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 مراجعة لهيكل الفيزياء ثاني عشر عام

 اعداد الاستاذ محمد ابو محفوظ
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Parallel Circuits: A circuit in which there are several current paths is called a parallel circuit. 

 

The three resistors are connected in parallel; both ends of the three paths are connected 

together.  

Current in a parallel circuit: 

 

Voltage in a parallel circuit: 

Vs=V1=V2=V3=…. 

EQUIVALENT RESISTANCE FOR RESISTORS IN PARALLEL: 

 

• In parallel connected we get Req smaller than the smallest resistance. 

• If we remove any resistance in parallel connected Req increase and is Is decrease. 

• If there is a break in part of the circuit, the rest of the circuit is working 
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Q: 
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series circuit: “A circuit such as this, in which there is only one path for  the current”.  
Voltmeter: device used to measure the voltage (V) in the circuit.  

Ammeter: device used to measure the current (I) in the circuit . 

 

 

I source = I1 = I2 

Req = R1 + R2 …. (POWER) 
• In series connected we get Req greater than the largest resistance. 

• If we remove any resistance in series connected Req decrease and Is increase. 

• If we cut any part of the circuit the current stop at all in the circuit. 
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Example : 

 

 
In the circuit find :  

1- Req  

2- ISOURCE  

3- V1,V2,V3 

 

 

 

 
 

 

a-We get a greater equivalent resistance than any resistance. 

b-The current in the resistors is equal. 

c-If there is a break in part of the circuit, the rest of the circuit is working. 

d- A larger resistor needs more potential difference. Lkm  
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Combined Series-Parallel Circuits 

Circuits that contain series and parallel branches are called combination series-parallel circuits. 
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- 

a- The larger resistor has a larger current. 

b- If there is a break in part of the circuit, the rest of the circuit is working. 

c- We get a smaller equivalent resistance than any resistance. 

d- Equal potential difference in resistors 

 

 

 

 

 

 

 

 

 

 

 

Ammeters and Voltmeters 

Ammeters 

• ammeter is a device that is used to measure the current in any branch or part of a 

circuit. 

• An ammeter is connected in series with the resistor. 

• the use of an ammeter should not change the current in the circuit. 

• the resistance of an ammeter is designed to be as low as possible. 

  

Voltmeter 

• a device that is used to measure the potential difference across a portion of a circuit. 

• a voltmeter is connected in parallel with the resistor. 

• Voltmeters are designed to have a very high resistance. 
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Magnetic Fields 
Properties of Magnets: 

• Magnets have two opposite ends, called poles. (Magnets are polarized) 

• A magnet that is free to rotate always comes to rest pointing in the north-south 

direction. 

• The pole pointing north is called the north-seeking pole or (the north pole),the 

opposite pole is the south pole. 

 

 

 

 

 

Earth as a magnet the needle of a compass points in a north-south direction because Earth 

itself is agiant magnet. A compass’s north pole points to Earth’s geographic North Pole. As you 
will read,  

however, a magnet's north pole is always attracted to a magnetic south pole. Therefore, what 

we call  

the North Pole is near Earth’s magnetic south pole, and the South Pole is near Earth’s magnetic 
north pole. 
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Poles repel or attract forces between two magnets differ depending on how you orient the  

magnets.” Like poles repel; unlike poles attract” 
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a magnet always has two poles: No matter how you cut or break a magnet, a magnet always  
has two poles. There have been many searches for objects, called mono poles, with only a  
north pole or only a south pole, but no monopole has ever been found. 

Temporary magnets Magnets also attract nails, paper clips, tacks, and other metal objects.  
These objects have no poles, and both the north and south poles of a magnet attract them.  
When a magnet touches one of these objects, such as the nail in Figure 3, the magnet polarizes  
the object, _making it a temporary magnet. This process is called magnetization by induction. 

