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1. Electricity and circuits   انكهربية وانذوائر انكهربية 

1.1 CHARGE  انشحىة 

 SYMBOL اٌشِض              Q   

 UNIT                      اٌٛحذح  coulomb اٌىٌَٛٛ        

 Electric charge comes in only two types:  positive and negative.  

 اٌشحٕبد اٌىٙشث١خ رزّثً فمػ فٝ ٔٛػ١ٓ : شحٕخ ِٛخجخ ٚشحٕخ عبٌجخ

 A proton has a positive charge 

 اٌجشٚرْٛ ٌذ٠ٗ شحٕخ ِٛخجخ 

 an electron has a negative charge of exactly the same amount  

ٕخ عبٌجخ رمش٠جب ثٕفظ اٌى١ّخ  حالاٌىزشْٚ ٌٗ ش  

 They carry the same magnitude of charge.  

  ( الاٌىزشٚٔبد ٚاٌجشٚرٛٔبد٠مصذ  ) ٠حٍّٛا ٔفظ اٌمذس ِٓ اٌشحٕخ  ُ٘

 A particle that does not have an electric charge, such as a neutron, is said to 

be neutral. 

 اٌدضب اٌزٜ لا ٠حًّ شحٕخ وٙشثبئ١خ ِثً انىيترون ٠مبي ػٕٗ متعادل

 The electric force between same charges, which may be both positive or 

both negative, called repulsive force.  

  قىي تىافراٌجخ رغّٝ عْٚ  ولاّ٘ب ِٛخجخ أٚ ولاّ٘ب رکد ٌرٟ لشحٕبد ، ٚاٌط أفْ ثبئ٠خ ث٠سٌکٙا ٚحٌما

 The electric force between different charges (a positive and a negative 

charge) called attractive force. 

 رغّٝ لٜٛ ردبرة ( عبٌجخ ٚشحٕخ ِٛخجخ ث١ٓ اٌشحٕبد اٌّخزٍفخ )شحٕخ  اٌىٙشث١خ اٌمٛح
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 The SI unit of charge is the Coulomb, its symbol is C. 

 .C، ٚسِض٘ب ٘ٛ اٌىٌَٛٛ    ٟ٘ ٌٍشحٕخم١بط اٌٚحذح 

 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. 

ِٓ خلاي اٌّمطغ اٌؼشظٟ ٌٍّٛصً اٌىٙشثبئٟ  رّش فٝ ٚاحذ ثب١ٔخ اٌزٟ اٌشحٕخ و١ّخ اٌىٌَٛٛ ٠ؼشف ثبٔٗ

 .اٌىٙشثٝ اٌز١بس ِٓ اٌزٞ ٠حًّ أحذ أِج١ش

1.2 CONDUCTORS AND INSULATORS        انمىصلات وانعىازل  

 Materials may be classified according to how easily charged particles 

move through them. 

 ٠ّىٓ رص١ٕف اٌّٛاد ٚفمًب ٌعٌٙٛخ رحشن اٌدغ١ّبد اٌّشحٛٔخ خلاٌٙب

 A conductor is a material through which charge flows easily 

 اٌّٛصً ػجبسح ػٓ ِبدح ٠زُ ِٓ خلاٌٙب رذفك اٌشحٕخ ثغٌٙٛخ

 Metals are generally very good conductors.  
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 اٌفٍضاد رىْٛ ػِّٛب ِٛصلاد خ١ذح خذا                 

• 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. 

 فٟ اٌفٍض ،  الإٌىزشٚٔبد الأوثشثؼذا ٌىً رسح  رىْٛ ِشرجطخ ثطش٠مخ عبئجخ ثبٌٕٛاح ، ٌزا فٟٙ لبدسح ػٍٝ 

 اٌزحشن ِٓ رسح ئٌٝ رسح ، ٚثبٌزبٌٟ فٟٙ حشح فٟ الأعبط ٌٍزحشن داخً اٌّؼذْ 

 Examples of conductors: Iron, Copper, and Aluminum. 

 أِثٍخ ػٍٝ اٌّٛصلاد: اٌحذ٠ذ ٚإٌحبط ٚالأ١ٌَّٕٛ

 an insulator is one through which charge does not flow freely. 

  اٌؼبصي ٘ٛ اٌزٞ لا رزذفك ِٓ خلاٌٗ اٌشحٕخ ثحش٠خ                                                        

 In insulator, there are no loosely bound electrons, and charge can’t 

move around with the same ease. 

