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Electric current: the rate of flow of charges in  Ga il 4puily Jua 5 ¢llu & Cliadll 38355 Jama ga 1 A0 Sl L)

a conducting wire with respect to time. o ) el S g
(and does not constitute random shipment movement) (Al gial) cliaull) 48 o Jiay ¥ )

Simple electrical circuits: consist of: f Cra G181 o) Aily 1<) il gl
* A current generator such as (batteries). \ (@l dad) ) Jia Lall Alga e
+ connecting wires. Jana 55 D) »
» categorical. e R
» Resistors (lamps). o (Eaban ) Claglia
£ shud) Gubly laluaal) 5 ey Oluad) sl 5 Jis Ol g s gl (358 cielan,
- F F w
P —l | ’
e RSN il i
&N (<) fad

The two lights are on at the same brightness  The brightness of the lamps is dimmed The electric potential difference doubles

why? why? why?

Electric current: is the rate of flow of charge over time. (e () JYA Ladl) (388 A g8 1 AL gSll L)

_dq

E=—p dqg=i.dt

When charge q flows uniformly over time t, the equations become: : Qlslaall prual aliiia JSdy Adadd) (3825 sie

q=1Lt [ ==
t
Current is measured in amperes: s asaY) Bas gy il (uldy
C
A==
S
Note: electric charge is conserved 33 giaa Agily 4gsl) Adaul) ¢ Adaadla
Types of electric currents: D Augsh) Ll g gl

1- Continuous current: current that flows in one direction and does not change with time.
Cra ) aa AL Ay g aa) g oladily Cilia i) (3800 g2 1 saieall L) -1
2- Alternating current: the current that flows in one direction first and then flows in the opposite

direction after that. 5 ;
$29° JSdag (uSlaal) olaiily (3R olad) LAly gl A (pee oladly (38N LS 58 1 aajiad) ) - 2




: AMaay) Ll

conventional current

1- Free charge carriers: They are the charges that can move ¢Saii (Al cliadl) & ;5 sl cliadl) dala - 1
freely under the influence of the electric field (sl Jlaal) il a4y jau dS al) O

to produce an electric current S L gl

2- The direction of the conventional current : is in the T haY) Ll olad) - 2
direction of the movement of positive charges. i sall ciliadd) 48 sladly (158

Exercises G kad
@b L, 700 MAh Lo QS 4 gai 4 Uy
JSy il 4 Ul Lgalias Al duia 3l 5l

A typical rechargeable AA battery is
5100 HA b Jaxd Ladic Jals

rated at 700 mAh. How long can this
battery provide a current of 100 pA ?

How much charge will flow through a sl (B GRAT (A) Aily ) Al e
¢ el PA sl 10 LS 4

wire carrying a current of 10A in 2 hours.

A nurse wants to administer 80 g of dexamethasone to the heel of an injured soccer player.
If she uses an iontophoresis device that applies a current of 0.14 mA, as shown in Figure 25.4,
how long does the administration of the dose take? Assume that the instrument has an application

rate of 650 g/C and that the current flows at a constant rate
e padid g a8 5 S e a8 Aol gl (e 80 Q elac| Cilia jaall (gaal &y 5
i gll (e oS SN miase o8 LS 0,14 MA b dera 3 0¥ s Y

: il 4B

Current Density :

The current Density f is vector quantities has :

: dgata duas 4 T lal it

1- Magnitude: the current per unit area flowing chandl aa gy (3l LAl laia ¢ Ao

through the conductor at that point

2 - Direction : same direction of conventional Current ANy LAl slad) (udi 1 slagyl-2




the Density of current 2 X 1024/m? in AU ) 4y ye 2 MM okl Chuai Gl

wire has 2 mm radios calculate the electric ¢ Sl Ll dad cual 2 % 1024/m?
current ?

S YRR VA S [ — T e
In any conductor the | — - = -7 dyali Jasa ) 2
electrons movement — . Al gde JSy @l sty
is Irregular by 10°m/s velocity L 100 /s Jas A ey

When the conductor is connected to the &S ally iy AN jaiud ABlal) juae Juasall Juasi 3o
energy source, the electrons continue to oLk (3L 48 juu (LAl A8y Lgrian & ol (81 g A gdial)
move randomly, but they all move at a speed gl Jlaall (uSlaa
called the drift velocity in a direction opposite

to the electric field.