 
Magnets only attract some metals. Brass, copper, and aluminum are common metals that are  
not attracted to magnets. Iron, nickel, and cobalt are strongly attracted. Materials containing  
these elements, called ferromagnetic materials, can become temporary magnets. A steel nail  
can become a temporary magnet because it is made of iron with tiny amounts of carbon and  
other materials. 

• When you remove a nail from a magnet, the nail gradually loses most of its magnetism. 
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Magnetic Fields Around Magnets 

Magnetic fields:  are fields that exist in space where magnets would experience a force. 

• Magnetic fields are traditionally represented by the letter B. 

• They are vector quantities because they have magnitude and direction. 

• The needle of a compass in Earth’s magnetic field aligns in the direction of Earth’s field” 
When in a stronger magnetic field, the needle realigns in the direction of the stronger 

field.” 

• the forces between magnets are present without needing touch. 

Magnetic field lines: lines used to show the direction as well as the strength of a magnetic 

field. 

N: “Magnetic field lines are not real!” 

• field lines emerge from a magnet’s north pole and enter at its south pole. 

• The field lines form closed loops, continuing through a magnet from its south pole to its 

north pole. 
• The direction of the field at any point is the tangent to the field line at that point. 

• At poles magnetic field strength is the highest. 

• The density of magnetic field line represent its strength. 
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a- Field lines go from south pole to north inside the magnet. 

b- The direction of the field at any point is the tangent to the field line at that point. 

c- Field lines condense at the poles and as little as possible at the center. 

d- It is possible that the field lines intersect at the poles. 

 

magnetic flux: The number of magnetic field lines passing through a surface perpendicular to 

the lines. 

• The flux per unit area is proportional to the strength of the magnetic field. 

• Magnetic flux is most concentrated at magnetic poles, where magnetic field strength is 

the highest. 
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Forces on objects in magnetic fields : 

Forces on permanent magnets: Magnetic fields exert forces on magnets. When like poles 

of two magnets are close together, the field produced by the north pole of one magnet pushes 

the north pole of the second magnet away in the direction of the field lines, as shown by the 

iron filings in the top panel of Figure 8. Now look at the bottom panel of Figure 8. The field from 

the north pole of one magnet now acts on the south pole of the second magnet, attracting it in 

a direction opposite the field lines. The magnetic field is continuous, forming arcs from one 

magnet to the other. 

            

 

Forces on temporary magnets: Magnetic fields exert forces not only on other magnets. 

They also exert forces on ferromagnetic materials. When an object containing a ferromagnetic 

material is placed in the field of a permanent magnet, field lines leave the magnet’s north end 
and enter the end of the object that is closest to the magnet. The field lines pass through the 

object and loop back to the magnet’s south pole. The domains in the object align their poles 
along the field lines, making the end of the object closest to the magnet’s north pole the 
object’s south pole. The object’s new south pole is then attracted to the magnet’s north pole, 
and the object’s new north pole is repelled. 
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Magnetic fields from current-carrying wires:  

• The magnetic field around a current-carrying wire is always perpendicular to that wire. 

• Just as field lines around permanent magnets form closed loops. 

• the field lines around current-carrying wires also form closed loops. 

• The strength of the magnetic field around a long, straight wire is proportional to the 

current in that wire. 

• Magnetic field strength also varies inversely with distance from the wire. 

 

Direction of the magnetic field from current-carrying wires: 

_ Scientists use right-hand rules to describe how the directions of electric and magnetic 

properties relate. 

right-hand rules: 

1) imagine holding a length of wire with your right hand. 

2) If your thumb points in the direction of the current. 

3) the fingers of your hand encircling the wire will point in the direction of the magnetic field. 
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• To Determind the direction of the needle of the compass under-wire or up-wire we 

use right hand rule: 

_ your thumb points in the direction of the current, the fingers of your hand encircling 

the wire will point in the direction of the magnetic field.  

Example: 
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Solenoid 

• An electric current in a single loop of wire forms a magnetic field all around the loop. 

