and Different
6. Coulomb’s law applies for electric charges of large volume. ¥ poit charge

7. The electric charge is distributed on a conducting surface in homogeneous way. ¥ Non-
homogeneous

8. The surface of charged isolated conduction sphere is an equipotential surface. v/

9. Electric force lines are parallel in the homogeneous electric field. v

10. The earth can be charged by a positive electric charge. * cann’t

11. Electric force lines cannot_intersect. v*

12. If a certain electric charge was placed in a homogeneous electric field then the electric
force that act on it will be constant in magnitude and direction. v

Q3. Can two electric force lines intersect? And why?

No, if true, there will be two directions for the electric field at the point of intersection, and
this contradicts the concept of the vector, because each vector has one amount and one
direction.

Q4. How do you explain the equal potential for all the points of the isolated charged
conductor?

Because the electric field is perpendicular to the surface of the conductor, charged and
isolated, there is no electric field installed parallel to the surface at any of its points, meaning
that the field parallel to the surface is equal to zero Vag / d = 0 for any two points A, B on
the surface and this means (Va-Vg) = zero = Va = Vp

QS. Give a reason for the absence of electric field inside a charged isolated metallic
ball?

Because similar charges will repel each other and appear on the outer surface of the
conducting ball.

Q6. If the potential of a certain point is zero, then is it necessary that the electric field is
also zero?
Kq

No,V =-2,E =1

e

V=0wr—so,FE+#0

Q7. Which one is bigger, the potential of a point inside a charged metallic ball or the
potential of a point at its surface, and why?

the potential of a point inside a charged metal ball is equal to the potential of a point on its
surface

Equipotential surface is the surface that’s surface point have the same amount of electric
potential means the potential difference between any two points of its points equals to zero.




Q8. What is lightning stroke? And what is lightning arrester? And how does it work to
protect buildings and facilities?

Lightning stroke is the electrical discharging occurs between a charged cloud and any other
object that have different charge with it on the earth.

Work: [f the atmosphere i1s charged with negative charges then positive charges are generated
on the surface of the earth and transferred to the sharp head of the lightning arrester.

Then goes away from it resulting in a step-by-step discharging due to the potential difference
between the earth and the atmosphere surrounding the sharp head and thus decreases the
danger of external discharging.

Q9. What’s lightning and how does it happen?

Lightning: when the clouds become electrified and their charge is positive in the up-per layers
and negative in the lower layers of the cloud, If a discharge occur Cin the form of close strikes)
between the different parts of the same cloud, or between two different clouds.

Thunder is the sound caused by lightning when increase in temperature leads to the sudden
expansion of air generating a sound that’s echo is repeated between the clouds.

Q10. Why we see the lightning before hearing the sound of the thunder that result from
it.
Because the speed of light is very large when compared to the speed of sound in the air

Q11. The electric field inside a charged isolated hallow metallic ball equals to zero, does
that mean the potential inside the ball is also zero?
No, the potential of the points inside this sphere is the same as the potential of the points on its
surface
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Q1. What is the magnitude of the repulsion force between two equal point charges, the
magnitude of each one of them is (1pc) and they are (10 cm) away from each other?

Answer: F = 0.9N
Kq1q, _ (9%10°)(107°)(107°)

= 1013 = 1096642 = 09N

F =

Q2. The two point charges (+3 pc ) (+27 pc )were placed on a straight line separated by one
meter distance, then where should the third point charge be placed until the resultant force on
it due to the two charges is zero.

Answer: X =25 cm distance of the point charge (q3) from the point charge (q:1)

qr=+ 3u ¢ qz=+ 27u c
Yi=X - r2=1-x '
K‘h‘lz

F, = 13 _r§=>F F(3)2 : 9_F1
Fi g%%z 1} L(6)2, 186 \ 112

ri

3x10°°® 27x10°°
Fl—FZMKq% K‘hﬂ; — = L
re 3 x 1-x)
27x% = 3(1 — x)?
= (1 — x)?

3x=1-—x
4x =1

x=025m=n
1, =1-0.25=0.75m

Q3. If the potential difference between two points (B,A) is (60 v) then what is the work
needed to move
a. A proton (q=+ ¢ ) from (A) to (B)
b. A electron (g= -¢ ) from (A) to (B)
Answer: a. Wap=(-9.6x10""* J) b. WAB=(+9.6x10"'3 J)

w

AV = ; w —W =AV xq=60x%x16x10"1 =-96 x 107*°Joule
w

AV = E ws —IW = AV X —g = 60 X 1.6 X 10719 = 496 x 107 Joule
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Q4. Two parallel surfaces of equipotential surfaces. the potential of point (a) in it
equals to (10v) and the potential of point (b) in it equals to (-2v) and the distance
between them is (4mm) calculate the electric field between the two points?

Answer: E = 3000N/C

AV 10-(-2) 12
d  4x1073  4x1073
Q5. Point (A) is (0.5m) away from the center of a charged ball that’s charge is (1x107

pe) and the point (B) is (0.9m) away from the center of the same ball, calculate the
required work to move a (2 pc) charge from point (B) to (A) ?

=3x 103 N/C

Answer:'W = 16x10° J
The positive work equals to the energy transferred to the charged object.

_Kqg 9x10°x107°x107°

v - TR = 1.8 X 10°3-6+1 =gl 8 it
K 9% 10°x 1073 x10°°
Vy = Tq = —— =1 x 10%73-6*+1 = 10 volt

VAB — VA - VB - 18 - 10 - 81?0“:
VBA = VB = VA = 10 = 18 = _8v0lt

w
AV=—?~M»W=AVXq=8X2X10_6=16><10_6j0ule

Q6. A charge of (6 pc) was placed at (1.2 m) away from another charge of (5 pc) in
vacuum, calculate the required work to move the second charge to be at (0.9m) from
the first charge?

Answer: W =+0.075 J
The positive work equals to the energy transferred to the charge.

_Kqg 9x107x6x107°

Vo=~ N = 4.5x 10961 = 4.5 x 10* volt
Kqg 9x10°x6x%x107%
Vg = rq = 9% 101 =6Xx 109761 = 6 x 10* volt

VAB == VA _VB == 4’5 X 104—6 X 104 == 15 X 104 UOlf,'

w
AV=—E~W~>W=AV><q= 1.5 x 10* x 5 x 107° = 7.5 x 10~?/oule