 الاسرجبغ ،  ٚاٌشحٕخ لارغزط١غ اْ رزحشن ثٕفظ اٌغٌٙٛخ. حشحفٟ اٌّٛاد اٌؼبصٌخ ، لا رٛخذ ئٌىزشٚٔبد 

 Examples of insulators: glass, rubber and plastic. 

 ٚاٌجلاعز١ه.: اٌضخبج ٚاٌّطبغ ّٛاد اٌؼبصٌخأِثٍخ ػٍٝ اٌ 
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1.3 CHARGING OF OBJECTS        شحن الاجسام  

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

charge on an object. 

 ٕ٘بن ػذح غشق ٌخٍك شحٕبد ِٛخجخ أٚ عٍج١خ صائذح ػٍٝ خغُ ِب.

 All of these methods involve moving charge from one object to another, 

and then separating the objects. 

 وً ٘زٖ اٌطشق رشًّ ٔمً اٌشحٕبد ِٓ خغُ ئٌٝ آخش ، ثُ فصً الاخغبَ. 

 The simplest way to induce a charge on many common materials is to rub 

unlike materials together, as shown in following figure. 

ِؼب ، وّب ٘ٛ اٌغ١ش ِزشبثٙخ  اٌّٛاد  ْ رحهاٌؼذ٠ذ ِٓ اٌّٛاد اٌشبئؼخ ٟ٘ أأثغػ اٌطشق ٌٍحث ػٍٝ اٌشحٓ فٝ 

 ِٛظح فٟ اٌشىً اٌزبٌٟ.
C 
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Charging:         ٓاٌشح 

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

losing charge (electrons) from an object.  

 ِب.ِٓ خغُ د( ٔبٌٚىزش)ئشحٕخ اْ فمذأٚ ِب دغُ ثد( ٔبٚلإٌىزش)اٌىٙشثبئ١خ احٕخ ٌشص٠بدح اٟ٘ ػ١ٍّخ 

 Uncharged object can be charged  in different ways: 

 اٌدغُ اٌغ١ش اٌّشحْٛ ٠ّىٓ شحٓ ثطشق ِخزٍفخ:

1. Charging by friction 

 اٌشحٓ ػٓ غش٠ك الاحزىبن

2. Charging by conduction 

 اٌشحٓ ػٓ غش٠ك اٌزٛص١ً

3. Charging by induction 

حثاٌشحٓ ػٓ غش٠ك اٌ   

(1) Charging by friction:    انشحه بالاحتكاك 
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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  

ِٓ اٌّبدح  ئٌٝ ٔمً اٌشحٕخ ، ربسوب اٌدغُ اٌّصٕٛعً ِّىٓ ٠إدٜ  ن خغ١ّٓ ِصٕٛػ١ٓ ِٓ ِٛاد ِخزٍفخ فر

 شحٕخ ِٛخجخ صبف١خِغ وٙشث١خ  ِٛخج١خالاوثش 

 and the object made of the most electronegative material with a  net negative 

charge 

 ٚاٌّبدح اٌّصٕٛػخ ِٓ اٌّبدح الاوثشعبٌج١خ وٙشث١خ  ِغ شحٕخ عبٌجخ صبف١خ

 The total charge is conserved in this process…. The two objects end up with 

equal and opposite charges 

 اٌدغّبْ ٠ٕزٙٛا ثشحٕبد ِزغب٠ٚخ ِٚزعبدح.فٟ ٘زٖ اٌؼ١ٍّخ ...  اٌشحٕبد رىْٛ ِحفٛظخئخّبٌٟ 
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 (2) Charging by conduction:       الشحن بالتوصيل 

 It is the process of charging object by bringing it in contact with another 

charged object 

 أٙب ػ١ٍّخ شحٓ اٌدغُ ثدؼٍٗ ِزصلا ثدغُ اخش ِشحْٛ

 

 

 

 

 

 

 د/ سانً: تذريس انطانبات انهغة الاوجهيسية انكيمياء انفيسياء

0583761260 و انكيمياء وانفيسياء وانفاووذيشه مهخصات مترجمة نلاحياء  
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(3) Charging by induction:        الشحن بالحث  

 It is the process of charging the un charged object by bringing another 

charged object near to it but not touching it. 

 ٘ٝ ػ١ٍّخ شحٓ اٌدغُ اٌغ١ش ِشحْٛ ثبحعبس اٌدغُ اٌّشحْٛ ثبٌمشة ِٕٗ ِٓ غ١ش اْ ٠لاِغٗ 

 

(1) Suppose that a negatively charged rod is brought near a single metal 

sphere as shown above. 