• a wire with many loops called “solenoid”. 
- solenoid: A wire connected to a circuit and coiled into many spiral loops. 

• When current is turned on in a solenoid, each loop produces its own magnetic field. The 

fields are all in the same direction. 
_ When there is an electric current in a solenoid, the solenoid has a magnetic field 

similar to the field of a permanent magnet. This kind of magnet is an electromagnet. 

- electromagnet: is a magnet whose magnetic field is produced by electric current. 

• Solenoids can be exceptionally strong electromagnets, producing magnetic fields much 

stronger than those around permanent magnets. 

• The strength of the magnetic field in a solenoid is proportional to the current in the 

solenoid’s loops. 

• It is also proportional to the number and spacing of loops. 

• “The more loops there are in a solenoid and the closer they are spaced, the greater the 

solenoid’s magnetic field strength.” 

• Magnatic field is greater inside solenoid. 
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• The magnetic field strength of a solenoid also can be increased by placing an iron-containing 

rod inside it. 

 

 

Direction of the magnetic field from solenoid: 

Right-hand rule for a solenoid:  

1. Imagine holding a solenoid with your right hand. 

2. curl your fingers around the solenoid in the direction of current. 
3. your thumb will point toward the solenoid’s north pole. 
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Forces on Single Charged Particles 

 
F: force in newton(N) 

q: charge is measured in coulombs (C) 

V: velocity in meters per second (m/s) 

B: magnetic field strength in teslas (T) 

Θ: angle between velocity& magnetic field 

_ The direction of the force on a charged particle is perpendicular to that particle’s velocity and to the 
magnetic field. 

_ To find the direction of force, you can use the same right-hand rule you use for finding the direction of 

the force on a current-carrying wire, where the moving charge is the current. 

N:“ If the moving particle is an electron (with a negative charge), the direction of force is reversed.”  

 

 

 

• magnets can be used to direct a charged particle’s path such as “Synchrotrons”. 

• the magnets in the LHC use superconducting wires. 
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direction of force (right-hand rule) of Forces on Single Charged Particles 

 

1- your thumb points in the direction of the velocity (where the moving charge).(V) 

2- the fingers of your hand will point in the direction of the magnetic field. (B) 

3- your hand back will show the force(F) if the charge is negative (-). 

4-  your Palm face will show the force(F) if the charge is positive (+). 
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Forces on Current-Carrying Wires 

 

F: force in newtons (N) 

            I: current in amperes (A) 

                  L: length of the wire in meter (m) 

                  B: the strength of a magnetic field (B) in teslas (T). 

                  _One T equals 1 N/(A·m) 

                    : the angle between current and the magnetic field 

 

• the magnitude of the force (F) on a current carrying wire is proportional 

to the wire’s current (I), the wire’s length (L), the strength of the 
magnetic field (B), and the sine of the angle between the current and the 

magnetic field (sin θ). 
• sin 0° = 0, when the current and the magnetic field are parallel to each 

other, the force on a current-carrying wire is zero. 

• sin 90° = 1, The force on the wire is greatest when the current and the 

magnetic field are perpendicular to each other. 
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Direction of force: (right-hand rule) 

• Point the fingers of your right hand in the direction of the magnetic field 

• Point your thumb in the direction of the wire’s current. 
• The palm of your hand will face in the direction of the force acting on the wire. 

• “When current changes direction, so does the force”. 
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Arrows in three dimensions: The relationship among magnetic field, electric current, and 

force is three-dimensional. 

• Imagine an archer shooting an arrow toward you. 

• The arrow looks like a dot.    

• imagine the same arrow going away from you,The arrow looks like a cross.  
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Inducing Currents: 

Figure 1 illustrates a modern version of one of Faraday’s and Henry’s 
experiments. A loop of wire that forms a circuit crosses a magnetic field. 

 

_When the wire is held stationary or moved parallel to the field, nothing happens 

_When the wire is moved perpendicular to the field, there is a current. 

