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1. Electricity and circuits 4z gSh i gall g 4 ¢l

1.1 CHARGE 4iad)

® SYMBOL sl s Q
@ UNIT sagi===  coulomb ass
# Electric charge comes in only two types: positive and negative.
Al dind g dam ge daali ;e o5 (B dah TR HeSU) sl
# A proton has a positive charge
Aaa ga Al aal () 5 ll
# an electron has a negative charge of exactly the.same amount
AaSl iy Ly 585 Al a4l () 5 STV

@ They carry the same magnitude of charge.
(<l g gl s <l SIV) auay ) Lisl) e sl puii ) glasy an
# A particle that does not have an electric charge, such as a neutron, is said to
be neutral.
Jalatia aie JUay ¢ g Al Jie 4300 oS Aand Jany ¥ (531 (5 3l

@ The electric force between same charges, which may be both positive or
both negative, called repulsive force.
U g 8 et Adls Laa IS 5l A g LaDIS (555 08 i 5 ¢ COlincBl) sy iy 5gS)) 5 530)
@ The electric force between different charges (a positive and a negative

charge) called attractive force.

a5 8 (andi ((Aun e Aindi s Al Ain ) A8HR D) Cilin By A oS0 5 530
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# The Sl unit of charge is the Coulomb, its symbol is C.

Repel

C s lajayscadlysll admill ulall sas

# Coulomb is defined as the quantity of charge that has passed in 1s through

the cross-section of an electrical conductor.carrying one Ampere of current.

LSl Jom gall um jall adail) JMA (pa A8 2] 5,30 e ) A5 eS 4dly Ciyag o) S

eSSl e el aal Jasy (530

1.2CONDUCTORSAND INSULATORS JJledly cBla gall

+ Materials may be classified according to how easily charged particles

move through them.
LDA 45 pandiall Cilapeeall @ a4l gead 188 5 o) gl Carieat oS
+ A conductor is a material through which charge flows easily
A geun i B (3805 LA (e ahy Bale (e 3 e Jha gl

+ Metals are generally very good conductors.
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* In a metal, the outermost electrons of each atom are only loosely
bound to the nucleus, so they are able to hop from atom to atom,

and are thus essentially free to move about inside the metal.

sle 38 g8 130 ¢ 31 5l il A8y yay Adasi ye (5S35 3 S lamg Y i g Iy ¢ )

Ol Jaly @l jaill Qi) 85 ) gd L5 ¢ 3,0 (B3 e el yall
* Examples of conductors: Iron, Copper, and"Aluminum.
o stiad¥1 5 Culaill 5 apall -l gall e il
+ an insulator is one through which charge does not flow freely.
A ym sl ADA e 5035 Y 531 e el
+ In insulator, there are no loosely bound electrons, and charge can’t

move around with the same ease.

MW\W&)&SU\@L&BYMU cL\.\JJ‘}“a}LLb}Jﬂ\LyYGMJL:J\JUA\&

+ Examples of insulators: glass, rubber and plastic.

LSl Tlaall g a3 Al 3 el e bl
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1.3 CHARGING OF OBJECTS pbua) (ad

»  There are several methods for creating an excess positive or negative

charge on an object.

Lo ann o 3y Al ol Ao e clind (318 (5 5k 5ac @l
> All of these methods involve moving charge from one object.to another,

and then separating the objects.

Al Juad a3 ¢ Al ) s (e sl J85 Jaii 3kl e2a JS
»  The simplest way to induce a charge on many common materials is to rub

unlike materials together, as shown in following figure.

2 LS ¢ Lo Agiliiie padl ol gall la () o ALl ) sall (e danll 8 il e Gaall (5 5kl Ja

(SOl JSEN 8 i ga
C

8.3.1: Charging by friction

uncharged cloth <

-
. *uncharged
plastic rod
. positively
negatively + , charged rod
charged cloth « e * /
N . +
\ = * /4
N + +

Figure 8.3 Rubbing a neutral rod with a neutral piece of cloth can result in them both becoming charged.
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Charging: ol

» Is the process of supplying the electric charge (electrons) to an object or

losing charge (electrons) from an object.

