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CHAPTER1 CAPACITOR
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the spherical-shaped single insulated conductor can store a limited amount of electric charge.
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Q/ The conductor is rarely used in storing electrical charges?
SALL RS Cliadill (a0 ob 2 2ioll Juagoll padiuy Lo ijali /yw
SaL5L Al Oliadill Ogjail 230ioJl Jun goll Jlo=iwl 180 Uo /Uw

WAl Jojsoll apio)l $9)all Jungoll Joxiuwy Ul Quagill o SUS0s Ja
AU Al Caliaginl




ol 02218592632

Odpaaia 0 77240133327
Wlinuill o 639200 Gros (Mjd) Aifoy J9j=oll apfioll $9)aJl Jungoll /yw
CUA Jle a@isypaaldl

That is because adding more charges (Q) will inevitably lead to an increase in the potential of a
conductor (V) in a specific distance (r) from the center of the charge.

Therefore, the electric potential difference CAV) between the conductor and any other medium
Csuch as air) increases, and then the electric field (E) increases to the extent that it discharges
through the surrounding air, then the electric field (E) increases to the extent that it discharges
through the surrounding air.
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Q\is it possible to build a device to store large amounts of electrical charges and store
electrical energy?
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To achieve this, a system of two conductors Cof any shape) is used. These two conductors are
separated by an insulator Ceither vacuum or air or an electric insulator). This device can store
positive charges on one side of the conductor and negative charges on the other side of the
conductor. This system is called a capacitor.
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THE CAPACITOR|[ is a device used to store electrical charge and energy electrical. It
consists of a pair Cor more) of parallel plates separated by an insulator.
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Q\ Mention the shapes of capacitors? Stilsawioll JLALDI pA Al

(DTwo parallel-plate capacitors.
(2>Two concentric cylinder capacitors Cplural for cylinder).
(3)Two concentric sphere capacitors (plural for sphere).
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Q\ What are the purposes of the capacitors?

Used to store electrical charges and energy.
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PARALLEL PLATE CAPACITORS
o flet] gete dealf e} danatl]

Q/ How is the capacitor with two parallel plates charged?
SULinjlglioll (rintnll A G oll ol roly Wi s /yw
In most practical applications, the plates are not charged initially. To charge them:
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eone of the plates is connected to the positive end of the battery, so it shows a positive charge
GQ.
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eThe other plate is connected to the negative pole of the battery, so it shows the negative charge
-@.
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eBoth charges lie on the opposite surfaces Cinner surfaces) of the plates due to the attractive

force between them. The two plates hold equal and opposite charges, and thus the net charge on
the plates is zero.
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o An electric potential difference CAV) is generated between the high potential plate (the positive
plated and the low potential plate (the negative plate) whose amount depends on the amount of
charge stored in either of the two plates.
adall wla Aagbnlly (uagoll Aarnll) IRl adal Wia dagdnll () algize
dindinll jlagsio ole agli=) 0)ladio (AV)LSUaS ada §po (Al Aaubmll) Hbalgll
oA regular electric field (E) is generated between the two plates except at the edges, so it is

irregular, and the distance between the two plates is very small compared to the dimensions of
the single plate, so the irregularity of the electric field at the edges is neglected.
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CAPACITANCE
el

The Capasitznes of the ezpasiior is defined as the ratio of the charge (Q) stored in any of the
plates to the potential difference CAV) between the plates.
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The capacitance of the capacitor is a measure of the charge that needs to be placed on each plate
to generate a particular electric potential difference. A capacitor with a larger capacitance means
that it holds a larger charge.
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Farad the capacitance of a capacitor when one coulomb of charge changes the potential
difference between its plates by one volt
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DIELECTRIC Jjl=Jl

There are materials like wax paper, glass which are insulating at standard temperature and
pressure; besides, they reduce the magnitude of the electric field within them.
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LELUSCTRIC MATERIALS ARE CLASSIFIED INTO TWO TVPES:
0iee) Wl Jjlgll slgall Wiglnd ly

Polar dielectrics: Such as pure water, whose molecules possess permanent electric dipole moments.
The distance between the centers of their negative and positive charges is constant Cthis molecule
is called dipole molecules have permanent bipolar). When this dielectric is inserted between the
plates of a charged capacitor, the electric field between the plates will affect the dipoles and align
them along the field.

Consequently, an electric field is generated inside the dielectric. This field has the opposite direction
of the external field, and it has less amount.

As a result, the amount of the net electric field between the plates of the capacitor decreases.
whadll AU ABUrAS Poje Ailiyja Clliol $aJl wolill clodl Jio :pihd Jjle
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Non-polar Dielectrics: Clike glass and polyethylene), the distance between the centers of their
positive and negative charges are not constant.

When this type of dielectric is inserted between the plates of a charged capacitor, the electric
field of the plates of the capacitor will minimally displace centers of the negative and positive
charges in the molecule. This means it will temporarily gain bipolar electric moments by means
of electric induction. As a result, the molecule turns into an electric dipole that lines in opposite the
direction of the electric field.

A positive charge appears on the surface of the dielectric facing the negative plate of the capacitor,
while a negative charge appears on the surface of the dielectric facing the positive plate (but the
dielectric remains electrically balanced)
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At this point, the dielectric becomes polarized, the surface charges on the dielectric would generate
an electric field inside the dielectric (ED. This filed has opposite direction to that of the external
field between the plates (£

ole Uligahwll Ylisdidlg Uhdime HiUpasll Jjl=dl apny dhdill oid aic
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The amount decreases of the electric field between the plates of the capacitor decrease k and
becomes Ex = E/k.

Since the electric field is (E=AV/d), ie. the potential difference between the plates of the capacitor
is directly proportional to the amount of electric field

So, it reduces the potential difference between the plates by k, too:
AU = AV
Tk

Therefore, AV is the potential difference between the plates in case of vacuum while AVk is the
potential difference between dielectric is in it.

The Capacitance of the capacitor is symbolized by C, so it becomes Ck =KC
B=t/K Uoaug K duuniy Aol yingdm U LIUAAI Jlaoll Jladio Jhuo
wlily deuioll pintdn G adall G Ul Gl BAV/d GsLpasll Jlaoll Ul Lot
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GBI RO TRl is defined as: The ratio between capacitance of the capacitor
after inserting the dielectric is Ck and its capacitance in vacuum or air is C, so;

JilJl 2929y duioll G (Ju dnill ga / Wjlell 6alol) k LSlpaall Jjsdl cul
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There is a limit written on each capacitor. This written limit indicates the highest electric potential
difference. Do you think this is necessary?

ada Gro olel LIl Wgisoll aall 1Al puiy Aeuio JA ule WQiso an Wlia
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Answey: Yes, because in case the potential difference on the plates kept increasing, this will greatly

increase the electric field between plates, will lead to electric crash of the dielectric, and the spark
will pass it. This will drain the charge of the capacitor Cie. damage of the capacitor)

ajaw 138 YL 2lgdVl ble Joingdl adall i 6alj Jlroiwl Ula oo A (o=
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(A=urioll

The diislectrie power is defined as: Maximum of electric field that a material can hold before
electrically breakdown Ccrashing). Dielectric power is defined as a measurement of a material’s
ability to withstand electric filed imposed on it.

Maximum amount of electric field that a material can hold before electrical breakdown.
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m strength is defined as a measurement of a material’s ability to withstand electric
field applied on it.
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Q/The maximum amount of potential difference can be determined by limit written on the
capacitor?

Determines the maximum potential difference that the capacitor can operate with to prevent
premature electrical breakdown of the dielectric between the two plates as a result of the electric
spark passing through it, so the capacitor discharges its charge and then damages the capacitor.
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Dielectrics

Polar dielectrics AurihaJl aJjlsJl algoJl

Whose molecules gain temporary bipolar
electric moments.
U Guslpas Logje Lailiyjia Cwiig

molecules have permanent bipolar electric

moments.
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the distance between the centers of their

positive and negative charges is not constant.

3t Loayiind (§jia o U aclill Yoiy
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The distance between centers of their negative
and positive charges is constant (this molecule
is called dipole).

OMgulall ot Jlaggll

like glass and polyethylene
ULl ol elapl Jio

Such as pure water
il elodl Jio

When this type of dielectric is inserted
between the plates, the electric field between
the plates will minimally displace centers of
the negative and positive charges in the
molecule. And a surface charge appears on the

When this dielectric inserted between the
plates of a charged capacitor, the electric field
between plates will affect the dipoles and line
them along the field.
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two faces of dielectric. A positive charge
appears on the surface of the dielectric facing
the negative plate of the capacitor, while a
negative charge appears on the surface of the
dielectric facing the positive plate (but the
dielectric vemains electrically balanced)

Jilg=Jl go Eqil 13a JLAal rody Loaic
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Consequently, an electric field is generated
inside the dielectric. This field has opposite
direction to the external field and it has less
amount.

As a result, the amount of net electric field
between the plates of the capacitor decreases.
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Q/ In which type of dielectric do surface charges appear?

On non-polar Dielectrics

A positive charge appears on the surface of the dielectric facing the negative plate of the capacitor,
while a negative charge appears on the surface of the dielectric facing the positive plate (but the

dielectric remains electrically balanced)
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FACTORS AFFECTING CAPACITANCE OF PARALLEL PLATE CAPACITOR

The factors, which affect capacitance of a parallel plate capacitor (C), are:

1- Surface area CA) of opposite plates, it is directly proportional with it (C < A)

2- Distance (d) between the plates, it is inversely proportional (C o< 1/d)

3~ Type of dielectric medium between the plates: if vacuum or air was the insulator; the
capacitance of the capacitor is expressed as follows:

€=
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Cp = kF
Cy = kC

a- Surface area (A) of the plates (uiaiomnll o JAJ Alldol Aanbhull Aaluuoll

Capacitance (C) of parallel-plate capacitor is directly proportional with area (A) of the plates.

ALlbioll A Aaluoll So Uaph wwliii (urisjlgiodl (rinadmll Cla dsan'io) C dsaull

b- Distance between parallel plates (d) (uai10mnll 31 2l

Plates of a charged capacitor disconnected from voltage source, and attached to ends of a
voltmeter. The initial distance between them is (d). Note that the reading of the voltmeter points
to a certain amount of potential difference AV between the charged plates (Q). When the plates

are brought closer to each other (% d) while keeping the charge constant) the reading of the

voltmeter drops to the half (% AV). according to the rule, C = % decrease in potential difference
between plates of capacitor means increase capacitance of capacitor (when the charge is
constant).

We can conclude that capacitance of capacitor increases when there is a decrease in distance
between the plates and vice versa,

Cl
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d
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Surface area /5> Type of dielectric medium
Lakhud) dalud) y ; Balal) g 58

A the constant (Greek letter epsilon) the permittivity of free space
& A

Distance between the plates C a |

—

A 10pF parallel-plate capacitor is charged by a 12V battery, then from the battery,
then a material which dielectric constant 6 is inserted.

Calculate?
1- Stored charge in each of the plates?
2- Capacitance of capacitor after inserting the dielectric?

3- Potential difference between the plates after inserting the dielectric?

G106 Gyjlny dalwgy Cuiagh 10pF laisw iy jlgioll Usintémll Cla Gsurio 1 Jlio
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1-0 = Cx AV = 10 x 10~ 2 x 12 = 120 x 10~ 2C
2-C, = kC = 6 x 10 x 10712F = 60 x 10~ 12F

Q 120x10712 12
3-AVR =a=m= 2V or AV, =?=2V

It is worth noted that potential difference between plates of the capacitor after inserting
the dielectric [EERGHBES by (K> when the capacitor is disconnected from battery.

Since the capacitor is disconnected from battery, then the dielectric is inserted, the stored

charge will be constant:
B Uil=) Ylaal a=) Gzuioll Yingfn U Al @36 Ul :0ULiVy paall Oo
dyUnl gc Agndo durioll Lays Yois ALall yb k dumilly

Aijiaoll diauiill jladio Yle Jjlsdl Jaai rod duyladl e Calind Gurioll Ul Los

Parallel plate capacitor, distance between plates (0.5 em=5x10-3m), both plates square and each
side are 10cm=10""m. There is a vacuum between them

0, =0 =120 x 10712C

(Vacuum permittivity is e- = 8.85 x 10~ 2C2%/N.m?
What is the amount of 7
1- Capacitance of the capacitor.

2- Stored charge in each of the plates after applying 10-volt potential difference.

Uo JAg 0.5 em=5x10"3m Lawiniém (s asul Quisjloioll Uwinidmnll ¢la deuwrie
Lole) E118J1 Lodiy Juafig 10em=10""m Lldio JA &lud Johb JAadivl Geypo lLariaidn
Jladio Lo (s- = 8.85 x 107 2C%/N.m? &1p8Jl Gaaloal Yl
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500885
__ &A _ 885x10712x1072 _ . 500
1-C = —e —— = 17T 10 = 10 0PF 3850
e 3 _ 3500
2-Q = CAV =17.7x10 =177 PC 3500
3500
0
COMBINATION of CAPACITORS
Parallel combination of capacitors Serles combination of capacitors
Av, = Av, = Av, = Av; Qr=0,=0; =03
Q=01 +Q+ Qs Av, = Avy ¥ Av, + Avy
I S B 1—1+1+1
eq — L1 2 3 Ceq B Cl Cz C3
Cy,
mll C1 C: C:
CBH “-l- —I + I|+
REM
e i F
|| Av !
Av

Q/What is the purpose of connecting capacitors in parallel is and series combination?
There are two ways to connect capacitors,

The first parallel is used to increase equivalent capacitance of the group, for this purpose,
capacitors are connected in parallel combination with each other, therefore, the surface area of
the parallel plates Cthe equivalent parallel group) increases.

The second method is series: capacitors are connected in series combination in order to obtain
larger potential difference on the sides of the group. Such high potential difference may not be
undergone by any capacitor if connected individually.
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alsnioll lagd Ulidya angl)

&o $jlol Lle Uleuioll gy A J2 Vg dcgonol) Aiolaoll Asull 62U s oJol
Aiolaoll Asurioll o.l_"u.o.nJ ALl duaknll daleldl Ay alafiso LoduAa =y

Qjlgioll Acgonol)

HAI Jlafios LILKAS 2D G1b Euiag Liilaol Yoy Aislaoll Gl Julii) At
Jallg Ba3bio cuny) o) Gcgonoll Yo xutio i Aloaiil a5 dcgonoll poih Lle
A=) Ko WIgl e Wisurioll ki Ela




ol 02218592632

Opain 0 27240133327

Equivalent capacitance, of a group of capacitors in parallel combination increase.

the reason for this is:

Connecting capacitors in parallel combination means increasing surface area; of opposite plates of
the equivalent capacitor, which will increase capacitance of equivalent capacitor to be the largest
capacitance in the group, assuming that Both distance and type of dielectric are constant.

Qg §jlgill Lle Angy poll Wikwioll Acgonol Aiolaoll Auull jlabo alajy
“UJa
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Your friend says that capacitance of charged capacitor is (x) amount and you say that charge
of a charged capacitor is zero.

Your teacher says both are correct ... explain how

The capacitive charge means one charge of its two plats, either the positive plate charge or the
negative plate charge. As for the total charge of the capacitance, it means the charge of the
positive and negative plates. Therefore, the total charge is equal to zero

Jodi Clilg daA $oluy Ladjlado Aiaub Uil Aigaditel] dsuioll () Cliyan Jody
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4 capacitors with the following capacitance are respectively connected parallel combination (4pF,
8uF, 12uF, 6uF) and connected to poles of a 12-volt potential difference battery, calculate:

1- Equivalent capacitance of the group.
2- Charge stored in each plate of the capacitor.
3- Total charge in the group.

ole LAy &o Glagipo (4UF8UF12uF,60F) iyl s Wdilew Wleawio &uji
1128 0w al (12v) laia g U adall § 10 Ay oun b U Aegonoll Cikny) jlgill
Ao JA pintdn Jo $l ub Aijidell Aindill (2) .Acgonol) Aidlaoll sl (1)

Gecgonoll b &ijiagll drlall dinail (3)
Paralle]l combination of capaciiors

Ceq=C1+C+C3+C4,=4+8+12 1+ 6 =30uF
Av, = Avq = Avy, = Avy = Avy = 120

Qi =C;{ XAV =4X12 =48uc
Q,=C, XAV =8X12 =96uc

Q3 =C3 XAV =12 X 12 = 144puc

Qs=Cy XAV =6Xx12 = 72uc

Qtotat = Ceq X AV =30 X 12 = 360uc

or
Qtota! = Q1 + QZ -+ Qg -+ Q4 =48+96 + 144+ 72 = 360”6




three parallel-plate capacitors with capacitance are (6uF,9uF,18uF) And connected in series
combination, the group of capacitors are charged with (300 p coulomb)

Calculate:

1- Equivalent capacitance of the group.

2- Charge stored on each of the plates in each capacitor?
3-Total potential difference among ends of the group.

4- Potential difference between plates of each capacitor.

(6F,9uF, 18 F) vt pidl v Wil aw Uuisjlgiodl rinidnll Glga (ko Wiluwio G
wuual (300uC) Guls dinuly degonoll Cuinub (pJIgill Lle Ldua=) &o Glagyso
JA plingfn Uo i ub @ijiacll @inuill (2) .dcgonol) dislac)l dsul (1) ylado
JA pingen O 2l G316 (4) degonoll pbd b U oLA)l adall G16 (3) Ao
. &

C, 6 918 18 _ 18 3
Coq = 3UF
Q: = Q1 =02 = Q3 =300uC
_Q, 300

AVy = oo =—3= = 100V

Q. 300

Qs 300 100
AVy==""="CV

T ¢, 9 3
Qiotar 300 50

AVea = =75 =7V

eq




Read information on fig. and calculate: 1- Equivalent capacitance of J_
20pF

the group. 2- Total stored charge in the group. 3- Charge stored in C,=
any of the plates of each capacitor. A I w1l
_-- cam‘ S
d=udl (1): uwal Jadidl b dighioll Wlogl=oll Yo  [*V12Y '|' _____
oo Wjidell dua)l diaidl (2) .Gcgonoll Aislaoll T ONg
# . - 1 ] nm gI “w! m-.. - L L - II (3) -h - I
: .

1_1+1+1_1+1_3+2_5_1 H C'=12pF  C,=18pF
¢ ¢, C, C; 20 30 60 60 12 ~|av=12v
C = 12uF ——
Coq=C+C3 =12+ 18 = 30uF

+ C.=30pF
AVipra = AV = AV3 = 12V T -

aAv=12V

Qtotat = Ceq X AVotq = 30 X 12 =360uC

" dpgstiaguns

Q=CxAV=12x12=144uC =C, = C,
Q3 = C3 X AV3 = 18 x 12 = 216uC

ENERGY STORED IN ELECTRIC FILED OF CAPACITOR
dnulol) YIRS Jlaoll b 8J1A0N E5UI

When a specific amount of electric charges is moved from one position to another, work must be
done on these charges. This work is stored in the form of potential energy (PEeiectyic) in the electric
field between the two positions.

(PEelectric) ApilLpaa Aiold AsUn JAadiy Jsaidl 1Ad Ojisdyg aolingi)l ¢LL Lo Jsab
U8g-0Jl Uy LIU S Jlaodl b

Assuming there is uncharged parallel-plate capacitor, the amount of charge of both plates is zero
(Q=0 coulomb), this means the potential difference AV between the plates is 2ero for the
uncharged capacitor.
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After charging the capacitor, a potential difference is created between the plates, and with
continuous charging, the potential difference between the plates increases.

Jpoiwilg (Lingdndl O (AV dudbpda ada §ro gy il Yauiti Ui asig
1 1 1 QZ
PE giectric = EAV X Q ,PEgectric = 2 C X (AV)Z v JPE lectric = v T3
’?gwﬂr ""\-'\(-POWBT = M
WoTt t

Stored energy in the electric field of the capacitor can be calculated by drawing a chart which
illustrates amount of charge (Q) stored in any of the plates and the potential difference (AW,
see figure by calculating area of triangle (the shaded area under the curved which equals:

hihAo rouw) JUA o A=uriol) LiUpAAIl Jlaoll Lo Wifidoll dsUall wlwa S50y
vingdn o Gl Lo dijiacll (Q)Aiauill Y (Aaal)iyaall ABl=)l duag) Lily
Glioll Galuwo Wl JUA (o EUAg Lodriy) (AV)dUpd sl adall §po9 Asurioll

Ul 3l Laaly)
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What is the amount of energy stored in the electric field oft (2uF) capacitor, if charged by a
(5000 V) potential difference? What is power we get when discharged by (105 time?

Cringiy 13] (2 P Wisw dewisl LSUAAIl Jlagll o Wjisoll dsUall jlads Lo
Uoj Liv2y)Q) aic Laule Juand Lill 6)adll jlasio Log (5000 VD LSUpas ada (Gl
<C10 psd

1 1
PEcicceric =7 € X (AV)? == x 2x 107° x (5000)? = 25/

PE.i. i 25
P = BT = 2.5 x 105watt

t T 10 x 1076




Energy stored in the electric field between plates of capacitor in the previous example is hug;
it is equivalent to energy stored in a (1 kg) object falling from (2.5 m height).

Wl JlioJl u.o ioll pdaiaon . UL iballl Jlaod IU.DCU Aodl AsUall Yl
ELQI)l Jo by (1 Kg) ailis roaua Q.DCU A oJl AsUnll {HolA) dodin Cl.oLbu.n\
25m

PE=mgh =1x10 x 2.5 = 25Joule

Capacitors like these are used in high-power laser—-generating devices.

ALl 6281 OlA Wlyjall algi 6 favai yb Joiu dsurioll 0iad Jio Ulg

Two parallel-plate capacitors (C1 =3uF, C2 = 6uF) connected in series combination. Their ends are
connected to poles of 24-volt battery; air was the insulator between the plates of each.

if an insulating material constant dielectric (2) is placed between the plates of each (the group
is still connected to the buttery)

What is the potential difference between the plates of each capacitor and the stored energy in
the electric field between plates of each capacitor two cases?

1- Before inserting the dielectric.
2- After inserting the dielectric.

Lodua sy &o Ylikhgypo (C1= 3 pF ,C2= 6 pP) ULisjlgiodl Urinidnll Cilgl (o Ylisurio
(24 V) layhs O adall Gro dyylny puasd U ledicgono Culny) «oJlgill Hle
Uo 2oJ Lodlip JA ylintdm Ju Jaal 1] .lodio JA yiatdm gy Vjle clgdll Ulag
adall G Jladio Lobd (d)Uadu dlnlio degonoll CulljLog) (2) L jo vl Wjle 6alo
JA piaufn Ju oIURaAI Jlaodl uo Wiaell Aslallg Aseurio Jb yistdn

Jil=dl JLaal asy-2.Jjledl JLaal Jub -1 :04illa b Geuwio

1- Before inserting the dielectric.
1 1 1 2+1 3 1

Coq 3 6 6 6 2




Ceq = 2uF
Qiotar = Ceq XAV =2 X 24 = 48uc
Qt = Q1 =0y = Q3 =48uc

A i PP
tTE, 3
Q48

M= =g =8

1 1
PE(yetcctric =5 C1 X (AV)? = 5 X 3 X 107° x (16)* = 384 X 107°

1 1
PE)etectric = 2 Cy X (AV1)2 = ) X 6% 1076 x (8)2 = 192X 10_6j

2- After inserting the dielectric.

Ck = KC » Cyy = KC =3 X2 = 6uF » Cxy = KC =2 %X 6 =12uF
S =l+i=w=i=1-w€mq=4u1’
Ckeq Cky Ckz 6 127 J12%_ 12} 4

Q¢ = Cxeqg X AV = 4 X 24 = 96pc

Qkt = Q1x = Q2 = 96uC

Q 96
AVKI =C—1k=?=16V
MWy =2 L L &
Cye N2

1 1
PE(yetcctric =5 C1 X (AV)? = 5 6 X 107° X (16)* = 768 x 10

1
C, X (AV;)? = 5 X 12 X 107° x (8)* = 384 x 107%/

B =

PE(Z)electric =




There is a huge depot for capacitors Ccalled capacitors bank) near Chicago. It is used to store
huge amount of electric energy used in particle accelerator device at Vermy laboratory. The
device requires huge and sudden amount of electric energy. This energy is provided by

discharging the capacitors in that depot shortly after charging them. This is similar to
collecting water in reservoirs on roof's of buildings to be discharged and used in a very short
time by firefighters.

oLl b Aiyao Wb (Uleuwioll Wino volyy) Cleuiol) Jus Eagiuo 229y
Vb Ulormall Jao uo Joliwi AU AN AsUnl o 122 68 palio Ujas
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b 16949 6 1S QoS Lae) 305 ya ) LUl 2ol yle Acgragoll Ll AN

@byl Jlay Jib Jo lallo=iwl aic 1aa

Gleuioll Elgi
a-Wax peper eapaeiters this type is used in many electrical and electronic devices. They
are (1) small, with (2) large plates area.

ALUIAA)l jidall o asasll U..D Jo=iwi :Soditodl @joJl Wl A=surioll
dlandl Aalwo pS -2 .ldoan pseny -1:jliod .Auigyiallig

b-Retary-plate (variable) eapacitance eapasiter: it consists of two groups of plates as

half disks, one group is fixed Cunmovable), while the other rotate around a fixed axis. The two
groups are connected between the poles of battery while charging; therefore, this capacitor is
equivalent to a group of capacitors in parallel combination. The capacitance of this capacitor
changes during rotation due to change in surface area of the plates.
Air is the dielectric between the plates. This type of capacitor is used
in radio and wireless devices.

U-o Il (6pioll) 6jlgaldl Adlaxnll wlA A=urioll
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e-Electreolyte capaciter:

This capacitor consists of two plates, one of them is aluminum and the other is electrolytic paste,
and then a dielectric material is generated as a result of the chemical reaction between aluminum
and the electrolyte, and the plates are wrapped in a cylindrical shape.

This capacitor has the advantage of tolerating high potential difference; a mark is placed on

the sides of the capacitor to indicate polarity, in order to be connected properly in the electric
circuit.

A=arioll LI :6 jlgall QSleuall la Gsanl 6 Juio Aeurioll :Guiqyia)Vl Asurioll
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Let us assume a direct current circuit containing a capacitor as well as battery and a resistor, this
circuit is called Cresistor-capacitor circuitd RC-circuit. The current in this circuit changes over
time. The simplest practical form is charge discharge circuits. In order to understand how

capacitors are charged and discharged.

Lot [logliallg &ujlnyll 2929 e WiAsd Ao $9ini polimo JL 6 51a Ul ya 0il

g .Uo Pl &o ipio 6551aJ1 0Aad JLi Ug-A) Aoqlilolig suwioll 6)51ay 6)51a)l 02a
A=sarioll &395q ol J5lga 02d

Q/ What is the different between the DC current circuit that contains resistance only and the DC

current circuit that contains resistance and capacitor?
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A resistance circuit has a constant current (does not change with time) for a certain period of
time, while that contains resistance and capacitor circuit has a time-varying current.
61512 Lodiw Girtso Auioj 640 (ol &o Jrsziy V) Ll Loyl oAl Aogliodl 6)5la /@
Vol &o 1o Loyl A=uriollg Goglioll

Existence of charged capacitor in the direct current is considered as open switch.

Ui Ol a=y 1ngido aligo a=y poliwoll JLidl 64515 ub G=uioll 3929
Because the capacitor is charged, the potential of each plate is equal with battery poles,
so, the capacitor is fully charged, which means: Potential difference between plates of capacitor,

equals potential difference between poles of the battery. In this case, the potential difference of
the sides of the capacitor in the circuit, this makes the current in the circuit zero.
R=20Q e &) R—ZOQ

I |C=5pF
/'7
T Lamp =

Lamp ‘=
resistor r=10Q resistor

Switch I Switch ‘
(single pole single throw) 6v ‘ Battery (singie pole single throw) 6v Battery

ExXAMPLES

An electric circuit in series combination contains a (r= 10Q) lamp (R =20Q) resistor and a
(AV=6V) potential difference battery. A (5uF) parallel plate capacitors attached to the circuit.
What is the amount of charge stored in each of the plates and the electric energy stored in the
electric field, if the capacitor is connected?

1-In parallel combination with the lamp.
2-In series combination with the lamp, resistor and the battery circuit. Cafter disconnecting the
capacitor from the first circuit and reconnect it in series)
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dogliog (r = 10 Q) ioglio Wilias dluno eini dall uligio Euilisds 645la
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[ AV 6 _6_02A
" r+4+R 104+20 30
AV =Ixr=02x10=2V

Q=CxXAV=5x10"5%x2=10uC

il 1
PE =2 Cx (AV)* =7x5Xx107° X (2)* = 10 x 107

Since the charged capacitor is connected in series combination in a direct current circuit, it
disconnects the current in the circuit (1=0) because charged acts as open switch in direct current
circuit.

The potential difference between the plates of the capacitor equals the potential difference
between the poles of the battery, hence, this circuit is considered open circuit, the potential
deference of the capacitor: (AV = 6V) and hence.

the stored charge is each of the plates is:

Lails yoimoll JUill 6551 b LIl Lle dngypo fsurioll Ul Loy Gl 6511
eln -: l I - 'a' T ") l E" . e 'J_olb_! . o an UI n&! (|=0) ajjllll k.?_b jL-!;i_ll 5 ’ ':'-.
(ool JLiidl 63512 b 2gifo

AV=6V G surioll Ada \§)0 Uy
Q=C><AV=5X10_6><6=30uC

1
Zx 5% 1076 x (6)2 =90 x 1079/
> _

1
PE == Cx (AV)? =
> AV




dsiniol) GQpedll Glbdaill yAsy

1-The capacitor placed in the flash lamp system in the camera (After charging
it with a battery in the system), it supplies the lamp with enough energy to glow
suddenly with a bright light while the capacitor is being discharge.

I LO) YDA HuAogll 2Lnoll Goglaio Wb Gcgudgoll Asuioll
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2-The capacitor placed in microphones, where one of its plates is solid fixed and the other is
flexible and free movement, and the two plates are at constant potential dif ference. Sound waves
cause vibration of the flexible moving plate it back and forth, so the amount of capacitance of
the capacitor changes according to the change of distance between its two plates, and with same
sound waves frequency, which means transformation of mechanical.

UeAJ 3] Auiguall A\l Lo degurgoll A=urigll vibrations into electrical vibrations.
G306 aic YUgA) Ylingdnllg @A pall 63a diro $aVIg AL duln Laywingdn $aa]
rololl LJI &ipoll Gaudmnll jliidl Kb il driguall Glagells Lyl LSLAAS ada
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ABL S OUAA OJ AaLilBLII WLAAI Jgai iy |Adg Aundi dLigunll Wilagoll

3-The capacitor placed in the device for stimulating and regulating the movement of heart

muscles Cthe defibrillator, is one of the important applications use in medicine. This device
is used to transfer different and specific amounts of y

electric energy to the patient who suffers disturbances
in the movement of his heart muscles, when his heart
not able to pump blood, so the doctor uses a strong |
electric shock, which stimulate the heart and reorganizes
its work. the charged capacitor in the defibrillator device
discharges its stored energy, which range between (10J
- 360J) in the patient’s' body for aver short period of
time.

piiiig jpani jlaa oo Acgrgoll d=urioll
dodoll Wldnhill (o asy wld)l GlAc Gapa
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4-Capacitor used in computer kegboard a capacitor is placed under each letter in the
keyboard. Each key is connected to a movable plate, which represents one plate of the capacitor,
while the other plate is connected to the base of the key. When the key is pressed, the separation
distance between the plates of the capacitor decreases,
which in turn, increase the capacitance. This makes the
external electronic circuits recognize the pressed keys.

aLilagll aagl Lo Qlo=iwmoll Asuioll ... —
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Area of
the plates

Type of

el — |3 4
dielectric

REMEMBER: The biggest advantage of using capacitors in practical applications lies in the fact
that these capacitors can hold huge amounts of electric energy, and the possibility to of
discharging this huge energy instantly, like the capacitor used camera flash light and the

capacitor used in the defibrillator.

Laijadio dutl) 6)gaay Gulos)l Wlduhill b Geuicll Jlosiwl (o 625101 jiui
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(The defibrillator) wldJl Culiae A5 pa roaii jlaa




DO YOU KNOW: Modern applications of capacitors include touch screens in mobile smart phones

(iPhone and iPad), computers, ballot machines which are common nowadays. illustrates the use

of capacitors in touch screen of iPhone. When the finger touches the screen, capacitance of the

capacitor in that spot changes and identifies the input/command.

LU L6 Ldlo=iwl gd Wilsewiol) &yaall drclinllg dulo=ll WL (o

L jrég ElxisVl Wilg wowlalig (iPad) jlarag (iPhone) JLaill wailall jlava b yuolll
Jaalall Lidsg uo Jlo=iwll A=jlUig laa Gogrso Ciarnl ulg

ai=o (iPhone) Lowy $aJl YWl Wildll jlas ub dlo=iwoll yuolll dublily ddgy
Qic insll uglingll cjall b deuioll Aeuw P2l dublinl) S&n )l duollo

Bottom insulating
plate (PCB)

<= Ground
plate

- Cs
| L

Cs = Capacitance between touch pad and ground plane
Cf = Additional capacitance induced by the finger




@ Choose the correct statement of each of the following:

1-Parallel-plate capacitor is charged and disconnected from battery, air fills the space between
its plates, then the dielectric with constant k=2 is inserted between plates. Find electric field Ex.
between the plates with the dielectric in terms of E will be:

WDE/G 2E OF

llos clgaMl AujUal (e @gndoq Gigauile (Lijlgioldl ULinidnll ila Ao
ULing@nll (u jaadl Gile (K=2) Lol je culi @jle 6alo Calaai lariaidm (s jrall
&o @Wijlho Wjldl daloll agagy lariagan Yy (€ LUl Jlaoll jladoe Yo
sy elgaJl e oo (B o)lado
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Jidl b Gy lagisgdn Qo pibpadll Jjldl Jaal asy ayjladl (e
EcE/K=E/2 glo JIgul (k=2 ) Jjsdl cuyl Ul Loag : (K) wilupaall

2- (Farad) unit is used to measure capacitance of capacitor, it is not equal to one of following
units: @) Coulomb?/J ~ b) Coulomb/v ~ DXEINIIEAE dd J/v?2

A5Vl Wlangll $aa] (HHLA) Y g s i oll Gsew Yl Joiwi (Farad) 6aaq

1% Coulomb? Coulomb?
PE=——w]s+— &= 4&F=—
2 € E J
Q Coulomb ng_liéfl AL JT!jg
C =N~w~>F =T “ clbjialléslo yw)ao

PE=ECX(AV)2«»]=FV2M~,F=L
' 2 V2

3-Parallel-plate capacitor its capacitance (C), brought its two plate closer together until the

distance between them became (1/3) what it was, so the amount of its new capacitance equals:

@ 1/3C b 1/9C d> 9¢C

oin Lodua ey (o Lawingdmn Cayps (0 Waisw Orisjlgioll Uristdmll ¢l dseurio
xsoluy 8232l Wdiew jladio Yl Arle ULa Lo (%) lodiy a=ul jua
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4-(20uF) capacitor, in order to store as much as 2.5 J energy in its electric field, it needs to be

connected to a direct potential difference that equals
a) 150V b) 350V V d) 250kV

(25 D Wjladio LSUAAIl Ldilao yb Gbla Ujdi A, (20 uP) Lajlado dsurio
$oluy 0ada §)o Joino Jangs lahyy il

1 2P.E 2(2.5
P.E:—Cx(AV)zw»AV=\/ =\/ (25) =25 x 10* = 500V

2 C 20%x 1076

5-The capacitance of parallel-plate capacitor (50uP), air is the dielectric between plates, if a
dielectric is inserted between plates to increase the capacitance by (60uP); dielectric constant of
that material is

a) 045 b) 055 ¢ 11

1al, Larisngom gy Jjle clgall, (50 pP) Wi w (i jloiodl uiniomll OlA Aeurip
CLL Jje Cul glo, (60 puP) jlafios Ldisw Walajl lLaLiaidn Ju Wjle 6alo Calaai
Yoluy 6aloJl

Cx (50 + 60) 110

Cx = CK =iz e =g = 22

6-while you me in the laboratory, you needed C10uF) capacitor, you have a set of identical

capacitors of capacitance. The number of (15uF) capacitors are used and combination method is:

a-4& capacitors, all connected in series combination.

b-6 capacitors, all connected to parallel combination.

c-3 capacitors, 2 connected in series combination, the group is connected to the third in parallel

combination.

d-3 capacitors, two connected in parallel combination, the group is connected to the third in

series combination.

Uo degono vlial pogiollg (10 uP) Ldisw dswipl liai pisgll b Ciilg

Ldaliag Ll Wiswisll aac YO « (15 pP A=l WIga (o Wliloioll Wisurioll
) LU A il lnypll Ay ping

gl Gle L ioa i (4 aasd)-a

SilgiJl le W10 s (6 2a=)l)-b

Sjlol ole AL Eo bu)i LodYicgo09 LIl LlLe bayyi Lavio YLT] (3 aasll)-¢
JIgll e AL Ko s Lodlicgo209 Gjloll Ll ki Lalio YL (3 aa=dl)-d
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7-Parallel-plate capacitor, its terminals are connected to a battery with constant potential
difference, if the plates are removed from each other while the battery is still connected, the
electric field and stored charge between the

a-Increases, stored charge in either plate increase.

aDecreases, stored charge in either plates decrease

c-Remains constant, the stored charge in any of the plates remain fixed.

d- Remains constant, stored charge in either of the plates increases.

G0 jaai dyjlny oahd Y lagingdmn gy gL jlgioll YLinidmnll Wla Ao

WUgnngo @ylayl cldy &o Wils lodh=s) Uc ULingtdnll wasil 136 ¢yl ada
ULingnll i LAl Jlaoll jlado Ulo ULinadniy

8-To obtain maximum equivalent of group capacitance of group of capacitors in fig, we choose
one of the circuits below:

JUiaj olial JAuil oo wiewioll degonol Aislao dew jlado pai ule Jonall

rJAuil o6 Gngy poll 6 51aJI

2uF 4uF 12uF 4uF 2uF

2uF 1uF o

- 2uF
3uF I 6uF ‘ '

a b C d

9-Two capacitors (C1, C2) connected in series combination, the group is connected to a battery,
capacitance first was larger than the second, when comparing potential difference between the
plates of capacitor one CAVD with that of capacitor two (AV2), we find that:

a-CAVD greater than (AV2)
b-CAV) less than (AV2)
c-CAV1 equals CAV2)
d-all above, it depends on charge of each

b U Chy) lodlicgonog «Jlgill le LodvAae) &o Ly (C1, C2) Ylisuwio
aieq Auilll Aol Gew jlado o HAl LIl deurioll Aew jlado Ylag dyjlny
Vintdn U adall G0 Eo(AVD gVl Aol Linrdnm U Adall G1b &jlio

Ul aad (AV2) @il dsurioll

(AV2) (o i AICAVD -a




(AVD) (o 32al(AVD -b
AV $eluy(AVD ¢
Lodlio JA Ginub ole CUA agi=y byl OYLiall JA-d

10-Three capacitors, (C1C2.C3) connected in parallel combination, this group is attached to a
battery. capacitances are (C1>C2> C3), compare charges (Q1.Q2. Q3) stored in any of the plates of
each capacitor @) (Q3>Qz> Q1 b) (QrQ2> Q3) o) (Q1>Q3°Q2) d) (Q1=Q2= Q3D

U Cilay) odlicgon09 «5jlgil Lle Lduasy &o Glagypo (Cr, (2, (3) Wileurio CIM
(Q1Qz Q3 Wliauil jladio &jléo aicg .(Cr(2> (DlAilew jlado YLA Lujlay Lukd
QrQ2> Q3) -b (Q3>Q2> QD -a

(Q1=Q2= Q3) -d QrQ3>Q2) —¢

@2 When doubling the potential difference between plates of a constant capacitance capacitor,
what happen to the amount of each of the following:

a- stored charge Q in each of the plates. The stored charge increases to twice what it was

b- stored energy in the electric field between the plates. The stored energy quadruples what it
used to be

Qi g Al dew Wi Geuio Lintdn U LILJAS A G1b Jlado Aocliap aic
dsUall (b Slawiagdm Uo Gl v Aijidell diauill (@ :jladio o JAJ Juany lilo
S Uil U LSL Al Yool ob dijisoll

Q=CAVale Cuila Lo Wasia Jl Aijiaell diadinll alaji (a

PE=1/2 CAVZaylc Cuila Lo JUiol Asuji WJI djiaedl AUl alaji (b

@3: A charged capacitor, potential difference between plates is very high (disconnected from
voltage sources), this capacitor is dangerous if plates are touched by hand. Why? State
precautions taken if you want to touch the capacitor safely by hand

The danger lies in the size of the charge in a very large volume (Q = C AV, and when touched
with the hand that unloads its volume between the two plates.

uirod aic 6pha Aligh Guioj 6)itlg Gsunioll 0ad Jio Uoii (Guklgdll janoe (ac
SEUA) G di Lo 6 pblo a U L ringon

OV 122 88 Lagiagdn (o Gl L6 Wijidell diadivl jlado Ul L6 UolT LAijghs
6 lo (LA Al Adalwgs Lariagdnm yuol aicg, (Q=CAV )iaa s ldada §po
ULing@nll g Glingo 6alo Ayl a=i Cuua Laiiagd (o Aurioll €915
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@&: Parallel plate capacitor Cair is the insulator between plates) show how its capacitance change
when the following factors change (mention mathematical rule in your answer):

a)Surface area of plates.
b)) Distance between plates.
c)Type of dielectric between the plates.