Explain why the lamp lights up momentarily ¢ abldl) (P vie Lhal rluaall sy 13l 7
when the circuit breaker is closed?

The relationship between the drift velocity b Ll ABUS 5 Gy A8 e (p ABDM)
and density current :

L ;= da 5 dx
]_A ’ T dt : d ™ at




Your feedback regarding | ESssssada laduli —— Uedy Lay dlilliada
directions. 7 = - = “7% . clalagy)
Exercise (el

You are playing “Galactic Destroyer” on your video game console. Your game controller oper-
ates at 12 V and is connected to the main box with an 18-gauge copper wire of length 1.5 m.
As you fly your spaceship into battle, you hold the joystick in the forward position for 5.3 s,
sending a current of 0.78 mA to the console. How far have the electrons in the wire moved
during those few seconds, while on the screen your spaceship crossed half of a star system?

Qi 1) S22 gl Jualiy 12 v o laka gy Jasi (Al sl aSal Bang o S jadl sade dad () qali
£1,0 A g clilh | AS jrally Ailiadl) ity (3lad (pa g T4 1.5 Alshy 18 ke G pulad dlluy
Aial) Jha e, aSadl) saag () el e 0,78 oy | LS Sy, 45 5,3 5l aladl atal)

i) AUl Gl LELAN o duliadl) dilda & pe o) gl 8 dllad) & ol g asY) Lgas a Al

Pcu =8.96 g/cm® = 8960 kg/m’. One mole of copper has a mass of 63.5 g and contains 6.02 x 1022 atoms

What is the density current in wire has 1.00 mm radios and has 1.00 mA current ?
¢ smal i 1.00 o )aka LS Ay sang e e 1.00 ok chal dllu & Ll AdUS La

How many protons are in a bundle moving at near the speed of light in a laboratory
accelerator and carrying a current of 11 mA around its circumference 6.3 Km ?
J-}y'lg.lga\\ 'aJl.gEMjﬁ:bgﬁia quﬂﬁﬂimﬂ&@_ﬁm_)ﬁq{ﬂﬂ Mjaqﬂuﬁu‘ﬁjﬂl.!m?s

6.3 Km 4boaJsa




The adjacent figure shows a beam of electrons moving to the left.

Determine the direction: slad) aaa ¢ bl i il g SN daja G gl JSi) A
Current & ..o e - -
DenSity Current S R S __"__"-___
Electric field & ..coeeeeeeeeeeecee e,

Drift velocity :

A copper wire has a diameter dcy = 0.0500 cm, is 3.00 m long, and has

a charge-carrier density of 8.50 x 10 28 electrons/m3. As shown in the figure, the

copper wire is attached to an equal length of aluminum wire with a diameter

da = 0.0100 cm and a charge-carrier density of 6.02 x10 2® electrons/m3.

A current of 0.400 A flows through the copper wire.
a) What is the ratio of the current densities in the two wires, JCu/JAI?
&S Lt Jol> A3US a9 3.00m gy diy, = 0.05000m 0,123 (gwlsd Ellw
poriaddl (ro llus (gwload) Gl o g3 @3 S e S 094801 8.50 x 1028
s s Jol= asS g dy; = 0.0100cm o,1ed9 avuds Jolall &
sl el (3 0.4004 cﬁ_”m BOAL S e JSJ 094801 6.02 X 1028

= (0,400 q Cu ! II LA_«JII LAS d—A-GA-IJ Lﬁ 1
dln iz L:_” ob - #\b dyy = 0.0100 cm LJ-‘S-L‘-“J LB (-!JJ LS\Q
sl SRS Aluminum wire
-'r - L=300m -|'- L=300m - " f
resistivity and resistance : s da gliall g due 5il) da gllal)
The resistivity (p) : is a measure of how Sl Balal) 48 glaa (b 520 1(p) A 5l glial)
strongly a material opposes the flow of electric current. S
conductivity (o) : rather than their A Jua g ple Balallb aka 1 (0) dla gal)
resistivity 4o 5l daglial) caglia a5 Al sl

E E
p=— i [p]=[£:]= V/m =V]n=£1rn.
J
1

[J] A/m’ A

o=— : Unit of it :

m I~

— J =0F = n.e.vy




The resistance(R) : is a material's
opposition to the flow of electric current.