 وّب ٘ٛ ِٛظح أػلاٖ. ٚاحذح ِؼذ١ٔخثبٌمشة ِٓ وشح ٠ٛخذ  ٔفزشض أْ لع١جبً ِشحٛٔبً عبٌجبً 
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(2) The presence of the negative charge will induce electron movement 

in the sphere.  

 الإٌىزشْٚ فٟ اٌىشح.ٚخٛد اٌشحٕخ اٌغبٌجخ ع١حفض حشوخ 

 Since like charges repel.... negative electrons within the metal 

sphere will be repelled by the negatively charged balloon. 

ثٛاعطخ اٌجبٌْٛ رٞ  ىشح اٌّؼذ١ٔخالإٌىزشٚٔبد اٌغبٌجخ داخً اٌ...............ٕ٘ب اٌشحٕبد اٌّزشبثٙخ رزٕبفش 

 اٌغبٌجخاٌشحٕخ 

 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.  

اٌىشح ِّب ٠إدٞ عزىْٛ ٕ٘بن ٘دشح خّبػ١خ ٌلإٌىزشٚٔبد ِٓ اٌدبٔت الأ٠غش ِٓ اٌىشح ئٌٝ اٌدبٔت الأ٠ّٓ ِٓ 

 ئٌٝ اعزمطبة اٌشحٕخ داخً اٌىشح.

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

touched.  

 ِغزمطجخ ، ٠زُ ٌّظ اٌىشح. رصجح  ثّدشد أْ اٌشحٕبد داخً اٌّدبي

 The touching of the sphere allows electrons to exit the sphere 

and move through the hand to "the ground".  

 ٌّظ اٌىشح ٠غّح ٌلاٌىزشٚٔبد ثبٌخشٚج ِٓ اٌىشح ٚالأزمبي ػجش ا١ٌذ ئٌٝ "الأسض".
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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.  

 ػٕذ ٘زٖ إٌمطخ ، اٌىشح رىزغت شحٕخ. ِٚغ خشٚج الإٌىزشٚٔبد ِٓ اٌىشح ، رىزغت اٌىشح شحٕخ ِٛخجخ

 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. 

٠دبث١خ اٌضائذح رمَٛ ثاػبدح رٛص٠غ ٔفغٙب )ثحشوخ ثّدشد اْ اٌمع١ت ٠ٕمً ثؼ١ذاً ػٓ اٌىشح ، فبْ اٌشحٕخ الإ

 الإٌىزشٚٔبد اٌّزجم١خ( ثح١ث ٠زُ رٛص٠غ اٌشحٕخ اٌّٛخجخ ثشىً ِزدبٔظ ػٍٝ عطح اٌىشح.

 

4.1. Polarization     الاعزمطبة  

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

has no net charge. This is called polarization. 

ِٓ اٌّّىٓ ػًّ فصً ث١ٓ اٌشحٕبد داخً خغُ ِب, ٚاٌزٜ فٝ اٌؼَّٛ  ١ٌظ ثٗ شحٕخ ِحصٍخ . ٚ٘زا ِب 

 ٠غّٝ الاعزمطبة

(6) Polarization can be بة ِّىٓ اْ ٠ىْٛ           الاعزمط  

             (1) permanent, دائُ           

 (2) induced             ِغزحث  

 (3) instantaneous       ٌحظٝ  

 د/ سانً: تذريس انطانبات انهغة الاوجهيسية انكيمياء انفيسياء  

0583761260 و انكيمياء وانفيسياء وانفاووذيشه مهخصات مترجمة نلاحياء  
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(1) Permanent Polarization:      ُالاعزمطبة اٌذائ  

 Occurs when the molecular structure is such that one side of the 

molecule is more positive than the other.  

 . الآخر من إيجابية أكثر الجزيء جانبي أحد بالشكل الذى فيهكون ي الجزيئ التركيب عندما يحدث

 Such molecules are called polar molecules. Such as water molecule,  

  H2Oرغّٝ ٘زٖ اٌدض٠ئبد ثبٌدض٠ئبد اٌمطج١خ ِثً خضٞء اٌّبء ، 
 

 

 

 

 

 

 

 

 

(2) Induced polarization الاعزمطبة اٌّغزحث 

 Is shown in the following figure for both a conductor and an insulator in the 

presence of a charged rod. 