The factors, which affect capacitance of a parallel plate capacitor (C), are:

1-Surface area CA) of opposite plates, it is directly proportional with it (C o< A)
2-Distance (d) between the plates, it is inversely proportional (C o< 1/d)
3-Type of dielectric medium: if vacuum or air was the insulator; C;, = kC

the capacitance of the capacitor is expressed as follows:

&A
" d
EA
Cy = k?
Cy, = kC

M0y A duag (Lawingdn g Jjle clgall) Urisjlgioll (ringdmll Ola Ao
Laule aibwi il Aualdl Asilsl 153 &o) ALVl Jolg=Jl (o MA iy Laisw jlado
(llga Lo

Uinganl) duabhanll dalwoli(a

Uing @ nll g asui(b

Ui nll gy Jjl=Jl bawgll £gi(c

dsl=Jl §o9 Ll

Woaiy) (C < A) Laph wwliiig Uriaténll (o JAJ ALLEioll A duakhmll @aluoll-1
(a=ulg Jjl=Jl hawgll

Jil=Jl bawgll wetdy) (€ « 1/d) uwAsce aso wuwliiiq ULiaibnll U d asyl-2
(Galuwolig

C, = kC Ui Al Lagiaidn Uy LA @Wjle 6alo Eud gl Gsaioll Gsaw alaji-3
(a=ulg Aaluwoll o JA Wotly)

@Q3: Draw a diagram of an electric circuit Cwith arrows and pointers) and illustrate the following:

A- capacitor charging process.

B- capacitor discharge process.




Uaub) Guloc — a :laud duagi (Lasljail ode Jublidl &o) AusU A 651a) Uakhso roaw)l
LaYiingi (Lo Geawioll &3305 Guloc b  .Asurioll

L. ? ;
¢ 2
G |Jﬂ .
L, R |
T

@6: You have three identical capacitors C Ccapacitanced and a voltage source with constant
potential difference on poles. Draw a diagram of an electric circuit, illustrate proper way to
connect the three capacitors in the circuit obtain maximum amount of energy that can be stored
in the group. Then prove that your choice is the best.
ad Al §10 6 poianoll Aulnlgall Janog C Lidio YA Gsuw dliloio Cilsurio CiMj lya)
dwlioll Adypnll arsd i ASLEAA 6)51a) hinido roaw)l Jladoll Culb auhs gy
dsUall jlafio MAI Llc Jgmal i5lall b la=ion G Wlswioll kyy
. Jua ol 9. ojLiaT $adl g fidl Ui Cudl ol Gegonoll b Al JAol AuSLaA)l
dsul alajis dylaydl orhs G lda=) o $ilgll ule Gl Wleurioll ki

wde Juani $jlgill pde by gl aie xS
Coq=C+C+C=3C

1
PE; =5 C (AV)?

1
PEiata =5 3C (AV)*




o 2
PEtotal — 2 3C (AV)

PE, > C (av)?

PEiotar = 3PE,

@Q7: Are the capacitors of this rotary plate Cvariable) capacitance, connected in series combination
or in parallel combination? Explain?

the capacitors of this rotary plate Cvariable) capacitance connected in parallel, as it consists of
two groups of plates, one is fixed and the other can rotate around an axis. When it is intended to

be charged, the fixed plates are connected to one of the battery poles and the rotating plates to
the other pole.

dUagupo UgAT 6)lgall Slaunll WA Gsuull 6puio deuriol 68J5.0J1 Cileurioll Jd
dsuriol) 2J§0ll Wileuioll SEUA duag SGjlell Lle i SLJIgI Lle LAA=) o
Uo Uticgono (o I Al .5jlgil Lle LauAa=) &o @nglro VAT Al §juio
Asurioll Jaub aly Loaicq.jgao Joa L pgai 8ol $allg Al Lodlaa] A5lauall
Aileunll Gcgoa09 (Wio Liagoll) dyjladl pubhsd aal Al A5lanll degono byl
Wago Aday UtLicgonoll $aal Yolis .(Wio wlul) AV whdly ki 6)lgall

Gilgl olec iyl 6jro O 02dg AU aday 5)AVlg

@8: In fig three identical capacitors each have capacitance C. Arrange the four figures in means
of amount of equivalent capacitance:

Ueo Ju i)y sy Ml JUALDAI iy, (0) Lavip J& A dlilolio M Culsurigll olial
: Jlafo pnl OJl degonol) Aiolao)l dsunll jlado pAsl

d>b>c>a
cC C C C
c C C — H | | . Il
_||_|H|_ | ® i lcl —F ICI
— H °

(a) (b) (c) (d)
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@Q9: A Mention three practical applications of the capacitors and explain benefit of using

capacitors in each application

b Azurioll CLli Yloiwl Yo drlo)l §25L0)1 duagq dsuriol) Wb i Gl JAal
Sl Ja

1-The capacitor used in the camera flash light
(Iolal pagualill AN H) ULl HuAogll Lol Goglaio yb dcguigoll A urioll
2-The capacitor used in microphones

aLiguall Ans\I Vo dcgngoll Asurioll
3-The capacitor used in the defibrillator

G il (o a sy Guldll GlA e @A n phaiig j1ani jlan oo fegiagoll Gz urioll
Wl oo Godoll

4—-Capacitors are used in computer keyboard
Wowlall Auilloll Aag) Lb dloxiwmoll A urioll

B) A parallel plate capacitor is charged and disconnected from battery. When pure water is

inserted instead of air between plates of capacitor, potential difference between plates

decreases. Explain how

U juadl e oJ ujUaul (e WUgumndog @igauiio Uisjlgioll Usinifnll Cla Gsurio
Ut LUl A all G310 Jladio Ul .clgdll (o ¥ay L)l clody Layinian

Because the capacitor is disconnected to the source, the insertion of the dielectric causes a

decrease in the electric field and therefore the difference in voltage decreases

Jaoll jlabo Ylndi wiruy Jjledl JWaal Ybd janoll e Uguindo Aol Ul Loy

EK=§ K iy adaJl §p6 Jbad Jjsdl Cuyl iy Guringdnll (g oSUpasldl
AV =E4 Ul Loug
g-2
d
AVt (risgdmllgud asy)iCigris
A . .
AV == Ugasd

0 Explain benefit of inserting dielectric instead of air between plates of capacitor.

First: increasing the capacity of the capacitor Ck = KC

Second: Preventing the early electrical breakdown of the dielectric between its two plates when a
large voltage is applied between its two plates.




oalall 02218592632

Ospaia )0 2240133327
&I U0 Vay Uiz jlgiodl Uringdnll Ol Ao
:ULitloe Uialile Gday deurioll pinidm U WiLas éjle 6alo JLAa)
Ck = KC Gsuuioll Asuw 6aUj:oJoll

ada G balwi aic lagiagan G Jilsl pa10dl ibraall juadivl &io Al

d) What is the factor which changes capacitance of capacitor in a keyboard which is being used?

Wowlall jlan ub ALl Ang) Lo Acguagoll Axurioll Lo PRy Al Jol=dl Lo
SlaJlo=iwl clijl

A= Ay alajio (asul Jo aligoll ple bl aic) Juingonll (u a)l piiy
Jaay ldaicqg eligodl ¢UA Cunl deguagoll Asurioll A=uw jlado jisiig Asurioll
AagUl Lb Welholl W pall Uiy Welhholl Wyl plc Wil

e) What is the source of applied electrical energy of medical instrument C(defibrillator) which is
used to produce electric shock for purpose of stimulating and restoring regularity of the work of
patient ‘s heart.

doanll agegi) Joximoll puhll jldall didaoll dLiasll dsUall jans Lo
Suau Lol Lils Joc oUALil 8alelg jroai yays) dusUya sl

Jlaall oo Acgirgoll Aol viaion Qi 1) UJ‘IJ A Jlaodl yo @ jiaell dsUall
) What is the physical explanation of the followings?
1 Increase of equivalent capacitance of group when they are connected in parallel

2) Decrease of equivalent capacitance of group when they are connected in series
(o JA LIljadl pndill Lo
Silgil ole Gingypoll Wisurioll Gegonol Aislaoll A=l jladio abaji-1
S llgill e dingy roll Wikurioll Acgonol Aiolasll Al jlado Yuadi -2
C xA (5jlgill Aislaoll d=uriol) drnkhun)l daluoll abajl iy -1

Wo9 ule g C oc% oJlgill dislagll Aswiol) ULintdnll G asul abajl -2
Bl




@.10: State the reason of the followings;

a)A charged capacitor in DC circuit behaves like an open switch.
Slagido Lalifo axi roimoll JLill § 4512 ub Gegragoll Amurioll

ada) Loluwo Livio Gardn JA ada Jgay Laiiaub Jolay Uauiti Loaic G uriol YU
A=urioll ada G0 Soluy Ajlayl Al § 10 vi iy 1Adg AyUayu Yol vkl
Ve ASaicgdpdn $oluw 6 51adl Lo Goglioll b Ha U Ad Il G0 S ladg. AV

d0n soluw 651aJl b JLLiI
b)The amount of electric field between the plates of the capacitor decreases when a dielectric
material is inserted between them.

Janoll e Wgundog Gigaulip Ao Linudn U LSUKASI Jlaoll jladio Jiy
Slariaigm U Wjle 6alo JLaal aic

Ul LIUaAIl Jlaodl olaivy yuslsy (B0 Jjldl Jala piupas Jlao aJgi vy
Jaaoll Joollygars E Asuioll pisudn

dalold Jj=Jl b duaniy J6i6 Ex=E - Ed

E
K

Ek =

c)The maximum amount of potential difference can be determined by limit written on the
capacitor.

Sa=urioll oaic Jo=b Ul o) 0IUIAS 2d D G0 Vbl Jlako o

Determines the maximum potential difference that the capacitor can operate with to prevent
premature electrical breakdown of the insulator between the two plates as a result of an electric
spark passing through it, so the capacitor discharges its charge and then damages the capacitor

Kol LUl JLAiVl Giol A=uioll A Jo=i Ul oy ada G Laadl 2aay
Uo Geuioll £307i6 ala Gi5UaAll 6)lill jors) Garii Uriardnll gu Jjlel
Afaic Geurioll Wliiq Laviiaib

@Q11: A capacitor with parallel plates Cthe air is insulator between plates) is charged by a battery
then disconnected from it, when a dielectric which dielectric constant k=2 is placed between plates
of the capacitor. What happens for the followings?

dblwgy Crinub layisgdn O Jjle clodll Uriyjlgiol ULinidnll Wla d=uio
Ut k=D adje cuylb LSLAA Jjle 29 JAal boaicg liic Culnd i dyjlay
(vl 153 &o) SAuiol) duiVl Glostl (o JA) Juaa 1alo Ldrinidn

a) Stored charge in any of its plates Fixed. Because the capacitor is disconnected to the source
.l i“.. 1 -: Uogi\:?.b (-Li... . " ﬁ . 5u “




oualwll 0 2 28

Odpaia 0 2240

b) Capacitance Increase to double
Ck=K C=2C a5\l §bHg ule b 2iall LIl alaji i
¢) Potential difference between plates of the capacitor decreases to half
A5l G069 Lle Arlc ULA Lo Wi oJ) JS Laringdn ) adall §)o

AVi=:=1ay
K 2
d) Electric field decreases to half
agiagdm O oilpaall Jlaoll

EK % =§E A5\l §69 Lle Arle YLA Lo Wani ol LSl sl Jlaoll Jiy
@) Stored energy in capacitor decreases to half
Lagiaion U.I.lujU Al Jlaod Iu.oa.lua.oJ Aoll AsUaJI

PE =~ (AV)2 iBALll G569 e Ayle CLilh Lo Launi (J) EsUiall Jis

@12 A parallel plates capacitor, the air is insulator between the plates and the capacitor is
connected to the battery. When a dielectric material which dielectric constant k=6 is inserted in
capacitor (the battery is still connected) What happens

for the followings;

a)Potential difference between its plates

b)Capacitance

c)Stored charge in any of the plates

dDElectric field between plates

e)Stored energy in it

o U iy Wagingdn g Jile cloaddl isjlgioll Guintanll wIA dsuig
dsrigllg (k=6) dljc culi Lalinigm wilpas Jjle Jaal Loaicg dyjlny
}A3 &o )S dleuriol) AU Cilieall (o JAJ Juany 1ale , ujUaUl iUgngo Culjlo

: € (vl

i S O adall (§ro —a
L -b

yingen o i ueb dfiaell dinuivl -

Llaing0n g LISl Jlaoll -d
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aiag i U pilpasll Jlaoll oo Gijidell Eslall —¢
ALV ENEENVITEV EV T

Jii rod dsuioll PYV) [Gyjlayl ada Gro $olung iy lawiagdn g adall §po
(A)Uay Wgngo

Ldis
CK=KC =6 C:as)=ll §o9 (K = 6) pilpasll Jjsdl cuyl Gy alaji Aeuwis)l dew
Layingdn Jo $i ud Aijisell diniill
QK=K Q=6 Q :a5)U=J1 g9 (K = 6) LUl Jj=)l Cuyl Guauiy alajh o)l Aisib
Layiagdn g LiLjasil Yool

Ut a=ydlg LILEASI adall G166 Uo JA wWosd) Ll uidy LiLas)l Jlaoll
A6 \WeJl §o9 ule ULinrdnll

t=AV/d
Lawingdm O oSSl Jlaoll ub dijidell AsUall
(K = 6) Uil cul dauniy ala b Lagiagdn (g oLl Jlaoll ub Gijidcll 45Ul

1
P.Ex _ 7CkAV? _ Ck _ 6C _ 6

P.E écmﬂ c C

P.Ex = 6P.E




Juadll Jiluwo

P As you see in the figure below, calculate;

a) Maximum amount of the change in charging current
at the of key is closed

b) Potential difference between plates of capacitor after a
closing the key.

¢) Stored charge in any plate of the capacitor.

d) The stored energy between plates of the capacitor
suual jolaodl JAuill o6 dasigoll Wlogleoll Uo

U..la.l.ﬂ.n UL adall (§0 jlabo -b .2lidoll QiLcl aha) Ua.I.I.IJI juil rn.b.c!.ll Jladoll-a
Asurigll
G P11 b Ldaa) jL ol 13) digauile pié Aeuwioll oAl dlidoll GIE| AUAA)

@ Ipar =222 = 2 = 0,64

: AV 2lifoJl ME| o 65006 A=y Aol pintdm (y 2l G )
b AViateety = AVE 12V,
«© Q=CAV=100x%10"°x%x12 = 1200 x 10 %coulomb
(> P.E.= ziC(AV)2 = 2i X 100 X 1076 x (12)% = 7.2 x 1073Joule
P2 A parallel plate capacitor with a capacitance of &4uF is connected to the terminals of 20V
battery.
@) Find the amount of charge in any plates of the capacitor.

b) If the capacitor is disconnected from the battery and a dielectric is inserted between its plates,
the potential difference reduces to 10V What is the dielectric constant of the dielectric and find
the capacitance of capacitor after inserting dielectric in them.

930 Qg oubs U by (G pp Wisw YLijlgioll Ptisudnll WIs Axuwio
(20 VD Lauriné (A sl

SAsuioll Liatdn Uo i Lo Aijidell Aindilll jlads Lo -a
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G130 aud Layingdn U uibpas Jjle 2g) Jaaig yylayl (e Geurioll Calins 13] -b
Asw jlado Log SUjldl eol) JjsJl ¢yl jladio Lod (10 VD WJI Ladinidn ( adall
Slariaidn Ju Jjleliq Asurioll

(D Q=CAV=4x10"%x20 =80 x 10 %coulomb

AV 20
@ K=3-=2=2 w Cc=KC=2x4u=8uF

P3: Two capacitors (C1=9 pF, C2=18 uF) are connected in series combination and then connected
to the battery which potential difference is 12V.

a) Calculate the potential difference between plates of each capacitor and electric energy stored
in it.

b) A dielectric which dielectric constant & is placed between plates of first capacitor C1 (the battery
is still connected to the circuit). What is the amount of potential difference between plates of each
capacitor and the stored energy in them after inserting dielectric?

wle Lodvni =y &o Ylikhgyyo Wjlgiodl 5laundl lga o (C1=9 pF, C2=18 puF) Ylisuwio

A2 V) lauhs g VIRl adall G0 6aai Eo lodicgono Lkl woJlgill
JAal-b Ll dijisell AsUall g dsuio Jaypdialan 2 U 2§ o jlafo wal-a
dngy o dyjlayl el &o) C1 dmuioll pinudm U (4) Ajc Cuyl LSURAS Jjlc 29

slnllg A=uio JA Lioudn (y adall §po Jladio Lod (Acgonoll Loyb U
¢ Jjl=Jl JWaa] asy Laus Aijisell

1_1,.1_19Y w1l g
— = — 1 S T S ey =
Coq C1 G T8 Nag w6 & o W7

Qtotat = Cquvtotal = 6 X112 =72uC= @, = Q;

AV, =8 =2 =gy w Ay, =2 =224y
Gy 9 G 18

P.E., = 2C,(AV:)> =2 x 9 x 10~ x (8)? = 288 X 10-%oule
‘ 1 2 1 1 2

P.E,=~C (AV,)? = L %18 % 10-6 x (4)% = 144 x 10~%Joule
: =2 2 2 2 2

U9-ai uJalll Q&mdlmwdjwl JLaal asy
Cixk =KC,=4X9 =36uF
1 1 1 1 1 1 s 1

Coo Go G C; 36 18 36 1z e~ -4

Qtotat = Ceq-AVtotal =12 X 12 = 144uC = Q1 = Q-




AVy g = 2K = 2= — 4y

Eiw 36
Q 144
AV, =2k = gy

1 1
P.Ex=5Ci(AV1x)° =5 X 36 X 107° x (4)? = 288 x 10™%oule

P.Ex= 1(,"z(av2 K2 = L %18 x 1076 x (8)2 = 576 x 10~ %Joule
2 2

P4&: parallel plate capacitors (C1=16uF, C2=24uF) are connected in parallel combination and to 48V
battery. When a dielectric material with dielectric constant k is placed between plates of first
capacitor C1 and the group is still connected to the battery, total amount of charge of the group
is 3456.c calculate:

a) Dielectric constant K

b) Stored charge in any plate of each capacitor before and after inserting dielectric

&o Ulikhgypo , (C1 = 16 pF , C2 = 24 uP) ULizjlgiodl ULinibnll lga (o Ylisurio
lauihs gy adall §ro,alay orbd i) lodicgo09, Gjlgll olc loda =)
Log WJoll A=uwioll Liatdm U (K) Ladje Ciyl djle 6alo Uo 29J JAai 13] (48 V)
: Jlafio Lo (3456 pCoub) aulall diagivl cuila 1AL , dujUady dlnlio Gegonoldl Cullj
asyg Jub dsuio JA piatdn Yo i Lb Aijidell diadill-b. (K) Jj=)l culi-a
Jjldl Jaal

_ Qtotal — 3456

@) Coq = AViotar = 48
Ceq=C1K+C2m" C1K=Ceq_C2=72_24=48ﬂF axy \_)Jgi“ a&u.lloJl a.?.l.l.l

Jil=Jl Jaal

= 72uF  Jjldl JWAal A=y Gislaoll dsanll

K=C2—"=§=3 wsbraall Jjisdl cub jlado

1 :

b) AViora = AVy = AV, = AVpattery = 48V Alnlio Aecgonollg GJilgd i vy
Uess Ayjuadiy

Q1=CiAV; =16 x48 =768 uC  Jjl=l JLAa] Jud wJoVl dsurioll dini
Q1= CiAV; =24 x48 = 1152 uC  Jjl=dl JLaa] Jub dpitidl dsurioll Aiaib
Qix = CixAVy = 48 X 48 = 2304 uC  Yjl=dl JLaa] asy oJoVl dsurioll diaii

Q, = C,AV, = 24 x48 = 1152 uC  Jjlsdl WA al asy Guitill Asarioll disuh
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P.35: Two parallel plate capacitors (C1=4 puF, C2=8 uF) are connected in parallel combination. If the
total stored charge of the group is 600 uC when they are charged by a continuous voltage source
then they are disconnected

a) Calculate the amount of stored charge and stored energy in each capacitor.

b) If a dielectric material which dielectric constant 2 is placed between plates of second capacitor
Cz, find the capacitance, stored charge, potential difference and the stored energy in each
capacitor.

Cainub 1316 Silgil Lle Lodua=) &o Ylikgypo (C1 = 4 pF , C2 = 8 uF) Yliswio
Qic Cilnd od 6 poioll Auhnlgal) jan o dlalwgs (600 pe) AulA diadiy lodicgono

dijidell AdUallg Lainidm (i 2l )l G609 Lliiaih jlade deurio JAJ wmal -a
Laingom () oiUpasll Jlaoll oo

Lob ,auill Amawioll yingdn U (2) L) je cuyll Lsbpas Jjle 6alo Uo 29J JAai-b
dslallg adall §rog Geuwio JA pintdn o Gl Lo Wjidell dindill jlado
S Jil=Jl Jaal aey Geuio JA pinudn U uiball Jlaoll oo Gijisell

Ceq=Cy +Cy = 4+8=12yF Jil=Jl Jlaal Jud @islaoll Al

AV = Q?ml i % = 50V = AV, = AV, @ jlgioll Acgonoll 2l §)o
eq

Q, = C; AV = 4 x 50 = 200uC
Q, = C, AV = 8 X 50 = 400uC

1 b 1 -6 2 -3
P.Eq =5 Cy(AVy)? = 2 X 4x 107° x (50)* = 5 x 10~*Joule

1 2 1 -6 2 -3
P.E; =5 Cy(AV5)” = 5 X 8x 107 x (50)* = 10 x 10™*Joule

Gy ailil G.?.uquluu.m.n O Jitll JLasl a =y
CZK=KCZ=2X8=16,UF
Coq = C1+ Cyx = 4+ 16 = 20 pF

Qt=Q1 +Q; = 200 + 400 = 600pC

AV = onm; _ % = 30V = AV, = AV, @ jlgioll dcgonoll adia §rod
eq

Q, = C,AV = 4 x 30 = 120 uC

Q, = C,AV = 16 X 30 = 480 uC




o"-‘““-“O?JlsSl
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1 2 1 -6 2 -3
P.E;=2Cy(AV})* =2 x4 X 107 x (30)* = 1.8 x 10~Joule

1 1
P. B = 5 Ca(AV)” = 5% 16 X 107° x (30)? = 7.2 x 10 *Joule

P.6: You have three capacitors in which their capacitances (C1=6 pF, C2=9 pF, C3=18 uF) and an 6V

battery is connected to them. Draw circuit diagram and explain how to connect these three
capacitors in order to get;

a) Maximum amount of equivalent capacitance, then find stored charge in the group and stored
energy in the group.

b) The smallest amount of equivalent capacitance, then find stored charge in the group and stored
energy in the group.

W30, Aulnlgal) Jarmoq (C1= 6 pF,C2 =9 uF, C3 =18 pP) dileuw Wleuwio G Clya)
hy) duaus d5Upaal §)51al hihio [Bll] Go g . (6 V) apsrh Uy adall
zodle Jouaal) laua s So Gl Glsurioll

Jladiog deuio JA Lo ijidell Ainuil Jlado Log Aislaoc)l A=l jlado pAi(a
€ dcgonoll Lo Aijidell Ginunl

JIadiog Aeuio JA Lo Wijidell diadill jlado Log diolacll G=uul) jlado puni (b
S degonoll b Aijidcl dinail

Aislaoll =l jlado pal le Jouaall $jlgil Gle Wileuioll ki (a

Ceq = Ci +C; £.Ca=f6 WQ +,.100= 33\yF

AV =V, =1, =W Sk

Q, = C;AV = 6'x 6 = 36uC

Q, = C,AV = 9 X 6 = 54 uC

Qs = C3AV = 18 X 6 = 108 uC
Qrotar 0V 38 x § =198 ucC

iolaoll dsuml) jladio p2ni ole Jonall Qg le Gl urioll khyyi (b

11,1 11,1 1 _3+42+41_6 . __
_—— -—— - Eom
18 18 18 " “ea T °H

—_— =t —t—=—-4+ -+
Ceq ¢, ¢, C; 6 9

Qtotar = CeqAV =3 X 6 =18 uC
Qtotat = Q1 =02 = Q3 =18 uC
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P.Z: Four capacitors are connected to each other as shown in the figure below.
calculate

a)tquivalent capacitance

b)stored charge in each plate of each capacitor

c)Stored energy in fourth capacitor Cs

Jlad o v al JAauil Lo LoA Ll ey fo iy Ulew &l
Aiolaoll A=l (a
.'a' - # “w! m--- - lI 'u' - .. ll (b

C4 = 6 pF A=aioll Linudn U V5L AT Jlaodl Lo Wil AsUJI (C

1 1+2

1 1
S =T —
6 3 6

(@)

_3_1
6 2

Cseries

Ceq(series) =2 I.IF
ceq(parallel) = Ceq(serieﬂ +C3
Ceq(paml!el) =2+2=4 |J.F

1 1+1

4

1
=— 4+
4

B
B
SN

Ceq(total)

Ceqttotad = 2 uF  Gegonol) AiolAaoll Asuull
b)  Qtotal = AV Ceqctotald
Qtotal = 40 X 2 = 80 pCoul Auladl @ingivll

Qtotal = Qeq(parallel) = Qs = 80 uCouI

Vparalld = —224— =22 20V 5jlgill Ecgomno 2 §ud

Ceq(parallel) 4

Qqcseries) = Ceeqtseries) Vparallel = 2 X 20 = 40 pCoul
Qeqeseriesy = Q1= Q2 = 40 pCou

Q3 = C3 Vparallel = 2 X 20 = 40 pCoul

Qa4 = Qrotal = 80 pCoul

© PE=ix&
27 ¢,
(80X10°¢)% 6400x 1072
4X10-6 4x10°
PEs= 800 X106 =8 X 10" Joule
P8: Two capacitors (C1=3uF, C2=6uF) connected to each other, then the group is connected to the

90V battery as you see in the figure. If the capacitors are disconnected from each other and the
battery without losing energy then they are reconnected each other.

1
P.Eq = 5 X
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First: as in figure (b) after connecting the identical charge plates of the two capacitors with each
other.

Second: as in figure (c) after connecting the different charge plates of the two capacitors with
each other. Find the amount of stored charge in any plates of each capacitor in figures (b, ¢.

othb U ledlicgono Cuyj o loduae) o Wil le Liday) (6 pF, 3 uP Ylisurio
U Ylizurioll Calns 1316, (@ JAdil oo oA (90 V) lodiy adall Gpb dyjlay
. UA=J &o Lodlinyj auci pd AsUaJy A igan (ga dyjladl cg loda =y

A e fo dinuill Alileioll Ailanll gy a=y, (b JAuidl ob oA Vol
Ldua =) o diauill Aalissll Ailanll hyj a=y (€ JAuill uo Ll

SUHLAIl Lo Geurio JA b Aifidell inunll jlads Lo

L K M N
| | | |
cI IF CI I3F o
>, = 6u : = 3U e
-1 1+
6uF Buf
- =
2 L
AV =90V
A ogd et
Cej €L € 3uF
w o= 3uF WL
3 .2 LI
Coqg 6 3
Ceq=2 uF

Qtotal = AV . Ceq

Qtotal = 90 X2 =180 p coul

Q1=Q2 = Quotal = 180 pcoul  JIgi gl Y

ALl L AU ji A ol Caliaainl Lo yase o Aiaain)l Uliloioll Qiliuall kg aic: Vgl
Qtotal = 180 + 180 = 360 | coul QRS Lisuiogl) Soni

Ceq=C1+C2=6+3=9|.lF
AV:Qtota{=?=aov

eq

AV= AVi=AV2=40V




pualiallio 79 g
Ospeada 0 2240
Qi=AV.C1 =40 X 6 = 240 p coul
Q2 =AV.C2=40 X 3 =120 p coul
' UGALS Jaleii Wliauin)l Yld ya=y &o Ainuin)l daliagll aslaunll knyj aic : Wil
Qtotal = Q1+ Q2
Qtotal = 180 - 180 =0
AVtotal = Ceotal . Qtotal = 0
Qi1 =C1.AV=0

P9: A group of capacitors is connected to each other as | |

you see in the figure Calculate | »
a) Equivalent capacitance C,=|12uF
b) Total stored charge of the group, if a 20V is applied

between the points (@) and (b) C,=3uF C.=9uF
¢) The amount of stored charge in each g

1Jglaodl JAuill o
.Acgoaoll Aiolaoll Al sl -1

dingll jlado oo g (a, b) Yuikadill g (20 V) LSLAS ada G blw 13] -2
S degonoll b Aijidoll

(:'a' - db\.?.ba.i." - " [T o “ Jla_a.o Lo—3

Qz=C2.4V=0 C,=6uF I C,=18uF
a

; PRy | | |

Cia G Gl 1 I 5 _L
RIS S
Cl,z 6 3 El. I | ‘b
Cy5=2 uF | |
= C,= 12uF
_1 AR il
Y s | | | |
1 ~t831 C L xl F (‘|—9|F
Ce 1879 ~18p <=M
Cic =ZO1F > s
g E AV=20V

Ceq =C12+ C3+ C45
Ceq=2+12+6=20 pF
2) Qtotal=AV. ceq(parallel)




Qtotal = 20 V X 20 pF
Qtotal = 400 pcoul

3D @Q2=AV.Ci2
Q12=20 X 2 = 40 pcoul
Q1= Qz = Q12 = 40 pcoul
Q1 = 40 pcoul
Q2 = 40 pcoul
Q3= AV.C3 =20 X 12 = 240 pcoul
Q45 = AV . Cs5

Qs5 =20 X 6 =120 pcoul

Qs = Qs = Q4,5 = 120 pcoul
Q4 = 120 pcoul
Qs = 120 pcoul




Physical Quantity G5Ujud)l duo Lawlis 6209 Uint
F The electric forceausU sl 6g.8JI1 N Newtosig.
n
K Coulomb’s constantogtga Cls 9x109Nm2/c?
K Dielectric constantJ jlsdl Cuali
2
g, | Vacuum permittivity &€132J1 w0 Aol | g g5 x 10712 T 8.85 x 1012 £
m m
q Charged 5y aJl dinainl C Coulomb P9Jga
" the distance between (riiaaill () asull y il Jio
the charges
g | thevalue of electric yibasIl Ylaoll LT ne | YSR\Wes
field o9
C | Capacitance of the capacitordsurioll Asiw F Farad aljlo kg-ﬁ:\yi’:qﬁ-sﬁ
I electric curvent LSUpASIN jLLII A Ampere Juol
t timeU.o JI sec second auu
R resistanceAusU A Sll Aoglioll Q ohm rogl
V potential differenceadall §po v volt Cilgo
. tlectromotive AU LAl Aszoladl 690l " sl Cilgb
force
w Energy gainedduuis oll dsUall j joule Joa
P powerd jadll watt watt Ulg
E Energy AU Al AsUal j joule Joa
ENERGY STORED IN ELECTRIC FILED OF ; :
i CAPACITOR ) sl Jo2




(0.5 ecm) Ladinign w asul (risjlgioll Urinidnll ClA Asurio (B0l -20131
£13Jl Lodiy Jundig (10 cm) Lodrio JA &l Joda JAdi)l Ay o Lawingdm (Lo JA9
byl as) lagiagdn Uo i ub dijidell diadill (2) Sieuioll dsw (1): jlado Lo
€0 = 885x1072 ¢Z/Nm? : (i LoLe (10D

(JoVI jgaJl -2013.2

As you see in the figure below, calculate;

a) Maximum amount of the change in charging current at +Q
the of key is closed 80uF Q:

b) Potential dif ference between plates of capacitor after ==
a closing the key.

M+

20V

250

¢) Stored charge in any plate of the capacitor.

d) The stored energy between plates of the capacitor b & el

rtacyl jladoll (1) arual JAuil yb 5Ll 655120l pbd Garigoll Wlogleo Uo
Ay Asurigll u.l_"u.n.n" 2 oy Aadall Gy Jlade (2) .eliagdl GlLél Alaa) Uil jLei)
U-o ‘5I Vo Aijisell diaiill (3) (Uaddl duloc Jloisl a=y) eligoll GALEél o 6230
u.m.:.n.n Ul wibpadll Jlaoldl oo Aijispll dslall (4) .A=surioll ‘_,.n_'-‘.l.n.n

Aol

Vpattery 20
——=—== 084
R 25

: AV @lifoll §ALE] o 64id A=y Aol Linidn YU AdIl §)o
) AVpagery = AV = 20V
© Q =CAV=280x10"°x 20 = 1600 x 10"°coulomb

W IL,;=

@  P.E.=—C(AV)? == x 80 x 1075 x (20)% = 16 x 10~*/oule

3.2013-2) Two parallel-plate capacitor (C1 = 12 pF, C2 = 6 puF) connected in parallel combination,
If the total stored charge of the group is (180uc) when they are charged by a continuous voltage
source then they are disconnected. (1 Calculate the amount stored charge and stored energy in
each capacitor. (2) If the dielectric material which dielectric constant (4) is placed between the
plates of the second capacitor (C2), find the stored charge and potential difference and stored
energy in each capacitor.
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Silgl Llc lodvi=) o Ulikhgypo (C1=12 uF,C2=6 pP) Ylisawio (uJLIJl JoaJI-2013.4
duhlgall jamo Ghklwgy (180 pCoud A dindiy lodicgono Cuinud 1AL
Uo $l Lo Aijiacll Ainuilll jlade deuwio JAJ Lmal (a) Aic Culnb rod & poiurcl
Uo 29J JAal (b). Laiagdn Ui wibpasll Jaoll b dijidcll AsUallg Layinian
dinainl jlado Lob , Guilil deuioll pingdn U (4) Ladje cul Wbpas Jjle 6alo
SUiJIJLan] axy deuwrio JA adall § 109 Aurio JA pingan U-odlu-oﬂ-u-l—‘\-oJl
(r Aioglio LSLJAA 2o 59l kgl duligio ASU LA )51 (CULI j9aJl -2013.5
(AV =12 ) lauind U adall G0 Jladio Gyylaig (R = 10 O) Lajlalio Gogliog=5 Q)
dinuivl jladio Lo .(3 puP) Lalisuw Ui jlgioll Uringdnll WA deurio 6)51a)l oo Culay)
Llao Lo Aijidell ALyasll dsUallg deuioll Lintdn o Gl Lb Aijisoll
Telunoll &o $jlol Lle A=uwrioll Cilay) gJ LU RS
An electric circuit in series combination contains a (r = 5 Q) lamp, a (R=10 Q) resistor and a (AV
=12 V) potential difference battery. A (3 pF) parallel-plate capacitor is attached to the circuit.
What is the amount of charge stored in each of the plates and the electric energy stored in the
electric field, if the capacitor is connected: (1) In parallel combination with the lamp?
(C1=12 pF, C2 = 6 uP) YLiyjlaiodl ULini@nll Clgl o Ylisurio (g_-s:\,!.n'l.oZiJI -2014.6
adall G0 Ajlny prhd Ju lodlicgoao Ciky), oJlgill ylec Lodva ) o Ulikhgypo
(2) Wje cuyl @jle 6alo Uo 2oJ Lodlio JA pinudm (U Jaal (24 ) launs g
U aadnll §36 Jladio Losb ( dyylady dlalio Gcgonoll Cullj Log) Lodiy juraJl oy
JilJl Jlaal asy Ao JA U.la.l.n.n
(C1 = JAail ub Lo Laa=ey So Culayy Oleuio O ( Joll jgall -2014 - pbuing
Wjle 6alo Uo 29J JAal 24V L h b (g Calnyy 9 pF, C2 = 18 pF) series, C3 = 18 uF paralleD
(Gy)Uagy dlnlio Cljlo Gegonollg) 3 @I deuioll Linidn O k Ladje Cul
QU jiaodl diaainl (2) Jjisdl ¢l (1) jlasio Lo 336uC Gegonol) Aulall diaginll Cuilag
AU G=aioll ub Wjlsdl 8aloll JLAal Ay dsurio JA Liatdn Uo Sl b
Layingdn U Jile clgall (i jlgioll Urinidnll wia dsuio (LIl joatl -2014.7
(k=6) ajccul lariagdm O LSUpas Jjle Jaal boaicg dyjlay pudad (i)
A=uiol) AU GloA)l Yo JAJ Juany lalo , Qjlady Agungo Clljlo A=uuiollg
iz w(b) . lariagdm gy adall §po (@) : T (wul )55 &0)T
Lodua =) &o pJlgll Llc Lidnyy (Cr= 6 pF, C2=3 PF) Ylisuwio (&)LA - JoVl joaJI -2074.8
Clind 1316 . (90 V) Ly U adall §16 dylay puabad U Lodlicg.ono Cikay) ol
Loy asel ol dsUall VO Ela Ggan Yga layll Ycg Lodua =y e Ylisurioll
Sl=uuio JA Lintdn Jo $i ub Wijiael Ainuilll Jlado Lob a5jlgil Lle
(@)L - LIl Joall -2074.9

Two parallel-plate capacitors (C1 = 6uF, C2 = 2uF) are connected in parallel combination and they
are connected to battery (12v). Calculate:

1-Stored charge in any plates of each capacitor, and total charge.
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2-When a dielectric material with dielectric constant (k=2) is placed between plates of first
capacitor (C1) and the group is still connected to the battery, calculate the amount of Stored
charge in any plates of each capacitor, and total charge after dielectric inserted.