conductance (G) : inverted resistance

S Ll Ja gal) A8 glaa * (R) 4a glial

O 55 sy on slial) i stia 2( G ) sl

/ LV
r=AY  10=2 (omm)
i 1A
G:L:l , IS:,I_A.:._ ( Siemens)
AV R IV 14}
: ag) o5l
Ohm’s law : *
It states that the current through Lo o g el bl sy,
a wire is directly proportional to Galaall Al S 2gall (38 e L)k
the potential difference between its ends.
_ AV=R.I
voltage (V)

The relationship between the resistance

and the resistivity

@ﬂ‘h}@‘}&JLﬂ‘QﬁﬁM‘

AV/L _

AVA_iRA

=R

,_E
J

i/A
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Exercise

Which of the following wires allow
to the highest current to pass

Ll A el ) pal Aaia gall SDLYI (e o)

T
trough it?
A 1 B 2 3 D 4
Which of the following is the correct ) o L T Tl el ) el
definition of (volt)? (EPlabl) chlas'be SR el g
A | 1V =1N/1C. B| 1V=1J/1C| C| 1V = 1C/1F. D| 1V =1C/1N.
What is the resistance of the 100.0-m standard 12-gauge 5a 100 4sh puladl) (e dllu daglia (A L

copper wire that is typically used inwiring household electrical ¢ Ayl jial) clagaaill B e
outlets? A copper wire has a diameter of 2.053 mm Fa (e 2,053 s dlull o ) adalal) ki ; Aadle

p=172-10"% Om

----------------------------------------------------------------------------------------------
..............................................................................................

If the determined increase to double f1dlaly fAa gliall Citay |ila ciradall dlod) pha ol 1
what happened to resistance? why?

3
Which of the following wires allow | . 5 | Sl A el i daia sal) LY Ga )
to the highest current to pass 5 sl
trough it? R}
Voltage
A 1 B 2 C 3 D 1and 3




What is the resistance of a copper wire d=1.30mm ookis L=10.9 m “lsh pulad cllu Lo lia Lo
of length | = 10.9 m and diameter d = 1.30 mm?

¢ p=1.72x107(-8) Q.m 4= sill A%agliag
The resistivity of copperis 1.72 - 10-8 m. 12V ol Ll cawal)
Calculate the electric current when 12V

A copper wire of length 1.00 m with a radius of 0.500 mm is stretched to a length

of 2.00 m What change in resistance as a fraction R/R results from the stretching?

Sa 2 Algh muay ) G a3 131 e e 0.500 k8 cialy jia 1.00 sk s Sl
AR/R aslas JS&y i) Ciuai 3 il faka i)

The resistivity of a conductor is p=1.00%x10%(-5) Q.m if a cylindrical wire
is made from this conductor. If the cross-sectional area is 1.00x10%(-6) m”2,
what is the length of the wire that has a resistance of 10.0 Q7

1.00x10A(-6) MA2 (A 4xkaia daluss p=1.00x10A(-5) Q.m A Jasal L 5l dasliall
10.0 Q 7L Ala glia S K| REILIA(] Jdsb Gl

Two cylindrical wires of the same length made of copper and aluminium,
if they carry the same current and use the same potential

difference across their lengths, what is the ratio of their radii?
Lad jlad el 4l oS gl (38 (il Lagds L) (i Lagy sans Jball (i Lagd p gudall) g Guladl) (pa (sl
Peu=1.72x107(-8) Q.m pa=2.82x107(-8) Q.m




A piece of copper wire was used to make a circular ring with a radius of 10.0cm
and a cross-sectional area of 10.0 mm? Points A and B are located at an

angle of 90° from each other, as shown in the figure. Find the resistance between A and B.
chaaly B8 geay 5 A1 dlu e 90 Lagin Ayl 3 AL Cuay AJB ikl aBiga ridagy slaal) JS&I)

O ¢y dagliall il 10 MiM2 dlull o o) adilal) Aalay jidiin 10,0 ki

Electromotive Force and Ohm’s law pol (gildy AL ,4SI) dadladl Geall
Electromotive Force (Vemt) (Vemf) 4L 5eS dadlall 3 5l

It is not a force at all, it is the constant potential A Sl agal) 38 L@ DU Lo 5 gh Cud
difference generated by the electromotive force

(Aaault) Al gl dndlal) 5 581 Slga oalgy
device (battery).