APYWEQUIY (CAEPRN) B ENJi3 v B A PYPNVERY (CRE PR ) B W BN S5 [ S - PSS

» Uncharged object can be charged in different ways:

1. Charging by friction

2. Charging by conduction

3. Charging by induction

(1) Charging by friction:

AW il

Adlise (3 ks Gad (S O sadiall all aual)

SlaY) 5y e )
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> Rubbing two objects made of unlike materials together can result in charge
transfer, leaving the object made of the most electronegative material with a net
positive charge
Balall (e & stuaall auaal) WU ¢ Al Ja5 ) (505 (San ddlia ) 50 (e (e shan (pana &
Al A go dind ae A eS Ao 50 SY)
> and the object made of the most electronegative material with-a. net negative
charge
Adlia Aol iad ma A jeS Alla SISV B3l (e Ae guaall 3alll
> The total charge is conserved in this process. ... The two objects end up with

equal and opposite charges

dej%}hﬁa&_ﬂ_\au\%uw\ @Luj\cM @&jmu)ﬁﬁw\‘;u;\
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simplified result
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(2) Charging by conduction: S silly yadill

> ltis the process of charging object by bringing it in contact with another
charged object

Gondia JA) anay Slaie aleny anall ok dilee i)

I\ |

(1) (2)

s jadl) pluaasl) ;\-I., el 4zl SlalUall g a0 ;uil.u /a
0583761260 o sl 5 s 3l 5 $Laas€ll 5 sLaS daa fia cilucile
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(3) Charging by induction: aally )

> ltis the process of charging the un charged object by bringing another
charged object near to it but not touching it.

4Dl O e e 4de Al O padiall puall jlasly g sadia pall avall gadidlee o

& II|III!II: l:ll.lllllll III .:I:Illlll.:!:ll::ll 1 } Il 1 Illll: [ Illllllll!

(1)  Suppose that a negatively charged rod is brought near a single metal
sphere as shown above.
oo mm ga 5o LS Baal s divea 8 S (e sl a5y Gl U g Gaaal () (a5
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(2)  The presence of the negative charge will induce electron movement
in the sphere.
B8 s ASIYIAS ja s Aallad) aldl) 0 g
> Since like charges repel.... negative electrons within the metal
sphere will be repelled by the negatively charged balloon.

53 Il A g a5, Jala ) il o 1Y) L8 Al a3l Lin

L) aas i)

» There will be a mass migration of electrons from the left side of

the sphere to the right side of the sphere causing charge within the
sphere to become polarized.

333 Laa 38U e ¥ el () 3 S S Lailall (e g SIS e Len 300 llia () oS

S0 Jah Al Cllagiad

(3) Once charge within the sphere has become polarized, the sphere is

touched.
3OS Gaad Ay ¢ Aahaitie enal Jlaall ol ciliadd) (G 3 e
» The touching of the sphere allows electrons to exit the sphere

and move through the hand to ""the ground™'.

o I sl e Y5 S0 (e AN g I a8 S (pual
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(4) It is at this point that the sphere acquires a charge. With electrons
having left the sphere, the sphere acquires a positive charge.

Ao go Al B HSI) iS¢ 3 S (e il g SIY) 7 g A ey Adand oSS 3 ST ¢ Aol o8 dic

» Once the rod is moved away from the sphere, the excess

positive charge redistributes itself (by the movement of remaining

electrons) such that the positive charge is uniformly distributed about
the sphere's surface.

AS ) Ll o 55 ke Ly 65 500 31 dla) Aaall ()8 ¢ 3 SINge Ty i Capadl) 0 3 jaa

580 e e Guilaia JS8 A gal) R 555 o sy (iall i 5 Y]

4.1. Polarization Uasisy)

(5) Itis possible to have a separation of charge within an object that, overall,

has no net charge. This'is called polarization.