(Cr= 6 pF , C2=2 ) Yutizjlgiodl Uringdnll Ll o Ylimuio (Uala — Lilidl j9aJ12014.10
Y10 Ajlny ks U k) lodlicgono 9 $ilgl Llc Loduasy &o Ulikhgyyo pF
-2. AQulAall diagillg Gurio JA Qinii-1: jlade wal (12 V) lauhs g adall
dyjUayl cléy &o) LIV Gsurioll Lindm U (2) Aje Cul LSLLAA Jjle 29d JAal
JA pintan o il b Wijidell dinuill Jlado Lob (Gegonoll Lo Uu dlagypo
Sdlall dinin)ig dJjlell Salodl JLAal asy saio

Jile clgall, (40 pP) lWaisw (Litjlgioll Lindmll la deurio (Gl j9aJ1 -2014.11
, (70 uP) jladios Waisuw Walaji Lariagdn (s Wjle 6alo Culaailal, lagiaidnm
:5gluy 8alodl Ll Jjc cuyli Ylo

C, =40+ 70 =110

L= d . QSF¢ 8 10A-b 14-a

(r Aioglio LILAAS Lo H9ind kgl Auigio ALLIAA 6 51a (Yardoill -2015.12
(AV=6\) L6 (u adall §o Jlado dujlaig (R = 10 Q) Ladjlado Gogliiog = 5 Q)
dinuindl jladio Lo .(3 pF) Wi w Uiy jlgioll Uringdnll WA dsurio 6 51a)l b by
oo Lo Aijidell ALyas)l dslallg Sdsuioll Liadn o $i Lo Aijidoll
2ol &o LIl e (2) .2lnoll Eo ilgill Lle (1) A=urioll Culny) o) LU DS
oVl 651al e Geuioll Juad a=y) lduudi §)51a)l Lo dyjlayllg Gogliollg
(Laiiauh (o Laélyolg

Silgdl Llc Lodie) &o Ulikngypo (C1= 4 uF, C2= 8 uF) Ylisurio (Joll jgaJi-2015.13
dihlgall janmo Glklwgy (600 pcoud dula dinuiy lodlicgono Crini 13l
JA pingdn Uo i ule @ijiacll @iadill (1) : sl aic Cilnd od 6poiwoll
Aol piatdn U (K Wje b WSLpas Jjle 8alo (o 29J JAai (2) . duio
<KD Jj=Jl cul jladio Loo(480 pcould Laviiadh Crapails daitill

Two parallel-plate capacitors (C1 = & pF, C2 = 8 p) are connected in parallel combination. If the
total stored charge of the group is (600uc) when they are charged by continuous voltage source
then they are disconnected. (1) Caleulate the amount of stored charge in each capacitor. (2)If a
dielectric material which dielectric constant (k) is placed between plates of second capacitor (C2)
and its charge becomes (480uc) find dielectric constant (kD.

0.1 mm) lduag) U asllg (2 pb) Lavisuw Gsuria (@JLA — JaVl jgall -2015.14
Jlaodl jladiog Aol dingly il (1) .(30 V) 0adi9 (§ 16 Janod CLina

U Jjle 29J JAalg jaunoll e Asurioll il 13] (2) Lagingdn g piUpaall
(3104 ) d=uriol) LSUASI Jlaoll b dijisell sUnll Cunyni layingdn
JjLel 6alold Jj=Jl Cuylig Jjl=dl fudg A=y Gsuriol) adall § 16 Ll
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Parallel-plate capacitor (2 uF), distance between plates (0.1 mm), charged by electric source
(30W). calculate: (1) Stored charge and electrical field between its two plates. (2) Disconnected
from the battery and a dielectric material with dielectric constant (K) is placed between plates
of capacitor the stored energy became (3 x 10 J). Find the potential deference after inserting
the dielectric and the dielectric constant (k).

1
Q = CAV = 2 x 30 = 60pC
2

1
PE giectric = EAV X Q

_ ZPEe!ectric _ 2X3X 10_4
B Q "~ 60x 1076

(C1= 6 pF C2 = 12 pP) QuLizjlgioll Utintbnll Wiga (o Ylimurio (Lulil joall -2015.15
aadall G0 Qylay orhs Uy lodlicgono Cilny) apligill lc Lodvia =) o Ulikbgiyo
vinaln g JAallil.ledio JA piaim gy Vjle clgdll glag (12 V) lahs gy
(AjUaJU dlnlio Aegoaoll Culj Log) (3) Ladjic ¢l djle 6alo o 29J Lodio JA

diadl (2) Jjl=dl Jaa] aey deunio JA piatdn (u adall §po (1) jlado an
JildlJal az) lodio JA pingdn Uo i ob @ijisoll

Two parallel-plate capacitors (C1 = 6 pF, C2 =12 puF) are connected in series combination and they

are connected to (12v) battery, when a dielectric material with dielectric constant (k=3) is placed
between plates of every one of capacitors and the system is still connected to the battery.

Calculate: (1D potential difference between plates of each capacitor after inserting dielectric. (2)
Stored charge in any plates of each capacitor after inserting dielectric.

Cring) (300V) advn G @igauiio (15 pF) lalisw dsurio (@)La- il joaJI -2015.16
degonoll porb Lle 2dall G106 dals digait Jut $)al dsuio &o Silgdll Llc
&g 13l (3) .yl Ay o JA Aiaui (2) duilll Asurioll Asaw (1) - sl (100V)
L Jje Cul aa (75V) degonoll ada djle 6alo LoVl =il Linudn Uy

SoaloJl
A parallel-plate capacitor with capacitance (15 pF) charged with potential difference (300V) and

connected in parallel combination with another discharged capacitor. The potential difference
between the two ends of group becomes (100VD. Calculate:

(T)Unknown capacitor. (2) stored charge in any plates of each capacitor.
(3)If a dielectric material which dielectric constant (K) is placed between plates of first capacitor
(C1 potential difference becomes (75V) between tow ends of group, find dielectric constant k.

Uliswioll gy Jud Before




Q. = C;AV; = 15 x 300 = 4500uC
Q=0
Uliswrioll knyj a=y after

Q; = Q + Q, = 4500 + 0 = 4500uC

& 4500

AV, ~ 100

Cog = Cy + Cy > Cy = Coq + C; = 45 — 15 = 30uF
AViotar = AVy = AV, = AVpgttery = 100V

Q: = C;AV; =15 x 100 = 1500uC

Q, = C,AV, =30 x 100 = 3000uC

JilJl Jlaal a=y

|

|
N
w1

i
~

Coq =

c _Qt_4-500_60F

TR T T

Coq = Cy + Cy w Cy = Coq + Cy = 60 — 30 = 30uF
Csc 37

CZK=Czk‘W>k=C_2=E=2

U cadayy (8 pP) Wisw Utiyjlgiodl Utinitnll Wia Guwio ($asdoill -2016.17
U0 $i Lob Wijiacll dinuil jlado Lo (1) .C10 V) Lduhs O adall G0 Gyylay oabd
Ut oSlpaa Yjle 2gJ JAaig dylayl e euioll Cailnd 13](2) Sdmutioll piaien
d=urioll Lingdm U adall G316 Jladio aa (D $oluy aJ Jjsdl Cuyl Layingan
Slayingdn Ju Jjledl Ula ub d=uioll A=w jladog
A (8uF) parallel-plate capacitor is charged by a (10D battery. (1 calculate: the amount of
stored charge in each of the plates. (2) Disconnected from the battery, then a material which
dielectric constant (k=2) is inserted Calculate the in potential difference between the plates and
the capacitance of capacitor after inserting the dielectric.
(C1=120 pF, C2 = 30 pP) Uuisjlgiodl ringtamnll Cilga (o Ylisurio (JoVl joaJl -2016.18
adall§po Ayjlng a6 lodiicgono by, pligill Hlc lodvn=) So Ulikhgiro
b djle 6alo Lo @9 JAal g Gyjladl (e Gcgonoll Calns 1316 (20 VD Ldhé (L
Lo Wjidoll GsUnJlg adall §4o Jladio Lod , Guilil deuioll Linadmn U (2) Ladje
¢ Jil=dl JLaa] a=y Geuio JA pingdn U uilpasll Jlaoll
(C1= 8 pF, C2 =12 uF, C3 = 24 ldilew Cilsurio CM lyal (@)LA - JaVl jgaldl -2016.19
8p1all hinAp rouw) &o &g . (6 V) audph Uy adall Gpo , Auknlgdll janog pbd
Jlado pAai (a): vle Joaal ldAa s So G Wleuwisll k) @adis disuiasll
dingit)l jlaiog Geuwio JA& b Wjisoll dinuill jlado Log Aislaoll dsuul)
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@ jiaodl Ainainl jlado Log Aislacll maull jlado p2ui(b) Sicgonoll ob Aifisol
Sdcgonoll Lo Aijidell dinuill jladiog Guio JA ub
You have three capacitors in which their capacitances (C1= 8 pF, C2 = 12 pF, C3 = 24 pF) and an
(6v) battery is connected to them. A circuit diagram and explain how to connect these three
capacities in order to get: (1D Maximum amount of equivalent capacitance, then find stored
charge in each capacitor, and total stored charge in the group (2) The smallest amount of
equivalent capacitance, then find stored charge in each capacitor, and total stored charge in the
roup.

gLo.:::'\.w_g &o Ylikhgypo (C1= 3 pF, C2= 6 pF) Ylisuwio (Urlago — Jaoll jgall -2016.20
adaJl §p6 -1:ladio rmal. (72 pcoul) duls dingiyy Gegoaoll Criaw, ligill ylc
AUl -3 .d=uio JA Lifian Uy adall §1b -2 .Gcgonoll pd i Uy LA
wle Loduasy &o Ylikagypo (C1= 6 pF , C2 = 12 pP) Ylizurio (LJlI joall -2016.21
dunlgal) jaumo dlalwgy (180 pcoud dula diadily Lodlicgono Crinub 13L6 , jlgill
b LWSUpas djle 6alo o 29d JAalg dyjladl (e Acgonoll tuling 1AL 6 joiuoll
JA piaan U Aifidell dindill jlade 2, Lol duris)l piatdn Uy (4) Lje
JilJl JKaa] asyg Jub Aurio JA ada G )09 Asuio

Two parallel-plate capacitors (C1 = 6 pF, C2 = 12 uF) are connected in:
parallel combination. If the total stored charge of the group is (180yc) when they are charged
by continuous voltage source then they are disconnected, if a dielectric material which dielectric
constant (k=4) is placed between plates of first capacitor (C0, find the amount of stored charge

in any plates of each capacitor and potential difference of any capacitor before and after
dielectric inserted.

2016-2-out) Two parallel-plate capacitors (C1 8 pF, C2 12 uF) are connected in parallel
combination. If the total stored charge of the group is (640uC) when they are charged by
continuous voltage source then they are disconnected, If a dielectric material which dielectric
constant (k=2) is placed between plates of second capacitor (C2), find the amount of storied
charge in any plates of each capacitor and potential dif ference of any capacitor before and after
dielectric inserted.

Qioglio LSLIAA 2las $gial hypll Ayigio Auilrda 6 5la (CULI jatl ~2016.22
Cubagy (6V) LG U adall G 1o Jladio @jlayg (R=14(1) Ladjlalio Aogliog (r=6 (1D
dinainll Jladio Lo (2 pP) Waisw Yuisjlgioll Urinudmll Wila dswip 64518 b
Lallae b Aijidoll AuLyasll Aslallg deuicll Linidn Jo i YO Aifidll
2lunoll &o WJlgil Lle (2) .2Luaodl o Wilgl Lle (1) Aurioll Cilny) o LILpA Al
Wl 6511 e Gsunioll Jund ay) lduwdi §51a)l po Qylnylg Gogliollg

(LYiinagd S0 o Larélyolg
An electric circuit in series combination contains a (r=6 (1) lamp, a (R=14)) resistor and a (4v)
potential difference battery. parallel-plate capacitor is attached to the circuit. What is the

amount of charge stored in each of the plates and the electric energy stored in the electric field,
if the capacitor is connected: (1D In parallel combination with the lamp? (2) In series combination
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with the lamp, resistor, and the battery in the same circuit. Cafter disconnecting the capacitor
from the first circuit and reconnect it in series).
(C1=6 pF, C2 = 3 uP YLiyjlgiol YLinianll Wiga Yo Yliwurio (ardoill -2017.23
adall G0 Ayjlny a6 lodiicgono iy, pligill Hlc lodvi ) &o Ulikhgiyo
Jaal (2) .d=uio JA pintbn Ui adall §16 Jlado wumal (1): (12 V) laudas G
Uyl cldy So) Luilll d=uioll Lingdn Uy (2) Wje Cub Wjle 6alo Uo 29J
A=y Geuio JA Liardn U adl §4o Jladio Losb (Aecgonoll Lo U @ngipo
cdjl=ll JLaal
Qioglio LIUJAS o $gini khyyl Aulgio ALLIAS §)5la (JoVI yoall -2017.24
Wi o 851a)l b iy (12V) Lduhd U adall §10 Jlade duylaig (r-20Q)
U-oc'vlooﬂu:\-oJl dinill jlado Ylas 2luno So WIlgill le tiyjlgioll Yrinidnll
LSl GsUall (2) Geurioll dew (1) : jlado aa (20u() G=euioll Linidn
WILpAAI Lalao b dijidoll
An electric circuit in series combination contains a (r=20Q) lamp, (12v) potential difference
battery. A parallel-plate capacitor is attached to the circuit in series charged with (20uC). What
is the amount of: (1D Capacitance of capacitor? (2)The electric energy stored in the electric field.
wle lodua sy o Ylikagyyo (C1= 3 pF, €2 = 6 uP) Ylisurio (LIl joaJl -2017.25
dunlgal) jano dnlwgy (900uC) Guls dindiy Lodlicgono Cuiniy 13L6, Sjlgill
Uo i Lo ijidell dindivl jladio Aeuio JAJ crual (1) : dic Calins (od 6 poliuwoll
U0 2¢J JAal (2) laingdun u LILasll Jlaoll oo Aijidoll Aslnlig Lariniamn
dinuill jladio Lod ooVl d=urioll Gingan U (3) Ladje Cuyl LisLyas @jle 8alo
A=wio JA pin@n YU adall §pog Aurio JA Lintdn (o Glo-oﬂ-u-n-oJl
Sdjl=dl JLaal a=y
2017-2-out) Two parallel-plate capacitors (C1 26 pF, C2 18uF) are connected in parallel
combination and they are connected to (50v) battery, when a dielectric material with dielectric
constant (K) is placed between plates of first capacitor (C1 and the group is still connected to the
battery amount of charge of the group is (3500uc). Calculate: (1D dielectric constant (k). (2)
stored charge in any plates of each capacitor.
@jlgiodl a5lanll Cilga Yo (C1 = 3 pF , €2 = 6 uP) Ylisuwio (CUJUJI jgall -2017.26
adall Gpo 6a1ai &o lodicgono Cukyjg llgill Llc loda=y &o Ylikbgiso
(12V) Lt 6 g LU Al

U Cday) (6 ) Watieaw (s jlglioll Yringdnll Ola deurio ($ardoill -2018.27
(o Gl b @ijiaol diadivl jladio Lo (1) (30V) Lauhs G adall §3o dyjlay pahad
U Jile 29J JAalg dyjlayl e deauioll Cilins 131 (2) Sisuioll pisgan
MMIMJImb,(Sv)@IMWMI@pmw

Slauiaiom pu Jjldl ddla
A parallel-plate capacitor (6 uF) is charged by a (30V) battery. (1)Calculate stored charge in
each of the plates. (2) Disconnected from the battery then a material which dielectric constant
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(K] is inserted between two plates of capacitor; the potential difference is decrease to (5V)
calculate the capacitance of capacitor when the dielectric inserted.
(C1=9 pF,C2 =18 ub) Yuiyjlgiodl Yriaidnll Cilga o Yliwurio (JgVl jgaJl -2018.28
G)0 QUny o1hd Yy lodicgoap tikhyjg Jlgill Llc Lodvh=) &o Ylikhgiyo
vinten U (K) Wjc culi Wjle 8alo Uo 29 JAal 131,(24V) Lahs U adall
sl di~aill Culas dyjuaduy Alnio Gegonoll Clj log oVl dsuwioll
Ao JA piatdn U adal §is (2) K Jjsdl cul (1) $)ladio Lo (288uC) egonoll
Jjl=ll alodl JLaal ayq Jud
Two parallel-plate capacitors (C1=9 pF, C2 = 18 uF) are connected in series combination and they
are connected to (24v) battery, when a dielectric material with dielectric constant (k) is placed
between plates of first capacitor (C1) and the group is still connected to the battery, total amount
of charge of the group is (288c). Calculate: (1D Dielectric constant (k). (2) potential difference
between plates of each capacitor before and after inserting dielectric.
(C1=4 pF,C2 =12 uF, C3 = 8 pF, C4 = 6 pF) Wlsurio &)l ()LA - Joll jgall -2018.29
Gwal, (256x10767) AU G urioll Lo Qijisell AUnJl Ciilag jlgill Llc dngyso
Lo (3) .ol8)l adal Gpog Aurio JA 2da G0 (2) .Aegonoll Aislaoll Al (1)
Aala)) dinuitlg deurio JA Lintdn (o i Lle Aijidoll Aiaiil jlado
Four parallel-plate capacitor (C1=4 pF , C2 =12 pF , C3 = 8 uF, C4 = 6 uF) connected in parallel
combination, If the stored energy of the there capacitor (C3) is (256x10-6J) Calculate: (1D The
equivalent capacitance of group(2).The potential dif ference between plates of each capacitor, and
totally potential difference. (3) The amount stored charge and stored energy in each capacitor,
and total stored charge—.
IJasnog (C1=9 pF, C2 =12 pF, C3 = 18 pP Wilswurio @M clyaJ (LJLI j9aJl -2018.30
6p51al) hindo ol &o duag (24V) ahad Uy adall §po Spoimoll Arhnigall
Jadio p2nl (@) : pde Joaall lduaey fo G Uleuioll k) Gudus 5L AA]l
dingll jladiog deurio JA pintdn (o t._;'vi w6 Ginail jladio Log, Aidlao)l sl
Uo i b Aiauinll jladio Log Aidlao)l dsaul) jladio Al (b) Sicgonoll b Aifisol
Sdcgonoll Lo Aijidoll dinul jladiog deuio JA Linidn
Yon has three capacitors in which their capacitances (C1 = 9 pF, C2 = 12 puF, C3 = 18 uF) and an
(24v) battery is connected to them. Draw a circuit diagram and explain how to connect these
three capacitors in order to get: (1D Maximum amount of equivalent capacitance, then find stored
charge in each capacitor, and total stored charge in the group. he smallest amount of equivalent
capacitance, then find stored charge in each capacitor, and total stored charge in the group.
Silgl Llc Lodua =) &o likngypo (4 UF 8 uF ) Ylisurio (@)La - LIl joaJl -2018.31
,0)oiauoll dukhlgall janme Aalwgy (600 pC) AulAa disuiy lodlicgono Carinui 1AL
I ..,:“.. 1 -: ‘.J-o gi L.?.b aJ... . " -a- . o " jl;.ﬁ.o == - db.l k |(1) :Cl.i.c . I . ro:j
Wjle 8alo Yo 29 JAal(2) .Layinidm g L3UaAIl Jlaoll o Wijidell Aslnllg
Vb AijiAoll Ginuil jladio Lo Kuilil Gsurioll Linudm U 2 Ladje Cul LWL aA
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Viaten U VibrAAl Jlaodl uo difidell AsUallg d=utio JA Lintdn o i
cdjldl Jaal asy Geurio JA
LAy &o Adagyyo (4 pF, 8 pF , 12 uF ) Wavilew Wlseurio (@ JLa - LI jgall -2018.32
wrwal (24V) whs gy adall §16 Ajlny pibhs U Acgonoll iy, $jlgill Hlc
JA pingdn Uo $l ub Wijiacll diauill (2) .Gegonol) Aislacll sl (1) ;ylado
Jlaodl po @ijiaoll @sUall (4) .Gegonoll pb Wijidoll dulall diaunll (3) .G=uio
Jads JoVl duriol) LU LA
Three parallel-plate capacitors (8 uF , 12 uF, &4 uF) are connected in parallel combination, there
ends are connected to poles of (24v) battery. Calculate: (1D The equivalent capacitance of group.
(2> The amount stored charge and stored energy in each capacitor. (3) The total stored charge
in the group. (4) The stored energy in the electric field between plates of first capacitor only.
ulc Loy &o Ylikhgypo (C1=12 pF, C2 = 8 ) Ylisurio ($ardoill -2019.33
drinlgal) jamno dalwgy (400 pcoul s dinuiy Lodlicgono Crinub 1316, Sjlgill
Uo i Lle @ jiapl diauinl (1) : Geuio JAJ Gual dic cilnb o 6 poliuwoll
(2) Loaini g gy LIUASI Jlaoll Lo Wifidoll AsUallg Aurio JA pintan
oVl dxuuioll yiasdn Un () Ladje cub LLsas Jjle 8alo Uo 2¢J JAa
CK) JjJdl cul jlado Lod (5V) Il Gegoaoll adda §16 yalAails Laiiaih Ciapnils
Two parallel-plate capacitor (C1 =12 uF, C2 = 8 uF) connected in parallel combination, If the total
stored charge of the group is (400 pcoul) when they are charged by a continuous voltage source

then they are disconnected. Calculate: (1D Calculate the amount stored charge and stored energy
in each capacitor. (2)If the dielectric material which dielectric constant (k) is placed between

plates of first capacitor (C1), the potential difference of group decrease to (Sv) find the dielectric
constant (K.
Lodwing®m (s aull (risjlgioll Uuiatdmnll ¢l deurio (JoVl jgaldl =2019.34
Lodiyy Juady (10cm) Laio J& &lua Joba JAui)l G20 Lodringdmn o JAg (0.4cm)
dingitl jladio Lo (2) A=urioll A=w jladio Lo (1) €0 = 8,85x1072 ¢2/Nm? (i Lolc £13J1
Calias 131(3) Slodiy (10V) ada §16 bl ae) lodsiagdn Jo i ubd dijidoll
u..u Aadall §1o buid lodlinignm o Wibpaa Jjle gl JAalg AujUadl e dsurioll
- GeuiollGeuw jlado Log § Jjl=dl 29U Jj=dl Cuyl jladio Lob (5V) LIl Lodriagan

q1dLLoJCULul.oQLo.ﬂJJQJ.ﬂ.DU.U\JjL9J|CUb9.D
102 §siadal

= £_885><10_12><—=221><10_“F
s O 0.4 x 102
A
%

= 224%J10~11 x 10 = 22.1 x 10~ 11¢C
10

( Qk 221x107"
~— Qg = CxAVg w Cx = AV, 5

 Cx 442 x1071F

=442 x 10711F

=2

T C T 221x10-1




gtuliig s peg i 59

8
Opaia )0 2240
Ce =KC=2x221x10"" =442 x 10-11F

Q 2.21x10~11

Cyp = == = 442 x 10" 11F
AV

35.2019-1-Applied Branch) Tuwo parallel-plate capacitors (C1 9 uF, C2 18 uF) are connected in

series combination, when they are charged by a continuous voltage source then they are

disconnected. Then stored energy in the electric field of first capacitor (C1) is (288 X 10-6J). Find:
(1 The potential difference between plates of each capacitor.

(2) If the dielectric material which dielectric constant (4) is placed between plates of first

capacitor (C1) (the group is still connected to the battery) find the potential difference between

plates of each capacitor.

(4 uF, 6 uF) Utizjlgioll Uainganll Wiga Yo Ylisutio (LIt jgatl -2019.36

@16 dyglng s U iy Lodicgonog Biledl le Lodke) &o Ulikbglyo

Uo i Lo Wiidell dinuivl jladio deuio JAJ cruual (1) (50V) Laudas O adall

u.l_"u.n.n U (3) W je el WS djle 6alo (o 29d Jaal (2) laision

JA adall @6 wual Gy jlady dla'io Gegonoll Culljlog AuiliJl Gsauioll

Guw alito .Jjl=dl JLaal asy Aurip JA U.l_‘u.n.n UL QU jiaoll diagiillg Qsurio

ulAsa
AViotar = AVy = AVy = AVpgerery = S0V dlnio dcgonollg jlgi byl YV
Ueay dylady
Q1 = C1AV; =4 x 50 = 200uC  Jjl=dl JLaal Jus ool dsurioll &inii
0, = C,AV, = 6 X 50 = 300 uC  Jjledl YLaal Jus il dsaioll dinuis
AViotar = AVy = AV = AVpgirery = S0V dlnio dcgonollg jlgi byl UV

Ughy dylady

Cox = KC; =3 X 6 = 18uF

Q, = C,AV, =4Xx50=200uC  Jj=Jl JAal 2=y JoVl dsurioll @iaii
Qak = CoxAV, =18 X 50 = 900 uC  Jjledl JWaa] sy duiliJl dsurioll dinub

_ Q2k — - —
K = %5 s Que = KQy = 3 X300 = 900 uC

5) Gsawiod LU ASI Jlaodl Hb Wijiagll dAsUnJl jlatio Lo (CuLUI jgall -2019.37
aie layle Juani ol 6)a8ll jlado Log T(4000V) qu.u.n\b A @ 8 Criagiy 13] (pF
T(10 ps) (roju Lar 2y 0
What is the amount of energy stored in the electric field of a (SuF) capacitor, if charged by a
(4000V) potential difference? What is power we get when discharge by (10us) time?
(C1=4 pF, €2 il s Wi w Oleurio &)l (Lilal - $ardoill jg9all -2020.38
Qg pahd o Acgonoll iy Sjlgill Hlc Aingypo = 8 uF , €3 =12 uF, €4 = 6 ubd
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(2).4cqgonol) Aiolaoll dsull (1) jladio viwal , (12V) Lduhs (u adall Gro
Aegonoll yo dulall dinuinl (3) dsuio JA Lintdn Uo i ub Aijisell dinuil
(C1=6 pF,C2=9 uF,C3 =18 uf) Wleurio G (Ll — $ardoill jgaJl -2020.39

. (300 pcoud dyla dinuiyy Gcgonoll Cuiaiw, pJlgill Hlc Loda ) &o Ulikhgy o
G930 -3 Gegonoll porh U GLAI ad A §16 -2 Aislaoll Azl -1:)ladio Liual
il Wiga (o (C1= 9 pF, C2 = 18 uP) Ylisuio (LSLaV! - Joul jgall ~2020.40

G306 824 Eo Lodlicgono tihyjg, pllgill Llc Lo =) o Ulitkhgy o Ajlgioll
O (K) dje il Vilaa Jjle egd JAal, (12V) lauasd g piupasll adall

uila (Aegoaoll o U dingiyo Ajlatll ey &o), ClA=wlioll inidn

Jie Cub cuwal -1:5lado wumal . (144 peoul) Gegonoll pob Aijidoll Ginunll

Jildl Jlaal azy deurio JA yinttn G adall §16 -2 K uiLpasll

(16 uF , 24 pF) Uiz jlgiodl tint@nll tiga (o Ylisuio (Ldihi JoVl jgall -2020.41
930 Yl oubs U Gy lodicgonog Gilgll Ll Loy &o Ulikbglpo
vingtdn Uy K Wje cul Wjle 8alo Yo 29J JAal 13l (48V) Lahs U adall
Lo 3456( Gcgonol) dulall diagil Cuilas dujUa U dlnlio Culljlog LIVl Aol
ay9 J4b Gaio YA pinibn o $l pb @ijiaoll @iadidl (2) .Jjsdl el (1) jlado
Jildl Jiaal

(C1=4 pF,C2=8 pF,C3 =12 vl v laisw Olewio &)l ((($araoi - 2021.42
U adall G 1o Qjlny iahs o Acgonoll Cilny) Sjlgidl Lle Ahgyyo F, C4 =6 ub)
Vb Aijiagll dianl (2).4cgo0n0l) Aislao)l Al (1) jladio vrumal, (12V) Laukhs
dcgonoll Vo dulall dinaginl (3) Qsaio JA vialon A Lo \5i

13L6 ,§5jlgill Llc Lodi=e) &o Likngypo (4 UF 8 pF ) Ylizurio ( JoVl joaJl - 2021 .43
o ,0 poiauoll Aulnlgall) jamo dlalwgy (600 pC) AulA diadiy lodicgono Criaib
Lﬂya*&nmglw@p&dlwljlmomwh_ml(n.mm
Wijle 8alo Yo 20 UBal(2) Lainidn (u Lilsaall Jlaoll pb difiaoll dslallg
Vo @ijiaol dinail jlado Lobd Al dsuwioll Liatdm U 2 Ld)je Cul LSLas
vingdn U LIRS Jlaodl b Wijiaell Ablallg dsuio JA Lingdn Uo i
Sdjladl JAal asy Qg JS

44. 2022ZFirst voled Two parallel plate capacitors € Cr=4pF, C2=8uF) are connected in parallel
combination. If the total stored charge of the group is 600uC when they are charged by a
continuous voltage source, then they are disconnected from the battery. 1) Caleulate the amount
of stored charge and stored energy in each capacitor before inserting dielectric. 2) If a dielectric
material which dielectric constant 2 is placed between plates of second capacitor Cz, find the
capacitance, stored charge, potential difference and the stored energy in each capacitor after

inserting dielectric.

45.2022First role APP) Two parallel plate capacitors € C1=4 puF, C2=8 uF) are connected in parallel

combination. the total stored charge of the group is 600 uC when they are charged by a
continuous voltage source, then they are disconnected from the battery. 1- Calculate the amount
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of stored charge and stored energy in each capacitor before inserting dielectric. 2- Ifa dielectric
material which dielectric constant 2 is placed between plates of second capacitor Cz, find the
capacitance, stored charge, potential difference, and the stored energy in each capacitor after
inserting dielectric.

46.2023 First roled A dielectric (k=2) inserted between plates of unknown capacitor which
connected in parallel combination with another capacitor (C2 = 8uF) and the group connected to
(Y1) battery.
Total amount of charge of the group is (72 pC), calculate: 1 The capacitance of unknown capacitor
before inserting dielectric. 2) Stored charge in any plates of each capacitor after inserting
dielectric.

47 An electric circuit in series combination consist of a lamp it's resistance (v = 50Q) , and a
resistor (R = 1000 , and a potential difference of battery (AV = 12\ . A parallel plate capacitor
is connected in parallel combination with the lamp so it amounts of charge stored in each of plates
(100uC) when a dielectric material with dielectric constant (KD is inserted between plates of
capacitor that increase the capacitance by (50uF), calculate dielectric constant (k)7

JoVl Jadll) @yjljell SilpeMAJI
@ia Wollaoll &)l LS 20 Bl @ it Wity Undaio rouw)l ($asdoill ~2013 1
draw a graphical diagram to explain the relationship between the: discharge current as a function
of required time for discharging.

(JoVl jgaJ1 -2013 .2
What are the factors affects capacitance of capacitor, explain mathematically?

when doubling the potential difference between plates of a constant capacitance capacitor. What
happen to the amount of each the following?
a- Stored charge (Q) in each of the plates.

b- stored energy in the electric field between the plates.
Wla deuio pintdn U LILAS Jlao ub dijidell Asla) Slalolg Juany lalo
Aeuwioll piatdn U LSUIASI adall Gub Jladio Gdclio aic iyl deuw
Vintdn U jaadl ol WL s djle 6alo JLaal (o YLEEAS (itloc Uuiaslsd JAaal
clgaVJl (o Vay ULiyjlgiodl Jrinidmll Ola Ao
oaic Jo=i Ul Uhol ilpda ada §1o puadl Jlado aaay Jle (il joadl -2013 .3
Uaub duloc Laysd Quagi (Ladljal ule publi)l &o) Aulpas 45l1a) Uahis ouw)l
Auioll &u)0ig
vinidn U LSUAAl Jjldl Jaal Quagy Ualis @bl (CUWI joall 2013 4
Loddiy LSUJASI ad )l G146 Jladio Lb dyyUal Uc Bgndog Gigauilo Ao
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Ls dua gl (Ll jal ule Jublill fo) Gl pas 6)51a) Uadaio ouw)l (Gasdoill -2014
A=aioll &)9iq ol duloc
WJlgill e dngy ol Wileurioll egonol Aislao)l sl jlado Yladi Jlc
Vit U dijiacll Ainuiilg LU Al Jlaoll Jladoel SUunny lalo (JoVI -2014 .5
G0 javai dyjlng oo U lodinidmn Cilngg Ulisjlgiodl Jriniomnll CGli Quio
Lody Ugingo dyjlayl clidy So Wild Lodua =) e Yliardnll asyi 1Al eyl ada
Sdygliio Gyilgall B3 jamo Lo UM G=uwio Lindn kyj aic Juany labo
A1 o Lavipila piei cllayg y)9a 6041049 Lubleily £)9ilq Uauiviw dsurioll
Uo Grol=ll 62541 uagg duiol) diloc il GMS JAA1 (LIl jgadl -2014 .6
(eJWa - Jaoll joaJ1 -2014 7
(Uala - Ll jgaJ1 -2014 .8
ilos clodl (40 pF) Wisw (risjlgioll uiadmll Cila deurio (G jgadl -2014 .9
70 ) Jlafios Lai=w Calajl Lariagdn O @jle 6alo Calaai 13l Lagingdn U juall
(22,275,07114) Soluy 6alodl CLL Jje il Olb (uF
d=uuio vinln Yy VLAl Jlaoll po Wijisell dsUall SlaloJg SUa l3lo
Ldrinidm ( adall §1o Jlade Aeclng aic Al deaw WA
aic Gewis)l Yisidn U LIRSl Jlaoll jlads Jiby Jle ($araoill -2015 .10
Laringdm O @jle 6alo JLAaal
6)51aJ1 ouw) o Gxurioll Uadb dois duagy ki paal (Joll joadl -2015 .11
buiti)l 130 clpal dojll AU Al

Explain an activity show in how to charge capacitor? And draw a circuit diagram of charging?

What happen? Why? For the storied charge in any plate of the capacitor its capacitance is
constant when the potential difference is ling between its two plates? A

Linlen U adall G Jladol Slalolg SUuany lalo ()L - Joll joall -2015 12

(2 $)A1 Gmaio Calny) o) Lo Aijiaell diaditllg dyjlay padad U Cuday) Crdsauio

a8y Cuilag (6511 Lo @agupo dyUadl cliy &o) (7 Guioll &o digadilo Jié

] JIgill Gle byl

algoll b PRAiicdl GilAAIl Jlaodl 35U Lo : LIl Loc Laal (LJlidl jgadl -2015 .13

Sdigauilo A=uio Litdan Uy Acgragoll Auhill jué dljlell

agifo Lalifs a=i poliwoll JLidl 65512 Lob Geguagoll @xuioll: Jlc

d=urioll Linidn U Lilsasll Jlaoll Jlado Jby Jle (&)La- Lilil jgadl -2015 14

Laringdm (u Wjle 6alo Jaal aic

Hoxill Al LB LALog)l 2lnoll Aoghiio VO Acgigoll Axuioll Yo YAl Lo

N (TP EN)]

15. (U jgadl — 2015draw a graphically diagram to explain the relationship between the:
discharge current as a function of required time for discharging
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26. (QJE'iJI J92aJl —2017draw a graphically diagram to explain the relationship between the:
discharge current as a function of required time for discharging

Gloc Lausd auagi (Laljal ole publidl &o) Gu5Upas 8513 Wil pas Unhae roaw)l

dWjle 6alo JLaal Uo YLAAAD) Utitloc Uiails pa A1 (2)La LIl joall -2017 .27

£lgaJl o Vay d=urio pingdnm Uy juall Wosi LsLpas

dbla Ujad uad jil jaunoll Al G20 Jlado Lo (60 pF) Laisw jlado Geuio .28

(487) Wajlado LLIAAI LALao Lo




oalall 02218592632

Odpeada 0 2240133327
lalifo a=i joiwoll JUill 6451 Lo Geguagoll dsurioll (CULI joadl -2017 .29
lagido
€6)lgaJl A5Lauall la Gl 6 puio Aurioll I oo
Uo Qrol=ll $a5La)l Quagq dsuiol) Ayloc Wby G JA Al ($ardeill -2018 .30
i JA b @ Lol CLl Jlosiwl
dislaoll Al Yladi vl Lo (JoVl jgadl -2018 .31
gl Gle dingypoll Wil urioll Gcgonol
draw a graphically diagram to explain the relationship between
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Swilch 0 r=RC 2r 3r 4r
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You have three identical capacitors C Ccapacitance) and a voltage source with constant potential
difference on poles. Draw a diagram of an electric circuit, illustrate proper way to connect the
three capacitors in the circuit obtain maximum amount of energy that can be stored in the group.
Then prove that your choice is the best.

Adall (§ 16 6 poiwoll Aaknlgdll Janrnoq C Lalio JA Asw lilolio Cileurio GiMI Clial
duwlioll byl aus Ui AU aA 6451a) hiaao rouw)l Jladedl Cul auhs gy
dsUall jlado pAl ule Jomall §lall b ld=ion Gl Wleuwioll kY

. Jao Il g ojLiaT §aJl Lk il Ui Cusdl ol degonoll b Al Al Aol AusL sl

(Lauki — $aradeill j9all -2020 .39

Wjle 6alo JAal dayii Oitloc JLiasle pAA (LSWadl - JoVl joall -2020 .40

clgaJl (o Vay (tisjloiodl (ringdnll Cila Cl.?.uu.ou.l_’u.o.n U ol Mol LU pas
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dJgund o9 @igauilo Utiyjlgioll GLindnll Cila Gxuio (Ldurki Joul jgaJl -2020 .41
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Q/ The conductor is rarely used in storing electrical charges? Explain that
CUA Jle SasU sl Gliagnd JUEJE_VEEN. a)8ioll Jungoll padimg Lo ijal /yw

LaLindgm U Jjle clgaddl (50 pF) lakisuw jlado Uutisjlgiodl ULinidmnll Ola deunio
CLL Jje culi Ulo (60 pF)jlados Lavi=w Calajl Wdiagdm U @jle alo calaai 1Al
(22,11,055, 045) $glusy 5aloJl

e The capacitance of a parallel-plate capacitor is (C), distance between plates is made closer by
1/3 of the original, what is the new capacitance in terms of €.

e The spherical shaped single insulated conductor can store a limited amount of electric charge.
Why?

¢ A charged capacitor inserts in (D CD circuit behaves like an open switch.

o Explain activity to illustrate the effect of inserting a dielectric between the plates ofa charged
capacitor, which is disconnected from the battery, in electric potential difference between
them (Faradays experiment) , what effect would it make in capacitance of capacitor?

e Increase of equivalent capacitance of group when are connected in parallel.

e Gifted A parallel plate capacitor is attached to a battery that supplies a constant potential

difference. While die battery is still connected, the parallel plates are separated a little more.

Which statement describes happens? (a) The charge on the plates decreases and the stored




ol 02218592632

Opain 0 27240133327

energy increases. (b) The charge on the plates decreases and the stored energy decreases. (¢)
The electric field remains constant and the charge on the plates increases.

6 A 1ell A=alpell
1-depends on
FACTORS AFFECTING CAPACITANCE OF PARALLEL PLATE CAPACITOR

The factors, which affect capacitance of a parallel plate capacitor (C), are:

1- Surface area CA) of opposite plates, it is directly proportional with it (C < A)
2- Distance (d) between the plates, it is inversely proportional (C o< 1/d)

3- Type of dielectric medium: if vacuum or air was the insulator; the capacitance of the capacitor
is expressed as follows:
&A
d
2o Uty jlgiodl Uing@inll i C Geuioll Aw Laygle agi=i il JolgsJl Ul
(C x A Laph wwliiig ULiaidnll o JAJ Alldiol A uathiull aluoll-1
(C < 1/d) LunAc Ao wwliiig ULintdnll g d asyl-2
ULd Utingd il O Vjle clgall gl E132J1 LA 1516 urinrdnll O Jjledl hawgll £gi-3
ALY B\ 2IU Ll =i Geurioll Gsw

Ci=

Explanation? Why? What is the reason? What is an explanation?
S @i Lo Sww Lo Slalod o Me
#The conductor is rarely used in storing electrical charges

Adding more charges (Q) will inevitably lead to increase potential of conductor (V) in a specific
distance (r) from the center of the charge. Therefore, the electric potential difference increases
between vacuum and any other medium Csuch as air), then the electric field to the extent that it
discharges through the surrounding air.

Q AV
AV=K— E=—
r d
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(Mio cloaJl) JAT oaua $i Ug Ay LIUKASI Al G1b alajy ElAug (V) Jungoll
&l oaic Juany $all anll LIl Juay 289 (oSl all Jlaodl jlado alajy Ldaicg
A ayaoll clgall JALA SUpaAll

eThe maximum amount of potential difference can be determined by limit written on the
capacitor.

Determines the maximum potential difference that the capacitor can operate with to prevent
premature electrical breakdown of the dielectric between the two plates as a result of the electric
spark passing through it, so the capacitor discharges its charge and then damages the capacitor.

SA=uwurioll oaic Jo=i Ul USod VILAD Al G40 LDl JIafo ayanai-

Faroll Libpaall JuaiVl &iol dsuwioll A Jo=i Ul S0l ada §pbd Laabl aany
Uo Geuioll £)010i6 aJila Guslyaall §)luill jore) dayii ULiadnll (u Jjl=l
Ajaic Geurioll Waliig Laiiagb

olf two or more capacitors are connected in parallel, the overall effect is that of a single equivalent
capacitor having the sum total of the plate areas of the individual capacitors.