Electromotive force device: maintains the (Vemt) seadl 555 o Luilay 1A et dadlal) 5 521 jlga
potential difference (Vems) in the electric Al yeS) sl el e Jad Jay 4330 56 5 polall 8,
circuit by doing work on the electric charge carriers.

1mA = (1073A4)(3600s) = 3.6C
h

Vemf = Req' l

Note : Ohm's law does not apply to non-ohmic resistors that contain transistors, which means that

it does not.apply to modern devices such as the diode

A resistor with resistance R=10.0 Q 3> BUh AL eS Axdh 3 8 j1asR=10.00 4ie slia o lia Juasi o

is connected to an emf source with voltage Vemt=1.50V
What current flows through the circuit?

3 0l je dxid) Ll e Vem=1.50V




resistors in Series Skl Jde 2l lia
when series connection resistance o~ s e Gl e B et 2
the electric current constant. : : : ) e laall
i1 =1l =1
The potential difference produced by the battery is BA §sanae b Ay jthad) e &Il agall 3
equal to the sum of the potential e ghially gl
differences across the AV = AVy + AV,
The total resistance of the circuit is equal to the il laall & sana (55l 3 yalall 4K 4 laall
sum of the resistances R.q = Ry + R,
Connection characteristics respectively: A e Jrmasill pailad
The equivalent resistance is greater than the 500l (il e Laglia ST e s As8lSal) da glaall,
largest resistance in series in the circuit.
A large resistance can be obtained from the 8 e Cila glia & gana e b af daglis e J seanll (Say,
sum of small resistors.
By increasing the number of resistors, the ala 35 Al da slaall Gl e slaall s 330 5
equivalent resistance increases
By connecting n equal resistance, Req = nR K 4 &8 N A ghudia ila slie Jua o
the equivalent is
In the case of lamps connected in series, the lamp ghomal LAl o Aigpall pdaic) Ul b
with greater resistance has greater brightness Slae gl 5 dia i (530

In the adjacent figure, two resistors R1=6Q and R2=2Q, and Ri=6 Q,R2=2 Q (biaslie ;sad Jsill
the voltmeter reading V=3V, find the following: B b leaasl =3y il gl Bl i

1 - The amount of voltage drop across the resistor Ry| 2 = Ri aasliall  agall Ja g Hlasa - 1

2 - The electromotive force of the battery } || e a5 02




battery internal resistance

4 Uaull 4050 da glaal)
When a battery is connected in series with a resistor R, skl e Ll e R p ol & ‘,,«,—“ﬂ‘ e g ad) Jlai) xie
current passes through the circuit. And then the value of

V1 o il Vemt ledla G el (38 4a8 (1555 ladie
the potential difference between its two ends Vemf Ri alalall Lgiaglia 8 sl g
which is less than V. The reason is its internal resistance R;
Lalo—aandit—18 | Vt = VR i VRi =0
\ i v, /
A Ve = Vi + Vg
~ V, = (R + Ri).i
Al [4]
— MO —
l. R VvV

The batteries in the circuits are supposed ~ &dals daslia il sall 8 iy el 050 Gl G g sdall (a
to have an internal resistance zero unless otherwise noted Al je Sydldyjia

What is the value of the electromotive force (voltage) of a battery whose internal resistance r=0.8 Q
, S0 that an electric current of 0.4A passes through it in an external circuit whose resistance is R=2(Q
lasd oo (S «r=0.8Q Ad=1001 Lgieslas dsUad (Qg=ll) A50L,oSU) dxdlul) 59801 doud Lo

R=20 greslae dumsls 5,515 (3 0.4A Gus (3L,eS LS

If a resistance of 5.0 Q is connected to a 2.2V battery, and the potential difference between the two

ends of the resistance in the electrical circuit is 2.0V, how much is the intensity of the electric current
passing through this circuit, and the internal resistance of the battery?