_When the perpendicular wire is moved in the other direction, the current 

reverses direction. 

Relative motion An electric current can be generated in a wire in a circuit 

when at least part of the wire moves through, and cuts, magnetic field lines. Field 

lines can be cut when a segment of wire moves through a stationary magnetic 

field, as the wire does in Figure 1. Field lines also can be cut when a magnetic field 

moves past a stationary wire or when the strength of a magnetic field changes 

around a wire. It is the relative motion between a wire and a magnetic field that 

can cut field lines and produce current 
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Electromagnetic induction: is the process of generating current through a 

wire in a circuit in a changing magnetic field. 

Electromotive force :  

When a wire moves perpendicular to a magnetic field, there is a force on the 

charges in the wire. 

1- The force causes negative charges to move to one end of the wire, leaving 

positive charges at the other end. 

2-  This separation of charge produces an electric field and therefore a 

potential difference across the length of the wire.  

3- This potential difference is called the induced electromotive force, or 

induced EMF.  

 

_The magnitude of an induced EMF in a wire in a magnetic field depends on the 

strength of the magnetic field (B), the length of the wire within the field (L), and 

the component of the velocity of the length of wire that is perpendicular to the 

field (v(sin θ)). 

 

Magnitude of current: 
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Electric Generators 

electric generator: converts mechanical energy to electrical energy. 

• It consists of a number of wire loops in a magnetic field. 

• The wire is wound around an iron core, which concentrates the magnetic flux through 

the wire. 

• The iron and wire make up the generator’s armature, also called a rotor. 

Current from a generator:  

• the armature in a generator can rotate freely in a magnetic field. 

• As the armature is turned, its wire loops cut through magnetic field lines. 

• This induces an EMF in each loop. 

_Recall that EMF depends on wire length, magnetic field strength, and speed. Therefore, 

increasing the number of loops increases wire length and thus increases the total 

induced EMF. The larger the EMF, the stronger the resulting current. 

Orientation of loop 

-when a loop rotate in a magnetic it induced EMF which produces a current in the loop. 

• As the loop rotates, the strength and the direction of the current change as the orientation of 

the loop’s motion relative to the magnetic field changes. 
• only the component of the wire’s velocity perpendicular to a magnetic field can induce an EMF. 
• Therefore, the current is strongest when the motion of the loop is perpendicular to the field, 

that is, when the loop is horizontal 
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abstract 

• When loop in horizontal position(the motion of the loop is perpendicular to the field), we get 

greater maximum value of current in the loop. 

• When loop is perpendicular(the motion of the loop is horizontal to the field) we get greater 

maximum value of current in the loop. 

 

 

Current reversals: As the loop in Figure 5 rotates to the vertical position, it moves 

through the magnetic field lines at an ever-decreasing angle. Thus, it cuts through fewer 

magnetic field lines per unit of time, and the current decreases. When the loop is in the 

vertical position, as it is in the middle image of Figure 5, current is zero because the wire 

moves parallel to the magnetic field. 

As the loop continues to rotate, the current changes sinusoidally from zero to some 

maximum value and back to zero during each half-turn. Current reverses each time the 

loop turns through 180°. A graph of current versus time is shown in the far right of 

Figure 5. 
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Q: what is the difference between generator and motor? 

Ans: 

 A generator converts mechanical energy to electrical energy, while a motor converts electrical 

energy to mechanical energy. 

 

Alternating currents and generators:  

_ There are two main types of generators: 

1- direct current (DC) generators. 

2- alternating current (AC) generators. 

 

Direct current (DC) generators: 

• In direct current (DC) generators, charges move in a single direction, as they do 

in batteries. Current is in one direction because the wires of the armature 

connect to a circuit by means of a commutator. 

              Alternating current (AC) generators: 

• The current alternates from positive to negative. 