That because, an increase in plate area, with all other factors unchanged, results in increased
capacitance.

Huds Qs (5jlgill ble Angy o)l Wil urioll Aegonol Aiolaoll Al jladio aUajl-
TEUA
A xC Gjlgil Aiolaoll Asuriol) Auahiull Aaloll aUajl Ciriy

eDecrease the amount of capacitance equivalent are connected in series, respectively. How do you

explain that?

That because, a decrease in distance (d) between the plates, it is inversely proportional (C
1/d)

Hu85 1A Ol e Bing ol Wilrurioll egono) Aislacl dsul jladio YUndi
ST TES

Wog ulegd OC% gl @islaoll Aruriol) Urisg@nll gy asyl aLajl vy
aoil=Jl
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Because the capacitor when charged with its full charge, the voltage of each plate is equal to the
voltage of the electrode (pole) connected to the battery and this means that the battery voltage
difference equals the capacitive voltage difference AV, and this makes the voltage difference
between the two ends of the resistance in the circuit equal to zero, and then the current in the
circuit is equal to zero.

Slagibo Lalifo A= poliuoll JLrill 6512 Lo Gcguirgoll dsurioll
adal Ugluo laipo Aardmn JA ada (Joiay Laliingi Jolay (auit’ Loaic Asauioll U
t'i_w.u.l.'i.oJla.n\:_i@j.bquu.l,gfi,uLh.!Jlm@mﬂiw&glﬂthwqwlgbﬂl

U9AJ ASaicq.dpbn Goluy) 651l b doglioll oo U adall §)6 J=ay ladg VA
1300 Boluy 651a01 L6 Ll

eWhen the capacitor is charged to its full charge, the potential difference between the two plates
of the capacitor is = the potential difference between the poles of the battery

Because the two capacitive plates are isolated from each other, by the inductance method the
positive voltage is equal to the battery voltage and the positive voltage is equal to the battery
voltage and the negative plate voltage is equal to (- Q) the negative battery voltage and then:

Potential difference between the two expanding plates = Potential difference between the poles
of the battery

G0 = Aol Lingdn (i 2d G16 YAy Laliiaub Jolhy duioll oub aic-
Sl Ual paad O Al

dngyoll Gasd il gauisi 1) Lodua =) e ULilgjmo deurioll intdn YU
wwhily ddagypoll Aaadnll Jaditi Loiy (- Q) dyJlul diauidy )l a8y
Aada Ugay 1aay g duall ddyphy aundi jJladoly g (Q + DAuagoll Aiauiy wingoll
$oluo Ll dardnll ada g Liagoll dyjlayl adal $qluo Lingoll dasdnll
UeA) ladaicg wlull dyjlayl ad)

eWhy does the amount of electric field between the two plates are decreases, charged and
separated from the source when an insulating material is inserted between its two plates?

That because the surface changes on the dielectric would generate an electric field inside the
dielectric CE4). This filed has opposite direction to that of the external field between the plates
(B) ,the amount decreases of electric field between the plates of the capacitor decreases k and
becomes Ek = E/k.

Ue Wgundoq Aigauilo Geuunio vinin U LIUFAAI Jlaoll Jlabo J&y 13LoJ-
Slauiaigm (s Ajle 6alo JWAal aic janoll
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U pilpaall Jaodl olaiyl yualss B Jjl=dl Jala ibpas Jlao aJgl Gy
Jisdl eyl Gy J8uo  Ex = E - B Juanodl Jlaodl Ughus B dsuioll pinian
EK = E/K 8alol)

eExplain benefit of inserting dielectric instead of air between plates of capacitor?
1- Increased capacitor capacity Ck=KC
2- Preventing early damage to the insulator when adding a large voltage difference

Lintban u jaall Wei clgall Jay @jle 8alo JLaal (o dulo=ll 8a5la)l auag
Asurioll

Y . o 8aUj-1
JuA ada G0 balwi aic JjleU a0l judiVl &io-2
eExplain how capacitor capacitance changes with Surface area (A) of the plates?

when the surface area of the capacitor is (A), the reading of the voltmeter will be at a certain
degree the potential difference between the plates will be CAV) Reducing the surface area of the
plates to the half ie. (1/2 A) by removing one of the plates aside Ckeeping the charge constant).
A double increase in the reading of the voltmeter is observed Cie. 2AV) According to the rule
C=Q/AV Capacitance of capacitor decreases when there is increase in potential difference between
the plates as the charge (Q) is kept constant. We can conclude that capacitance of capacitor
decreases when the area of the plates decreases and vice versa. (CaA) ie. Capacitance (C) of
parallel-plate capacitor is directly proportional with area (A) of the plates.

Uting@mnl) ALlbioll duninul Aaluwoll pusiy dseurioll dsuw ilii il auag
A ( Sl U adall G0 UoAIg AirRo G a aic yitoilglll 62lpd Ugaiw (AV)
Winill HJ] el dAbaw Galo Juldiyg dsuwiol) duabhinll Galuoll JgAai loaic
Adclno KAagl. (AU diaid ole Blaall (Wil a5launll (o 6aalq Aaljl Gupb (e

Ol Cuya ASlandl gy adall Gio b 6alj 299 aic Aol A=w J&5 Lb
T

QiU 6acldll) WGoq pireilgall 6elp6C =Q / AV

i pua=ll yus=ellig A5liunll dalwo Jii Loaic yadliii deurioll sl Ui Qiiiwi
QSlaunll Aaluo &o Uaph wwliii dujlgioll Gsuriel) Al Ui

eExplain how capacitor capacitance changes with Distance between parallel plates (d)?

A\ When the plates are brought closer to each other (1/d) while keeping the charge constant) the
reading of the voltmeter drops to the half (1/2AV). According to the rule C=Q/AV decrease in
potential difference between plates of capacitor means increase capacitance of capacitor (when
the charge is constant). We can conclude that capacitance of capacitor increases when there is a
decrease in distance between the plates and vice versa. Cal/d




ol 02218592632

Odpaaia )0 77240133327
Udinadnll o asul pui ool euw pilii Wis auag
uvaaii iyl diadd ole Blaall o yasul ldn ey (Lo Ajlaunll wupdi o Loaic
Al adall §po vo UalRAIl PYoildl va Wnill OJ] fitoilgll delpd
Al Ol Qlidiaw (@iU diauill Ygai Loaic) Asuiol) Aol §aL)j pisy Asuioll
vuA=Iy yuselig A5lunll U Aolwoll yod Juldi Glid g5y Loaic alajiC=Q/V

eWax paper capacitors: this type is used in many electrical and electronic devices.

They are small, with large plates.

AL Al Al o agall b Soditoll §)oJl WilA A=urioll Joiui-
Sauigyinllig

Qilaunll Aol pA -2 ldoan psny -1:jliol LAl

3- Benefit
What is the use? What is the Benefit? What is the purpose? What is the importance?
o0 Lo Syua p2Jl Lo $6a5LJI Lo Spoladiwl Lo
e Benefit of the capacitor||

is a device used to store (charge and energy) electrical It consists of a pair Cor more) of parallel
plates separated by an insulator

Cd=urioll (Lo 62521 Lo-
Loyl dalall aic La)9iq &u5L sl AsUnllg Gusl s Sl Clindiul (g jAj
eWhat is the purpose of connecting capacitors in parallel? Cilsurioll gy (o Uya sl Lo
Gilgdl ol
To increase equivalent capacitance of the group. Gcgonol) Aiola o)l Auull 62U
eWhat is the purpose of connecting capacitors in series? le Olsurioll ) o Ua pJl Lo
JllgiJl

To decrease equivalent capacitance of the group and larger potential difference on the sides of
the group.

oo Lle pAljlados LSLIAS AdD o9 degonoll Aislas dew sl Jgaall
Acgonoll

ewhy Equivalent capacitance, of a group of capacitors in parallel combination, increase?

Because increasing surface area of opposite plates of the equivalent capacitor CaA




oalall 02218592632

Opaia 0 27240133327
Gilgill ble dcgonol @islaoll Gl jlado 5aU)j
As)=Jl cra (sjlgill Aislaoll Auriol) duainill Aalwoll AU jI L€ < A

What practical applications of capacitors? Mention the benefit of each application?
€ Aeuiol) Aulo=Jl Gl Lo

The capacitor used in the camera flash light: A charged battery provides sufficient
energy to glow the lamp instantly during discharge of the capacitor.

JAR Laiasle : (1jroladl) puadtogll lunoll Aoghaio Lo eguagoll A urioll
Aeurioll &30 clill b Edalw couiy @ialdo 6)guny A2dgi) LOA) Aslay 2lunoll
l i“ - o Uo

The capacitor used in microphones: One of the plates is hard and the other is soft, and
the plates are at constant potential difference (Transforming sound signal into electrical
signalD.

&L dulin Lodaal PLingdun Yo WL : duiguall &as Il oo Geguiagoll dsuioll
Laiasls ) LIULAA 22§16 aie Ylighl Ylingtdnllg @5yl 6 iro $)aVlg
(ABLA GUAA Il Aasilarell WUayAJl Jooi

3- The capacitor used in the defibrillator: This device is used to transfer varying and
specific amounts of electric energy to the patient the doctor uses strong electric shock. This
shock stimulates his heart and brings it back to normal

&390 LaYiaile | LSl Gl c A5 )a oy lailig jréa jlaa o dcgiigoll Asurioll
LS o ai ya ) yadjoll o o Aijidell AsUnll

4~ Capacitors are used in computer keyboard: when the key is pressed, the distance

between the plates of the capacitor, which in turn, increase the capacitance. This makes th
T e T VWV P T M TV wal W el 1% Wl VI WE ) VWIIFWwTD 171 % T TPy PPl i I v VI RLAN P | T IEF BV Tl

external electronic circuits recognize the pressed keys.

apigrisadyl plgadl J=a Laiaile: wgwlall ALilde dagl WO Alo=imgll surigll
A4 rod yaJl elicol 2ol Lo W pRiT A Llaldl
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&~ Deflnitions

eapacitor]] is o device used to store (charge and energy) electrical It consists of a pair Cor
more) of parallel plates separated by an insulator

AL al A5UaJlg AU A Sl Oliauill (yjail Josiuy jlas paf|dsurioll

Jile Loy Jiads @lngoll dldnll o (sisi gi) 29j Uo UeAiig

eapacltor is defined as the ratio of the charge (Q) stored in any of the

plates to the potential difference CAV) between the plates.

G181 LJl Alenll Uo i VO digiaoll (R Yol Ay Ll Lle A=uwisl) A=w
Aol g (A aadall

_Q
C_AV

Capacitance of the capacitor is measured in the international unit system by Farad(F)
aljladl 6 aags Asawioll Ay yuldig

apacitanes eapacltor is a measure of the charge that needs to be placed on each plate to
generate a part!cular electrlc potential difference. A capacitor with the larger capacitance means
that it holds larger charge.

916 adgi) Alan JA ule ldeig Ly Wil dinuinl) yulido L deurioll d=uw
AT Giaub Joad Ll sl deull Ola deurio)l pisy .UiRo 0SUKAS ada

Dielectric constant (k) of material is defined as: The ratio between capacitance of the capacitor
after inserting the dielectric is Ck and its capacitance in vacuum or air is C, so;

JilJl 2929y duioll G (Juu il ga / Wjlell 6alol) k LSlpaall Jjsdl cul
C clgdMl gi £132J1 agagy Ldisiwg Ck

Ck
k=t
C

The dielectrie power is defined as: Maximum of electric field that a material can hold before
electrically crashing. Dielectric power is defined as a measurement of a material’s ability to
withstand electric potential difference imposed on it.

Ll aloadi Ui (o) LILKAS Jlaod jlabs Luasi Lail :ale) LiLraSIl Jisll g8
LAl 8aled LILrASI Jj=ll 698 a=ig La) LIUrASI Juaill Jgnas Jub Sl
Laule hlwoll L3UASI JLaoll rolol agomnll Lo Ll Ywlibo

Farad the capacitance across which, when charged with one coulomb

UL 2 )l (§169 r0g)gA aalg Ladjlade AiatD Jjiai deunio A g :aljlall
Klgb aalg Laus
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5- Comparlsons

Non-polar during i)l AljlsJl algoJi
Dielectrics

Polar dielectrics Aurihall aJjlsdl algoll

Whose molecules gain temporary bipolar

electric moments.

QLS AsUpas Logjc Lailiyja g
@ibgo kil

molecules have permanent bipolar electric

moments.

Qi dpuias logjc Lailiyjia o)
duolla gl

the distance between the centers of their
positive and negative charges is not constant.

Jadoldl el

The distance between centers of their negative
and positive charges is constant Cthis molecule
is called dipole).

WOVgulall Lot Jladoll

like glass and polyethylepe _
ULl pJoll ela i Jio

Such as pure water
|__;.Q.|J" il eloJl Jio

When this type of dielectric is inserted
between the plates, the electric field between
plates will minimally displace centers of the
negative and positive charges in the molecule.
And a surface charge appears on the two faces
of the dielectric. A positive charge appears on
the surface of the dielectric facing the
negative plate of the capacitor, while a
negative charge appears on the surface of the
dielectric facing the positive plate Cbut the
dielectric remains electrically balanced)

Jilo=Jl Uo Egill 13 JLAa) roliy Loaic
Ut oibpasll Jaodl o @lgdil U
Oliaandl jSlo () &43) Wouw gyl
ARG .egjall Lo dungolle dyludl
UA)) Jilsdl png ole Gaataaw Ginul
(WLpaa Ujlgio Jay Libpasll Jjl=dl

Jil=Jl adow ule dungo Qinal Ja A
Asurigl) a.|JLu.|JI aa.l.o.nJJ JIlaodl
dbow ole duuw @ingd palAT Loiy
UaJ) dungoll daanml) (Lol Jjlsdl
(WU a4 Valsio by Jjlsl

When this dielectric inserted between the
plates of a charged capacitor, the electric field
between plates will affect the dipoles and line
them along the field.

Consequently, an electric field is generated
inside the dielectric. This field has opposite
direction to the external field and it has less
amount.

As a result, the amount of net electric field
between the plates of the capacitor decreases.

WLaAs Voo agiy Jjl=dl Jaal aic
olaiV LwAleo aalail (E4) Jjldl Jala
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molecules no have permanent bipolar electric
moments.
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molecules have permanent bipolar electric
moments.
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the distance between the centers of their

positive and negative charges is not constant.

}e Lodiingy $jiSro U acliill Uiy
Jadodl cuyl

The distance between centers of their negative
and positive charges is constant Cthis molecule
is called dipole).
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like glass and polyethylene _
ULl oJoul ela i Jio

Such as pure water
il clodl Jio

A positive charge appears on the surface of the
dielectric facing the negative plate of the
capacitor, while a negative charge appears on
the surface of the dielectric facing the positive
plate (but the dielectric remains electrically
balanced)
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Asariol) quLmJI q_'u.n.nJJ dJLn.o.II
UAal) duagoll daudnll Juldoll Jjlsll
(LsLpas Valsio L Jjlsl

When this dielectric inserted between the
plates of a charged capacitor, the electric field
between plates will affect the dipoles and line
them along the field.

Consequently, an electric field is generated
inside the dielectric. This field has opposite
direction to the external field and it has less
amount.

As a result, the amount of net electric field
between the plates of the capacitor decreases.
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Activity Explain the efffect of inserting a dielectric between the plates of a charged capacitor.
Qigauilp A=uio u.m.l.n.n U.uu.ul.u.ﬁAJIle.?Jldlaal j.I.IlJ Lo (sl Qupali @ gl
A=auwioll Asw Ll 0p1ilig AuyUal Uc g og

Tools of the activity:
Parallel-plate capacitor Cair as insulator), (not charged), a battery with proper voltage, a
voltmeter (), wires and a dielectric plate (dielectric constant k).

Wjle 6alo — Juaun gl WAuwi — firgilgd —GyjUay — Ly jlgio Utingmn ClA deurio
Steps of the activity:
1- One end of the battery is connected to one end of a plate, and then the other end (pole) is
connected to the second plate. One plate will be positively charged (+Q) and the other is negatively
charged (-Q).
ol Qi bl gy od Uriaggnll $aal djiarl) wagoll whdll khyyi

Uadini Ul oJl 12Vl daid )y

2- Disconnect battery from the plates. Juiaidomll (e @jUadl Jundi
3- Attach the positive end of the voltmeter to the positive end of the plate and the negative end
of voltmeter to the negative end. Observe the needle (gauge) of the voltmeter, and then insert a
dielectric between the plates Measure voltage gain by voltmeter. You will see potential difference
decreases.

il aspih nypig Guagell Aagonly JfiteileRll jlaal wiagell Wikl hyyi
G0 2lgi His) 1adg) ditso drilgd aagi (Hi§oll Wipail Kalli dyuwll Aaudniy
clgall Laws (ol Ll ULl o digaditoll dswioll Lingdn Ju LIUMAS ads

Yjle
4— An electric potential difference is generated (AV) between the plates of the charged capacitor

when air is the insulator. The dielectric plate is inserted between the plates of the charged
capacitor; there is a drop in the reading of the voltmeter (AV)

Lag)ali Jii Wiay fireilgdll 6<1)d Yl ol dsurioll vintn U Jjle 2¢J JAai
Jenllgaj




Conclusion

Inserting a dielectric with constant (k) between the plates of the charged capacitor would
decrease electric potential difference by the rate of dielectric constant (k)
8aUjg AxiJgall Yaldil Lo ' A urioll yintdn u 6392g0)l Wjlell SaloJl Ul

Tools:

A battery with proper voltage, Galvanometer (G, parallel- plate (A&B), switch (k), constant

resistor, identical lamps (L4, L2, wires.

- dyylay (6) Jungi Wilwl —Ylliloio Ulalno ~Aoglio — 292j0 @lifo — d=uuio
Filogilala

Qi o)l i Quloc ki)

Steps of the activity:

The circuit is connected as in fig, whereby the switch is position 1 the pointer of the galvanometer

(6 instantly moves to one side and back quickly, the lamp glows for a while L1 then it goes of f

as if the battery is not connected to the circuit.

the pointer of the Galvanometer (6D moves back to zero because the capacitor is charged, the

potential of each plate is equal with battery poles, so, the capacitor is fully charged, which means.

Potential difference between plates of capacitor, equals potential difference between poles of the

battery. In this case, the potential difference of the sides of the capacitor in the circuit, this makes

the current in the circuit zero.

It has been practically proven that charge current (D start with huge amount once the charge

circuit shut off, and it equals | = AVbattry R Then it declines to zero soon it is charged

oJ yitogil@lAJl pivgo wWlpail Aalli dylagy deurioll khyyi Cuny (1)E&Sg0ll Lo
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Activity How to Discharge the capacitor? A suuioll £3)95 diloc it

Tools:

= N

A battery with proper voltage, Galvanometer (6D, parallel- plate (A&B), switch (k), constant
resistor, identical lamps (L, L2, wires.
- G4)Uny( 6 dYngi Wil —Yliloio Ulaluao —Goglio — @92 jo @lifo — G=urio

Steps of the activity:
The circuit is connected as in fig, whereby the switch is position 2
The Galvanometer (6 instantly moves from zero (to the left) then back to zero quickly

and the lamp glows L2 at the same time, then goes off an instantaneous current flow in the
electric circuit, it is called discharge current, this discharge current stops (equals zero) when there
is no potential difference between the plates of the capacitor AVag= OV It has been practically
proven that discharge current starts with a huge

| = ﬂvbattrg R

I Discharge currrent
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TYPES OF CAPACITORS Shapes
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Concepts and principles

=(K = 1) for dielectric constant for air and vacuum.

*Be careful. the law of potential difference with the presence of the dielectric (AVk= AV k) is
not applied at all, Cunless it is a single capacitor disconnected from the source, then it can be
applied).

Always “the electric field CED follows the potential difference CAV) as long as the distance is
fixed and according to the equation: E = AV /d

*That Is, if the potential difference is doubled, the electric field also doubles, and if the potential
difference remains constant, the field remains constant, but on condition that the distance is
constant.”

=The problems of this chapter can be solved without converting the units. With the
exception of the energy laws and the law of capacity Ccontains epsilon), units must be converted
into basic units. P-E = 1/2QAV P-E =1/2CAV?2 P-E =1/2xQ?/C P=E/t C=€°KA/d in problems
of the dielectric constant (when inserting a dielectric material)

=If the capacitor is connected to the source, everything changes except for:

- CAV ) remains constant.

- Likewise, the capacitance in which no dielectric material has been placed remains constant.

=|f the capacitor is disconnected from the source, everything changes except for:

- (Q+) remains constant.

- Likewise, the capacitance in which no dielectric material has been placed remains constant.

In problems (DC circuit with resistors and capacitor)

=If the capacitor  connected to the vresistors in  series  combination:
1) The moment the switch is closed, a current called the charging current reactance pass, which
is given by the following equation:

I=AVtR
2) After the charging process is completed, the capacitance of the capacitor become equal to that
of the source potential difference. AVC = AVt

And the current become equal zero (I = 0)

sIf the capacitor connected to the vresistors in parallel  combination:
1) The circuit current must be obtained as in the following equation:

It=AV:R+7r

2) As the resistors are connected in parallel combination:

I=Ip=1I;

3D Then the potential difference of the resistance connected to the capacitor can be obtained by
Ohm's law:

AVy=Ir-rorAVg=1Iz' R

4) Then the capacitor potential difference become equal to the potential difference of the resistor
connected to it in parallel combination
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Q=60uC , ) ulgall Wjlell alol) Jj=Jl Cylig Jjlodl fang A=y Gwiol) adall

(E=300000V/m , AVk=10V K=3

930 Qlny ouhs U Gy (SpF) Wdisw Gewio / JoVl jgall / 2017 $)ljg /3yw
Vinldn Uo Gl vb Wijisell @indll jlado Lo -1 (30V) Layhs Ugu adall
huid lagiagon g Jjle ol Jaalg AUl Uc Aeurioll Cilnd 131 -2 Aurigll
Jado Log € Jjl=dl 2ol Jj=Jl Cul jladio Lo (15V) WJI LaLinudm (uy adall §b
(Q=150pC , K=2,Cx=10pF ) /ulgall. Lagingén gu Jjledl JLa ub @zwmioll dsw




ookl 027218592632

| Ospaia )0 2240133327
O Gy (8pF) Wdiew Quiyjlgiodl ULinidnll Ola d=uuio / 2016 $)ljg /4yw
Sl LS Wjidell Aiaunll jladio Lo -1. (10V) Lauhs U aadall §i6 Ayjlny puhd
Jile 2ol JAalg dyjunyl e Geurio)l Cilnd 13l =2 @=swioll Yisidn o
Vingdn O adall G Jladio aa (2) W Yjc ol lagingdn gu ilpas
lagingdm Qo Jildl Jlu pb Gewioll G=w jlafog A=uioll

(Q=80uC , Cx=16uF , AVk=5V) /wlgall

Silgill by

(4uF, 8uF [ 12pF ,6pF) byl vaua Wil w Olurio E\.ui - Al Lo 3 Jlio /1w

U adll G106 Qujlay puhad (i Aegonoll tihy) $jlgll ple Ld A=) o Ahgipo

Uo 5l b Wijiaoll diaill -2 Gcgonol) Aislas)l Az ul -1 wiaual (12V) laukhs
?a-c - “ 9.6 aj... - " --“ I I - - “ _3 - . db : - 1 .

wlgall

1= Coq=C1+Cy+C3+Cy — Cpq=4+8+ 12+ 6 = 30F
Cog=4+8+12 +6 = 30uF
Ul 2l all §16 Ugaws $jlgill ple Llaua ) &o Angyyo Wiewioll Ul Loy - 2

A2V dgjlayl oubhd G adall 16 $oluug , $elurio Laie JA Listdn
AVyprqr = AV, = AV, = AV = AV, = AV = 12V
Qu=C:iXAV = 4 x 12 = 48C > Q, = Cy X AV =8 X 12 = 96uC
Qs = C3 XAV =12%x 12 = 144uC > Q, =C, XAV =6 x 12 = 72uC
3— Qrotat = Cog XAV = Qrorar = 30 X 12 = 360uC

Gurio YA uiatfn Jo $l pb Wjidell Wliadill o2 (o L gl
Qtotar = Q1+ Q2 + Q3 + Q4 = Qtotar = 48 +96 + 144 + 72 = 360uC

Udizjlgiodl Qilémnll wWigd (o Uliswio - WUAN ob 4 by Jlgw /2yw
Uy Uy lodlicgoaog $jlgil ole lodvna=y &o Ylibhgypo (FuCi=16pF,Co=24)
Lajc il @jle 6alo fio @9J JAal 1Al (48V) Lahs U adall 1o Gyl prhnd
Gl Cuilas dyylaly dlnlio degonoll Cullj Log LIVl surioll Linudm U (K)
Uo Gl ub @ijisoll dinditllg -2 Jj=Jl culi -1 jlado Lo (345611C) degonol) drlall

Jildl Jaal ayg Jud Gmaio JA pingdn

ulgall
Qrxk 3456
1_Ceqk=AVK= 28 =T72uF - Ceqk=C1K+C2 = 72 =Cix + 24
C.x 48
Ck=72-24=480F > K=7f=1c=3
2 — AVp = AV, = AV, =48V Jotad) e I g shucia gl B o 158 o da i oY

Q, = C,;.AV = 16 X 48 = 768uC > Q, = C,.AV = 24 x 48 = 1152uC




AVp = AVy, = AV,
=48V Jjl=Jl JLaal a=y $jlgil ule byl Gyl gy lnio cgonoll U

Qqk = Cq. AV = 48 X 48 = 2304uC -  Q,=0C,.AV =24 x48 = 1152uc
(Co=2pF,Ci1=6pF) Qi jlgioll uinuianll Olga Yo Yliurio —: 22 /2014 )ljo /3uw
VU aaall §p6 Qg pihs o Ghyy ledicgenog $jiloill vlc Ylikhgipo
29J JAal =2 aulall diagllg d=wio JA dingd —1jlade viamal (12V) Lauhs
dylayl cldy &o) oloVl Aswioll Yingdn Uy (2) Wjic Culb LiLAS Jjle
vinidn Jo $l ud Wijidel Ainuinl Jlado Lobd , (Acgonoll Loh U Abhgiro

SdulAall diagilig Jjl=dl Jaal axy G=urio JA
WigaJl
1= Q, =Cp. AV, =6x 12 =72uC F2—=Cxy=KC, =2 X% 6 =12
Qs = Cy:lAVy =2 % 12 =244iC Qik = Cix. AVik'=,12 X.12 = 144uC
Qr=Q; +Q, Q, = C,. AV, =2 X IZ2INC
Qr =72+ 24 =96uC Qrk = Qik + Q2

Qrk = 144 + 24 = 168uC

(Ci=4pF , C=8pF) glis_wiip —:’ a2 /2016 $)ljo QUi b S Pb) JIg—w /4yw
LS @in iy Lodlicgono Crin b 1316 . $jlgill ylc Lod A=) &o Ulikhgiyo
LG__ic i Llnd ol 6ol Arilgal) ja__no Ahawlgs (600pC)
A5UnJlg Lawingd n (o $l L6 Aifidel Ain sl jladio A= o JAJ iual -1
@Wjlc 6alo Yo 29J JAal -2 .Layinud m Uy uiLpasll Jlooll oo Aijidell
@ijiaoll dinuivl jladio Lob Guilill G=auioll pingdm U (2) Laje cuyl LWiLyas
JLooll oo Gijidgll Aslhnllig adall §)o9 A _wio JA Linld n Uo Sl Lo
.Jildl JLaal a=y @Q=uio JA pinidn O ilpasll
wigall
Qr 600
1— Ceq = Cy +Cp = 12F - AVT=C—m=§=50V
AVr = AV, = AV, %50V
Q;=C . AV=4x50=2000C - Q,=0C, AV=8x50=400uC

1 1
PEgiectric1 = E.Ql.AV =5 X 200 X 107 x 50 = 5000 x 107%] =5 x 1073

1 1
PEglectricz = 7. Q2. AV = 2 X 400 x 1076 x 50 = 10000 x 107¢] =1 x 1072

2
2— Ckp=KC;=2X8=160F — Coq = Cy + Cxp = 4+ 16 = 20yF
Qe 600
AVpg = = — =30V - AVp = AV, = AV, = 30V
Ceqx 20
Q,=C.AV=4x30=120uC ,Quz = Cxo.AV = 16 X 30 = 480uc
i 1

PEejectric1 = =. Q1. AV ==X 120 X 1076 x 30 = 1800 X 1076 ] = 18 X 10™*]
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2! 1
PEgjectrick2 = E.QZK.AV =3 X 480 x 1076 x 30 = 7200 x 107¢] = 72 x 10~

13L6 jloill Lle YLJg—mngo (Ci=4pF,

]

C2=8uF) YUis—urio — 1a 72015 H)ljg /5 yw

auilgdll Ja_mo A _wligy (600uC) Lajlade Auls din iy Lodicgono Crin iy
dbu.la.l.n.nuo‘slu.l.:a.u.ladl diagl — 1—: wual, dic Cilonsd oj 6 poimell
ailiJl Asauioll uu:u.n.n U (K) ladje ¢yl Ajle 6alo o 29J JAal -2 Asuuio

K Jj=dl eyl jladio Lo (480pC) Ladiaid ciapnis

wlgall

1— Ceq=C+C;=4+8=12pF |2— Qg =Q; +Qxx

600 = Q, + 480
AV = @ 900 50V Q, = 600 — 480 = 120uC

Ceq 12 Q, 120

AV, = —=—=301 AV, =30V

Q, = C;. AV, = 4 x 50 = 200uC %1 4480
2K
Q, = C,.AV, = 8 X 50 = 400uC Cox = AV, 30 16uF
C.x . €6
K = C_z = ? = 2

&o Ylihoupo (€ = 5uF — C; = 10puF) glis wiio 2018 @)La / 1 a $)ljo/byw
wloVl A=_aioll Hle Aia il Crilas dyjlay HJI Lilng, Gilol olc lod =y
a i)l s _ipll u.la.l.n_n Uo Gyl ulc @ijiaoll Qia gl -1 wi—al, (200uC)
\_;mg.n_n U Jile Jaalg dyjUayl (e Gcgonoll Cilnd 131 -2 .dulsll Aia iiillg
wle Wijiaoll Aiauull jladio Lo, (4) Ahalod LA Jj=Jl Cub , LIgVI A=uuioll

< Jijl=Jl JLaal a.w.!ﬁ.w.lulodégh._l.ﬁ.n(j.ogl

B

T e B0 N
Q200
AV, = o=~ = 40V

5 AVp = AV, = AV, = iled byl Ul Lo
40V

Q, = G, AV, = 10 x 40 = 400ul

Qr = Coq-AVr = 15 x 40 = 600uC

2— Cy=kC,=4X%X5=20uF
Ul (e Calnd Gegoaoll Ul Loy

Qr = Q. = 600uC

Ceq = C1x + C; = 20+ 10 = 30uF

Qr _ 600
=— =20V
Coq 30

o AVpy = AV, = AV, = 20V Sjled gy Ol Lot
Qe = Cqp AV, = 20 X 20 = 400uC
Q> = C, AV, = 10 X 20 = 200uC

AVy =
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lodua =y &o Ulihgupo (Ci=12pF , Cr=6pF) Ylisurio —: 222017,222013 )ljo I7un
Ja—no G _wigy (180nC) GulA din iy Lodicgono Crin i 13Lo Gilgill olc
dia i)l jlade A o JAJ waual - 1:dic Cal _mno o 6)oiuell drilgal)
=2 . Lagingdn U ViUASIl Jlaoll v Aslnlig Larinidm Jo Sl v Wijidoll
, QI A= _urioll yinud m U (4) Ladjc Cub WSLpas Wjle 6alo Uo 29J JAal
A5Unllg adall §)o9 Asurio JA Linudn Jo $l U6 Aifidell Ainuill jladio Lod

Jildl Jlaal awy Gewio JA pint@n Ju LSl Jlaodl oo Aijidell

wlgall
1— Coq=C;+C, =12+6=18yF - AVT_ét::lfs“_wv
Q= C. AV, =12 X 10 = 120uC - Q, = C,. AV, = 6 X 10 = 60uC
PE, = %Avl. Q, = % x 10 X 120 X 1076 = 6 x 1074
PE, = %AVZ. Q, = % X 10 X 60 X 1076 = 3 x 1074/
2— Cky=KC; =4X6=24F — Ceq=Cy+ Cpmhl2 + 24=/36UF
Qrk = Qp = 180uC  Eiaaiill &0 duylay)l (Le Ugunb o Gegonoll QY AV = Se—":; = % =5V
= AV, = AV,

Q: = C1.AV; = 12 X 5 = 60uC S Q3 \Cok. AVox =236 % 5 = 120uC
1 1
PE; = ZAV;.Q; = 5 X 5 X 60X 107° = 150 X 107/

2
1 1
PE;k = 5 AVx. Qo = 5 X 5 X 120 X 1076 = 300 x 107

(FuCi=16pF,C2=24) guisjlgioll 5@l Ulga (o Yliwwrio —: 32 /2017 S)ljo /8 yw
930 Ajlny ouhs Yy Gy lodicgonog Gjlgill Llc Loy &o Ylikbgljo
cul djle 6alo Gio @9l JAal 1Al (0] jamoldl e lilns. (90V) lauhs g adall
Uo l ub Wjidgll Ainuinll jlado Lo, VIVl A=uioll Linudnm U (3) Lddjc
< Uil Jlaai a=y Ao JA yintan

wigall

Coq = C1 + Cy = 16 + 24 = 40uF

Qr = Ceq-AVy = 40 X 90 = 3600UC = Qrg Qi = Cix. AV = 48 X 50 = 2400uC

Cix = KC, =3 x16 =48uF Q, = C,.AV, = 24 x 50 = 1200uC
Coqg = Cix + C; =48 X 24 =72uF

3600
AV = Qrc _ 3600 _ o)

Coq 72
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C; =4uF C, = 12uF C; =) Oleuwrio &)l (2018 phdll 2jla Jgl jga wilie)/ 9w
AN Aol yb Wijiaoll AsUaN Cuilag $ilgill le dlagyo (8uF Cy = 64F
Asurio JA ada §)o (2 . Acgonol) Aislaoll Asaull (1 : waual, (256 X 1079))

A=uwio JA piagdn o Gl ule Wijidell Winull jlado Lo (3 .ulAJl adall Gpo9
Saulall diagill
/ Qlgall

VI Ady | dwiliJl ady |

1) Ceq:CI+CZ+C3+C4
Ceq =4+12+8+6 =30uF

1
2) PEy = 5C5.AVF

1
256X 1078 = 5% 8 X 107° x AV?
8 X 1076 x AVZ

256 X 1076 = >

512 %107 = 8 x 1075 x AV2

i Sizxine i
37 8x106

AV, =8V GleJ gl gl Log

AV, = AV, = AV, = AV, = AV, = 8V
3) Qy = C,.AV, = 4 x 8 = 32uC

0, = Cp. AV, = 12 X 8 = 964C

Qs = Cy.AV, = 8 X 8 = 64uC

0, = C,.AV, = 6 x 8 = 48uC

Or = Cp. AV, = 30 X 8 = 240uC

or Qr =01 +Q;+ Q5+ 0Q4

Qr =32+96+ 64+ 48

Qr = 240uC

1) Ceq‘:CI+CZ+C3+C4
Coq =4+12+8+ 6 = 30uF

103
2) PE, =57
1 Q3
6™
256X 1070 = 5 X ="

Q3 = 4096 x 10712 guophll Jany
Q; =64 X 107°C = 64uC
AV —%—ﬁ—BV

2T C. iy

b aaail§po $jlgd byl Loy

AVT _— ﬁVl — AVZ == ﬂV3 = AV4 — 8V
30O, =, AV, =4 X8 =32uC
Q, =C,.AV, =12 X 8 =96uC
Q; =C5.AV; =8 X 8= 64uC
Qs =C,. AV, =6 X8=48uC
Qr = Cr.AVy = 30 X 8 = 240uC
or Qr =Q;+0Q;+0Q3+ 0,
Qr =32+96+ 64+ 48
Qr = 240uC

Lialg Jiluo

Cria g 1AL6 GilgiJl ole Ylikhgi o (Co=12uF,Ci=8uF) Ylisrio /22 /2016 Silig /1yw
roJ 6 )0iwo Gyilgd Jano dda wwlgy (64011C) Ldjladio Guls dia iy Lodlicgono
viaig U (2) Ladje Cyl LSL A djle 6alo o 29J J-Aal 13L6 dic il b
JWial a=yg Jusd Ao JA Lintd n U LUl Jlaodl oo Aijidell Aslallg

< Jjl=di

Criagi 13l Gilgidl ole Ylikhgypo (Co=3uF,Ci=9uF) ylisurio /1)9a 2015 Hiljg /2yw
0 6 poi—tuo Auilgod Ja o Al _awigs (2881C) Lajlade dula Aia diy Lodicgono
Laiagd n Uo §l ub Wjidoll &iaaill jladio -1 (Gsawio JAJ ) wiunal dic Cilnsb
Al e aioll yingdn O (5) Ladje Cuyl LSUpaA @jle 6alo Yo 29d JAal 131 -2
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U 2l G069 o JA Lind i Uo Sl Lo Wjidoll dia dll jlado Los.
Uil JLaal a=y A=uio JA pisgan

(Cr=18uF,Ci=26pF) Udinjlgiodl Yringd mll Olga (o Ylisurio /222013 $)ljo /3w
Loy hs gy adall §)o Ajlny oahs (u Cihg) Lodicgono9 $jlgill ol Ylilkhgy o
Log LJoUl e wioll Liad i Uu (K) L je ol Wjle 6alo Yo 29J JAal 131 (50V)
Lo (3500 puC) Gegoaol Aulall dia il Cuilas dyjlady Al _nlio degoaoll Cullj
JLaal aey e o JA pintd n g dijidell ia il -2 (K) Jj=Jl cub -1 jlado

. Wjl=Jl 6aloJl

1aLs $jlgidl le Lod A=) &o Ulikgipo (C; = 12pF C; = 6pF) Yyli—uio /4yw
0 joiauoll duhnlgol) jano A awlgy O = 180uC GulAs Qiaiiy Lo.ch.l.cq-o:-ouu_'gw
s Lual dic Gl ol
Aijisell AsUallig Layiaig n L).ogi o.oq.lua.oJ Aodl din Jitll jJlade A= o JAJ -1
Lagingdn G LSSl Yool ub
duilil G urioll Liad A U (4) Ladje Cul Wl pas @jle 6alo Uo 29J JAaI -2
U5 2 §pog A= wriio JA Linid n Uo \_._fvi Wb Aifiaoll dia il jladio Lob
JilJl JWal asy Ao

Lodua =) &o Ly dujlgiodl @ileuall Wilga (o (C; = 2uF €, = 6uF) Ylisaurio /5yw
dulnleal) jano dawlgy 960uC GulA dinuly Lodlicgoo Cuinil 1AL $jlgill ylc
s Qe Calind ol 6 poliuoll

dinginll jladio Log Gcgonoll b Lle Ja b Sl adall Gpb Jladio Lo |
Asuwio JA pini@n Uo l b Ajisoll

L Ha U Al G aal LoVl dsuioll Liatdnm Uy Jjle Suaglal - 2
JiJlcwb jlado aa 96V Aegonoll

&o Ylikhguyo (C; = 5uF C, = 3uF) dgjlgiodl Q5la_nll Clga (o Ylis_urio / 6w
Laukhs gy adall §po CUJLhJu.lb.ou.uthj Lodicg.on09 $jlol Llc LoduAawy
wloVl A ol u.l_"u.n_n U (k) Ladje ¢l dJjle 6alo (o &gd JAal lal, (15V)
Lo (270uC) Gegonol) Gulall diauit)l Canag al dyjla U Al alio Culljlo Gegonollg
Jib Gmrio JA Linrd i Uo §l o @jidoll @il -2 .(k) JjsJl b - 1 : jladio