S doglaall (_g_)_!o O gl 3,8 085 2.2V dyllro 5.00 W)lade deglie wdiog 1)
dagliaally ¢8,510l oda (3 Fledl 3b,aSII HLadl 8o A5 @SB 2.0V do 45L,aSIN 8yl




Suppose a battery has Vi=12.0V when not connected to the circuit. When connected to a 10.0 Q resistor,
the voltage across both ends of the battery drops to 10.9 V. What is the value of the internal resistance of
the battery? polias Lghog ducy 3,510 Lgllasl pue wue V, = 12.0V L dylas OF 5 A48)
daglaall dosd Lo .10.9V U] dnladl 3 b e el 358 dasd (a205 10.0Q
Gy Ua ) a1l

Resistors in Parallel % K $K, g il o cila glia
In parallel circuit connection, the total current g ml i
flowing in the circuit is equal to the sum of the 4 A1) Sl £ gana (5 gheay (ASH )

currents in the branches = = R
z —_— 1 —I— 2

The potential difference produced by the Al g gal) la gliall (Bl (198 ) 38
battery is equal to the voltages of the branches:| AV ¢ = AV} = AV, gl e

The reciprocal of the total resistance & s & ik
of the circuit is equal to the sum of the S Ll b e

reciprocals of the resistances eg B RS ila gliall o glia

Parallel connection properties s Ao Jragill ailad




The circuit shown in Figure 25.20a has four resistors and Vems = 149V &)llas wloslas gl 59laall 851001 (paniats

a battery with Vi = 149 V. The Ry =17 ,R, =51Q , R; =114 ,R, =550
values of the four resistors are Ry Sdaglia 5 (3 gzl Lolasal Hlade Lo
R, =17.0 0, Ry =51.0 Q, R, = 114.0 Q, and R, = 55.0 Q) i
What s the magnitude of the potential drop across | & = 2
Velnllr

the electric current in 10 () l{ Fron }m" 100 4eglaall (3 H Ll doud Lo

The equivalent resistance : + {"v\% LSNP PPN IEEY
What is the value of the current [ | Loaie 8,511 (3 HLed! doud Lo
in the circuit when : Hee e B

.79 LE9N] -
- the switch is open R e uﬁ$
- the switch is close $i0n  Fiwn Blie zlaadl OS5 -
|




For the circuit shown in the figure, R, = 6.00 £}, R, = 6.00 (),

Ry =2.00 (1, R, = 4.00 O, R. = 3.00 €, and the potential difference is 12.0 V. V=12V de=2dl 6,8 Spglaall Sl §
a) What is the equivalent R, =60 ,R,=60 ,R;=20 ,R,=40, Rs =30

resistance for the circuit?

8yl 255Kl deglaall be 3

b) Whatis the current R
through R.? & : o Rs & Bedaall il e b
c) What is the potential drop ! ; Ry 4 dg=tl elixil e C
across Ry? T ¥ i R ’
N
Energy and power in Electric Circuits Al )l gall (A 5 k) g A8l
The definition of power is energy over time el (e A8all o 5l Cay jas
2
. (Aav)
P=iAV =i "R=——"—
R
Watt is a unit of measurement b) gl) Lguuld Baa g

Consumption cost = power estimated in kilowatts x consumption time estimated per hour x price

‘;&J.J.‘bu.n:\ x delull 5 )dsa &i‘)\gﬁuY'lE.‘mx .1:.]_5 3.\:15.“_1 5 )da 3_).33.“ = SOy 4als

A 100-W light bulb is connected in series to a source of emf with Ve f = 100 V. When the light
What is the resistance .




Grater power :

TS Lgsyos

In the figure next to how the
brightness arrangement of
the lamps

a3y S yglamall S 3
zesbiaall gslall

AlA=B>C=D>E=F

Cl€C=D>A=B=E=F A=B=C=D=F=F
Which electrical circuit has " “ ;
the greatest total current? oS S ) L gl il )
r%\;I-l-\v ‘ Ll :
A B

la-lg=lc




How much does it cost to watch a 21h scientific series on a 90.0W black
and white TV? Suppose that the cost of each 1KW.h is about two dirhams.

43_)4.3 3_9-“"|_9 WTJLQ.L‘EJ‘_)L@D- ULC 21h 4ux L.?Q.LC A Lm.Lw.o 3 Léwo M@ ({S
o)y s> TKW . h JS 485 of (2,431 90.0W

If Ahmed turns off the air conditioner for 10 hours a day, how much will the savings
be in Ahmed's annual bill?

bginddl ozl 8)536 (3 1953l dad 0555 (S p5all § Wlele 10 Sl doxl laol 13]

............................................................................................................................................

GOOD LUCK
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