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The electrical circuit consists of : 
 

1. Connecting wires  
2. Battery (voltage difference source)  
3. Device (Resistance) 
4. Switch 

The electric current (I): 
is the net charge passing a given point in a given time, divided by that time . 

 

(𝐈)Electric current =
(𝐐)electric charge 

(𝐭) time
 

 
unit of current is C/s and is called Ampere(A). 

Direct current: 
current that flows in only one direction, which does not change with time.  

 
Important Notes 

1. Min = 60S 2. 𝑚𝐴 = 10−3𝐴 

3. Hour = 60 × 60 4. 𝜇𝐴 = 10−6𝐴 

 
(𝐶)𝐶𝑜𝑢𝑙𝑜𝑚𝑏 = (𝐴)𝑎𝑚𝑝𝑒𝑟𝑒 × (S)second  

𝑚𝐴ℎ(milliampere. hour) 

𝑚𝐴ℎ = 10−3 × 60 × 60 = 3.6C 

𝑚𝐴ℎ  Unit of electric charge 

Check your understanding: 

3𝑚𝐴ℎ =                       C 

 

Electric charge equation: 

The current is equal to the derivative of the electric charge with respect to time. 

𝑖 =
𝑑𝑞

𝑑𝑡
 

Check your understanding: 

 

1. A charge flows in a conducting wire whose strength changes with time according to the 

equation [𝑞(𝑡) = 5𝑡2 + 7𝑡 + 4 ] , where the time is measured in seconds, and the charge 

is measured in 𝐶𝑜𝑢𝑙𝑜𝑚𝑏. How much current does this pass in 2.5 s? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
2. If the equation between charge and time is (𝑞 = 5𝑡2 + 3𝑡). What is the correct 

expression of the current (i)? 

 ⓐ 
i
= 5𝑡2 + 3𝑡 

ⓑ i = 10𝑡 + 3𝑡 ⓒ i =
5𝑡3

3
+

3𝑡

2
 ⓓ i = 10𝑡 + 3 

Electric Current 1 
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Electric current equation: 

The charge is equal to the Integration of the electric charge with respect to time. 

𝑞 = ∫ 𝑖 𝑑𝑡
𝑡𝑓

𝑡𝑖

 

 

 

 

Check your understanding: 

 

1. A current flows in a conducting wire whose strength changes with time according to the 

equation [𝑖(𝑡) = 6𝑡2 − 3𝑡] , where the time is measured in seconds, and the current is 

measured in 𝑎𝑚𝑝𝑒𝑟𝑒𝑠. How much charge does this current pass in t=3s , t=1s ? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
2. In a certain circuit, the current as a function of time is given as: 𝑖(𝑡) = 3𝑡2 − 2𝑡 

where 𝑖 is measured in amps and 𝑡 is measured in seconds. How much charge passes 

through this circuit during the interval 0 < 𝑡 < 5.00 𝑠? 

ⓐ 𝑞 = 28𝐶 ⓑ 𝑞 = 100𝐶 ⓒ 𝑞 = 150𝐶 ⓓ 𝑞 = 65𝐶 

Problem book : 

3. A nurse wants to administer 80 µg of dexamethasone to the heel of an injured soccer 

player. If she uses an iontophoresis device that applies a current of 0.14 mA, how long 

does the administration of the dose take? Assume that the instrument has an application 

rate of 650 µg/C and that the current flows at a constant rate. 

 

SLOVE 

Rate =
𝑀𝑎𝑠𝑠

𝐶ℎ𝑎𝑟𝑔𝑒
 

𝑞 =
80

650
= 0.123𝐶 

ℎ𝑜𝑤 𝑙𝑜𝑛𝑔(𝑡𝑖𝑚𝑒) 𝑡 =
𝑞

𝑖
     

 

𝑡 =
0.123

14 × 10−3
= 878.57𝑠 

4. A typical rechargeable AA battery is rated at 700 mAh. How long can this battery provide 

a current of 100 µA? 

 

SLOVE 

 

ℎ𝑜𝑤 𝑙𝑜𝑛𝑔(𝑡𝑖𝑚𝑒) 𝑡 =
𝑞

𝑖
     

𝑡 =
700 × 10−3𝐴ℎ

100 × 10−6𝐴
  = 7000  ℎ 

عرف  الا  ا   لا ي 
 
خ ارن  الت  مة  ف 

حو الق 
ما ن 

ماء سعي  دائ 
 العظ 
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Current density :  
The current per unit area flowing through the conductor. 