/ulgall  S@jlsdl 6alodl JWAal asig

&o Ulihguyo (C; = 2uF C, = 8uF) agjlgiodl Q5la_nll lga o Ylis—urio / 7Tyw
dyyUny @Uaawlgy (600uC) Gula diniily Lodlicgono Crinil 1AL Gjlogil lc L A=)
dslnllg Geurio JA Lyingdn o Lo Wijiasll diaumll - 1 : cimal, Ldic Cilns ol
6alo Uo 29J JAallal-2. s uwio JA Liatd i Uy uiUAAIl Jlaodl uub dijidoll
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Wl Gegonoll ada §ro UaAiLo LJgUI G ioll yingdm Oy (k) Ldje Culb djle
JA pind n (o Wl Vo Lifidell Aiaillg LSlaall Jj=dl cuyl wiwal (30V)
 Jjll JLaal asy ésurio

wle Ylikhguyo (C; = 2uF C, = 3uF ) @jlgiodl Q5launll Cilga (o Ylisurio / 8yw

131, Lavic Calinb oJ 6aa) auwlgy (4004C) dula dinuly Gegonoll Crinubg & jlgil
cloaJl (o Vay duilil Aol Liatdn Uy (k) Ladje Cyl djle 6alo Uo 29J JAal
Log LSUaAl Jj=Jl Cub jladio Lob (60V) jladios Gcgonoll ada §)od brdd
?djl&’l dla.al m! 'u' - db 3 - 1 :- U.o t:?.b ii". - “ ﬁ - .. “

@igadiioll juéq Qan..u.LoJl Q.zu.u.oJI

wle digauiio Jié §paVlg Aigauilo Lodlaal Ylisurio u.l:\.u Jiguui VO JA3 1Al - 1
oJ Wio Jingill asy digauiioll Asurioll Qiadl Golu dulall diadidl e il
:@igauilo jué AuiliJlg digadile KJoVl Asurioll Cuila

) _ Qr = Q1 @R OGN0 2807, 01 .
U9A.Lo Aigadiio Ji)l Aunioll Uadil jano L Aigauiloll Aurioll i) i1

Ceq=fT?; 5 Coq=C1+C, :aBU2)@Gogaislanll Gzl maicli asy

AV, :f—’" or AV, ::ﬁ.ﬁll.?.llu_l.u.l:\gjlgli byl UV Ayqluniq LIl aadnll G )0 g

eq
% o AV, = &
[ C2

Wb =)l §.69 Lo =) Go Utisurioll hyj A Gsurio JA disih wiai ¢lA asig
Qi =CAV; - Q;=CAV;:

Al §)0) diga e (151F) laie w G _auio / 2 2/ 2015 phadll 2)La $)lje /uw
wle 2l G1d Qenld Aigallio pié $)al Ao &o ilgill Lle Cihhyjg (300V)
A=uio JA Qinuh— 2. duiliJl Aol e w — 1: waual (100V) Gegonoll vorh
Ada §16 a4l Wjle 6alo LoVl A= awioll Yinud m U &g lal-3. hyl A=y

. 6alodl ¢l Jjc ¢l aa (75V) Gcgonoll

wlgall




1) byl Jid

Q: = C; AV; = 15 x 300 = 4500uC
Q, =0 (Gigaiiio pé)

Qr = Q1+ Q; = 4500 + 0 = 4500uC

byl asy

Qr 4500
Ceq = = = 45uF Qr = Qri = 4500uC
AVy 100
- Qri 4500
Coqg = C1+ (3 — r —g = 60uF
45 =15+ C, _AVm 7
C, = 45 — 15 = 30uF Ceqre = Cix + G5
60 = Cyx + 30
Cyx = 60 — 30 = 30uF
Cye B0
k= C_l — E =2

2) Q, = C, AV, = 15 x 100 = 1500uC
0, = C, AV, = 30 x 100 = 3000uC
Jaoll e iUgndo Acgoaoll Ul Loy
3 )il
il lGQLI.I.IJ Jil=Jl Jub dula)l diagidi Oal

Jil=Jl a=sydalall

GilgiJl Llc Cilng (100V) ada Gyl digauito (6pF) lAisw dswio /yv
Lod (60V) @cgoanoll poih Llc adall Gib dunld Aigauiio Jué $pal Aunios
€ lLod\lingi A=y Ao JA Ainii Log € Wgdaoll Asuioll Asw

WignJl

1) byl Jub

o _ Qr _ 600
¢4 AV, 60
Coqg = C1 + Cy
10=6+C,

C, =10 — 6 = 4uF

Q, = C; AV; = 5 X 100 = 600uC
, = 0 (Gigadilo Jié)

byl a=y

Qr = Qy + Q, = 600 + 0 = 600uC
= 10uF

Wilgd iyl Loy
AVy = AV, = AV, = 60V
Q, = C, AV, = 6 X 60 = 360uC

Q, = C, AV, = 4 X 60 = 240uC

&o Sjlgill Ll Cilng (60V) Ldada §pd Aigadino (441F) Ldisw A urio /v
Lo (40V) Janngill A=y Gcgonoll 2da §16 dunls Qigaulio jié ($)al d=uuio
< Jungill amy Gewrio JA Ginub Log dLili)l Asuwioll A=

(2ZpF

160puC

80uC) 7 wlgali




L
Opaia ) 2240

59
| 3
Wlgill Lle Gleuioll hyy

S Wllgill Llc Gl urioll hyj o Ul Lo /yw
gi Aloni’ M a6 Acgonoll poa e JUA VIUKAS 2D G0 Eudg) Ellag /Ulgall
Ba)Qio Culny) o) Aurio
JIgill Gle dingyyoll Oleuwrioll Acgonol Wiolaoll Al jlade Jiu /yw
)2l o2mni Ugaig
€ dcgonoll ub Aiuio (i 2w
vingdn U A=yl 6alj pisy Wil Ll Wisurioll hyy YV ElAg /gl
Jijldl Egig Uinidnll daluwo gl ya s ule Aislasll Auioll
U-o \__5i VO WijiAell dinainll jladio yoluy ( Q i) QLA Aiagill jlado /yw

SCEUA i lo )
UliJgngo Ylingdn Lods guuio Pithwgll uisidnll ada YV //ulgall
adall Solu dhw Aahur aalg Jmngo yli=y cla) Jungi dllu lodvn )
Liall adsphg EqilU lialiagg Ijla.n.o uLquu.u.o uLua.u.l loadilc jaAj

ioll by Cilj

Nadio Solu (Q wiar) QLS @indull jladio ul.o qug.ul wle Ol=urioll hyj aic ~1
Q.. =9=Q : Ul $l A=awio JA yinudn (o Sl ud Wijidell diniil
Vinudn YU Ad)l G196 £9020 $9luy degonol) GLAI Ad Il )6 UgSy -2
: Ul gl A=uio JA&

AV _.=AV, +AV,
U501 WJIgill Lle dhgypoll il uiioll Acgonol ( Ceq ) Aidlao)l Al -3
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* If a positively charged particle (+q) moves in a perpendicular direction to the lines of a uniform
electric field CE) , this particle will be affected by electric force C Fy) parallel to lines of electric
field, which illustrates electric force which given by the following relation:

Jlaoll hgha le $agoc olail (+q) dungo Aiadiy J9adiio o Cyaj 13 «
hohal jlgo $9iuos Ailras 6oy Hlitw puwall 1ad Ybb pdiiioll Lilipasll
auill as\leJu vhb=ei  LiLAANl Jlaogll

FE = q.E

|++++ +++++++ +|¢

Q/ What happens if a particle moves vertically on regular electric field lines?
Q/What is the effect of the electric field on the charged particles moving through it?

Particle will be affected by electric force (Fe) parallel to lines of electric field Fr=qt

8ljlgos Aqlitwg LiLpASI Jlaoll hohal jlgo $oiuwss GuiLyas Seiy Kiliyw
oilsaall Jlaoll hgha




* If the same particle moves with a velocity () perpendicular on the lines of a magnetic field,
with a flux density (B). It will be affected by a magnetic force (Fy) is perpendicularly on that
flux, the particle will deviate from its original position, it will follow a circular course (path)
because the magnetic force affects perpendicularly the velocity vector (v).

helaa Lle yagoc olaiLY dcju () duago Ainuil) Yeadilo O WS I3l
6941 UoaJ Lipila o AATHg YLl ojluso (e rouuall Winiwg UaLall el ole
69il dualivl Al Ulg Al Axio Lle Yagor olail 585 duualizoll

Fp =q.(V X B)

vvvvv

South pole

Q/ What happens if a particle moves vertically on a regular magnetic field line?
Q/ What is the effect of the magnetic field on the charged particles moving through it?

Will be affected by a magnetic force (Fg) is perpendicular on that flux, the particle will deviate
from its original position, it will follow a circular course (path) because the magnetic force affects
perpendicularly the velocity vector

Wiaitwg Yagddl Ui ule $agos Soiuwoey drughlis dody ropmuall Hlizw
P& Guhligoll 6981 Ul vy Lla o AAT)g9 Lylnll ojluo Yc ol
depull aQio le $agoc olily

Q/Explain, how can you practically know whether a magnetic field or an electric field exists in a
specific space?
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By throwing a particle into the field, if the particle deviates and goes parallel to the field, then
the field is electric. If the particle's path is deflected into a circular Cor helicaD path, then the
field is magnetic.

29290 LIUAA Jlao ol puthlio Jlao YLA 13] Ady=o Lloc Clifo) LIS QuAg
ULo JlaoJl 61jlgo4 jlwg ol W pail 136 JLlaodl JAla rogunn wad) Cllig
vurthlie Jlaoll ylo) $pla (olail o all wpail 13] Lol .odUras Jlaodl

To identify direction of magnetic force (Fy), Cright -hand rule) is applied.
Vol WAl 6acls Gulas FyGuuuihlis ol 698J1 oLl (i

e Right-hand fingers rotate in the direction of velocity ¥ towards the magnetic field (B,

e 50, the thumb points to force (Fp).

e Magnetic force (Fg) always affects in a vertical direction on the level, which contains both
(B, .

The effect of the magnetic force on the moving negative charge is opposite to magnetic force,
which affects the positive charge.

B purhlioll Yool olail gai Ve i olail (o Lol LAl &yl joai o
Lodla 583 G hlis oll 598JL6 Fyluuuialis ol 69.8J1 olail LJI rolauy)l puingd o
(B, Mo UA $9iny $aJl $9iuoll le $agoc olaily
691 oLV LuAleo G4 paioll dlul dinuinl ub Gruthlisoll 59l 350 Ugaug
fungoll @iadill ub 6)5§0ll Arurinlissoll

Fs
Right-Hand Rule axb
Currentinto page Current out of page Vector Cross Product /

To calculate
the magnetic
force

field is clockwise  field is anticlockwise (FB)

this rule is applied:

Fg = q ¥ Bsin®
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B is the angle between the velocity vector V and the magnetic flux vector (B) magnetic flux
density units (N /Am), called Tesla (T

aolia 6aagq varhlioll yasdll dolia aaipg depnll axio U duglpl Jioi 0
(N/Am) T i Geosi B paualis oJl yasdll

From, F5 = q VB

formula Fg = qVB

F: N _Ns N
qV C.m/s Asm Am

B=

If the velocity vector ¥ is parallel to B vector, the angle will be 8 = 0° Therefore, sin0°= 0

Fg = q VBsinQ® = 0 , No magnetic force (Fp)

Fg = q VBsin90° = q VB , Great magnetic force (Fg)




The resultant force, when a positively charged particle (+q) is thrown at velocity ¥ in the level of
the side vertically on both electric and magnetic fields. This particle will be affected by two forces,
one is electrical force (Fi) in the electrical field (E, expressed as:

Fg =q.E
The other force is magnetic (Fg), in the magnetic field (B), expressed as follows:
Fg = q.(7 X B)

Since the magnetic force (F) is vertical on both (B, V), it moves either in the direction of the
electric force (F) or the opposite direction.

Lorentz force is expressed as follows:
B v e v e R

AR ¥< oy 1."" v «} v E i

$oiuwo Lo (+q) dungo dindly Ygaullo oma WAy boaic Alnaagll 698l L
wothlioll Jlaollg Lilraall Jlaodl o JA uleV $agoc e juy olail dadnll
oilg (Fp) duilyas 695 Lodlaal ULigdy Jgy LI Laws Kliw puwall 1ad Yl
AUl A=)l LILEASI Jlaodl Laws vl

FLorentz = FlEi : 5 FB

The combination of both forces is called CLorentz force) é@” {_Z 1‘%5 ce

(Fiijgd 89.8) Luouti ULigdll Ao

Lorentz force is used in practical applications, like Cathode-ray tube that controls the electronic
band on the monitor; which illustrates path of electronic band. This band is affected by both
regular electric and magnetic fields through the cathode plotter.

dy2ilAll d=un)l dyguil Ltiliol Jog dulosll LUK YAy ub ji)g) 695 poliwmi
doja Jluo Quagy $aJl dublill Hle @asludl Grigrislyl Gojall Juuo Lo PAIL
dowlPl JAA pliiio paurhliog oiiio LSULIAS UUlao Ldwsd Jiglg duigrisll

duagilall




AU Platl 8 40l (E ) i lg b5 Placd (P} 4 AL ST e I a1 g 20 050 1,

if a positively charged particle moves vertically on:

- Regular electric field, it will be affected by electric force Fr = q. E is parallel to the electric
field.

- Regular magnetic flux, it will be affected by a magnetic force Fz = q.(V X B)
perpendicular to the magnetic flux.

- Regular both magnetic and electric flux at the same time and vertical on each other, the
particle will be affected by some of both forces (B, V) (Lorentz force).

- The direction of the magnetic force (Fy) will be opposite to the electrical force (F) or in
the same direction, therefore;

FLorentz — FE + FE

e $agoc olail dungo Ainuin (ool foruua & paj13)

vasel jigo gimolFy = g. E&isLyas o9l sl Sliuw pdiiio Lilpas yars ©
Lilpasll

giuosFp = q. (V x B) Gpuyhliso 0gdy rogauall Piliyw odiiio panhliso yags €
ouhliollyatall ole sagoc

&0 Ulaolsiog anlg ul VO Phiio puhlite Yarog pkiiio LILKAS Yo &
19 698 Lowwi Lllg (B, V) (igl Aoy sl Hlivw lodi ey

olaiVU gl Fp GusUpd Al 698Jl axiold LuAlsoF il oll 6g.8)l Axio (Joiy
FLorentz FE+FEUJ-|-u0\.mhaUJ-‘:9m
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Oersted discovered that an electric current generates a magnetic field. However, it was Faraday
and Henry who discovered that it is possible to generate an electric current in a closed conducting
loop or coil by a changing magnetic field

(U090 Cll o Wlo gl) Alado Alingo Adla Lo LILAS JWI a1lgi Auilsol Lag
Qloll gl AdLaJl CLl) anlgy pio puurhlio Jlao Aawlgy Ellag

Q/What is basic element must be present togenemtelnduced current in a closed circuit?
Al o 6512 Lo Cring JLi agil 00195 Ly Al pwlwill Jolsll g Lo
Change in the magnetic flux, which goes through the coil of unit time
Uo il 6ang) Wloll Gyisg Sl puutialioll yarll oo pL<s
Orsted discovered that Cthe electric current generates a magnetic field).

Auunhliollg Uy Al () G5\ )l Cauiri Sl

Faraday in England and Henry in US, after many experiments, Cindividually) discovered that: it
is possible to generate electric current in a closed conductor ring Cor a coil from a conductor wired
by an alternating magnetic field facing this ring or coil.

il Jo A=)l asy Oaxigll LMol U'-D GJ.Ln')q (JUEESN]| U-o g_-jlaleb wuiri sl
U0 Wlo gi) dil0 Jungo Alla b LILIAA L Algl Ul ool o Al (B2 k6 JAdin)
loll gl Adlall 0ad Aalgy wgliio vuhlio Jlao dhuwlgy (Jago Cllw

“Uag (Jungo Cllw (Lo Lilo) gf dlddbo dlingo Gila b LILIAS JL 29T Auilao)
210l gl GBIl anlgy prio puurhliso Jlao dbligy




FARADAY'S DISCOVERY

) o

Faraday's experiment on electromagnetic induction involves using two coils of wire wrapped
around a closed wrought iron ring. One coil, called the primary circuit, is connected to a
battery and a switch. The other coil, called the secondary circuit, is connected to a sensitive
microcurrent detector with a zero point in the middle.

What did Faraday observe during his experime
Faraday observed that the pointer on the detector connected to the secondary coil deflected

to one side of zero the moment the switch in the primary circuit was closed or opened, and
then the pointer immediately returned to the zero reading.

What was Faraday's conclusion from this experiment

Faraday concluded that an induced current is generated in a closed electrical circuit only
when there is a change in the magnetic flux that passes through that circuit per unit of time.
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Faraday concluded that:

An induced current is generated in a closed circuit Clike coil of conductor ringd only when there is
cht&)ge in the magnetic flux which goes through that circuit in unit time.

aala gl vAalw Wlo Jio) Alado Guslpda 651a Lo Crling JU aJgiy n5lal)o eliliwl
651201 L Gxiag $a)l paphligoll YaLall b 41 Juany boaic his (dlngo

U0l 6ag)
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After successful observations, Faraday finally gave a physical explanation
Q/ Why did previous attempts fail to generate electric current from a magnetic field - ?
Previous attempts failed because they relied only on

constant (fixed) magnetic fields .An electric current is only generated when there is a

change in the magnetic flux over time
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MOTIONAL EMF Cemotional?

Inducing emf by moving a conductor bar inside a regular magnetic field. It is considered as a
special case of electromagnetic induction.

JAla dlingo Ylw lypai Anlwgy Giniwi il ABUa sl A ola)l 694l g
CraJl Wil o dunla Wa A=’ 0adg .pliliio puhlizo Jlao
ouhlizograsll

< << <<BBRBBRRRBRABRARRRABRRBERRERRAAAPRS oo o
The conductor bar aluag.oJl @lawll

When the conductor bar is moved inside the magnetic field, the charges of the bar are affected
by a magnetic force

duag.oll Cliagill Pl vuthliszoll Jlaodl Jala dlngoll glull A5 pn) dayii
Guhlis o 698y Gl l)

Fg=q.V X B sin@

X X X B
FB
X X X
X X X
f ﬁ_..
X Xv X
X X X
X X X

When the bar is moved vertically against the magnetic flux, this force is expressed as follows:

o= 698l 02a Lo Lurhlioll YAl Gle 8130 Gludl @55 g4 Loaicg
Al A\ =IU

FB:q.§XE
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It affects parallel to the axis of the bar; therefore, this force detaches the positive charges from
the negative ones. Positive charges gather on one end, the negative charges gather on the other
end.

Uc Uagoll Wlinill Jund ole 69l 02ad Jo=io Glull jgaol jlgo olail yb Ji§lg
Wlinuivlg $ludl b h Al ub duragoll Wlinuill Soaii Al dylul Gliagill
JAYI s pa Lo Al

« FFF| x x B
X X X
X - X X
E ﬁ
X Xv X
X X X
Y ¥
X X X

The charges keep gathering along the ends of the bar and they move inside the magnetic field. A
potential difference is generated between ends of the bar, it is called motional emf (Emotional).

Lo aic Gl Olingillg ol Ladih aic Guagoll Wlindll foai U
UeAl Ll el b9 Bagor olail. Loyl LAl 6acld o9 Lle CUAg (Lol
1S yagJalall gaig dadall Gle LH9 Utodl 9ai punhlisoll yardll AolA Layusd
Eo Ylul Lo 1 L6 AaLiA g Lol S0l Joliuyg Aadnll sgiuo ey Glull
VoMb Ul LILAS ada Gi6 gl .pathlioll Jlaoldl JAla laisga jlpodiwl

1A pall ASU Al dolall 698J1 Guotiy Hlul

T+ 3
XUE—. <X X B
X N X X
F,
X Bl x x
—_’.‘
X o x ¥V x
F
X Bl x x
X . < X

Consequently, an electric field is created E downward. The generated electric force will affect these

charges
Jlaollg Jawl gai pilpaa Jlao A dayii Liviys (Jw)l g.ai axiy «oJlisg
694y Wliauill 0Ad b 0J927 JIGuw AJgioll LSUAAII

FE = QE
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It is noted here that direction of the force of the electric field is downward and parallel to the
axis of the bar, it is opposite to the force of the magnetic field FBI in that charge which affects
upward. Both forces are at same level and same line of action. When these forces are equal,
equilibrium Cbalanced happens:

Ylul jgaoJ jlgo olailig LU KASI Jlaodl Loy J5d4 LI 598 oLl Yl Liad (uivg
g 1585 Ll Gl ELL o Layy J58a Lol 59J1 oLl duuAleo (oA Al Lyl
Ay J=o6 hiyg anlg $giuoe paurhlisoll Jaoll ub ULigdll WAg oLl
Ul @i .Fg = Fpul iyl e Juaai iedll Uil )lado el aicg

Fg = Fg Which becomes:

q.E=q.7xB
Then, we have the following rule:
AUl 66l Gle Jaai Ajaic
E=7X%XB
And since decline in the electric potential equals the amount of the electric field, ie:
Wl LU Yol jladio yoluy LSUASI adall jlasil Ul Lolg
AV

4
| represents length of the bar inside the magnetic field, so:

VeALs unhlisoll Jlaoll Jala guw Jgb Jioi Ul Al

VxB="r
S

Hence, the potential difference between ends of the bar is
VoA Gludll b pa U LU Al adall §16 ULb ladyg
AV = vBl

Potential difference between ends of the bar depends on density of magnetic flux B, velocity V in
which the bar moves inside the magnetic field. Motional emf which is created on the both ends of
conductor depends on the length | moving at velocity V vertically in the direction of the density of
the magnetic flux B, and expressed as follows:

el puurialioll YAl 86UA jladio e Gludl Lo pha U AdIl G A0iwyg
62Jgioll du1apall @=slall 59l Luhlioll Jlaodl Jala Gluul Lay &y il




UaLall @olis olail Lle Wagoc Gcpuy Lajaio ;
UL EB)2IU Lla=ig puhlizoll
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Emotional = VBE

MOTIOML EMF Emotiona]

Emotional = VB?
1- the speed of the movement of the connector or magnet (directly proportionald
2- magnetic flux density
3- length of the bar inside the magnetic
4~ the angle between the velocity vector V and the magnetic flux vector (B magnetic flux
density

S puhlisto Jlao b iy Glu Gu8 pall 5lpasll dsslall 59l Acisi il

Aoiei Guspall G5 LAl Gebladl 508l ULd Enotional = B £ sinfv : Aslsl lbog

oo
puhlioll yard)l @6UA jlado -1
£ Jungodl §lull Jgha -2

oahlioll Jlaodl Jala Gluwl Lay & paiy Gill v Gepul jladio -3
courhlioll yaall dolis aqio fo Jungoll Gludll Lasing Ll digl I -4

If the direction of the moving bar is reversed or the magnetic field is reversed, will the polarity
of the motional emf &, tional = VBI reverse?

Yes, the polarity &,,0ti0nal generated at both ends of the leg is reversed due to the reversal of the
direction of the magnetic force Fg acting on the bar charges according to the Cright -hand ruled

vuA=ii Ja puhlisoll Jlaoll olail yuasil gl Gludl &4 olail yuasil oJ
cduapall ASUraAll deolall 68l duhd

oLl ywla =il vy llag Ylul oo e 6aJ9i o)l £y ripnal Gad YA =il o)
odogll LeAI 5aels §.69 Lle Gluwll Calingy b 6560l Fp Gy inlioll g8l
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Q/Why work done in moving the conductor bar through the magnetic field application of

principle of energy conservation?

Jloo JAA Alngo Y clipal ub jaioll Jsunl) yiojl Jasoll a=y lalo)
dslnll Aoa Pgild) liuhi a=y purhlio

Work done in moving the conductor bar through the magnetic field equals exactly the dissipated

power in the total resistance of this circuit in the form of thermal energy or any kind of power
in convection

Jaoll JUA Juagoll lull clyyai ob jaioll Jsuitl) odoil Jasoll YV
6)1)a JAdiy 6451aJ1 0Ad Gula)l doglioll yb Saarioll §)adll oluy LuLhlioll
JoaJl b 6)adll Uo g (i g

CULRRENT étaeJ gt

What is the practical procedure taken to flow an induced current in the moving rod inside a
magnetic field?

To answeyr this question: this rod is placed in a closed electric circuit, this process is made by sliding
the rod at certain velocity V to the right along a connected track U-shaped and connected to a
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lamp in series combination, this track is placed on a table. In this order, the bar, the track and the
lamp become a closed electric circuit.

AA = [Ax
@, ® @ @ é@ ®
; -
‘glle ®
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%R Elr:v, Equivalent circuit

a4 ol §lull b Crino JUH Wiy v.AJ 03LAT Wglholl ploxll clpail ga Lo
Supauthlio Jlao JAla

dilo=ll 0id roiig [Alabo ALBLIAS 85la Lo Yludl 0id Gudi :JIgul lad dylay
hgyyo U wa YAy dlngo dAw Joh ule Yol gai v ey @Jjii Gludl Y=oy
Ly 13849 .Aadsil asiio Lle Aawl Curiig (oJlgl Lle LIUAS 2luao Ld=o

Alad o Au5UEAA 6)51a YA elunollg Asuullig Gludl Pl ani

If a regular magnetic flux with a density B is forced vertically on the level of that circuit. These
positive charges in the bar will be affected by a magnetic force pushing it towards one of the ends
of the bar, while the negative charges are pushed to the other side.

CLL ($9iuo LLe agoc olail duaLs ASlis Pliiio yuurhlizo Jlao blw 3L
druhli®o 698y Glul Lb dagell Wliadidl FSliiw A5)gll WJI Jala 651l
JAUIG il gaj Eb il Al Wlinailg $ludl uo pa aal ga) LA 62

- In this case, it will be Since this circuit is closed, charges will keep moving and don’t gather
at the ends.

¥g 45 )y ol Wilinuill Yls Gladio 6551aJ1 Ul Lodg Ugaiw &Lall 02 b6 Aalg
Gl Lo pa e Gonii

- therefore, a current flow in the circuit, it is called “Induced current”. Current flow in the
circuit is indicated by the glow of lamp attached to it in series combination.
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Lo JLl Wil le Jalg ringdl JLidl o 651aJ1 Lo Wi wlwiy CUJAJ dadiig
Aasull o Wil ble hgupoll 2ol Qg 651l

- If the right-hand rule is applied on the positive charge, the direction of the induced current
in the circuit is counter—clockwise.

L CLingll JUil olail Yoiy duagoll dinuill Hle Ldoyl LAAJI 6acls Lisuin glg
el ujléc Uljga olaiV LAl o 651aJ1

- If the total resistance in the circuit (RD, the induced current in this circuit is expressed as

fo“ows: Iz I!|..' \'f]..ll:'_’.ti.‘ ..'.lflfrr'r I||| 1IIu' wire
I:“lhll:L:l\ ‘[‘:;I\_Lt‘.-"‘z e Po«i!i\'c end
Cringdl Uil ULs R 851a)1 b Gulall Goglioll Cuila lalg N, e

s ‘:_ f /.]\.{a\\.'ing..wirc
QB!I 'L! I J 6ﬁ|nJ|o. i - x .(;: pod b { x
o - W

€motional vBt B [ e

] = ——w = — xf| X x X 'f - S
R R 3 S - X ,J

5

X X/ X X Xwusll X X

Due to flow of induced current in the bar vertically on the magnetic

Conducting rail. Fixed % Negative end

flux, a magnetic force affects the bar, in the following rule: o table and docsn't move. %, of wir
T - - - - 2.The nll.lr_'_';‘ carriers flow
$agoc olail gl Lo Criagll juil wlw YV Aadiig Sround s sonduting lotg

Vo 8D Quunhlio 695 JA K puyhlisoll yagoll yle

AUl B =IU Ll =i Gl 0id

FBZ = H’B

Applying right-hand rule, we find that the force F, affects perpendicularly on the bar and to
the left, ie. opposite to the direction of velocity of the bar V, therefore, this force hinders the
movement of the bar, it causes deceleration of the bar. To keep this bar's velocity constant under
these conditions, an outside force Fpui must be imposed toward the right, as follows:

WAJI 6acls Guuhiyg yuisleo olail i juudl gaig Yludl yle $agoc olail H5§i
Jo=i 698l 02 Ul Wb 13 §lunll Layy &pais il de gl olail 89l Ul ani iol
Gl 0ad J=ai pAlg . Glul days dhly oo LLwiio Flull days dsyc ole
Ootd oni Gludl Lin i 896 bl wilini abgall oAd Ciad @l de pury @i
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Is there an induced current flow in the circuit (fig) If yes, identify direction of induced
current?

(o= Clylga LA 13] YAl yb Aanigoll §)51al ub Cring JUG Wl Ja ... p 55
Lo Ciaedl Uil olll e
No induced current flows in this circuit. Because the velocity direction ¥ is parallel to the direction
of the magnetic flux density, then the angle between the vector ¥ and the vector B is zero (6 =
0) and according to the relationship:
dslia olaiV Lijlgo Ul 7 depull olail UV .6 51a)l 0Ad Lb Cring JLi iy Y
190 $oluwy B aqiog 7 axio Ut duglil yulid Ugsy Ajaicq puurhlisoll yasall
‘asl=Jl §o9uleg (6 = 0)
Fg = quB sin8 w» Fg = quB sin0 =0

The magnitude of the magnetic force is zero, so the charges do not move inside the stem, so no

current induced in the circuit does not flow.
Wluwiy U6 @ludl JAala Gliagil paihi V1A 1 p0n i hlis ol 6981 jlabo Jgaio
O 51aJU Crinag JUd

EMEGTROMAGNETIHIND U GiTil ONFANDIGO NSERV/ANTI O N[O HEN ERG)\Y¢

Sliding conductor bar at a certain velocity inside a magnetic field, it means it has exerted work

when moving the bar. What about the stored energy in that bar?

Does it fade away or conserved while moving the bar in the magnetic field?

ad Wl il apuhli£o Jlao Jala dirss dalju ilngedl Gludl Lo duloc Ul

CUAS agii Ylul b Gijiacll AsUall juno Lod Gludl Clyad ob Jdy joil
S saindl
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Work done in moving the conductor bar through the magnetic field equals exactly the dissipated
power in the total resistance of this circuit in the form of thermal energy or any kind of power
in convection. This is application of principle of energy conservation.

Jaoll JUa dlngoll Glul elypai Vo jaioll Jsunll i Vo Hl Ja=oll vi V)

JAuin 6 51adl 0 aa Al A)l Gogliodl b 6aaxioll 6528l nualU Soluy pauurhlisoll
dsUnJl Ada Pgild) Wiy asy ladg Joall b 6)a8)l o £9J Gl gl 6112

v2B2$?

FBZ - Fpuu — IBl

— T2
Pdissipated = I“R

vB2L-
Fpull = Fpy = R

.._\

—d

Suppose a 1.6 m conductor bar slide on a conductor track with 5m/s speed perpendicularly on a

regular magnetic flux of 0.8T density. 128Q resistance of the 9 lamp
(the lamp attached to the track in series combination). ‘ e G oiC o g
; ® R 1 @ ® ®
(Ignore the electric resistance of the track and bar) then -4 113 38 B
calculate: 2°2 % o -l
; ® R 1 @ ® @
1- Motional emf e els & ® &
_ o ® 00 NS ® ®® 59
2- Induced current in the circuit. l T odd O et -

3- Electric power provided to the lump.
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olail 5m/s Gl Glingo GAw Lle Cudljilm 16 Lok dlng.o Wlw Ui ya ol
elunoll dogliio Cuilag 08T auaus Gslia pdiiio purthlio Jlao ule $agoc
128 Q LIIgI Lle AAul &o gy poll
Jlado Limalg AAuullg Gl di5l sl doglioll Jooi
Aiiagll duapall AU Al A=olall 5goJI1-1
851301 b Calingdl JLyidi-2
elunol) 6 jdaoll AL aSl 620113

1- Emotional = VB = 5 X 0.8 X 1.6 = 6.4V

2- Iing =224 = 22 = 0,054

3- Paissipated = I2R = (0.05)% x 128 = 0.32Watt

<> [BBRRBRRRRERRRAEARREERRRLALAREAR AL ==
THE COMBDUCTOR RDIG Oonmool. 000,

IMYAG N ETITEE U X

Magnetic flux € Pg): is the amount of magnetic field Calso called "magnetic flux density") passing
through a surface Csuch as a conducting coil.

Lo Galuro (o 6)lodl duurihlioll 698Jl hghad aac ga : P puhlioll yadll
wutiali oll yaadll dolisy Layl ueaig

The magnetic flux unit @ in the international system is Weber (Wb)

(aa) Maxwell Jugiualo gi Weber g 6aagy yulisg
Weber = 108 Maxwell Ui al

Vs = kgm?s2A

GAd u.lchLl.u.an 1Lihlioll 698 lhglas aa.cuaﬁu.u.l.l.b Lisoll yarall aslisa
ihU o)l hghhAll aasy ywldig hglaall olail e QUUagosdl Aaluig)l 6ang
asll=l) (869 Qyngoc 6)guny nd.l.u.h Ui oll Jlaodl G piAi U.lJl Aaluroll 6ang)

magnetic flux

Magnetic flux density =

ared
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Odppaia 0 2724013 7
Wb/m? = kgsZA1

N/Cm/s = N/Am = V.s/m?

Average time rate of change of flux (Adg / At) is measured in the international system of units
by (Weber /second). Then the induced emf (g;,,.). is measured by Volt.

WJoall PUAL b (A / At ) arhlisoll Yagdll b Jill sio il Jazoll Lol
AU Al A=olall 6981 oAl Ajaic Weber /second ilaagy ywldrs Glaagl)
Voltédangy Auwlbo ( €,,; ) Qiingll

Q/What the basic element in generating the induced emf &;,,,?
S Eing @inell A15U Al A26laJl 598l agi) Luwlwil Jolsll 9o Lo

is change in magnetic flux ®B which goes through a conductor ring or wire coil, this can be done
by several ways: Cother than presence of relative movement between the magnetic bar and the
conductor ring or wire coil):

WAL alo gl Ungo Alla Gridy $all Pp pauthlisoll Uasdll oo Jki Joaa gd
okl oll ko pidl O G G5 j1a 3¢9 WAULAY Yo 6ay A Gudial USolg
(Cllul alo gl Jungoll ddlag

First: Change in angle measurement B between area vector A magnetic flux density B. The
simplest example is rotation of coil of the electric generator inside a regular magnetic field (Area
vector A represented by the column on area A).

Let’s assume a magnetic field with a regular flux density B that goes through a conductor ring
and surface area vector A, both forming acute angle 6 with B vector. In this case, the magnetic
flux @B which goes through area, by the following rule:

®p = BA cosb

The magnetic flux density (B cos8) which is vertical on the ring level which specifies amount of
magnetic flux which goes through the ring If the magnetic flux density B is perpendicular to the
ring level.

2 B//A the magnetic flux that goes through the ring will be at maximum amount. In this case,
the angle 6 between area vector A and regular magnetic flux density vector B equals zero
6=00.

then d; = B.A

=) BJ.A If the magnetic flux density B is parallel to the ring level. In this case, no magnetic flux
goes through the ring ie: the angle 6 between area vector A and regular magnetic flux
density B
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(6=909), so: ©B= BA cosO = BA cosb = 0 OB=2ero

.0 @yl PU prsidl Juasy i : Vel

Adp = ABAcos6

UaLall @slia aniog A éalwoll axio U O duolidl pusi
algoll 8lgi Wilo Uljga ¢lA Uc Jlio hunig B puhlisoll
pAlio puuthlio Jlao Jala pilpasll

A @alurol Llc olioll agosll alioy A dalwgll anio

ddla Griny Goliio B Wiy Gslis puuhliso Jlao yajlil
0 Lawls dala duglj Siuay A dualhul Ldialuo Aaiog dlngo

Gl O puhlizoll yardll Gy &Lall 0Ad Kb B Axio &o
AU G5 2JU Galuroll CLL G yisg

Ad®, = ABA

:0)la809

APy = ABAcos6
Ll LB A8l $giwo Lle Aiagostl B cos 6 parhlioll Yol Aslis dusyod
G811 §pidg Al puurhlioll yagdll jlado aaaj
ddlall $giuo le @yagoc B puhligoll yarall Golia cuils 13] Li B/A ¢
Jadio rodach ASaic Adlall Aalwo Gridy $aJl purhlioll yardll JgaLd
uaLl Golia aniog A dalwoll Axio U 6 Gygll Ugai @Lall 0id bg
6 =00 I)un $oluwi piioll B puuthlisoll
UgALo
Ady = BA
L6 ddlaJl $qiwo Axio 6ljlgos Buuhlioll yard)l A6lUA Cuila 13lgBIA €
da ol O 6 gl JI Ul i .AGLal § idy paurialiso Uas 4519y V Wlalload
( 6=907) ppdiiio)l B puuthlissoll yarall Aslis axiog A
Jokis
APy = ABAcos6 = ABAcos90° =0

Second Changing area of the ring facing the regular magnetic flux @z. This is done by pressing
the ring or pulling it from opposite sides, thus area (A reduces, Area can be increased by shifting
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the bar, towards the right, and thus changing the area from Az to A1, and hence find that (AA=A2-
A1, so the change in magnetic flux is expressed as follows:

AalwolU il Juaay Uil
APy = ABAcos6

Wio CUA rolyg roaiioll Pp paurhlisoll yardl ddalgoll Adlall Aalo Juusi
uaLll Vo pasill Ugay 1adug Uubilbioll laduila o laaud gl adlall yu sy
o blis ol

Adp = BAA
Third Moving the conductor ring at a vertical level on the regular magnetic flux Pushing the ring
to be inserted into a regular magnetic field or pulling it out of the field). There will be a change in

Bout
@@@@@G
—>| O O Gl © |—>
Fa -\ @ ) Fa
— =S8 20U

the magnetic flux which goes through the ring of unit time when the ring enters the magnetic
field or when it goes out of it.

oahlioll yasall AslA Lb pill Juany Ui GG
APy = ABAcos6

ol rotaiioll vuthlioll yardll ole $agoc Sgiwos dlngoll AllaJl Elyyniy
Griay sl puhalisoll yasdll ub i CUA e Qi) .Qio laalay s
cLijl Vo ol vaunthlioll Jlaoll uo adlall Jgiaa cLijl VO Uojl 6ang) ddlall

JWoll o lddngia

"The mind is not a vessel to be filled but a fire to

be ignited".




Eing = —N
: ind At P
g N Aq)B EBr:os&’
dugan. ) — At
- | AA—BCOSB
®p=ABcosf At

\' AA=A2'—A1 EAB=BZ_Bl

A circular ring which diameter (0.4m) is inserted in a regular magnetic field with (B = 0.5T) flux
density and parallel to ring area vector A.

a-calculate the magnetic flux which goes through the ring

b- what the amount of magnetic flux, assuming that the ring moves counter—-clockwise till area
vector A created an angle (8=45) with, the magnetic flux density direction B

Cl.n.l.oCLolernJ:l.u.oU.uu.bu_w.o Jloo JAla g laphs dlinge Qpsla Aala
S Guhlisoll Yatall jlade wiwal déla)l dals axiol jlgo olail axijg
LY RN lUlej.nQJ.l:g;.uu.bLlﬂ.oJ 2.oJl yaLll Jlado Lo Adlall G pisg

il &o Quglj &dw yilw Ul delwll ujlac Uljga yualso olaiu
outhlioll yasall Aslis 4%—

@A—m‘z = 3.14 X (0.2)% = 12.56 x 10~ 2m?
6 = 0° B
® =BA=05x1256 X 1072 = 6.28 x 10 2Web

6 = 45°

® = BAcosf = 0.5 X 12.56 X 1072 x 0.707 = 4.44 X 10~ *Web
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FARADAY SLAW 5lal10 ()gils

“Amount of induced emf ¢;,,,in a conductor ring is directly proportional to the average time
rate of change of magnetic flux which goes through the ring.”

w5lallo Yygils yaJ
&o Laph wwliiy lingo Gila b ( gy) Qingdl QLRSI deolall 59l jlado
Adlall Grisg Al puuhlissoll Yagdll ob Jill ool Jasoll
Adg
At

S The [IBHAEINE sign in Faraday's is set according to Lenz’s law to indicate direction of the
induced emf. This sign determines the direction of the induced current in the ring or coil.
ode WYl Ball ji) Yoils $H9 Lle LrmiAg Blalpd Ueils Lo [ 6)LbyI C
$aJl olaiVl aan) duhdll oidg .Aliagll ASLAAIl d=slall 69dJl dukhs
ol gl Adlall oub Cuingdl Jlyill aud Wlusiy

Eo = —

Since change in magnetic flux is expressed by
WA=y ooy puurhlisoll yardll v il jlado Ul
ADy = A(BAcosh)
Any change in any of the three factors (density of magnetic flux (B), area (A), angle (6) along

time or all of them, will cause induced emf, if we have wire coil instead of a ring with a number
of winds (N), Faraday’s law is expressed as follows:

A Galuwoll B puuhlisoll yasd)l Aslia) &Gl Jolg=Jl aai Vb Juany i Sl ke
gl ALl Hb £y Aiino ALIAS bl 896 Likii Lasion gi Yol &o (6 digljl
o=y $lalps Ueils Ylo N aila) aac Adlall o Vay palw Wlo Ligal YL 13lg Laloll

Adg
€ing = —N At

Faraday’s Law shows that, with greater time rate for change in magnetic flux the greater the
induced emf is generated.