ٌىً ِٓ اٌّٛصً ٚاٌؼبصي فٝ ٚخٛد اٌمع١ت اٌّشحْٛ ٠ظٙش الاعزمطبة اٌّغزحث فٟ اٌشىً اٌّمبثً   

 .  
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1. Conductor: charges can move throughout the conductor and opposite 

charges accumulate on the end of the conductor 

فٟ ٔٙب٠خ  زعبدحرزحشن فٟ خ١ّغ أٔحبء اٌّٛصً ٚرزشاوُ اٌشحٕبد اٌّ رغزط١غ اْ اٌشحٕبد انمىصم:

 اٌّٛصً

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 

ٓ اٌٛلذ ػٍٝ خبٔت اٌؼبصي ، ٌٚىٓ لذ رمعٝ اٌّض٠ذ ِ: اٌشحٕبد لا رضاي ِشرجطخ ثّٛلغ ِؼ١ٓ فٟ انعازل

 ِٓ اٌدضبٚاحذ أٚ الاخش 

2- Coulomb’s  law            ٌَٛٛلبْٔٛ و 

A force exists between two charged particles is depends on 

  اٌمٛح اٌّٛخٛدح  ث١ٓ خض٠ئ١ٓ ِشح١ٔٛٓ ٠ؼزّذ ػٍٝ

(1) the magnitude of each charge                                                ٕشحخ  ً مِذ ا س   و  

(2) how far apart they are according to the following formula, known as  

Coulomb’s law 

 ِذٜ رجبػذُ٘ ػٓ ثؼعُٙ  ٚفمب ٌٍص١غخ اٌزب١ٌخ ، ٚاٌّؼشٚفخ ثبعُ لبْٔٛ وٌَٛٛ
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  q1 and q2............. are the magnitudes of the two charges 

 ّ٘ب ِمذاس اٌشحٕز١ٓ                                                                                           

  r........ is the distance separating the charges  

 ٘ٝ اٌّغبفخ اٌفبصٍخ ث١ٓ اٌشحٕبد

  k is an experimentally determined constant of proportionality. 

ثبٌزدشثخ ٘ٛ ثبثذ اٌزٕبعت اٌّحذد  

3- The heart and ECG. ًانقهب ورسم انقهب انكهربائ 
 

 Electrocardiography (ECG) is the process of recording the electrical activity 

of the heart over a period of time using electrodes placed on the skin.  

( ٘ٛ ػ١ٍّخ رغد١ً إٌشبغ اٌىٙشثبئٟ ٌٍمٍت خلاي فزشح ص١ِٕخ ثبعزخذاَ الألطبة ECGسعُ اٌمٍت اٌىٙشثبئٟ )

 اٌىٙشثبئ١خ اٌّٛظٛػخ ػٍٝ اٌدٍذ.

 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.  

ىٙشثبئ١خ اٌذل١مخ ػٍٝ اٌدٍذ ٚاٌزٟ رٕشأ ِٓ اٌفغ١ٛوٙشث١خ فٟ ٘زٖ الألطبة اٌىٙشثبئ١خ رىشف ػٓ اٌزغ١شاد اٌ

 ػعٍخ اٌمٍت ِٓ ئصاٌخ الاعزمطبة ٚئػبدح الاعزمطبة خلاي وً ٔجعخ )دلخ( لٍت.
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 It is a very commonly performed cardiology test. 

 ػبَ ثشىً ئخشاؤٖ ٠زُ انقهب لأمراض اخزجبس ٚ٘ٛ

 

 
 
  

 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). 

عٛف ٔمذَ ِمذِخ ِخزصشح ٌٍغب٠خ ٌٍٕظبَ اٌىٙشثبئٟ ٌٍمٍت ٕٚٔبلش و١ف ٠ٕزح ٘زا إٌظبَ الإشبساد اٌزٟ رظٙش 

 (.ECGٙشثٝ)فٟ ِخطػ اٌمٍت اٌى

 

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 
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(myocardium). 

ٌٍمٍت اٌزٟ رٕزمً  الأر١ِٕ٠ََُّْخ اٌد١َْج١َِّخُ  اٌؼمُْذحَُ ػٕذِب ٠ٕجط اٌمٍت ثشىً غج١ؼٟ ، ٠زُ ر١ٌٛذ ئشبسح وٙشثبئ١خ فٟ 

 ػجش ػعٍخ اٌمٍت )ػعٍخ اٌمٍت(.

2- The electrical signal causes the contraction of the heart muscle (beating of 

the heart) (see the figure). 

 (اٌمٍت( )أظش اٌشىً ٔجطػعٍخ اٌمٍت ) مجبضأرزغجت فٝ الإشبسح اٌىٙشثبئ١خ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 