 

(𝐽)Current density =
current(𝑖) 

area(𝐴)
 

Unit :𝐶/𝑚2. 𝑠 or  𝐴/𝑚2  
current 𝑖 = ∫ 𝐽 . 𝑑𝐴 

 

Important Notes 

Radius given area is 𝐴 = 𝜋𝑟2 Diameter giver 𝑟 =
𝑑

2
 

Convert from 𝑐𝑚 =× 10−2𝑚 Convert from 𝑐𝑚2 =× 10−4𝑚2 

Convert from 𝑚𝑚 =× 10−3𝑚 Convert from 𝑚𝑚2 =× 10−6𝑚2 

 

Check your understanding: 

1. What is the current density in an aluminum wire having a radius of 1.00 mm and carrying 

a current of 1.00 mA? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
2. A current of 0.123 mA flows in a silver wire whose cross-sectional area is 0.923 mm2. 

Find the current density in the wire assuming that the current is uniform. 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
3. A copper wire has a diameter dCu = 0.0500 cm, is 3.00 m long , and the copper wire is 

attached to an equal length of aluminum wire with a diameter dAl = 0.0100 cm . A current 

of 0.400 A flows through the copper wire. 

What is the ratio of the current densities in the two wires, JCu/JAl? 

 

 

 

 

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 
4. Two wires carry the same current, but if the area of the second wire is 3 times the area of 

the first wire, which of the following is true? 

 ⓐ 𝐽2 = 3𝐽1 ⓑ 𝐽2 =
1

3
𝐽1 ⓒ 𝐽2 = 9𝐽1 ⓓ 𝐽2 =

1

9
𝐽1 

 

 

 

 
 

رض سع الا 
ت  در حلمك ت   علي ق 

Current Density
 2 

 

 
dCu = 0.0500 cm 

 
i = 0.400 A 

 

 
dAL = 0.0100 cm 

Copper wire 
 

Aluminum wire 

 

L = 3.00 m L = 3.00 m 
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Ohm`s Law: 
The electric current flowing through a conductor is directly proportional to the 

potential difference across it. 
(𝑉)𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = (𝐼)𝑐𝑢𝑟𝑟𝑒𝑛𝑡 × (𝑅)𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

The Resistance ( R ) : 
opposition to the flow of electric current. 

(𝐑)𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
(𝐕)𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒

(𝐈)𝑐𝑢𝑟𝑟𝑒𝑛𝑡
   or 𝐑 = 𝛒

𝐋

𝐀
 

Unit : 𝟏Ω 𝒐𝒉𝒎 =
𝟏𝑽 𝒗𝒐𝒍𝒕

𝟏𝑨 𝐚𝐦𝐩 
 

 

The Resistivity (ρ):  
A measure of how strongly a material opposes the flow of electric current. 

 It equals the ratio of the applied electric field to the current density. 
 

(𝝆)𝑅𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 =
(𝑬)𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 

(𝑱)𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝒐𝒓 𝛒 =

𝐑  𝐀

𝐋
 

 

Unit : 𝑽. 𝒎/𝑨 = Ω. 𝒎 
 

The Conductance (G) :  
Conductance is the reciprocal of resistance. 

 

(𝐺)𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 = 
𝟏

(𝑹)𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
=

(𝐈)𝑐𝑢𝑟𝑟𝑒𝑛𝑡

(𝐕)𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒
 or 

𝐀

 𝝆𝐋
 

 

Unit :       (𝑆)𝑠𝑖𝑒𝑚𝑒𝑛𝑠 =
1

(Ω)𝒐𝒉𝒎
=

1𝐴 𝐚𝐦𝐩

1𝑉𝒗𝒐𝒍𝒕
 

 

The Conductivity (σ) : 
Conductivity is the reciprocal of resistivity. 

 

(𝜎)𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
1

 (𝝆) 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦   
𝒐𝒓 𝛔 =

𝐋

𝐑 𝐀
 

Unit : Ω-1m-1  or 
1

Ω.𝒎
 

NOTES 

Hollow cylinder area :𝐴𝑜𝑢𝑡 − 𝐴𝑖𝑛𝑡𝑜     

𝐴 = 𝜋𝑟2
2 − 𝜋𝑟1

2 

Made of the same material (𝝆𝟏 = 𝝆𝟐) 

The same resistance  (𝑹𝟏 = 𝑹𝟐) 

Resistivity and Resistance 3 
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RB 

L 

 

 

 

 
 

 Conductor A 
 

Conductor B 

2.00 mm 3.00 mm 

L 

Example : 
1. A potential difference of 12.0 V is applied across a wire of cross-sectional area 4.50 

mm2 and length 1000 km. The current passing through the wire is 3.20 X10-3 A. 