Direction of the induced emf depends on the magnetic flux whether increasing or decreasing.

Lola pAi jladoy E€ing Gding GuSU)AA dola 696 algii all Glalps Ygils o Qualy
Wloll gl aQlall Grisy gaJIA—tB.:?.ul,!.bLl_zoJl uall oo prill oo Hl Jaxoll yla
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vasdll cli ole agixio Qiingll duUpaAll dsolall 6gdJl Auuhd Lol Jdpus
Labliio gi lajljio ULA 13] Load paurhlioll

a coil of 50 identical winds, area of wind is 20cmZIf the density of the magnetic flux which goes

through the coil is changed from (OT to 0.8T) in 0.4s, calculate:

1- Average of induced emf (g, ;) in the coil.

2- Amount of flowing current in the circuit if the coil was attached to a galvanometer, and the

total resistance in the circuit is (80Q)

UaLJl piei OLA 1316 (20em? ) Saalgll adlll Aaluog dliloio adl 50 (Lo WUy Lalo
sl (0.4 ) Uoj JALA (0T to 0.8T) Yo Waloll §xidy $aJl paurhaliszoll

Wloll ub &g Alinoll Gl 0gdll Ja=o .1

Jiogildla uobrh Uy boupo Wloll YLA 131 )51l yb Wluioll Juill jlads .2
(800 6 51al b Gy L5l &ogliollg

ADy AAB 20%x107* x (08— 0) 0.8
€ing = —-N—— = —N—— = —50.% =—

At At 0.4 W Pk

(Negative sign indicates that the emf is opposite to the real one which generated in it. According
to LenZ’s law) .

Gl Lol yuAlss dingll @Urasll deolall 69l Yl piwi Gl 6)UbYI
I Uoild) Wb paurhli®oll yardll b pill piopl Jasoll gddg Ldalg

tina _ 02 oo 10784

LENZSLAW i o5

which states that: The induced current in a closed circuit has opposite direction Cin its
magnetic field) to the change in magnetic flux that causes it.

Ulao Ul Sy Lokl Ellioy @ledo Auilias §)bla Lo Cingll Uil jil (gild

alg il purhlisoll yarall oo prsill oLl LuALle o (Jgay Criagll vuthlioll

JUidl 1Ad

a- When the north pole approaches the ring, it causes increase in the magnetic flux which goes

through the ring (% > 0. The direction of the effecting magnetic flux A downward and it

increases by (% > 0)




Therefore, the direction of the induced current is counterclockwise Caccording to right-hand rule).
It generates an induced magnetic field with density (Bint) upward, so it opposes the affecting
magnetic flux itself, in order to resist the increase, the magnetic flux which generated the induced
current. Simply, a north pole N is created at the front of the ring facing the north pole of the bar,
so that it repulses the nearby north pole Caccording to Lenz law).

ULl abajl oo Gy (%> 0 )adlall A2g (o wlloditll Lihdll Cidi aic
92 Jigoll puyhlisoll Uasall @slis olailg Adlall Gridy Sl puhlisoll
2 > 0) jladiolly auljiog Jbuw

6acld §og ule delul wjldc Jljga olail LwAlss Criagll jUill olail ygiay 1AJ
el gai adlail Bind aislia Gine Luuihliszo Voo algid Qlol) Lol LAl
VO I Poldly LAJ Audi Jdoll puuhlizoll Uasdll olail LuAlso UgaLd
il Jlboll ddlall ang ub gy i .Criaoll jluill alg $AJl puurhlioll yasoll
Ueils @69) Lle Aio Wyidioll Yllodit)l Lindll So poliiy N Lloa Lns N yJloaidl

(i

When the North Pole is moved away from the face of the ring there will be decrease in the
magnetic flux which goes through the ring. Direction of the magnetic flux density is downward

AD
and decreases (ﬂ—tB < 0).

The direction of the induced current is clockwise Caccording to right-hand ruled. It creates an
induced magnetic field with density (Bind) downward, so it will be in the direction of the affecting
magnetic flux itself, in order to resist decrease in magnetic flux which generated the induced
current. This means, a south pole is created at the face of the ring to attract the north pole which
moves away from it. (According to Lenz lawd

wuthlisoll yas1oll yadlil oo vy dGlall aag e uJLo.I.I.IJI whagll alsl aic

Qnbliiog .Jawll gaj B Lauyhlisoll yadll &olia olaile .A8LaIl Grisy Sl
Ady

§69 Lle) delull jlic Ul)ga oLl &o Cringll JLill olail Ugsy 151 —F < 0jladioll

ol s oll Yagdll olail Uesrs Jwll gaj adlail (Wlol piodl Wasll acls
vl L6 UasUII rogldy LAJ Aundi Aislis Uine Luughliso Larsd algid ol
hill Jléioll ddlall ang uob algiy Wl Crinoll Juil alg i)l puhlisoll




ouludl 0 2218592632

O)ppaia 0 22401333727
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Q/What is the practical advantage of Lenz Law? jil (Jgils (o Gulo=ll 5a5Lal Lo
You might wondey, what is the practical advantage of Lenz Law?

1 identify direction of the induced current in a closed electric circuit.
2) It is an application of energy conservation law.

Because in both cases (approaching the magnet or moving it away from the ring) it takes a
mechanical work, this work is transformed into another kind of energy in convection C(when the
ring is attached to a convection), this is an application of energy conservation law.

< jiJ Uoils Guuhni (ro Aulo=ll 6a5Lal Lo Jlusi Cll=)
Alabo ABL A 6)51a OO Erindl JUil ol =i -1
AsUall Khaa Joild) ki asy -2

(Gélal) duwi yurhlisoll al=iyl ol yuhlisoll Wikisl) Guillall lila uob Wl
Vo GBlall Uo Al Egi LI jnioll Jsuivll Joaiyg aySiilhio Jub jlail waliniy
A5Unll Boa oild) Wkl clA axig (Joay Aaglpo Allall yoai Loaic) Joll

Thinklll

Assume a magnetic bar falls freely towards the wide copper close and fixed ring Cignoring air
resistance)

1- Would this bar fall in acceleration equal to that of the earth gravity? answer: it falls at a
smaller acceleration than that of the earth gravity.

2- |dentify direction of the magnetic force on the ring, which affects the bar when it approaches
it.

sl ¥
NI "i
— 180
el Eudgy L9 JLwil gaj 1) Ungdw wihndw dQuuhlise Wl Ui ya sl
(elgall Goglio Jloal) Lol Airiog Alabo ywlaill o dwlq Adla LAinig

€ )52 ol Saio piAi ol Sha VI Gualall Jra=i yoluy Jia=iy Glull 0id ki
wad el dayii) dud)ll duilall Juasi o renl Juasiy gl hdwi (@
body Glul poliii 13 QIiBYI clibi ob Gilall ang b Cring Llodl purhligo

(lalia=i Jars jil Uoild $o9 Ldisa Jb =i Jolii
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895 LLelll g Glul Hle ABLall Laws 1585 LUl Bodll olail Uely (2 AdLall (o
I Ugils §oq Asy=o

‘the induced magnetic flux density &;,4 external magnetic flux density B
which is generated by the induced current

Criagll jlill oalg | hose change generates an induced current il
a closed circuit

which opposes the change in external magnetic flux
(the initiator of the induced current), According to

w

JWi adlgi VO WALS JLRb Ly

Lenz law. "898 0 GRS 6451 b Ching

ounthlioll yardJy il opilihy yualey | Call o6 $lals Ugils o9

Wl ayei) ol Jol=llg uajlall oahliog Al
- Ueils §o9 Ciingll

AC Gsine wave) voltage(@agoll Qiria) Augliioll Arkhigall

When the coil revolves at a regular angle speed inside a magnetic field with a regular flux density
(B), area of one wind CA). The magnetic flux which goes
through the wind of the coil at any point in time is expressed
as follows:

8“]3){
Jlao JAla dokiiio w Guglj depuy lo Uljga aic /\ /
'u' :' III hmq 'u' I- - W B a - 1 - ?‘uzn-cu ¢ --I l. - t
AU §yiag g all purhliall yaslig A dio 5aalgll \/ \/
ol @uioj @A) @i aic Wlo)l (o 6aalgll
AVl As\l=Ju

E

&y, = BAcosH
Angular velocity w is measured by rad/s

frequency f is measured by Hertz (Hz).

Since average time rate of change of angle shift represents angular velocity, (w = A8 JAD),
when angle velocity is regular, then (6 = wt ).

the magnetic flux which goes through the single wind is expressed as follows:

®p = BA cos wt A[C+§wt)] = —wsin (wt)
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It is a cosine function cos wt that changes with time.

As for time average for change in magnetic flux, which goes through the single wind, it is expressed
as follows:

mic: S
o w sin (wt)

Ad |
B 13 _NT = —N{—BAw sin(wt)}

€ina = NBAwsin (wt)

w = 2nf

€ = EmaxSin (wt)

 Einst = NwAB sin(wt)

%J‘Jiﬂ::mdhz_, 8max — N(J)AB

o Sl
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tddy Currents

These currents are closed and circular these plates will be exposed to a variable
magnetic flux with time and according to (Faraday'’s electromagnetic induction law) They are at
the center of each plate perpendicularly aligned to the causing magnetic flux (D). (They are
similar to eddy currents in water or air).

dolgaJl Culylidl

UA k=i Ll Alingoll Ailauall b Linii diiao AsUIAA Wil L :dolgall Lyl
($1aQ) il ogra il Ciall Pgild) L6g) Yol &o Jiio punthliso UaLL)
WhQimoyg datdn JA $giwo uo &85 6j80iog WAlo Wl Whlmo AAilg
dolgaJl WLl auii Lag) L) Ciwoll O puurhlisoll yasrdll ple @uagoc

(elgaJlg clol Lb 62Jglioll
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Q/ In which devices are eddy currents generated ?

y
3

632
377

in many electrical devices (motors, electrical measurements, metal detectors, brakes of some
trains or cars) there are fixed metal plates installed against a variable magnetic flux with time.
These plates are sometimes removable against a uniform magnetic field.

Sdolgall WLl aJgii 8jaall si ob

| Jio QuUpaAll 8idall Yo asasll Lo Golgall Wil aJgil
I Claiils (LSUrasIl Uljtoll Jio) @ibrasll yupliell &lssaoll
CLVEVIWFE NP JEFL W IR | ol Wijladl e ya =) ulao alzoll
e Lunhlio YaLs) ddalgo Euagi Al Awiaso ASlan Gjdall oda
§ Jloo) duui dsjaio ASlanll Gl UoAT of .ol &o o

Q/What are the disadvantages of eddy currents?

These eddy currents have the disadvantage of wasting the energy in the form of heat in the
devices or at the core of the iron of the coils according to joule’s law.

Sdolgall Lyl Juao L Lo
ajaall Qs ub 9l LAV LB )13 JAaiy AsUa Ulahs Vb Aolgatl ClyLill Lapuis
(J92 Ugild §o9 Llc) Laus aJgil Ll Wil

Q/ How is the energy dissipated as heat reduced by eddy currents?

In order to reduce the amount of dissipated energy in the form of heat, as in transformers (for
exampled

1- the core is made in form of plates of wrought iron
2- arranged parallel to the changing magnetic flux (OB that penetrates them

these plates are isolated from each other and tightly compressed Therefore, the electrical
resistance increases largely inside the plates, the amount of eddy currents decreases.

SAolgaJl Clyliidl v 6)lpa JAdiy 6 aarioll AsUall Juldi roliy wais

EqlaoJl ayanll o @16 ) A5laun JAdiny (Mio Wigasll yo) wuldll &y -1
Labyiag $all BO pauphlioll yasdll 61jlg.od Qildunll Ly -2
Aoglioll ClAy alajis dagaih s duwgibog LA =) Uc Wgjio ailanll JgAai
Golgadl iyl jlado CUAJ Leyi Jbig aslauall LI JAla s an Jl dusUpaall
Q/ How do you determine the direction of eddy currents (Foucault currents)?
Using the right-hand principal

e the direction of the current is towards the winding of the four fingers
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e the direction of the thumb is towards the induced flow Cwhich is opposite to the direction
of the original growing flux and in the direction of the original vanishing flux)

S(gA9.6 Wljlui) Golgall Culyluill olail aani s

Loaic dsujil &lnill W) olail Juill olail Jgay Ciua (ioUl WAl 6aclb ladiwl
oLl yaLall olail yusce Yoy $all) Cringll yadll olail laydl olail Ugsy
(L ioll Gl UaLall olailg yoliioll

Q/Why are eddy currents created in conductors? What is the effect of the magnetic fields
generated by them? How can these currents be invested in modern technology?

e To explain this, see figure, which illustrates a copper plate horizontally pulled by the poles
of an electromagnet with a uniform flux density (B) heading downward.

e As a result of the relative movement between the metal plate and magnetic flux, eddy
current is created on the surface of the plate according to faraday’s law of electromagnetic
induction.

e When the right side of the plate moves out of the magnetic field, the magnetic flux within
decreases, so, the direction of the eddy currents is a clockwise direction, to generate an
induced magnetic flux Cits density Bind) opposite to the cause of these currents according
to Len2’s law. The direction of the induced magnetic flux is downward Cin order to support
the decreasing affected magnetic field).

e As for the left side of the plate, the direction of the eddy currents is counter clockwise for
the same reason.

e Consequently, a magnetic force (Fg) arises to the left and opposite the pulling force, it is
an obstructive force to the direction of movement. Cie. opposite the pulling force of the rod
CFpuid).

-4
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Tools of activity:

Two identical pendulums each in the form of plate made of a
conductive material with weak magnetization (not ferromagnetic for
example aluminum), connected to the end of light rod made of the
same material. One of the plates is sliced and the slices are isolated
like the teeth of a comb, the other plate Cis not sliced, strong magnet
Chigh flux density), a holder.

Activity steps:

- Displace the two plates with equal displacement to one side of their
stabilization site.

- Both plates are left simultaneously to swing freely between the poles
of the magnet,

what do you expect? Do the pendulums swing with the same
amplitude? or do they differ? Why is that?

The answer is revealed by looking at the pendulums: the Cunsliced)
plate pendulum stops when the gap comes between the magnetic
poles, while the sliced plate goes between the magnetic poles and
crosses to the other side and keeps swinging back and forth but with
slow deceleration.

6aJgiodl Aolgall Wiyl 1l Juldi Gadus U — 2 by
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As the plate enters or leaves the
field, the changing magnetic flux
induces an emtf, which causes
eddy currents in the plate.

As the conducting plate enters
the field, the eddy currents
are counterclockwise.

As the plate leaves
the field, the currents
are clockwise.
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The conclusion from this activity:
Huge eddy currents are generated in the unsliced plate when goes U ——
into the magnetic field between the poles, in a specific direction, due  conducting plate, the eddy

to an increase in magnetic flux the penetrates to the unit of time currents are reduced and the
Ag i ” plate swings maore freely
(E) Caccording to Faraday'’s law). through the magnetic field.

Yet, they have an opposite direction when they go out of the field,
due to decrease in the magnetic flux %. In both cases, a magnetic

force is generated (Fg) which hinders the movement of the plate
Caccording to Lenz’s Law). In conclusion, the swinging amplitude of
the plate and finally stops. While the eddy currents in the sliced
plate are very small, therefore, they have little effect on the plate.

T
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Q/ What about the vibration energy in the unsliced plate inside a magnetic field, when it
stops vibrating?
The energy of vibration of the plate is converted into thermal energy in the plate due to the
eddy currents generated in it Caccording to Joule's law), which are of great magnitude.
A=y puhlio Jlao JAla (A=hdoll jié) dlolall Aardanll jlfial AsUa pno Lo
Sjliall Uc LA 6gi
Goloall Wil vipuyy Aaydnll o Aylpa Adla OJl Aagdnll jljial Asla Joaii
a0l 6148 YA Lillg (Joa Ugild §69 Llc) Lo 6algioll

Q/How to invest eddy currents in modern technologies?

1. Eddy currents are utilized in modern trains’ brakes.
e Wire coils Cacting as an electric magnets) are applied facing the railway rods
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e |n the uniform movement, no electric current flows in these coils, to stop from moving the
train, the electrical circuit of these coils is closed, electric current flows in these coils; this
current generates a strong magnetic field that pass through the railway rods.

e Because of the relative movement between the magnetic field and the railway rods, eddy
currents are generated in them.

e According to Lenz law, these currents generate a magnetic field that hinders that
movement, so the train stops.
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2. Eddy currents are also utilized in metal detectors

e (Currently used in checkpoints and airports).

e The concept of metal detectors depend on electromagnetic induction, which is sometimes called
pulse induction.

e A metal detector has two wire coils, one is a transmitter, and the other is a receiver.

¢ An alternating potential difference is forced on the transmitter coil

e an alternating current flow in the coil, which, in turn generates an alternating magnetic flux,
this time-variable flux induces a current the receiver coil. This current is measured initially in
the case where there is no material between the two coils except air. When a conductor material
comes in between the emitter and receiver coils (not required to be a plate), eddy currents will
be generated in that metal object.

e Induced eddy currents in that object will hinder change in the magnetic flux in the emitter coil,
this causes decrease in the initial current measured in the receiver when there is air between
them, hence, metal objects can be detected in bags, purses and clothes.

o Metal detectors are also used to control traffic lights on some roads.
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ELECTRIC GENERATORS

AL g LTI This is a system/machine which converts the mechanical or dynamic energy to
electric energy with magnetic field availability. It is regarded as the main source which is used to
produce electric energy works on the foundation of electromagnetic induction.

dbla OJI (s padl) drasilaroll AsUall Jugal ule Jo=i jlaa :o5lpasll algoll
AsUall Ul L6 Jo=iwoll yuiipl janoll aig purhlio Jloo agag) AisLpas
o hlisograsll Cialliate ule Joig GuSlyasll

In some electric power production stations, Electric generators convert mechanical energy into
electric energy by effect of a magnetic field.

Electric generators are of two types:
1. Alternating Current generator CAC) Csingle or three phase).

2. Direct Current generator (DC).

s Al lalgoll
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It is a device that converts mechanical energy into alternating electrical energy in the presence of
a magnetic field

gliioll JUiJl alJgo

agagy dglilio AuLAA AdUn LJI AALilaloll AsUnll Jugali ude Jo=y jlaa g
vuuhlioll Jlaoll
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Electric Motor WWWWEM Electric generator

.£qlaoll ayaall o Lls Joa wollo Jgji=o Jungo Cllw o olo
the core coil: A coil of conducted wires insulated and wrapped around an iron core
Two carbon brushes(tuloadl) (youjlall (o YLl 1o
U W a JAuiy LiLpas yurhlio gl poila yuthlio
A permanent magnet or electric magnet in a "U" shape.
(UriJgj=o GbLa HOnJ) Riin
exchanger, Commutator
the two halves of the metal ring is electrically isolated from
each other, and they join the two ends of the core coil

Two insulated metal rings

Q/What is a single-phase AC generator made of 7

Along the core coil terminals, two metal rings Csliding rings) are connected and attached to the
outer circuit by means of two carbon-brushes.
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When the coil rotating at a uniform angle velocity (w) inside a magnetic field with a uniform flux

density (B), area of one wind (A). The magnetic flux which penetrates the wind of the coil at any
instant of time is expressed as follows

®z = BAcos6
aJgoll 6lgd Lalo Lo Lle Alingll ALSU LA Abla)l 5981

6anlgll gl Aalwo L A Ylg paiio puthlio Jloo LD J9a) Wlo Ul YAl
ol doliioll Augljdl Ge puull v wAiioll puuthalioll vaLall dslia ey lol
CJFEVRCES ) Dp Q..uuhLl_zoJl uaLall glo UJ.I.LIJ:\LI.?.oJ' Jlaodl Jala wlodl Ly jgau

Cl.oll_v_lbu.h.zl dioj Al @l aic loll o 6aanlgll aall

&, = BAcosf

Angular velocity Cw) is measured by C(rad/s) unit, frequency (f) is measured by Hertz (Hz) unit.
Since time rate of change in angular displacement represents angular velocity:

_ A6
Y
, When angular velocity is uniform, then (6 = wt), the magnetic flux which penetrates the single
wind is expressed as follows:
@, = BAcos(wt)

U9AJ Loaicg w = (A6 )/Atdygl Pl G jull Jioy Gugl il &aljil o Jl Jasoll Ul Loug
Uls doliiio AugljJl e panll
®yz = BAcos(wt)
It is a cosine function cos Cwt) that changes with time. The time rate of change in magnetic flux,
which penetrates the single wind, it is expressed as follows:
A®p  BAcos(wt)
At At
Ad,

= —BAw sin(wt)

At

According to Faraday’s law for electromagnetic induction, the induced electromotive force (Eind) in
the coil is:
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ADy _
Eina = _NT = —N{—BAw sin(wt)}

Then, the induced electromotive force on both ends of a coil is:

gina = N B A w sin(wt)

It increases gradually from zero at (t = 0D, until it reaches maximum amount of Cg,,,,,) after
quarter of a round Crevolution), so (wt = %), then Csin(wt) = sing =sin90° = 1).

€instantinus — €max
Emax = NBAw
BT W0 TG RTTTY £, 0 it'S The maximum amount of the induced electromotive force.
Alinoll AU a sl A olall 698U Al Jladoll O ey, ilinoll drilgdll 69)aJl
fuooh=ll ldiold LD diingll Auinlgdll (JgAai Hio
Lajladio Juai uia (t = 0) aic 30l Jo Layjai abajyu aal aull dualedll Ol
U9AL0 6J9a &4) A £y rodacVl
(wt = g), then Csin(wt) = sin% =sip 902 =L
€instantinus — €max
Emax = NBAw
€ 1unll WJI Adiagll Aukhlgall Juai wio
Ladaic Ygal Ll @Al yb $pal 6o punll Juali Bia Leayyal ine)) eind yasliii
(wt = m), then (sin(wt) = sinm = sin 180° = 0).
Eina = 0
(That is, at the moment when the area vector is parallel to the flux)
(VAL 5jlgo Aaluoll Aqio Las Yol LI AAALI Lo i)

Q/ How many times is the polarity of the induced elect
xplain?

Polarity of the electromotive force is inversed twice in the single round Crevolution),

romotive force reversed in one cycle?

e It increases gradually from zero at (t = 0)
e until it reaches maximum amount of (Emax) after quarter of a round Crevolution), so wt =
n/2

(wt = g), then Csin(wt) = sing =sin90° = 1).
e Then it decreases gradually until it reaches zero again at the moment when (wt = 0.
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e Then the induced electromotive force (ginad gradually increases towards the negative
direction till it reaches maximum amount at the moment when (wt = 31/2),

e then it declines gradually to zero when the coil completes one round Crevolution), ie at the
moment when Cwt = 2.
Coaalgltl 6)9alJl ‘__?.o diiagll AUAA)l A=ola)l 698l Aukhd yus=ii 6)o A
Taxag
e 6aalgll 692l L Ulijo pua=is (ins € ind Yl
(wt=0) Ln);\.u:uqb.lu.ulah:\u - Iu.na.vm.nJ | lLa\iolro u..ougb.v °
wt = /2l aic Yoas LIl Al L6 placll Ldjlado Juad via Uny)al alajig o
wt ldaic ygai U..IJI alhall Io.o\sm.nJ 1 jlado Juai wia bayjaiyasliiiol e
=N
ALl GO rodacVl L jlado Juald s Llludl olaiVy Liagjai abajyy Adlipd e
Loaic jamnll GJI Lawjai Wajlado hudy Wdaxyg wt = 31/2 Wadaic Ygai il
wt = 21t Ldaic Yol Ll aalll ;.i.cgi Adlola 6)9a aloll JoSy
when the ends of the coil are connected to an external circuit, of the total resistance (R.
The current in this circuit is expressed as follows:

A &ina _ N B Awsin(wt)

R R
I =1,,.sin(wt)

03d b JUiNl YLb R &1l doglio wila yajla dx51ay Wiloll kayy aic Cuingll jlyill
ALV 85) 2y Gl 851l
_ &na _ NBAwsin(wt)
R R
As\=Iy pla=y Uil pdacyl jladollg

I = I,,,,Sin (wt)

three phase (A.C) Generator

Q/ What does a three-phase alternating current generator consist? What is the practical

It consists of three coils around the core, connected in “star connection”, separated by equal angles
each of which is (1209, their other terminals are connected to a wire called neutral wire or Czero
lined, the output current is transmitted via three lines.




oabadl 02218592632

Opain 022401333727

A generator like this supplies an alternating current with a larger amount than that of single-
phase alternator.

@I jlghall $3 Wgliioll jJUill aJgo
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2. Direct Current generator (DC- generator):

To make the flowing current in the external circuit of the coil in one direction (to make its direction
constant), it required to raise the two metal rings (the two slippery rings) and put in the two
ends of the coil a single metal ring consisting of two halves isolated from each other by electric
isolation, called the commutator. They are in contact with the carbon brushes in order to
connecting the coil with the external circuit, the number of commutator pieces is twice of the
generator coils.

The output current from this generator is a pulsed
The average amount Claverage) of this current is as follows:

Iaverage = 0.636 Imax

Joduoldl jJLiJl aJgo
aalail le Bslay) aalg olail Lalol) duajlall §51al b Wlurioll JUill J=ai yAa)
d81a Wloll bph b G (Gl lidla) Gigiaoll Gillall 54 Ul by (LG
JalroJl Ylousi LSUaA Vjic lodua =) (e UgjRo Utbuni Uo WJLT 6aalg Giao

Luaagladl 8)51aJ1 So Wloll gy Ua k) Ul yLall (o ULiluin 16 &o Ylwlolisg

VAL JLU g algodl 1A Uo @)laJl jlridig

| average = 0.636 | maxauivl AsM.=IU Uaverag) JUI 136 hangioll jladoll pla=ig
Iaverage = 0.636 I;max

Q/ How can make the output curvent of the single coil direct current generator closer to the
battery current (the amount is approximately constant)?

the number of coils around the core is increased, with equal angles between them.
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Figure shows a wire coil of (500) circular winds of (4 cm) diameter placed between two magnet
poles with uniform magnetic flux. When the magnetic flux make a (30° ) angle with the coil plane
and the density of the magnetic flux decreased through one wind by (0.2T/s), calculate the
induced electromotive force at both sides of the coil.

U &g tm 4)) ldphs @il a9l 500 (o liy pALw Wlo jolaodl JAuill ub
U.l.l.u.bu_v.oJle.l.QJlulb Lon.l.crnJ:u.l.oU..ou:\Ll_w.om.l.o\ja u.uu.bL:.?.ou.l.b.o
JAA purhliszoll yasoll Aslia CLnoslii 136 loll $9iwo &o 300 duglj &y
Vo ulc Adinoll AU A)l dolall g8l Jamo vrwal T/S 02 Jasoy loll

2loJl

6 =90° —30° = 60°

NA(D = —NBAcosf XAB
Eind = At = cos At

A= = 3.14x Ax'10 %= 12.56 x 10~*

AB
€ina = —NBAcos8 X i = —500 X 12.56 X 10™* X c0s60° x (—0.2) = 628 x 10~ *Volt
(DO Electric motors
Q/What is the principle of an electric motor?

Electric motors usually convert electric energy into a mechanical energy

SoilpasIl Cyaoll Joc g Lo
Aualilage Asla LJI AU rasll AsUall Juga
Q/What is the engine consistence?

The (DCD motor consists of the same parts of the (DC) generator, but it works the opposite to the
work of the generator, as it converts electric energy into mechanical energy using the magnetic
field.
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Q/How a closed conductive ring work to convert electric energy into a mechanical energy?

Electric motors usually convert electric energy into a mechanical energy, instead of the current
generated by a closed conductive ring rotating in a magnetic field, this ring is supplied with an
electric current through a voltage source (a battery for example).

magnetic forces which affect the ring rotates it by the effect of a torque called a coupled torque
inside a magnetic field.

Saualilare Adln HJIl AU EAAI AdUnJl Jugad Hle (Aall) Adlall Jo=i L1s

68l Jo=io (Mio fyjlny) Gukhlgdll jano fnlwgy LSUMAS Uiy 8Lall agjj
JAla 2gajoll pje Loy jc 1l Wdpeal yle ddlall Lo 6)580)1 druninlisoll
vLhlizoll Jlaoll

Back electromotive force (€pack): Counter-electromotive force Ccounter EMF, CEMF, back EMP),
is the electromotive force (EMF) manifesting as avoltage that opposes the change
in current which induced it. CEMF is the EMF caused by electromagnetic induction.

& back paoll yub Saliaoll A5l all A= olall ol
Q/Does the engine run while the generator is running (while its nucleus is spinning)? And
why?

Yes, Because the engine parts are the same as the generator parts the electric motor operates as
the electric generator when its core rotates (when operating), when the core coil rotates inside a
magnetic field, change happens in the magnetic flux which penetrates the coil. According to
Faraday’s law of electromagnetic induction, an induced electromotive force is generated on both
sides of core coil of the motor, it is called back electromotive force (Epack).

It is called back because it is opposite to the which generated it according to Lenz law
Adp
€pace = N —7—=
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Epack = —N AL

Q/Draw an electrical circuit showing the generation of an electromotive force in an engine.

The electric circuit on the left figure, shows electric current flow in a motor coil due to applied
continuous voltage (Vapplied) between two ends of the motor core coil, which in turn generate
coupled torque which rotate the coil.

As for the circuit on the right figure, it shows generation of back induced electromotive force
Ceback) on both sides of the core coil while rotating inside a magnetic field according to Faraday's
law of electromagnetic induction.

S paoll ub Saliaoll Arslyaall A= olall 59l AJgi Auagl ALslAA 651a ouw)l
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Amount of back induced electromotive force (cback) depends on:

1. Velocity of core rotation, Cie. the average time for change in magnetic flux of one winding),
2. number of winds of the coil, the winding area and the magnetic flux density.
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What determines the amount of flowing current in the motor circuit?

Difference in applied voltage (Vappiiea) and back induced electromotive force (Epack) in the motor
circuit determine the amount of flowing current in that circuit, as follows:

Vapplied ~ €pack
R

S0l 5)51a b Vlioll JUill jlafio aany $all Lo
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Inductance
dilaoll

Can the change in magnetic flux (resulting from flowing current in the coil) generate
electromotive force in that coil?
Wloll b Wil JUil 12 e QL puuphlioll yarll v il Ul Ja
SUaloll A b Au5lpaa dola 695 a1)gl Aisoy
Wl B8 o Ly hlio Lars alg) Al Wilo L6 LILFASI! LI i 13] - o
uuALs] (puubliogra sl Cialll Ygild Lisg) diine AuSLIAS dola 696 aulgi
oJlaJl Call qi) Wlol) &ilaoll Lol Lo 13dq .(jiJ Uoild) Whog) Lo ol puseill
Craodl oy Wlodl 1A Jiog (Walol)

Q/Explain the effect of the inductance of the coil? Or explain the effect of self-induction of
the coil?

To explain this, see the electric circuit
Two identical lamps are connected in parallel combination to a battery.

The alternating resistance R has an equal amount to that of the coil resistance L, and connected
in series combination

“Would you expect the two lamps glow at the same amount when the switch of the circuit
was closed? Did the two lamps reach an equal glow at the same time?”

To explain this: after closing the switch, for a while both lamps glow equally when the current
becomes constant, but they don’t reach that moment at the same time, there is a considerable
delay in time for the lamp which is connected in series combination with the coil compared to the
other lamp connected in series combination to the resistance,

you might ask why?
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The answer is: There is delay in glow of the lamp connected to the coil is because inductance effect
of the coil Cor self-inductance of the coi), such a coil is called inductor.

SWllol) LilaJl Ciall 15U Axdg of TLalol) dilaol Juili auag
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This Phenomenon is called self-inductance, and it is defined as:

A process that generates an induced electromotive force in a

coil, due to change in flowing current of time unit, in the coil

itself.

dliino duiLyas d=sla 695 algi drloc Lud LIl Cuall

Uo I 6ang) wluioll jJLill jlabo jasi Aayii Wlo O
Qi loll yb

A+

N-Turns {

If an electric circuit Cconsisting of a battery, coil and a switch) is

connected.

We find that, when the switch is closed, there is increasing in current from zero to a constant
amount .

Change in flowing current in the coil would cause change in the magnetic flux within it. In turn,
change in magnetic flux generates an induced electromotive force in the coil, which opposes that
change. This change is called self-electromotive force (€) that resists the change which caused it
according to Lenz law, (change in flowing current of the coil itself).
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(i loll oub Wluioll JLill b Jualall
coefficient of self-inductance a coil L “Ratio of induced electromotive force to the average time
rate of change of flowing current in the coil itself”

self-inductance L, is measured in the international system by (Volt. Second /Ampere), it is
called Henry,

according to the scientist Henry, who discovered self-inductance (H), it is often measured by
(microHenry or miliHenry).

Ja=oll oJl @iiagll Al sl d=olall 69l A g : L Lalod LIlaJl Cuall Jolzo
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Self-inductance coefficient L of a coil depends on:

(1D Number of turns. (2) size of the coil. (3) geometric shape of the coil. (4) the magnetic
permeability of the medium inside the coil.

Cself-inductance coefficient of a coil increases when a core of wrought ivon is inserted inside the
coil.

TLalol (1) Wil Crnll Jolwo jladio W bgiy rolle

dagaill (4) Wlol Luwaidll JAul (3) Wlo)l maa (2) Wledl Wld) aac (1)
. QloJl g L6 bungll Akl oll

Wea Lo Eglinoll ayanll Yo Ll JLAal aic Wilol) LIl ¢anll Jolso alajy )
(aloJi

Write the relationships in which the voltages are given in a DC circuit containing a coil and battery
in the following cases

@lo 5920 Joliuo JU 61513 b @uilgall Laws sl Vil Gualiyl WBMRIl CLisl
QUL VLAl yb dyjlaug

1-increasing current in the coil CAl/At) > 0 Waloll L6 LI 2l i
Viet = Vap‘p = €ina OT lins. R = Vapp — €ind

2-decreasing current in the coil (AlI/AD) < 0 WloJl LB )L YasLis
Viet = l’2:;0;0 + Eing OT lins. R = Vapp + €ina

ENERGYAINIINDUGIANGE

the energy stored in the magnetic field of the inductor, it is a magnetic energy, this energy is
directly proportional with square current constant (D.

The energy stored in the magnetic field of the inductor is given as:

A hliso @5Ua JAuil) §gais Craol) puthlisoll Jlaoll oo dijiacll dsUall
b @ifiacl dslall plasis. (Culil Uil )0 &o Laph Lwliil dsUall 02aqg
A5V dB)RIU Craol) puthlizoll Jaoll




L = self-inductance coefficient of the inductor. I= current flowing in the inductor.

It is worth noting that the inductor is considered resistance-free coil, this means there is no
waste in energy.

ABUn ELua Lo Ly V Eiaoll Pl pded 1309 doglitoll Jodo Lalo as) Ciaoll
Why the neon lamp doesn’t glow when the switch is closed and the neon lamp glows when the
switch is opened (The neon lamp is connected in parallel combination with the coil.

O )b da ) fblw cguiy Wlo o Gjlgill Llc bholpoll Ugrill 2luno Adgiy 1alo)
aic aagiy Vg .8 51adl (e @ujlal Junsd (o ot Pl ole 2lidoll Ais @k sl (ol (Lo
Teligoll YiLc|

First: the neon lamp doesn’t glow when the switch is closed, because the voltage applied on its
ends is not sufficient to glow it. The growth of current from zero to a constant amount is slow
because the induced electro-motive force in the coil hinders the cause of that force according to
Len2’s law.

dcgungoll duhlgall ity YA 2lidoll GALEl Al Ygrill 2luno Aadgi foac Vgl

Cylidl ojladio WJI Jnll Uo UL goi YV ElAg Andgi) Auols AT ol ardph ole

La\ Cinoll U6 =5 Laloll b @ilino GuSlpals A obla 696 aJgil dayii Uylay Uiy

Jd Ugils @09 ulc

Second: the neon lamp glows when the switch is opened because of the huge voltage on its ends
was sufficient to glow.

This is because the quick fading of the current through the coil generates a huge self-induced
electromotive force on the coil. The coil acts as a source of energy which provides the lamp with
sufficient energy.
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Va p = Vet — €ind
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€ina =0  current constantldl &g

Vapp = Vet

linse = 0 Close circle 85101 3le dlacs)

L Vapp = €ind

L SUeaddl
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ExXAMPLEY

A coil with (2.5 mH) coefficient of self-induction, (500) winds and (4A) direct current flows,
calculate: 1- Amount of magnetic flux, which goes through the coil 2- Stored energy in the
magnetic field of the coil. 3- Amount of induced electromotive force in the coil is the direction of
the current is reversed during (0.25s).

sl Ad polime jLi aus wluiy (4aJ 500 ail) aacgmH 25 Liladl ala Joleo Wilo
Jlaodl b @ijiacl G Uall-26aalgdl AUl @ kit Al puurbli® o)l yasdll jlado -1
13l Wloll Lo dlingll durlpasll d=olall 69dll Jamo-3lllol) Luurhlisoll

$.0.25 JALA juiJl ol yus sl

& Ny = LI

LI 25%107° x4

= — b4 -5
B=Y 00 2 X107 >Web
1 1
ég PE = LI* =2 x 25 x 107 x (4)2 = 0.02]

633 when the current is reversed (A] = — 84)

Al ., -8
ging = —L— = —2.5x 1073 x — = 0.08V

At 2.5
LATOAL B RUCTANGCE
Jalple)l Caal

When change in the flowing current in one of these coils can induce a current in the other coil.
J Jolao Wlo Lo Cring JWi algiy Walo Lo Wlutio LIUJAA U Jrib aic

assume there are two adjacent wire coils. The flowing current in the primary coil (1) generates a
magnetic field B, and magnetic flux @5, this current passes through the secondary ceil (2D, if
the flowing current in coil 1 changes in time, the magnetic flux @ B, would change accordingly and
passes through coil Z in time. According to Faraday’s Law of electromagnetic induction, an induced
electromotive force is geneva-ted €;,,;(2) in coil 2, with the number of turns Nz.