• In a consistently turned generator, the current alternates at a fixed rate and 

varies sinusoidally 
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Average power 

To find average power we have three equation: 

1- PAC, is half the maximum power; thus, PAC = 1/ 2 PACmax 

2-  

Where Effective current” Ieff” calculate as: 

 

3-  where V the effective potential difference. 

Where Effective potential difference”Veff”: 

 
• Effective potential difference is commonly referred to as RMS (root mean square) 

potential difference. 

 

 

ENG.MOHAMMAD JAMAL & ENG.Marwan JAMAL  

+962 7 8769 5012  

+971 50 727 0623 



 

Lenz’s Law 

Opposing change 

The current in the loop produces its own magnetic field. The right-hand rule shows that the 

direction of this induced field inside the loop is into the paper. That is, it is in the direction that 

opposes the change in the field that caused it. Thus, Lenz's law. 

Lenz's law says that the magnetic field produced by the induced current is in the direction that 

is opposite the original field. 

 

 

 

Bmagnet increase _EMFinduce(inverse)_I induce (inverse)_ Binduce (inverse) 

• The meaning of inverse that the direction of Binduce opposite the direction of Bmagnet.  

• Inverse to opposes the change in the field that caused it 
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   Bmagnet derease _EMF induce(direct)_I induce (direct)_Binduce(direct) 

• The meaning of direct that the direction of Binduce  with the same the direction of Bmagnet.  

• direct to opposes the change in the field that caused it. 

 

Self-inductance: An EMF can be induced in a wire when the magnetic field in the region of the 

wire changes. The field can be external, or it can be generated by the current in the wire itself. 

 

 

 

Is increacs _ Bmagnet increase _EMFinduce(inverse)_I induce (inverse) 

Inverse to opposite the change in current”Is" 

Is decrease _ Bmagnet decrease _EMFinduce(direct)_I induce (direct) 

direct to opposite the change in current”Is" 

 

• When the current reaches a constant final value, the current change is zero, so the 

induced EMF is also zero. 

• If the coil were suddenly disconnected from the battery, the induced EMF could be large 

enough to produce a spark 

• The property of a wire, either straight or in a coil, to create an induced EMF that 

opposes the change in the potential difference across the wire is called self-inductance. 
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Transformers 

Transformers: are devices that increase or decrease potential differences with relatively little 

waste of energy. 

• Only alternating current (AC) can be sent through a transformer. 

Direct current (DC) cannot pass through a transformer. 

• mutual inductance: An EMF and current in one coil due to changing current in another 

coil . 

• secondary potential difference: The EMF induced in the secondary coil. 

• The secondary potential difference depends on what is called the turns ratio. 

• The turns ratio: is the number of turns of wire in the secondary coil divided by the 

number of turns in the primary coil 

 

We have two type of transformers: 

1- step-up transformer: the secondary potential difference is larger than the primary potential 

difference. 

2- step-down transformer: the secondary potential difference is smaller than the primary potential 

difference. 
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The ideal transformer :  In an ideal transformer, the electrical power delivered to the 

secondary circuit equals the power supplied to the primary circuit. 

• Ideal transformers do not convert any electrical energy to thermal energy.  

 

 

 

  

Isolation transformers: , the primary and secondary coils have the same number of turns, so the 

input and output potential differences are identical.(for safety uses). 
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Real transformers 

• In real transformers, however, some of the electrical energy they deliver to the primary 

circuit is converted into thermal energy, heating the transformer and the air around it. 

• The power that can be delivered by the secondary circuit is thus reduced.  

• The efficiency of a transformer is given by the ratio of the output power to the input 

power. 

• typical transformers are 95 to 98 percent efficient. 

 

 

 

 

 

 

N: long-distance transmission of electrical energy is economical only if very high potential 

differences are used. 

 

TELEGRAM: https://t.me/AZphysics00 

 

TELEGRAM CHANNEL: https://t.me/AZphysi 

 

Facebook: https://www.facebook.com/AZphysics?mibextid=ZbWKwL 
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