What is the resistance of the wire? 

What resistivity? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
2. A copper wire has radius r = 0.0250 cm, is 3.00 m long, has resistivity ρ = 1.72 X·10-8

 Ω m,  and carries a current of 0.400 A. 

What is the resistance, R, of the wire? 

What is the electric potential difference, ∆V, across the wire? 

What is the electric field, E, in the wire? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………………………………
3. What is the resistance of a copper wire of length l = 10.9 m and diameter d = 1.30 

mm? The resistivity of copper is 1.72 X10-8 Ω m. 

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 
4. Two conductors are made of the same material and have the same length L. 

Conductor A is a hollow tube with inside diameter 2.00 mm and outside diameter 3.00 

mm; conductor B is a solid wire with radius RB. What value of RB is required for the 

two conductors. have the same resistance measured between their ends? 

 

…………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………….… 

………………………………………………………………………………………………………………………..

……………………………………………………………………………………………………………………………. 
5. A rectangular wafer of pure silicon, with resistivity ρ = 2300 Ω m, measures 2.00 cm 

by 3.00 cm by 0.0100 cm. Find the maximum resistance of this rectangular wafer 

between any two faces. 

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 
6. A cylindrical aluminum wire is (32m) long and has a resist the resistivity of aluminum 

is (2.82 x10-8 Ω.m). What is the radius? 

 ⓐ 1.198 × 10−3𝑚 ⓑ 1.436 × 10−3𝑚 ⓒ 1.436 × 10−6𝑚 ⓓ 4.512 × 10−6𝑚 

         

7. Two cylindrical wires, 1 and 2, made of the same material, have the same resistance. 

If the length of wire 2 is twice that of wire 1,what is the ratio of their cross-sectional 

areas, A1/A2? 

 ⓐ A1/A2 =  0.25 ⓑ A1/A2 =  0.5 ⓒ A1/A2 =  4 ⓓ A1/A2 =  2 

رى ا ة سوف  ي  سان الا ما سعي وان سعت  س للان   ن لت 
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Check your understanding: 

 

If the Conductance of the wire is 0.9S, and there is another wire of the same material and the 

same length, and the radius of the second wire is 3 times that of the first wire, what is the 

Conductance of the second wire? 

 ⓐ 2.7𝑆 ⓑ 8.1𝑆 ⓒ 0.3S ⓓ 0.1S 

 

 

 

 

 

 

 

 

 

 

 

 

ه سوى    ي  هد 
ر ف  ي  س امامك ح  ة  لت  ن 

 
ا ق ف 

ن 

وه  
ك ف  م مت  لر  ست  حدى  ن 

حدى  والت 
 الت 

اللة ا الا ت  وه  لت 
 ولا حول ولا ف 
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for a circuit like the one shown in Figure, the emf device provides the potential difference 

that creates the current flowing through the resistor. Therefore, in this case, Ohm’s Law can 

be written in terms of the external emf as: 

 

𝑉𝑒𝑚𝑓 = ∆𝑉 + 𝐼𝑅𝑖 𝑜𝑟 𝑉𝑒𝑚𝑓 = 𝐼(𝑅 + 𝑅𝑖 )  

 

 

Notes : 

(𝑽𝒆𝒎𝒇)  potential difference of  when it is not connected in a circuit. 

( 𝑉)  the battery connected in a circuit. 

(I)current =
𝑉

𝑅
 

𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑅𝑖 =
𝑉𝑒𝑚𝑓− 𝑉

𝐼
 

Example : 
1. Consider a battery that has Vemf = 12.0 V when it is not connected to a circuit. When 

a10.0Ω resistor is connected with the battery, the potential difference across the 

battery’s. Terminals drop to 10.9 V. What is the internal resistance of the battery? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
2. A battery has a potential difference of 14.50 V when it is not connected in a circuit. 

When a 17.91 Ω resistor is connected across the battery, the potential difference of 

the battery drops to 12.68 V. What is the internal resistance of the battery? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
3. When a battery is connected to a 100. Ω resistor, the current is 4.00 A. When the 

same battery is connected to a 400. Ω resistor, the current is 1.01 A.  

Find the internal resistance of the battery. 

Find the emf supplied by the battery.  

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………
4. For the electric circuit shown in the figure: if the battery’s electromotive force is 

(12V), the resistance is (R=2.4Ω), what is the electric current flowing through the 

circuit?  

………………………………………………………………………………………………………………… 

Electromotive Force 4 

…………………………………………………………………………………………………………………