Wilodl LIl Lalol Lo Wluioll LIS (Ielaio UpSlw llo 299 YAJili
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Ady
Eing = —N—7—

It has been scientifically proven that the magnetic flux which passes through each wind of the
secondary coil is directly proportional with the flowing current in coil 1, which means:
S5l LQloll Cild) o G8) JA G xidy Sl pauphlis ol yarall Ul Lloc Ui adlg
Ul o=y 13816 LI Wl ol L6 Wliod Uil o La b wwliiy
Adg, « I
Hence, the magnetic flux which passes through the winds of the secondary coil with the No. of
winds Nz is directly proportional to the flowing current in primary current l1 which means:
aac B3 Beilll Laloll W) &loa Grids $all pauhlioll yasdll Uohy ladyg
Ul oy 1386 LIl Lol oub Wlaiol JLl o Lia s Cuwliiy Nz wlall
(N2®B;) < I

Proportionality constant is called mutual inductance coefficient M between the adjacent coils, so:
109846 Ujolaioll Uudloll Uy M Jaliiol Cunll Jolo woty Lrwliill Cuylig
(N,®B,) = M1,
When the current in the primary coil changes, in time%, the magnetic flux, which passes through
the secondary coil, also changes in time (N,A®B, / At ). Since:
VIV aloll LB JUI Jrsiy Loaicg Waloll Gy Al purhhlissoll yardll jisiy
Ul Loug pioj Jaod 56l pioj Ja=od
Ady,
E€inaz = —N, At
The induced electromotive force in the secondary coil is expressed as:
ALV AB M= $eilll Waloll Lo Alincll Auilyasll d=olall $9dJl la=i Ul Jaord

: Al
Eindz = —M At
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MUTOAL NBUCTANCE X IF BOTH COILS WERE N THE AR
Celodll b Ylalodl YA 13] Yrolo U M Jalsioll Cuadl Jolo aoiwy olle

If both coils were in the air, the mutual inductance coefficient between coils depends on:

(1) Constants of coils (L1 and L2, ie. Csize of each coil, geometric figure of each coil, number of
rings of each coil.

(2) magnetic permeability of the matter inside each coil. depends on position of each coil.

(3) the separator between the coils and in case.

ol Aoiwy Ualloll U M Jaliioll Cunll Jol=o Ubb clgdl ob Ulaloll YLA 13]
alo JAJ pawaidll JAduillg lo JA oaa i b g L2 Judloll culgl (1)
AoiwygaQlo JA wWea Lo Salol Auurhlioll AigRillgLalo JA WA aac(2)
Wlo JA Arsuag ule cllas
U lodl (s Glialadi(3)
THE MUTOAL DIDUET ANCE COEFFICIENTT /) BETWEERN A CORE GF
RGN AP CLOSED BETWEEN THE COILS
a4aaJl o Ll 2g2g Wla Lb Utllo U Jalrioll &inll Jolo 2oi=y olle
Ualo Ut §lseo Eqlinoll

The mutual inductance coefficient M between the coils depends only on:
Constants of the two coils, (L1 and L2), due to total magnetic pairing between the coils, as in the
electric converter. The mutual inductance coefficient between the coils in this case is expressed as:

M JalioJl &iaJll Jolo UL Utlloll U §l209 auan)l o WL 3929 WL o9

Vo Lo ol U ol puuralise ol YlFis VI Jguand dayii U g Lz Uudloll Culgs
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AV A8 M=IU Ll @l 0Ad L6 Utdloll U Jalsiol Cuall Joleo Uld
M=yl X&s

Explain mutual inductance phenomenon is used in transracial magnetic stimulation device
varihlioll paaill jlaa Jlo=iwl oo Jalriodl Ciall 6pala podiw’ Wil dudg
céloall JALA
A time alternating current is applied on the primary coil which is placed on the patient’s brain, the
generated alternating magnetic field goes through the patient’s brain, which generates an induced
electromotive force in it. This, in turn, generates an induced current, which disturbs the electric
circuits in the brain, and, using this; mental and psychological diseases are cured.
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7- the moment of cfosfng switch  2-the moment of increasing current x%
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Two adjacent coils, wound around a closed ring made of wrought iron, ends of the primary coil
are connected to a battery with 100 V potential difference and a switch in series combination. If
the self-inductance of the primary coil is (0.5H). and (20Q) resistance, then calculate:
1- Average time rate of change of current of the primary current circuit at the moment of closing
switch. 2- Mutual inductance coefficient between the coils if a (40V) induced electromotive force
on the ends of the secondary coil is created once the switch is off in the primary coil circuit. 3-
Constant flowing current in the circuit of the primary coil after closing switch. 4— Coefficient of
self-induction of the secondary coil.

w9 b Uy by (Eglinodl ayanll Yo ALab o Adla Joa Urogalo Uljglaio Ylalo
ULa 1306 . LJIgill Lle 2lifog 100 V Lausd i U adiall § b djlay LSlaiyyl loll
Jlado Lual 20 Q Aiogliog 0.5 H Lilail walel) LIl Ciall Joleo
51201 GALEN AT LIV Lol 6518 Lub JUl i) o Pl Jasoll (1)
U Ailing ASUpAA Aola 696 wWalgi 13] Uudlodl U Jaliodl Cuall Jolso (2)
31V loJl §)51a Lb 2Lidoll GALEl A 40V Lajlatio $eilil Laloll ybya
651301 GALEN A=y LIV QLo 64518 Lo LWluiodl Culidl JLil (3)
59l Wlol) LIlaJl Ciadl Jol=o (4)

1- In the primary coil we have the following rule:

Al
Htlpp =.I E + L R

Whereby (linst =0) once the switch is closed.
Al

100 = 0.5—+0
At

Al; 100 _ 2004

At 05 s

2- To calculate mutual inductance coefficient between the coils, we have this rule:
Al

€ma = —M

Since the current in the primary coil circuit is increasing (Al/At)>0, once the switch is closed, so
(Eina ) will be negative:
—40 = —M x 200

M= 40 = 0.2H
200

3-to calculate the constant current:

v 100
=22 —204

R 20




4~ Since the magnetic correlation between the coils is total when the two coils are around a ring
of wrought iron, then:

M=JL XL,
02 =05 x L,

.04
Lz :ﬁ: 0.08H

INDUGEDIEMEGHRIKEIELDS

the question is what causes these induced current flows in a closed conductor ring? What are the
forces that stimulate electric charges to move in that ring??
C oAl
SABLaJl ELL JAA Laday il dusU sl Gliagill &0 ol $9Jl Log
To answer this question, charges move because of electric fields and magnetic fields. The magnetic

forces are responsible for generating motional electromotive force in the conductor, which moves
inside a constant magnetic field.

CVLaollg duslpaall Ciilasll o Caliadl 88 1 b Ly $ Al O
Qs all Aolall 6981 agi Ue lgguuo Ugal duuninlisoll (5946 Qi hlisoll
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However, these forces give no clue about induced currents in a closed conductor ring, fixed in
position against an alternating magnetic field.
Al Aile o Alngo Adla b Alincll Wil pundi si lith=i J $0dll 0ad (1Alg
Jasioll prsio punalizo Jlaodl Jl i Ld e wgo b

Fig. shows a closed conductor ring in a state of inactivity inside an increasing magnetic flux,
induced current flows according to faraday’s law of electromagnetic induction. As for the direction
of that current is determined according to Lenz’s Law. It will be counter-clockwise, movement of
the electric charges inside the ring is due to the electric field, which always affects in tangential
directions, this filed is called induced electric field.

Wlaleo Ygils o9 Llc Cring JLi Laus wluwiy 13J) jladoll V0 Jljio L lio
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Distinguish between Electrostatic fields and Non-electrostatic fields?
€6)Qimoll pué ABLIASII GV olIg 68T oll AU A NI UYL U jlo
Electrostatic fields: that all electric fields, generated by the static electric charges.
liauinl ddalwgy Linii Gl VL)l L - :6 )i ol G5U A S VLI
aialul 65U Sl
Non-electrostatic fields: The electric fields which are generated by changes in magnetic flux are
called.
Wlpeill dhlvgy Ui ol Wil L - 0)Qimell pé asUAsll GMlagll
duhli o9 Al Wlagoll algi ub Juany Los) puurhlioll Yol ub dalall
(E oo

PRACUICAL APPHICATIRH CF [YFSURCMACNETTE

1- Credit Card: when the magnetic credit card slides in wire coil, it
induces an electric current then this current is magnified and
converted into volt pulses, which contains information.
Uja dslay) UloiiVl Adlay Elypai aic :loisVl AsUay
A Im oA roJ VLS L Caaing oA lw Wilo roloi dniszooll (uLog.Lv.oJI
: Wlogl=oll $oini duhlgol) Al oJl Joaug
32- Electric Guitar: strings of metal guitar (made of ferromagnetic materials) magnetize
when shake by wire coils each containing a magnetic bar, these coils are placed in various
places under the strings of the guitar, when these strings shake, an alternating current
with equal frequency to that of the strings is induced. Then this current is passed to an
amplifier.
)b 2lgo o Geginmo L) duiamoll LSLEASI LS HUgl :LSLIASIL LS
Ldio JA& (soing dralm ¢ilalo dlnlingy Lajljiol 2Ll b i (A hli®eg
JUig¥l Cunj dAalisng Sualgg oo Uleloll 0Ad &aAgi G.I.l.l.l.lJnLl_v_o Wlw alalay
Woliio LILpAA JUT Cuniuy JUgVl 03 fidli Loaicg LiLpasIl jJUydl Gyiasoll
oA Il Jungy 0. lgll aayi Woluw 022y
3- Tooth Brush An electric toothbrush has a base designed to hold the toothbrush handle
when not in use. The handle has a cylindrical hole that fits loosely over a matching
cylindey on the base. When the handle is placed on the base, a charging current in solenoid
inside the base cylinder induces a current in a coil inside the handle. This induces current
charges the battery in the handle. We can model the base as a solenoid of length "L" with
NB turns, carrying source current “I". The handle coil contains NH turns.
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@1: Choose the best answer from the followings WiljusJl (o JAJ Garanll 6ju=]l yisl
ALV

1 Which one of the following figures shows the correct direction of induced current in the
conductor ring?

dlinell Wil aranll olaiyl ausd Yl (LIVI JAuinll Bay) G5yl JLaibvll Oo i
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2) In the figure ring is made of copper put on the plane of the paper and connected with resistor
(R), a magnetic field which is perpendicular to the plane and the

direction out of the page. In which case induced current in the
resistor will be directed from left to right.

a) When the magnetic flux which pass through paper increases;

b) When the magnetic flux which pass through paper
decreases

¢) When the magnetic flux which pass through paper is constant
d) In all case which is mentioned above
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3) When a magnetic rod falls through a wide ring of aluminum placed in horizontally by a

holder under the rod. the direction of induced current in the ring is:

a. Always in the direction of clockwise. I

b. Always in the direction of counter—clockwise. v
c. In the direction of clockwise, then it becomes zero for

a moment, then in the direction of counter—clockwise.

d. In the direction of counter—clockwise, then it becomes zero for a moment, then in the

direction of clockwise
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4) When a magnetic rod falls through unclosed aluminum ring, which is placed horizontally

under the rod magnet,

a) The rod is affected by the repulsive force when approaching to the ring, then it is affected
by attractive force when it is moved away from the ring

b) The rod is affected by the attractive force when approaching to the ring, then it is affected
by repulsive force when it is moved away from the ring

¢) The rod is not affected by any force when it is approached to the ring or it’s moved

away from it.

d) The rod is affected by the repulsive force when it is approaches to the ring
and moved away from the ring.
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5) In figure a hollow core coil is connected in series to a lamp, resistor, battery and switch. When
the switch in the circuit is closed the glow of the lamp is constant.

If we enter an iron core into the gap of the coil, the glow of the lamp:

a. Increase.

¢. Remain constant.




d. Increase then decrease.

6) When a circular coil rotates around a vertical axis inside the magnetic field which is parallel
to the normal of the plane with a flux density “B", as your sec in the figure below. It generates
maximum EMF. When the number of turns of the coil is increased three times and radius of the
coil is decreased by half and the rotational frequency is doubled. Then the maximum EMF of the
coil will be:
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7) The phenomenon of self-induction is completed;
a) When a bar magnet is moved away from the coil -

b) When the coil is placed near another the coil which current pass through it and the current
changes with time.

¢) When electric current which changes in time pass through this coil

d) When the coil rotates in the regular magnetic field
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8) When the amount of EMFina between two ends of conductor rod moves in regular magnetic
field does not depend on.

a) length of the rod

b) diameter of the rod

¢) the position of the rod with respect to the magnetic field

d) magnetic flux density.
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9) When the angular velocity of rotating the core coil of the electric motor decreases as a result
of an increase in connected load with its coil, causes a decreses in the amount of:

b. The voltage between two ends of the core coil.

¢. The current passing through the engine.
d. The lost voltage (IR between ends of the core coil.

10) It is possible to induce the electric current in a closed conductor ring in one of the following

cases except one. In which case the current is not induced:
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a. A closed conductor ring rotates around its axis that is parallel to its plane and perpendicular to
the uniform magnetic flux (B).

b. Area vector of the closed conductor ring is parallel to the (B) that changes with the unit time.

d. The closed conductor ring which area vector parallel to the (B) is pressed from both opposite
sides.

11 The unit of magnetic field (B) is:
a) Weber b Weber/s d) Webers
o auhlioll yardl @olA ywlis 6anq
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12) In the figure when the conductor ring rotates around a perpendicular axis parallel to the it’s
face and the magnetic flux is perpendicular to the its axis and reverses twice through each:

a. one revolution

b. quarter revolution

¢. half revolution

d. Two revolution

13) Coefficient of self-induction of the coil does not depends on;
@) Number of turns of the coil.

b) Geometry of the coil.

¢) The time rate of changing of the current passing through the coil.
d) magnetic permeability of the medium in the core.
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@2: Give the reasons of the followings : Jle

1. The neon lamp that is connected in parallel to the coil is brightened strongly for a short time at
the moment when the switch is on inspite of that the battery is disconnected from the circuit and
does not glow when the switch is of f.

Answer:

This is because the quick fading of the current through the coil generates a huge self-induced
electromotive force on the coil. The coil acts as a source of energy which provides the lamp with
sufficient energy.
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2Water boils inside the metal container which is placed on the induction coil but water does not
boil in the glass container which is placed on the same oven.

Under the upper surface of the cooker, a wire coil is placed in which an alternating current flow.
This current induces an alternating magnetic field that spreads cutward. As the alternating
magnetic field passes through the base of the metal pot, eddy currents are generated at the base
of the pot, and the water placed in it boils.

While the container made of glass does not generate eddy currents at its base (because glass is
an insulating material), no heat is generated in it and the water it contains does not heat up.

Wl Yo Lin Al $ol=dl Al Lle Eguagoll Yiawoll cUYl JAla clodl ylsey2
Sauudi duhl) Gol=dl ddaall pleg A jolao £9u090 LRLR) Ul JAla uo Sl cloll
138 G1aug Wolilio JUi ars wlwiy oA Lw Wlo dubll $el=ll Aol Cunj &dgy
WoliioJl puurhlis ol JLaoll J9 o049 @JLAJl 9o piriiy Ugliio Luthaliso Yiao jLuill




ouabadl 02218592632

Opain 027401333727
clodl LLs216 UMl 6acld Lo Qolga Wiyl aJgii Yaoll o Egimaoll cUYI 6acld JAUA
.a.L6 £gu200J
(Ujle dalo ela Pl YY) Aiacld Lo Aolga Wiyl aJgii M ala JI (o Eginnoll cleg)l Loiy
AJginy $aJl clodl Yy Mg 0Jl)a Ao aJgii Mo

3.If a change in the electric current flows in one of adjacent coils the induced current is generated
in the other coil.

If the current passes through the one of the adjacent coils the induced current is formed in the
other.

Answer:

According to mutual inductance if the flowing current in coil 1 changes in time, the magnetic flux
®p2 would change accordingly and passes through coil 2 in time According to Faraday'’s Law of
electromagnetic induction, an induced electromotive force is generated €indz in coil 2
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@.3: Explain by an experiment how do you know existence of magnetic or electric field in definite
area.
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@Q4&: When a coil which area of one turn of coil is "A” rotates with angular velocity of " w " inside
magnetic flux density “B". The ¢y = BA cos(wt) EMFina is supplied as EMF,,; =
NBAwsin(wt). Explain it by mathematically.




Answer:
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A by

Eing = —N Te = —N(—BA w sin(wt))

€ind(ins) = €ind(max) sin(wt)
@5: What is the non-electrostatic fields?

Non-electrostatic fields: The electric fields which are generated by changes in magnetic flux are
called.
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@6: Define some areas which are eddy currents are used in them and explain each.
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tddy Current Applications

Eddy currents are circulating currents of electrons that are induced within conductors by a
changing magnetic field. While they can be a source of energy loss in some applications, they are
put to good use in several modern technologies. Some key applications include:

« Metal Detectors: These devices, often seen at security checkpoints, rely on electromagnetic
induction, also known as pulse induction’. A metal detector has a transmitter coil and a
receiver coil. An alternating voltage is applied to the transmitter coil, creating a changing
magnetic flux. When a metallic object passes between the coils, it generates eddy currents
within the object. These induced eddy currents create a magnetic field that opposes the
change in the magnetic flux, causing a detectable decrease in the current measured by the
receiver coil. This change signals the presence of metal

« Modern Train Brakes: Eddy currents are utilized in the braking systems of some modern
trains’. In normal operation, no current flows through the coils placed opposite the railway
tracks To stop the train, an electric circuit is closed, causing current to flow through the
coils, which act as electromagnets. This generates a strong magnetic field that passes
through the steel tracks. The relative motion between the magnetic field and the tracks
induces eddy currents within the tracks. According to Lenz's law, these currents create a
magnetic field that opposes the motion, slowing the train to a stop
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QZ: If a conductor rod in the figure below moves in magnetic field which direction is into page
vertically, the electric field is generated to "b". When the rod is moved to right, the electric field

reverses. Explain why?
E
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When the bar is moving to the left the magnetic force F is affected by the positive charges up

and negative down
So, the direction of the electric field is from up to down
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@8: Indicate the direction of induced current face the ring opposite the wire coil, in the figures
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a) In the case of an open switch, the current = zero (there is no change in magnetic flux)
Couuthalizoll YAl Vb Ji 220 VD = JLill 29ido 2Llidoll WLa yb
b In the event of a switch closing the key, there is an increase in magnetic flux, so the direction
of the current with the rotation of the clock
Juddi oladl ylo LJlg sL_?.ul,gJ:Li-inJl vasall Vo 6alj Wlia 2lidoJl GiLé] AUla Vo
Aelul wjlic Uljoa &o

¢) In the event that the circuit is opened, there is a decrease in the magnetic flux, so the direction
of the current is opposite to the rotation of the clock

Judl ol ylo pJliJug ‘\__,..m,g.bti_ﬁ'?_oJl uasall Vo Uladi lia 6 51aJ1 Qo ddla Lo
delull ujléc Jljga yusc gd
@Q9: Consider that the coil and the magnet shown in figure (66) each move at the same relative

velocity to the earth. Dose the digital millimeter Cor Galvanometer) connected to the coil indicate
to current flow in the circuit? Explain that.
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No, because the induced current flow because there is relative movement between the magnet
and the ring causing a magnetic flux that generated the current
Ot Qi @S5pa 3olgi pas) Clag 6p51all Lo Cing JUl Wluwil WY ALS

ol 8a29) uurhlisoll YAl o6 [ L ddlallg yurhlisoll

@10: What is the physical quantity which arc measured by followings;
a) Weber b) Weber/m? ¢) Weber /s d) Tesla ¢ Henry

a) Weber= Magnetic flux (Pp)
b) Weber/m® = magnetic flux density

¢) Weber/s = Average time rate of change of Magnetic flux (Ai‘:

d) Tesla= magnetic flux density
@) Henry-= coefficient of self-inductance or Coefficient of mutual induction
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@11: How eddy currents work to stop the vibration of metal plate which vibrates perpendicularly
to the uniform constant magnetic field?

@12: A copper plate is placed between the poles of uniform electromagnet which has large flux
density and perpendicular to the magnetic flux. When the plate is pulled out horizontally from the
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field by definite velocity this process need to exert a definite force. And the amount of definite
force increase by increasing that speed. What is the correct explanation of the for both condition?
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daudnll Aapn olail Asymo (F_B D ™ duuninliso 696 algil puurhlisograsll
FB: FB =quBiuukhlisoll 698J1 alaji de pudl ELL jlade abajug. jil Joild §oH9 ulc

aldy=soll FB = dualull Fpull

@13: A copper wire and copper ring are located as you in the figures below. In which figure an
induced current form in the ring when the current starts to How from the wire? Explain

4 m

1D In the first figure, the induced current does not flow because the magnetic flux density is
parallel to the plane of the ring

2) The second form generates an induced current and its direction is opposite to the rotation of
the clock to generate a magnetic flux
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B) pauhalisoll yasdll G6lA OV Adlall pob Cring JUb wluiy ¥ ollel a JAdll yb
UeAis ddlall sqiwol Lijlgo Uesy(
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®=BAcosO= BAcos90=0

A8l G ity puhlizo UaLs 1olgiy ¥ &La)l 03d L8

OV bl Wjlie (ljga) yualseo olail Crinoll jlill olail Yeay b GJLI JAiivl Lol
i2)ljiog LLeVl gaj ALl Ygayg Gl Gxisy llul Jga purrhlioll Jlaoll

@ = BA cos6 = BA cos90° =
®p = BAcos0 = BA cos0° = BA

@14: You have a wire with constant length and you want to make simple generator which provides
greatest amount of electromotive force. Is it necessary to make coil with one loop or two loops or
three loops by the wire, when you rotate the coil which you have get with definite amount angular
velocity inside the uniform magnetic field? Explain.

roh.chclln\g,gh,!.uqﬂgoud.:dqmﬂ?bg.éﬁgt:qﬁdqh 93 Cllw UJ ol
aal $3 lo JAdiny Cllwll J=ai Y] Clio wilkini asUpa sl Aolall 68l jlado
SJauinl duysla 6aalg

}9aJ adc SYAuil dybla Gle) M A Wlo gf SUALLI Liypila ULid) B3 Wlo ol
Quag .oliiio puhlio Jlao Jala dirso dyelj depuy ayle Juani $all Wloll
celislai

U= 271 elludl Joha = G@ll iae : UL 8aalg Ga) Jauiy ple il J=ajloaic

Lz=% L= 272 ] Joda Wuai = Gall huae :0le Uurit) el J=ai loaic

L L 2nr 1
L=t =—21 5 yp==r1 , N2=2 N1
L, ;fq 21T, 2

€ind = NABw sinCwt)

gindaxX NA o cwlgd Bw sinCwt) Ul los g

2
Eindr _ N, A, Ny mry
£ TN, x A N x Tr2
indz2 2 2 2 2
2
Eind1 _ & e ?‘_1
Z
Eindz N2 T3
Eingr _ N4 Ty

1
Eindz 2Ny (m)?

Eind1 _ N1 71

€indz 2N, — ()2




1
€inaz = 7 €ind1

aic ellag (gipg) Ale CuilA Lo wWauni jua (g, Qllingdl &aag Ul pisy 1adg
Al Joda gy wlall aac dacliao

Y3 =§r1 0oy Wla) Gl Laun b 88y hUg

2
€ind1 _ N1 X T

z
€indz N3 T3

2
Eind1 _ N1 Ti

1
Eindz 3N4 (;7'1)2

2
Eind1 _ N1 Ty

1
Eindz 3N4 ;(71)2

1
= X :3
3

=0

1
€ind3 = 3 €ind1
J=a aic ¢lag (gj,4,) Aule Cuila Lo % 3 Ce 30 iinodl Eaag Ul pizy 13dg
Cllull Joha ety Ol M $A Ll
698l Jlado olaci jraai iy dyila anlg o) $a Walo JAuiy Cllll J=ai la)
LA all dsolall
@13: In most coils, laminated soft iron core is used instead of one piece of iron. Explain why?

Wgj=o Eqlnoll agaall Yo Wjlgio Ylbiw Jaiiy wuldll &y Wldloll pdaso Vo
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P2: A coil which radius is 30 cm has 40 turns. The coil is placed between a magnet. If the magnetic

flux density which pass through the coil changes from (0T) to (0.5T) in 4s. What is the magnitude
of EMFina the coil, if’;

a) Surface vector of coil; is parallel to the magnetic flux density

b) Surface vector of coil is makes angle (6 =30°) with the magnetic flux density

uthb U &adg 30cm o W@ nig () 48) aila) aac Jaaiul Splapalw wlo
0 (o) Walodl JAA jloJl U..l.l.uhu_v.oJl uaLall Aolia Cupsilalo nQJle.M uywthliso
450J)a b UojJUA (OSTOIT

094y Loaic Wloll b dlingll GSL Al G oladl 5941 jlado Lo

ol o)l yasll olis 8ljlgol Wiloll Uro 6aalgll dall dalwo Axio -a
aloll $gimo &o30° Lawls dyglj Suay puuhlisoll Yard)l @ols aqio -b
At =4s N =40
a- A =nr? = m(0.3)%? = 0.09 mm?
€ind = —NA %cos@ = —40 x 0.09 x c:—s X 1= —0.45m volt

b- £ina = —NATcosf = —40 X 0.09 X = x 0.5 = —0.2257 volt

P2 A coil for motorcycle generator, it's diameter (4cm) and the number of turns (50) turns
rotates inside a constant magnetic field. The flux density is C % T, and the maximum amount of

voltage between edges of the coil is (16V). Power dissipated in generator is (12W), what is the
amount of:

a. angular velocity of the coil.

b. maximum amount of current.

wuthlisg Jlag Jala jgay aQ) 50 aileld aacq (4 cmd opdad dullgad Aalja algoldly
16v aloll uo;huJ.cCu.la.oJl dunlgall jlado rolaci Jlag —T AL Aolis plAliio
Jlafio Lo 12W algodl &o bgipoll Jo U o;.n\a_.oJI wobhsll 5)adllg

2Jg.oll BlgJ Lay jgai il dygl I depull (@
JoaJl L6 Wlioll jUil) pdacil jladioll (b




a)
A=nr’=nx4x10"*
e . = NAwB

1
16=50x4nx10‘4><wx§

_ 16 X ——
0 = i m X103 Do0rad/s
b)
Pmax - Vmaxlmax
P 12
Lo, = =" == =754
max= o =16 4

P3: A rectangular shaped coil has number of turns (50) and it’s dimensions (4cm, 10cm), rotate

with constant with constant angular velocity (15 rad/sec) inside a constant magnetic field which
flux density is C0.8Wb/m™ Calculate:

a. The maximum amount of induced electromotive force.

b. Instantaneous induced electromotive force in the coil after (1/90s) from (zero).

dglj Ge g joay (4em, 10cm) oalsyig Al 50 @ild) aace JAtill Jukliwo pAlw Wl
WAL Gols pliio punhligs Jlao JAla (151 rad/sec) Lajlado dokiiio
s al (0.8Wb/m™)

Wloll po @iinoll sl sll dsolall 698U pdacil jladoll -1
&gl Uo (1/905) jojo A=y Wloll L6 Alingll GVl ASUAAIl A olall Gl -2
1390 Soluy Lajladio YLa Al
- &max = NAwB =50x%x40x10"*x 157 X 0.8 = 2.4 Volt
2- 6 = wt = 157 X 1\90 = 15 x 180 x 1\90 = 30°
Eins = EmaxSing
Eins = Emax SIN(wt) = 2.4 X 0.5 = 1.2w Volt

P4&: ln-the figure below conductor ring, its area 626cm? and its resistance is 9Q. Magnetic flux
density is €0.15T) in direction of into page which is perpendicular the plane of the coil. The ring is
pulled by two equal forces and area of the ring becomes 26cm? in the time rate 0.2s. Calculate
the induced current in the ring.

$9ilo Vb Gcguago 90 Laliogliog 626 cm? Lavialue dypila Alngo Gla YAy
wle Bagoc olail 015 T audws Aolis pliiio yuuthliso Jlao Loy P
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L\ialwo Crelysd (urizglurio auly Ligdy Lavila (o G8lall Ciynuw, @81l $9iwo
S A8l oo Cringll Jlrill jladio wamal, 02 s Guioj 64id JAA 26 cm?

6=0
AA A, —A 26 — 626
€ind = —NBE = —NB% ==—1.5%0.15 % x 107* = 0.045V
eng  0.045 (45 x 1073) )
I = = = =5x 1073 = 0.0054
R 9 9

P.3: A 0.Im conductor rod as you see in the figure below moves with a velocity of 25m/s in a
magnetic field which flux density is 0.6T and directed to into page. If total resistance of the circuit
is 0.03Q). Calculate the amount of

@) EMFing
b lind
¢) Pulling force of the rod

d) Dissipated power by the total resistance of the circuit

25m /s Ly & iy ol e pull jladiog 01 m Ladghn , JAulU dlngoll §ludl Ul ya ol
uaLall doliag 003 Q Llajlado ( dAawllg Yuul) 6plal dulall dogliolig
:J1ao wmal. 06 T purhlisoll

Glull ooy Gle @iinoll @5U Sl G slall 59d)l -1
Q1 b Crinoll Jluil -2

Wl dualnll 6gdJl -3

B151a1) G180l Boglioll yub Saaioll 6)adll -4

6 =90°

1- &g = VBl sind = 2.5% 0.6 X 0.1 = 0.15V

vB2¢2 2.5 X 0.6%2 x 0.1?
— = 0.3N
R 0.03

v2B%f%  6.25 x 0.36 x 0.01
- 0.03

3- Fpuu —~

= 0.75Watt

4- Pdissipated Y
Or
Pdissipated = [?R = 25 x 0.03 = 0.75Watt
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P6: If the magnetic energy which is stored in coil is 360j when the amount of the current in it is
20A.

Calculate;

a) the amount of coefficient of self-induction

b) average EMFindg in the coil if the current reverses in 0.1s.

JUiJI jlage YLA Loaic 360 oluw Wlo V0 @ jidoll Aumiihlis ol AsUall CuilA 13]
aal 20 A as wluioll

Craoll GilaJl ¢iall Jolzo jlado -1
01's JALA JLridl yua =il 13] Wiloll b @iinoll @5Ua Sl @ slall 698l Ja=o -2

2P.E _ 2(360)

--PE=-L2wmlL=""= oy: = L8H = 180mH
2- £ipg = —L5 = 18 x 220 = 18 x 40 = 7207
Or

eina = —L 3t = —1.8 x 22 = 18 x 40 = 720V

P7Z: Two adjacent coils that have a perfect correlation, the self-inductance coefficient of primary
coil C0.4HD, resistance (16Q) and self-inductance coefficient of the secondary coil (0.9H). The
voltage applied in the primary coil CEMF) (200, calculate:

the amount of instantaneous current, the time rate of the current change in the primary coil at
the moment of increase the current (80%) of it's constant amount, and the induced electromotive
force on both ends of the secondary coil at that moment.

Wlol) LIlAJl &all Jol=o UL ol puthliso kylp lLodiy Ulolaio ylalo
€09 H) $gildl Wloll LIlaJl Ciall Joleog (16 Q) diogliog (04 H) Lilaiyvl
IV JLI - ladio wiual (200 VD LSIaNI Walodl 6451 uob deguagoll Auinlgallg
U0 (80%) I JLidl aliajl AT GSINEIUI G Lol 6 )51a L JUil prsi) Ldo Pl Jaseollg
CLL b $oill Lololl Lo pa Hle Aiingll @S asll dsolall Sgdllg A ulidl ojlabo
AL

_ Vapplied _ 200

Leonse =~ —=12.54

80
[ins = 12.5 X — = 104

100

At L 0.4 0.4




M= L L, =V04x09 = 0.6H

Al
£ind(Z) = -—-M—=—-0.6X%x100 = —60V

At
Other sol
Vapptied = g ¥ leonst X 18000 8 Vf:;jd
80
Al Vapplied = Tgg * Vapptiea _ 200 — 0.8 x 200 200 — 160
l g ) 04 04

M=1;1,=v04 %09 = 0.6H

Al

= 1004/s




ALL el droall

resistanceAusU A aJl Aoqlioll

rogl

ling

electric current CriagJl jLiill

Jilol

I inst

electric current L3Vl JLLill

Jlol

]max

electric currentrodac)l jLrill

Jlol

Magnetic flux purhhlisoll yasoll

WB

Weber

uwldig
6anqgy
Weber juiq
ol
JUguwAlo

Maxwell
(ba)
Weber = 108
Maxwell

magnetic flux density yasall dolia
wurthlisoll

Tesla

Ldiang
Weber/m?
i
Tegsla 4P
ol M’
Maxwell/cm
L-o-uLig 2
wola
10" $olung
A ¢

Area Aaluugll

the angle between A and B

self-inductance LI Cuall Jolo

Henry

Henry

(C
olt.Second/
Ampere), it
is called
Henry




self- mutual inductance

Henry

Henry

4
olt.Second/

coefficient Jalliodl Ciall Jol=o Ampere), it
is called
Henry
Viiss dihlgall Q.oLn
N The number of turns Clall aac turn winds
W Angular Speedduql JI Gc puull rad/s
’ length of the dlungoll @Glull Joh - met {8 Jio
conductor bar
v speed Ac puull m/s
Paiss power dissipated 6aaxioll 628l watt biq
Eum pull force duatull 69.8JI N Newton
Sing diinoll AU LAA) A=ola)l 598l Vv Volt hlgo
e | Lolas)l&sUrasl G2 olall il vV Volt higs
Eice duiVl Au5U A dsolall o0l V Volt bhigo
duapall AU all deolall 5gill
. Vv Vol hJ
Emotional electro motional force on e
Wb ALVl AU LA ATl A ola)l SgdJl
€ind(2) y gg.il."iJl Lol ") Volt hlgo
Wloll ylce degus | dlalgoll
Vanm R e v Volt hlgs
Jlaiyl
PE ENERGY STORED IN COIL j joule Joa

«£Eqlaoll ayanll o @abo ddla alga Jlogllo Uljglaio Uldlo (Joll jgadl =2013 1
Lle eliGog ( 80V) Lauhs U ada G0 djlny LIV Wloll Lo U by
i (16 2 ) Aiogliog ( 0.4H) LSlaiil Lol LilaJl Cuall Jolso ULA 136 LJIgi]
(2) 851201 GALEI BAAT LSV Lol 63518 Vb JLLil i) do Il Jaodl (1) : Jlado
oo b U @iine Auilpaas Aeola 895 Walgi 13l Yuloll Uu Jalsioll Caall Jolzo
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LD (3) . LIV Lol 851a yub 2lifoll GMEI bl (50v) Layjladio ot Liloll
B)51201 GLEN Ay HGSIALVI loll 6512 b Wilurioll Cuylill

ﬁ[‘_]_ AII
lins = 0w Vo = L—+ i #» 80 = 0.4 X — + 0 w»= 2004/s
At At
Al
Eina = —M (E) w —50=—-M X 200 w» M = 0.25H
V. 80
leon = cgp =E:5A

(240V) 6 512 Lo Gcguagoll Arinlgall Cuilhg (122 ) Alioglio Wlo (Lulill joadl - 2013 .

wual (3607) jLidl gl aic Wloll uo Wjidoll Gruialioll A5Uall Jlado Ulag

Ja=oll (3) 6,51aJ1 glé dlan) dliagll ¢ .2 @ (2) .LilaJl Cuall Jol=o (1) jladio
Ul ojladio Uo %80 WJI U Jouag adc jLrill jusil Hdo I

D=l 20 _ 954

R 12
_PE_ . 360
T4 T4 %00

2) Iins = 0 » Vo, = Eing = 240V

80
3) lins = 80% X Icons = 755 % 20 = 164

Vapp = Vet + €ina
Al
V.

app = lins- R +LE

240 = 16(12 +18A[

A1_240—192_266‘£1
- 18 Ny
i 3 Ua ol jolaodl Jadill b (LltoAill/ il joadl - 2013 3
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S B PNT Aled, Wl ) adlal) dulall dogliollg 3 = Lay Wyaiy
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UL &g cm20 ophad Lanig Q) 60 Al aac $ 5l VAL Wlo (Saidol - 2014 4
JALA §jlodl puurialioll yarall Aol i 13k Lilpds puahliso pibad
AU AA)l Aolall 698l Jlado Lo , 715 0)ad Uoj JAA 705 JI T0.0 o loll
61jlg.04 WaloJl o Sanlgll Aol Galue Axio (1) § U9S Loaic Waloll yob Aiinoll
gl j Sduay puialis o)l Aol 86US axio (2) puurhlioll yasdll dslis aqio
Wloll $9iwmoe &o °30 Ldwlid
Ciadl Jolo ULA 4ol puurhliso kulgi Lodliy Uljglaio Ulalo (Joll jgaJdl -2014 .5
09 ol ol LilaJl Cuall Joleoq 152 Aogliog H04 LSlaVI Wllol) LilAJI
Ja=oll (1) : jladio caual V60 L3laiul Wloll 6551a Lb Gegragoll duhlgall H
Uo % 80 WJI Las JLidl alajl daa) LSl Wlodl 651a oo JUI Jai) Hdo I
L9 Bl Lloll b pa Lle Alingll ASLASIl A olall 698l (2) Culil ojladio

Va 60
(D Loonse = 22 = 2 = 44

Iins = 80% X Ioons = 0.8 X 4 = 3.24
Al

Vapp = lisn- R + LE

Al
60 =32x15+ 04—
At

Al 12

At 0.4 s
(2)M = JL,L, = V0.4 x 0.9 = 0.6H

Al
Eindgs = —M (E)l = —0.6 x30 = —18 Volt

12? Laly &y Ll Gl jladiog m2 Ladgha Woungo Ylw ( Joll joall — 2014 6
8gdl jlafio Limal T02 aislis phiiie punhliso Jlao ule $agoc olaily
Yl Lo pa Lle @dlinpll AL ARl Az olall
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sal. 45 poie JUl
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U ULA Loaic 0027 $oluti Wilo wb dijiscll &slall Cuila 11 ((guaju - 2014 8

d=561aJl 698l Ja=o (2). Craol) LilaJl Ciall Jolso (1) jlatio aa 44 ars wliioll
0.25s JALA jJuidl yua =il 1al Aiiagll AU Al
aa) 100 aild) aacqocm?2 ophd uai duilad Aalja aJ 01 o (CUUJI joadl =2014 .9

.2Jg0Jl 8lgJ Layy jgay LI dygl JI e paudl -1
Joall b Vluioll jUill pdacyl jladoll -2

(Baxadoi j9aJI -2015.10
' 119aJ1-2015 .11

Jano puhd yul = ‘/me WIIAJI &all Joleo Walo kyj (@)LA Jal joaJl -2015 .12
Johll axio u Johll G)o Quglj Cuilhs V100 oadn §po Augliioll drknigall
Lo A10 651201 L6 Wlioll JUiJl jladiog °60 Uil johall Axiog Grlall Gurkhnlgall
651aJ1 22 (2) Waloll Aoglio (1) $)lako

Gcguiago 05 Lliogliog cm?520 Laialuo dy)sla dlingo Gdla (LJUl jgaJl -2015.13
olajl 7015 uayo Golis pdiiio puhliso Jlao Layle hilw d5)g)l $giuo oo
Utizglurio 2l Ligdy Layila Yo Gdlall Ciyaw E81al Sgiwo e $agoc
Vb Cuingl jUill Jlafio Lumal 503 dyioj 6xis JUA cm?20 Wdislwo Calid
K E N |

LIl Eanll Jolseo il b @ijidoll dsUal Caila 13] (2)LA —oulill jgall ~2015 14

Gl puhliszoll yardll jlado ~1:ual (J48) o adJ (100) ailal aacq (H06)

13] Wloll b diingll ilyas)l @sslall 6gdll Jaso -2 .6aalg)l &AL Gyisy
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(J75) Soluti Wlo Lo Wjidoll puhliszoll AsUall Cuils 1Al (CUJWI jgaJl -2015.15
VIl &all Jolso -1 Jlado waual (410) aus wlwiodl jJUidl jlade JLA Loaic
Uil yus=il 131 Wlodl po diiacll G5LASl dblall §9)l Jaso -2 Ciaol)
s0.2 JALA

(B4l -2016.16

Ungo Gaw Lle @jii (M16) Wgh dlingo $w Ul ya sl (Joll joall —2016 .17
oty (T08) aislia pdiiio punhlito UaLd Lle $agoc olail U wia JAuiy
(1) sl (Q128) 651al) dulall Aoglioll Jlado Ylag (N0.064) Ayl dualw 695
ole Glul Loy @i il de ! (2) .das ol diinodl dsUrasll dsolall gill
AAaaull

18. Spouse the conductor bar that length (1.6m) slipping on conductor slide with shape U

perpendicularly on the magnetic flux density (0.8T) effected pull fixed force (0.064N) then
the magnitude of resistance for the circuit (128 Q) calculate:

(DMotional electromotive force. (2) The speed of a conductor.
1
F B2 — | f’ B
F _ 0.064

~¢B _1Le6xoug o4

Emotional = I X R = 0.05% 128 = 6.4 Volt

€motional = VBE

Z

= €motional = 64 = m/s
fB 1.6 X0.8

(2JLa - Jall jgaJI -2016 .19

(Ulago — JaoVl jgaJ1 -2016 .20

arle Ciiag (Q20) Aiogliog (HO4) LilaJl Alia Jolo Walo (LJlil jgaJl -2016 .21
A (a Juil sl odo Jl Jasoll :jladio wrual (V200) Layjladio 6 poliuo Grnlgd
LUl ojladio (o %40 WJI Uil aUajl ddaad (b 6511 §lé
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s =il 13] Wloll yb @il GsUyASI d=blall 598l Jaso (2 Ldlol) LIlAJI
sec0.1 JAA juill

ophib Wnig Ga) 50 dild) aac JAull $pla pAlw Wlo (UL joall 2016 23
Lt lisoll YAl AoUA i 1AL LSUKAS yurhlisso pukad U &aag cm20
A=olall 698l jladio Lo 1S 0jladio Uoj JAA T0.6 HJI TO0 (o aloll JUA 6)loll
Uo 6anlgll daUl dalwo Aqio -1 SUgAs Loaic Wloll yob Alingll A5LIAAI
vasrdll dolis axio -2 puuhlioll yasdll dolis axio 6ljlgos Gloll
Wloll $9imo o °37 Lauwlis Auglj &iuny puurhlisoll

cm20 opnb Lhniq G4l 60 aila) aac $xla LALw Wlo (J)La —CULiI jgall -2016.24
vahlioll yarall Aola Cpei 13 Lilpas yubliso pubd U &ag
A=olall 598Jl jlado Lo 715 0Jad Joj JUA T05 WJI T0.0 (o alodl JAA (o 6)lodl
6ljlgos 6aalgll dalll daluwo Axlio -1:Jg8) Loaic Wloll Lo Alingll A5L LA
&iuay paurhlioll yasdl Aslis aqio -2 . punhlioll yardll dslis aqio
aloll 59iwmo &o °30 Lauwlis dyglj

$olui Lo Lub Wijiacl druihli$ ol A Uall Cuila 1] (LSbal - $ardoill -2017.25
VIl &uall Jolso Jladio -1 vrmal A12 ars wluioll juill jlasio YLA Loaic J180
JUU yuA =il 13] Wlol po @liagll Auilpasll deslall $9d)l Jamo -2 iaol)
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26.2017 \Gaiwl )A coil is connected to two poles of a battery with potential difference of 30V. The

current. is 7.5A in the circuit If the battery is removed and the coil is connected to the poles of
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6A in the circuit. Calculate :(1) coefficient induction of the coil. (2) phase difference angle:
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1- depends on

The power of the electro magnet

1. the number of rolled wires in the coil around the piece of coil
2. the amount of electric in the electric circuit
3. Permeability electromagnetism

Sibrasll yuyhhlisoll 95 Labgil olle
Al ol 3gaill -3.81oJl b Wluioll JUill jlasio -2 Wloll L) aac-1
Qloll v uld 6alod

The amount of magnetic force acting on the charge moves within a uniform magnetic field

Quantity of charge

Velocity of charge

magnetic flux density

the angle between the velocity vector V and the magnetic flux vector (B magnetic flux
density

S W N =
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the intensity of the electrical current

1. the speed of the movement of the connector or magnet (directly proportionald
2. the number of coil rolls (directly proportional)

3. magnetic flux density

4. Permeability electromagnetism




oabadl 02218592632
3371

9

Odpeada 0 2724013

e puphaligoll aleiyl of Wlyidl Wla ob Lalo b Crinoll JUill jlado Wsgiy ollc
SLalol

:aliajU alajy Cringdl Uil jladio Ui liloc 29q Ad)
8lollg puhlioll Lhdll G G idl 85 paJl de pw -1
2lodl Wld) aac -2

Bloll Gridy $all paurhlioll yaudll jlado -3

V9 Eglinoll ayanll o wils JLAa]) Laloll Wwea alo) Arunhlioll gaill -4
(Vuurialiszoll yasd)l Aol alajl o iy clgall o Yoy Laloll o
magnetic flux which goes through a conductor ring or wire coil
1. magnetic flux density

2. Area
3. the angle of vector (B magnetic flux density
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MOTIONAL EMF &0tionat

Enstionar = VB

the speed of the movement of the connector or magnet (directly proportionald

magnetic flux density

length of the bar inside the magnetic

the angle between the velocity vector V™ and the magnetic flux vector (B magnetic flux
densit
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SELF INDUCTANCE
Self-inductance coefficient L of a coil depends on:

(1D Number of turns.