Lolia sy, Alane dindi 4 Gl asenll 8 G35 Le mun JaI cilinfll (s Joad Jae (Sl (30

LAY ey
(6) - Polarization can be 055 O (Saa ldadiny)
(1) permanent, a3l
(2) induced Ciatiue

(3) instantaneous Bl

£l 5l e least) 4y ey Aadl) cildual) (a8 5 Ml /2
0583761260 (réuiglill g £l il g plrassll g sLadl das jia cladls
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(1) Permanent Polarization: il adiny)

«* Occurs when the molecular structure is such that one side of the
molecule is more positive than the other.

AY) e dlag) ST e all aila aad 4 A JSAIL ()5S ol Sl Laie Gaasy

+¢ Such molecules are called polar molecules. Such as water. molecule,

Ha0 ¢ slall e 5 Jin Al iy jally il sall o3 (o

O,

(2) Induced polarization &bl Glaginy)
» Is shown in the following figure for both a conductor and an insulator in the
presence of a charged rod.

Osaial) Canail 3 s AW 5 S sl (0 I iRl JSEN b Caninall U] ey
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1. Conductor: charges can move throughout the conductor and opposite
charges accumulate on the end of the conductor
Al 8 saliaiall Cilin&ll oS 53 5 Jaa gall olail mpan 8 & i () e il 3 Jaa gall
Joa 5ol
2. Insulator: Charges are still bound to a particular location in the insulator, but
may spend more time on one side or other of a molecule
Gl o gl (e el (il 28 (ST ¢ Joladl (A (e a8 500 Adasi je J) Y Sl 2 Jlad)
Goall Ga DAY Sl aal

2- Coulomb’s law aol S (ygld

Aforce exists between two charged particles is depends on

e iy (5 sndia (s T O 5 5 sall 55
(1) the magnitude of each'charge dnd (K )lda
(2) how far apart they are according to the following formula, known as

Coulomb’s law

p RS Ol anly dd g rall g ¢ A Arpall By aguiamy o adaelil (s2a
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* glandg2............. are the magnitudes of the two charges
Cuiin &l laka Lea
+ Meveeee Is the distance separating the charges
sl o Alaldl) ddlual) &
+ k is an experimentally determined constant of proportionality.

3.1);33\.\ Aaaall cuslitl) cull 99

3- The heart and ECG.  Jb 4 Gl a9 I8l

» Electrocardiography (ECG) is the process of recording the electrical activity
of the heart over aperiod of.time using electrodes placed on the skin.

LY aladiuly 4t 53 5 IO il S el LU i e 58 (ECG) (LSl il s

Aladl e de g gall 4500 ¢Sl

» These electrodes detect the tiny electrical changes on the skin that arise from

the heart muscle's electrophysiologic pattern of depolarizing and

repolarizing during each heartbeat.
(8 A S sl (g L2 )5 alal) e A58 2k eI el i) e ClSE Al 5eSI CUaEY) o2

B (33) s JS 8 i) sale ) 5 Gadin¥) A1) 3] ¢y lil) liac
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» Itis avery commonly performed cardiology test.

e IS 051 ya) iy il ol pa i) a5

PR Interval
_———————=m
S

QT Interval

> We will give a very brief introduction to the electrical system of the
heart-and discuss how this system produces the signals seen in  an
electrocardiogram ( ECG).

)@.14.\'"‘;_"\3\ Q\JLZ‘;{\?M\ \&@uﬁﬂb;uﬁsﬂ@b‘xﬂ\ e\.):'aiﬂz\ﬁl.iﬂ}; paid q :\Amemu}m

1-When the heart is beating normally, an electrical signal is generated at the

sinoatrial (SA _node) of the heart which travels through the heart muscle

16
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(myocardium).
i 1 Bl Y1 el B 8 2k 56 5 L) A o ¢ (S ) iasty Lanic
() dliac) Q) dliae ye
2-The electrical signal causes the contraction of the heart muscle (beating of
the heart) (see the figure).
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