(2) size of the coil.

(3) geometric shape of the coil.
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(4 the magnetic permeability of the medium inside the coil.
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MUTUAL INDUCTANCE  If both coils were in the air
Selgdll Lo Ylaloll ULA 13] Yalo U M Jaldiodl Caall Joleo aoiwy rolle

If both coils were in the air, the mutual inductance coefficient between coils depends on:
(1) Constants of coils (L1and L2), ie. Csize of each coil, geometyric figure of each coil, number of
rings of each coil.
(2) magnetic permeability of the matter inside each coil. depends on position of each coil.
(3) the separator between the coils and in case.
rode aoi=ey (il Uu M Jaldioll Cuall Jolso ULs clgall ub Ylaloll ULA 13]
Wlo JAJ pawaidll JAuitllg Wlo JA moaa i L g L2 mdlodl Culgl (1)
20iyg aflo JA Wgn ub Salol) Qumiinlisoll Ayaglillg Lalo JA WL aac(2)
Wlo JA usiag pole ClAS
Ul oll O Alalali(3)
The mutual inductance coefficient M between a core of iron and closed between the coils
a2l o Wil 2gag W Lo llo U Jaldiodl Cunll Joleo aoiwy olle
Ulo U §lszo Eqlinoll

The mutual inductance coefficient M between the coils depends only on: Constants of the
two coils, (L1 and 12D, due to total magnetic pairing between the coils, as in the electric
converter. The mutual inductance coefficient between the coils in this case is expressed as:
Ciall Jolseo Yo Utloll ) @lso9 ayaall o LS agag WLa o9
wode haod aglisy ueloll gy M Jaldioll
WO Lo Urlodl Y ol Laurialis ol YILiSYI Jounnd Gayis L g L2 gubloll Cuylgs
ALl digapt
A A M=IY phawy Uladl 0ad Lb Utbloll U Jalrioll Cuall Jolzo Uls
M=yL XL,




® What happens if a particle moves vertically on regular electric field lines?
@ What is the effect of the electric field on the charged particles moving through it?

Particle will be affected by electric force (FE) parallel to lines of electric field Fe=qt
QLA @A ol dgaditall Clopwall ob LSUKASIl Jlaodl 16U Lo
PRiio LiLIAS Jlao heha Hle Aagoc §)guny o Wypajila] Juany lhle
6ljloos Aqitwg LSUASI Jlaodl hekhal jlgo $oiuwoes ABLIAS Sody Kiliyw
VLAl Jlaoll hghha

@ What happens if a particle moves vertically on a regular magnetic field line?
@ What is the effect of the magnetic field on the charged particles moving through it?

Will be affected by a magnetic force (FE) is perpendicular on that flux, the particle will deviate
from its original position, it will follow a circular course (path) because the magnetic force affects
perpendicularly the velocity vector

QAL &4 i ol digauil o)l Cilopuall b Lathlisoll Jlaodl 15U Lo
rpRiio punhlio Jlao bhoha ylc Wagoc §)guny oua yajla] Juasy il
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Acpwll axiio Ll $agoc oliy
Explain, how can you practically know whether a magnetic field or an electric field exists in a
specific space?
By throwing a particle into the field, if the particle deviates and goes parallel to the field, then
the field is electric. If the particle is skewed toward Ccircular), then the field is magnetic
3¢90 LIU}AA Jlao Pl puhlio Jlao ULA 15] Ao o Lloc Clifoy Q1A QuAg
uls Jlaod 6ljlgos jlwg ol wopail 13 Jlaodl JAla o wwiady cllig
whli$ g Jlaoll Yol p5la Jolail pruallwpail 13] Lol .ol pda Jlaell

@ What is the effect of both the electric and magnetic fields together on the charged
particles moving through them?
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particle will be affected by two forces; one is electrical force (Fe) in the electrical field (ED The
other force is magnetic (Fp), in the magnetic field (B) it moves either in the direction of the
electric force (Fe) or the opposite direction the combination of both forces is called CLorentz forced
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@ What is Lorentz force and where is it used?

The combination two forces, one is electrical force (Fe) in the electrical field (E) The other force
is magnetic (Fs), in the magnetic field (B) it moves either in the direction of the electric force
(Fe) or the opposite direction and used in Cathode —ray tube that controls the electronic

band on the monitor F, = Fg + Fp
Jodiwi (g jijg) 695 Lo

WUy sll plaoll Lody 58 uidl ALy allg druyhlioll JLigdll lnap L
dyagilall d=ab)l duguil Lo jijg) 696 Jolimig aalg YU o Lob LuLhlisollg
ALl plle @abludl uigrislVl dojall juuo Lo AL

® How can identify direction of magnetic force?

Right —hand rule is applied Right-hand fingers rotate in the direction of velocity V towards the
magnetic field (B, so, the thumb points to force Fz

A hlisz ol 598J1 olail (=i (a0 LOLA
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@ After successful observations, Faraday finally gave a physical explanation
Why previous attempts failed to generate electric current out of magnetic field?
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all of the previous attempts relied on constant (fixed) magnetic fields only.
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@® Why the neon lamp doesn’t glow when the switch is closed and the neon lamp glows when
‘the switch is opened (The neon lamp is connected in parallel combination with the coil.
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First: the neon lamp doesn’t glow when the switch is closed, because the voltage applied on its
ends is not sufficient to glow it. The growth of current from zero to a constant amount is slow
because the induced electro-motive force in the coil hinders the cause of that force according to
LenZ’s law.
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Second: the neon lamp glows when the switch is opened because of the huge voltage on its ends
was sufficient to glow.

This is because the quick fading of the current through the coil generates a huge self-induced
electromotive force on the coil. The coil acts as a source of energy which provides the lamp with
sufficient energy.
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When change in the flowing current in one of these coils can induce a current in the other coil.
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assume there are two adjacent wire coils. The flowing current in the primary coil (1) generates a
magnetic field B, and magnetic flux @5, this current passes through the secondary coil (2), if
the flowing current in coil 1 changes in time, the magnetic flux @ B, would change accordingly and
passes through coil 2 in time. According to Faraday’s Law of electromagnetic induction, an induced
electromotive force is genera-ted €;,,4¢2> in coil 2, with the number of winds N2.
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@ The reason for the outbreak of an electric spark across the electric switch when opening
the circuit?
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3- Definitlons

INDUCTION Oersted discovered that it is possible to generate electric current in at closed conductor
ring Cor a coil from a conductor wired by an alternating magnetic field facing this ring or coil.
ddla LB LILEAA L Agl Auilasl L Alw)gl WLILIAl Luurhliog Al Crall
Hio puhlizo Jlao dhwlgy llig (Jungo llw (o Wlo gl) Alads Alingo
8loll gl Adlall ¢l aalgy

FARADAY'S LAW

“Amount of induced emf ¢;,,4in a conductor ring is directly proportional to the average time rate
of change of magnetic flux which goes through the ring”.

dlingo ddla Lo (gind) Aiinoll ABLIAAI Aolall 6ol jladio Blald Yeils Uai
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LENZ'S LAW

which states that: The induced current in a closed circuit has opposite direction Cin its magnetic
field) to the change in magnetic flux that causes it.
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Motional emf CEmotional)

Inducing emf by moving a conductor bar inside a regular magnetic field
Elypas aawlgy Caaimi Gl Aolall §gll Lud Gas pall AL Al d=5la)l §o4)I
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SELF INDUCTANCE
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This Phenomenon is called self-inductance, and it is defined as:
A process that generates an induced electromotive force in a coil, due to change in flowing
current of time unit, in the coil itself.
155 Qi Wl o @lling AL NS G061 606 aJgi duloc L LIl Ciall 6 palA
i Wloll b UoHl 6aag) Wlurioll JLrill jladio

coefficient of self-inductance a coil L “Ratio of induced electromotive force to the average time
rate of change of flowing current in the coil itself”
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Henry Is the unit for self-inductance coefficient of a coil. If the current changes by
(Ampere/second),1 volt of induced electromotive force (Eind), is generated on its terminals Csides)
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the inductor is considered resistance-free coil, this means there is no waste in energy.
dBUn Elua L6 Lty ¥ Eraell Ul pixd 13dg Goglitoll Jodo Wilo g Cragll

Mutual inductance It is a phenomenon that generates electromotive force in the secondary coil as

a result of the change in current of the flowing unit of time in the primary coil, which generates

a change in the magnetic flux that penetrates the second coil.
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Coefficient of mutual induction

Is the ratio of the electromotive force at the secondary coil to the average time of current change

in the primary coil and measured in Henry
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Electrostatic fields: that all electric fields, generated by the static electric charges.
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Non-electrostatic fields: The electric fields which are generated by changes in magnetic flux are
called.
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The Benefit
What is the benefit? — What is the purpose? — What is the importance?
What is the benefit of an electromagnet?

1. Lifting heavy iron pieces and heavy iron containers.

2. Used in most electrical devices such as ammeters, voltmeters, generators, motors,
loudspeakers, audio recorders, video recorders, electric guitars, computers, and most
modern applications.

3. Magnetic resonance imaging (MRD.

4. Operating high-speed trains.

What is the benefit of Lorentz force? In what applications is the Lorentz force utilized?

The Lorentz force is utilized in the cathode ray tube to control the path of the electron beam
striking the screen.

What is the benefit of Lenz's Law?

1. Determining the direction of the induced current in a closed electrical circuit.

2. It is an application of the Law of Conservation of Energy. In both cases (whether the magnet
approaches or moves away from the loop), mechanical work must be done, which is
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converted into another form of energy in the load (when the loop is connected to a loadD.
This is an application of the Law of Conservation of Energy.
What is the benefit of Faraday’s Law?
Faraday’s Law is used to calculate the induced electromotive force (EMF) in a conductive loop or
wire coil when there is a change in the rate of magnetic flux passing through the loop or coil over
time.
What is the benefit of eddy currents?
Eddy currents are utilized in modern technologies such as:
1. Braking systems in some modern trains.
2. Metal detectors.
What is the practical benefit of making the core in the form of parallel insulated soft iron
strips pressed tightly together instead of a single solid ivon piece?
In most coils, this design reduces the effects of eddy currents, thereby minimizing power losses
and reducing the heat energy produced. This increases the efficiency of devices like transformers
and slows down their wear and tear.
What is the purpose of increasing the number of coils around the core of a DC generator?
To ensure that the output current from the DC generator remains nearly constant, making it
closer to the steady current of a battery.

What is the purpose of using a commutator instead of two metallic slip rings in a generator?
To ensure that the current flowing in the external circuit of the coil maintains a unidirectional
flow.
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Difference Between Single-Phase and Three-Phase AC Generators

Comparison | Single-Phase AC Generator Three-Phase AC Generator
& drlben il e fean Three coils wound around the iron core in a star
Core 9 (YD connection, with equal angles of 120°
core.
between them.
The two ends of the coil are | The coil ends are connected to three wires, each
Number of . . : ; y :
Wires connected to two wires: the live | representing a live wire, while the other ends
wire and the neutral wire. are connected to the neutral wire or ground.
Current Produces AC with a lower Produces AC with a higher magnitude than a
Output magnitude compared to a single-phase generator, making it more
P three-phase generator. efficient for power transmission.
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Activity
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Explaining electromagnetic induction phenomenon
Slal) puuhli 09 Al Ciall 6 pala Quagi 7

Tools of the activity
Two hollow coil wires of different diameters Ccan be inserted in each other, Galvanometer with
zero reading in the middle, magnetic bar, wires, battery switch
Glw - ahuwg ub 044 Jitogilals - dalisg jUasl Ylogao Ulalw Ulélo
Vilpaa @ligo - Uy - Wlwi- Gy hliso
Steps of the activity
\ one of the coils is connected to the galvanometer. North end of the magnetic bar faces the
coil during in activity for the coil.
We will find that galvanometer pointer will remain fixed at zero reading. There is no flow of
current in the coil circuit.
The magnetic bar is pushed towards the coil, then moved away We find that the Galvanometer
pointer deflects to the one side (when the magnet is close) and the pointer moves to the opposite
direction when is moved away. This indicates induced current flow in the coil, in both cases
aalgl Gy alisoll Gludl (o Yllodisll Wynllg .Liogilal Al Jabloll aai gy
Qloll
L JLI Wlia yuy Gy p0all Gelpdl aic Ul OSw JiogilalaJl pibdo Ul 2 Wow
aloll 8)51a
W2y Jiogilalall pigo Ul ani 0asyi od adloll olail puuhlioll Gludl b
vuALoll oLVl GJ| Hivgoll Jiiiing (Lypd purhlioll ygay Loaic) aalg wuila WJl
UL GLA b apSU A JUS 2929 LJ) Juiy 13 .03l rody Loaic
\ Terminals of the other coil (primary coil) are attached to a battery through wires to
create electromagnet the primary coil Cconnected to the battery) is moved in front of the
secondary coil Cconnected to the galvanometer), brought it closer and then moved away from it
along its axis
We note that the pointer of galvanometer moves on one side about zero and in opposite direction
again. This indicates an induced current in the secondary coil then it goes back to zero when there
is no relative movement between the two coils
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\ a switch is attached to the primary coil and turned on the primary coil is inserted in the
secondary coil; the ratio of both is maintained the switch is turned on and of f in the primary coil.
The galvanometer pointer deflects by moving on the sides of the zero reading in opposite directions
only once the switch is turned on and of f in the primary coil circuit respectively. It indicates flow
of induced current in the secondary coil circuit in those two ways
LB LIlALI WloJl JAaj Lagife Aleaig Llaill Walodl 8512 yb 2lidoll by
8512 Lo 2lidoll Aifig Gl Uadloll ani tigi Lle Bolaig.geilil Laloll Wea
b Ayl 61l Luila Ve Wiy Fiogilalall pibdo Ul Baliw .o3lail loll
e LSV LI 6)51a L6 AQisg 2lidoll Glé clifl hid YrmAlio Yralal
Uity i)l Oila) Lo $593LI Lalodl 8451a b i JULh AJgi I iy Ll
Conclude
An emf is induced (Eind) and an induced current flow in a closed circuit closed ring or a coil) only
when there is change in the magnetic flux that goes through that circuit in unit time, Calthough
there is no battery in that circuit)
oo Adlo AWLIAS 6)51a O Ching JUi wluiyg ABU)AS A ola 696 Cai
U0 ol JI e 651801 UL @ idy Sl puurhlisoll yatdll o6 Jisi Jguan aic
dyjlny agag oac
Direction of the induced emf (Eina) and direction of the induced current (ina in the electric circuit,
have a certain direction when there is increase in the magnetic flux that goes through it , and

they have opposite direction when the flux decreases
i adc Ju=o ol Ll olnilg diinoll Gu5L sl A ola)l 698l Guns Ugai

uaLall yaslii aic yualeo olailg uasdll

Activity- generating self-induced electromotive force on the sides of the coil?
Wlo Lo Lle @ing A5LINS A o61a 695 aulgT

Tools of the activity
9 V battery, switch, wire coil with wrought iron at the core and 80 V neon lamp
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Steps of the activity
The coil, switch, and battery are connected in series combination
Wl le dyjlnylig elidollg Wloll lnyyi
The neon lamp is connected in parallel combination with the coil
Wloll &o $jloill Llc cluaoll gy
The coil and battery circuit is closed by the switch, no glow in the lamp
clunoll Aadgi roac Aalli 6 5ladl Gl
The coil and battery circuit is opened by the switch; the neon lamp will glow brightly for
a while, although the battery is disconnected from the source
wle Uo HI Uo 6 )06 6 4i) Uguaill 2luno A gl Anlli LGl lawlgy 6 511 Qlidj
85121 Ue Ay jUal Juad Uo ot i

Conclusion
1- The neon lamp doesn’t glow when the switch is closed, because the voltage
applied on its ends is not sufficient to glow it
ALl agophn ole deguagoll Ariloall Litun) 6)51aJl GALél A 2ol Adgi Pac
b ALl pAs d=bla 896 Algillan euday Cuylill jladoll LJI paull Yo Ll goi YV
L G oll J5)=0 Laloll
2- The neon lamp glows when the switch is opened because of the huge voltage on its
ends was sufficient to glow
U0 JUil ouAl5 wrnndlg 6 pus Guilgs aJgi wapu 65101 ib @A) dlnoll Adg)
6 A diing ASLAA Asola 696 alg Gl 1l GJl el jlado
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JaliLill Olgaill
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L dj éalodl o 010 A Glw W phay Ritio -2

huii ol liwi Jio ldua =y e g jo Il JAdiy oo Jriaidnll saal -3
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Concepts and principles

D In the moment where the circuit or the switeh fs closed:
Iinst = 0
Vet = Iinst * R

Viet=0
ant magnitude:

AL

At
3) If mentioned, “faded” or (switch opened), this mean the sign is negative, and if

mentioned the “rate” which mean that the magnitude divided by (At).

4) When mentioned in the question the current or the voltage in a percent magnitude, then

the current or the voltage obtained by the multiplying the percent in the given
magnitude.

Examples
1 A current of (4A) inverted, find the change in this current?

Al=12-11
Al=-4-4=-8 Amp

2) When the current reached his const

OR
Al =-21
Al =-2 x4 =-8 Amp
2) If the flux fading magnitude of 0.7Web/sec, this mean that:

A
A_f = 0.7 web/s

3) Find the current when reached 80% of its constant magnitude?
Linst = 80% x Iconst

4) Find the Instantaneous voltage when reached 50% of its constant magnitude?
Vet = 50% x Vapp

5) Find the induced current when reached 30% of its constant magnitude?
Linst = 30% x Iconst

6) Fine the induced electromotive force when reached 60% of its constant voltage?
Eind = 60% % Vapp

7 Find the Instantaneous voltage when reached 70% of induced electromotive force?
Viet = 70% % Eina
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linst = 0pdaall juill .

Vnet = linst x Rodlall adll .

Vner=0 .
Wiyl diosd oIl Uil Juay Loaic

Al/At=0 o
AuJLw 6 jUb I Gi wiy 126 . "ALD eLl.n.o.lI“ ol uJ.I.I“J L™ Ol J1gaui Lo jéa 1al
A ole Croaud Aordll Ui iy lAdo "Ja=oli" }A3 lalg
Way g adall g Juidl gl Alotd Jo Qgio Guaniy adall gi JLill 355 13
SUnoll Aosdll b il
Wlioli

TJUU Ad b il JIado vl 1ldil (4A) ojlado JUi 1

A7 =1; - 1,
yrold/=-4 -4 =-8

‘ ol
Wold/=-2x4=-8
oiy lado A1il/ 319 0.7 vurhlisoll yasoll u_unl.l Jladeo WA 1Al 2
awil/ pa94¢/At = 07
SaiyliJl Aliord o %80 Il Juos Loaic juidl val 3
linst = 80% x Iconst
cculill adall (o %50 Wl Juny Loaic paall adall wimal 4
Vnet = 50% < Vapp
SaiyliJl Aiold Vo %30 WJl Yoy Loaic Cinimoll jUidl vaal 5
linst = 30% < [const
adall o %60 LIl Juad Loaic @inimell AslaSll d=sla)l 59l imal .6
Sl
sind = 60% x V'app
AU Al @ olal 598l (o %70 Wl Jmy Loaic paall adall vuual 7
Sdiaimgll
Vnet =70% x cind
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GJjioll gngoll Gl

Wgungo AAw Llc Cudljil (16m) Ladgln dguago Llw Yl yasol : Wliall Lo 1Jlo

(08T auars dslis pdiiio puuthlio Jlaoll vl $agoc olaily (5m/s) Giaiy

Jolaodl JAainll Aay (1280) WJigill ple Al &o hgypoll 2lunoll oglio Cuilg

JIadio vl (Aaullg Yl Al pasll Aoglioll Joal)

6 51aJ1 Lo Cuinodl jLridl- 2 .Aiinell dys pall Au5UEAS)l A oladl 5odJl -1

.Gualwll 698Jl jlado -4 .Qlunol) 6 jdacll AU Al 6)adJl - 3
1~ Enotiongi =PBlL=5X 08X 1.6:= 6.4V (_

2= |y = motional _ 6% _ ey XEEE  BE
R 1 HE
12 — 2 - ® e @ ® ® ®
3 - Pdissipated = [“R = (0.05)“ x 128 = 0.0025 x 128 g g g ﬁ g g g_>
= 25x 107* x 128 2 oolcofllos .
® 8 QB ® ® e 5
Passsipatea = 3200 X 10™* = 0.32W o
4 — Fpyy = IBL = 0.05 X 1.6 0.8 = 0.064N = 64 X 103N
Jladiog (0.1m) gl JAiill oo Lo @lngo Glw Ul ua sl - Wlisll Jsluo (o Suw
ac pull

(A5ulg Gludl ) 6lal drladl Gogliollg (25m/s) Ly & yaii il
Jadio ciual (067) puuhlioll yard)l @bliag (0.030) Lajlado
Bl Lo Lo @ilinll AL ANl Aol 69l -1
Aualull g8l - 3 .481al b Cringl Juill - 2
B p51aL) Arla)l Gogliiol L6 Baatioll §)adll -4
1 — Emotionin &= RBL = 290K %6 X001 = 0.15V

Emotional s 0.15 y
R 0.03
wu =IBl=5%0.1x% 0.6 =0.3N

5A

2= lipa =

3— F,

4 — Pyissipatea = I*R = (5)2 x 0.03 = 25 x 0.03

Pdissipated = 0.75W or 75X 10_2W
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(0.2m) Ladgha dlingo lw Yl ya ol olial YAl b / CuUlil jgaJl 2013 )l jg :3uw
(A5ulg Gluwll) 8)51al) Aulsll Gogliollg (3m/s) Lay &y il Gepull jladiog
el (08T) paurhlis ol yarall dolisg (030) Lajlado

Gl b Lle @il ALy s)l Asslall Godll -1

Ad1all oo Crinpll Ll - 2

Adualwll 6981 - 3

JIabo 8)51al) Aula)l Aoglioll Lo 623a4ioll §)a8)l -4

1— Emptiongs = VBl =3 % 0.8 X 0.2 = 0.48V
Emotional — 0.48

R 0.3
wu =1Bl=1.6x%x0.2x0.8=0.256N

=16A

2= ling =

3-F,

4 — Pyissipatea = I*R = (1.6)2 X 0.3 = 2.56 X 0.3 = 0.768 W or 768 x 1073W

LaJgda JAditll uub Lo& dlingoll §lw Ul ya ol /phadll 2 jLa Joul joaJl 2015 )ljoslbyw
daullg Gludl ) 6 51al) dulall dogliollg (2m/s) Loy & palii Ll e puull jladiog (2m)
Jladio aa (7A) G8lall b Cringdl Ll jladio Ylag (0.40) Ldlado (

Glul b Lle @il AUy S)l Asslall 5odll -1

Aualudl 6981 - 3 .puhlisoll yard)l Aols - 2

6 51al) AulaJl Aoqliiol Lo 6aaLioll §)adll -4

E a
1-R= TT';::IM = Emotional = lina X R =7 X 0.4 = 2.8V
in
Emotional 2.8 2.8 28
2= Emotionat = VBl - B'= m(;/zona = 2% 2 = 7 = %= 0.7T
3 — Fputl =Bl 37 %2 X 0.78 9.8N

4 — Pyissipatea = I°R = (7)? X 0.4 =49 x 0.4 = 19.6 W

wle @il (16m) Laghn dlingo YLw Ul ya ol / piadll 2 jLa Joll joaJl 2016 $)ljo :3uw
(087T) aislis plaiio puuthliso YaLd Lle Bagoc olail U wya Jau ple A

s aeal (1280) 6 51al) dulall Goglioll jlafio Jlag (0.064N) @iyl dualuw 696 puiliy
Al ole Gl Ly @i ol Al -2 Auapall A=olall 6gddl -1

| G, B _ 0064 0064 .
- = - J = — - -
p;m : LB 16x08 1.28
R= mlo'ttznal = Giiongi="Ilina % R=10.06 X 128 = 6.4V
n

Emotional _ 6.4 6.4

2= Emotional = VBl = v = =5m/s

Bl  08x16 128
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vlrthlisgll yarall
Al daluwog Gliloio A4 ( 50 ) Yo Wiy WBlo auagy JAdill —uliall (o 3Jlio
wJI 0.07) Uo G G iy $AJI aurinlisz ol Yarall AoUA iy 1316 (20cm?) 6aalgll
wal 04S (oj JMA ( 08T
Lloll b ( &) Aiinoll AU A G bla)l 698l Ja=o (1
dogliollg yiogilala Lo Ha U khgdjo Waloll Ul 1316 51aJ1 L6 Wluioll JLidl jladio (2
(800 65121 b Ayl

?6
33

" - Adp ik AB
find = At At
AB =B, —-B, =0.8-0.0=0.8T
a5 .(0.8 - 0.0)
€ina = —50 X (20 X 10 )T = —0.2V
Eind 0.2 _3 i
2 —ljpg = R = %= 0.0025 4 =2.5x 107> = 2588 0% A

64 Wnig Ad) (40D aild) aac JAdill $p5la pAlw Wl :ulisll JSluo Uo T uw
AoU i psei 13161 JAdit)l yb Quago Lo LSU KA puthlio puad U &uag. (30cm)
A=6laJl 598l Jlado Lo (4S) 6)ad Uoj JUA (05T JI1 0.0T) (o Walodl JAA jlodl yardl
U9y Loaic Laloll o @lingll Au5U Al

ouhliollard)l 6UA axlio 61jlg.os Wiloll o 6aalg)l AU Aaluoll dxio -1

. @loll $giuo Eo 300 Lawles dyglj iuay uurhlioll yarall Gols aqio -2

i

r =30cm =m= 0.3m

A=nr?=1u%0.3)Y=009%
AB = Bf — B; = 0,5~0.0 = 0.5T

AB 0.5
1— €pa = —NACOSQE = &na = —40 X 0.097 X cos0 X 3

5
Eing = —40 X 0.09m X 1 X i —0.45nV = —0.45 x 3.14 = 1.413V
2— 0=90°-30°=60°
AB :
Eind = —NACOSQE = Ena = —40 X 0.09 X cos30 X i
Eina = —0.45m X 0.5 = —0.2251V
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(4em) Lapad Gysla ) 500 Uo Ity LALw Wlo JAdidl Lb - LA (o 4Jlio
vaLdll Ula Loaic mlAiio puuhlizo Yalsd $a , yuthlizo ouhd U &g
UaLR)l Golis Cunslii 13 Aall $giwe &o ( 30°) dyglj &duay Luhlisoll
dslpas)l d=slall 6g8)l Jamo wuual (021/S ) Jasos GaUl JUA Lpuurhlioll
@loll Lo pa e @diagll
®p = B A cos0 pauhligoll yarel) AU A=)l (o
Ua)l AolA Axiog A dalwoll Axio UM 8)94a00 ollel Uoild b 6 dugl I Uoa
vaLdl Goling Wloll $9iwo U &S JIguly dUasoll duglilg B puutialisoll
B ouurhlisoll
8 =90°—-30°=60° Uolal
A=mr?=314x (4x107%) = 12.5610"*m? aloll Galuuo jladio Lumaj
Ady AB AB .
Einad = —N 'y = —NACOSQE , Ed.l.o.l Ja=os yarall yaslii piswy 1ad
Eina = —500 X 12.56 X 10~*m? X c0s60° x (0.0 — 0.2)
Eing = +628 X 10™* = +0.0628V
(626cm?) Latialuo 651 dlingo Adla JAuill b Quago Lo rulisll Yo Uo 4 v
Jloo Laulc hlw a6)gJl $giwo b Aegrigo (90 )ldliogliog
$9iuo Lle Bagoc olail (0.15T )auars Aislis pdiiio paurhlio
Liabmo Crelid Uutizglurio aub LIgd) Layila Uo Ablall Ciauw . 81l
ALl b Cringl JUil jladio vaumal. (0.2s) Gyioj 646 JUA (26cm?)

AA = A, — A, = 26 — 626 = —600cm? = 600 x 10~ *m?
AA = —6 x 10™2m? :

AA 6% 1072 y
€ina = —NBcos6 A —1 % 0.15 X cos 0 X o7 e
—6x 1072
Einga = —1X 0.15 X 1% T

0.9
€ina = — X 1072 = 45 X 1072V = 45 x 107%V = 0.045V

Ema 45X 1073
[y = —22 = =5x10"340r 0.5x 10724

R g9
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(@) 60) aild) aac $psla LALw Wilo / CULI jgaJl 2016 $ardoil 2014 )l jg :uw
VALl QoUA i 13l LSLUJAAS yuihlio puhsd U &adg (20cm) 6pas Wnig
681 Jladio Lo (715) 0Jab Uoj JALA (0.5T JI 0.0T) (o Laloll JUA jlodl paurhlisoll
6aalgJl daUl dalwo Axlio -1 S Uiy Loaic Wloll yb dlingll AlraSs]l deblall
UaLdll Golis aqio -2  punhlisoll yasdll @slis axio dljlgos Wloll Uo

loll $9iwo o (30°) Lwlis diglj &duay puurhlioll
r=20cm -20%X10"%2 - 1r?2=4x10"%m?
A =nr® = 1610 m®
AB=B,—B;=05-00=05T

AB 0.5

1— €ipq = —NAECOSQ = —60 X 16m x 10™* x ?coso =—-1.2V

2—0=090°—-30"=60° duglpl Ulo 1aJ

AB 0.5 1

E j = —NAEcosﬁ(J = —60 x 16 x 107* X—X =g 0.6V

Jlao ule bUagoc Egxag0 (200m?) Ad JA Aaluwo A8 ( 100) aild) aac Wlo/yw

wauhlioll yasdll olail yus=il 13, (0.27) adus dslis oliiio yurhliso
< diingll AL DA A=01a)l 698Jl aagl (0.2 sec) JALA

oD LUl ddypiall

Adp —28
Eind = — T - Eing = —NA v cos6 - B, =-B, - AB =-2B
=2 x0:2
Eina = —100 X 20 X 107* X —o cos0=-2x 107t x —2x1
Eind = 0.4V
(6, = 1807) Ul $l 180" $olui LIll fudgll b GuglJl Y / Gyilidl ddypiall
x Ady AR Acos6
P — ——) = —_— -
€ind At €ind o At )
AcosO = cosB, — cosf; — cos180 —cosO0 =—-1—-1=-2

-2
Eing = —100 X 20 X 1074 X 0.2 X —
Eing =2 X 1071 X 2 = 0.4V

0.2




6 Hab Wnig (Al 50) aild) aac $51a LAlw Wle / Cull jgall 2016 $)lje wanlelyw
ohlioll Yasd)l GoUA Ciprei 1AL LSUKAAS yurhlio puahd U &dg (20 cm)
A=olall 6g8Jl jlabo Lo (115) 0)ad Uoj JUA (06T JI 00T) o loldl JUA jloJI
Lol Uo 6anlgll 4ol dalwo Axio -1 Ugay Loaic Wloll b @il 5L AAII
&duay puurialisoll YAl A6UA axlio -2 . puurhalisoll yasd)l A6UA axio 61jlgod

aloll $giuo &o (37°) Lawlis duglj

64la Glngo Gdla JAunll b Audgo Lod / LJilil joall 2015 s)ljg wasalg 2yw
Jloo Laule hilw 85)0ll $9iwo pob Gegrigo 50 Ldiogliog 520cm? Laialo
Cuauw . dblall $9iwo ule Bagos olail 015T auas Aislis pdiiio paurhlio
)dtioj 65i6 JUA 20cm? Laialo Cuselyd Uuiyglurio aub gy Lauila Jo Gdlall

G811 b Cringdl Jlridl jladio Crual (0.3s

(220 cm?) Wlialmo Guysla ddla / Jmgoll (Ldiadaill ) CUUI joadl 2017 ($)ljg :3yw
roRiio purhlio Jloo Latle knlw A6)gll $gio L6 Acgirgog (8() Ldiogliog
Lausila Yo Gdlall Cuauw . &dlall $giume wlc $agoc olail (016T) auaws Golis
JUI jlado wumal (04s) JAA (20 em?) laialuo Cuselid ULivglurio Al gy

(ag) 50) ailal aac $pla oAl Wlo /(LU ) QJLIJI 1921 2017 $)ljo wulg :dyw
636 Qnig

ol oll yasdl GoUA Cprsi 1AL LSUKAAS yurhlisto puad Ju &aag (20 cm)
Uso WloJl JALA jloJi

Lo Alingll QSLAAIl A=blall 698l jladio Lo (35) 0)ad Uoj JUA (06T JI 0.0T)
T UsAl Loaic aloll

ouhlioll yardll G6liA axlio 6ljlgos Wiloll o daalgl AUl daluwo axio -1
Wloll sgiuo &o (37°) Lauwles dyglj &iuay Laurhlisoll Yol 46UA axio?
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(626cm?) Latialuo 6)51a dlingo Adla JAui)l Hb Quago Lo rlisll Yo o 4 uw
Joo Laule lw 45)gll $giuo uob degiigo (90 )ldliogliog
$9iuo Lle Bagoc olail (0.15T )auars Aislis pdiiio yaurhliso
LVialuwo Caelyd (urizglurio Al LIgd Layila (o G8lall Ciauw . Ad1al
Adlall oo Cringl Uil jlado caamal. (025 ) Guioj 65io JUA (26cm?)
A=A, —A, =26 —626 =—600cm? - 600 x 10~ *m?
AA = —6 X 1072%m?

AA 6 X 1072 ——
Eind = —NBCOSQE = —1 X% 0.15 X cos 0 X —55 =
—6 X 1072
Eind = —1x0.15 X 1% T
0.9

g = '—zx 1072 = 4.5 x 1072V = 45 x 1073V = 0.045V

-3
ling = ':”d g R 910 =5x10"340r 0.5 x 10724
(@) 60) Wild) aac $p5la LALw Wlo / CULI jgadl 2016 Sardoill 2014 )l jg :uw
VALl GoUA i 13l LSS yuhlio puhd U1 &dg (20cm) 6asd Wnig
694Jl jladio Lo (715) 0)ab Uoj JUA (0.5T JI 0.0T) o walodl JAA jlodl puurinliseoll
6aalgJl daUl Galwo Axlio -1 S oAy Loaic Wloll Lo dlingll Aulrasll deblall
UaLdll Golis aqio -2  puuhlisoll YaLdll Gslis aqio dljlgos Wloll Uo

aloll $9iuo &o (30°) Lawlis diglj &iuay Luurialisoll

r=20cm = 20X 1072 - Fla=dx 10" 7m?
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Uo JA Jladio vrual (TMH2)GJ1 (TH2) (ko 02335 12l 131 (15 V) Cuyli ad pa U adall § 16 jladio ilpds wiyio
W a G WA oo Ll (R = 300) b ua Goglio Vgl :asaoll b U g Loaic 851adl g 6 )51aJl diloo
(L=%mH) Wl dia Jolwo abd Wbpa Cano L (C = - uF) s

1’4 1.5
a)Z =R=300 ;, I =-=—= 0054
VA 30
b- Capacitor with 1/m pF d- Inductor with 50/t mH
1 . — 50 50 *o | AN
C =—-—uF =-x10"°F L=—mH=—x10"° = - x10 “H
T T T T T
f=1Hz f=1Hz
P 1 1 5 y
=g = = Z=X, =2nfL=22x1x—x10"
nf C 2Ix1x%x10_6 . / x
=5x1050 g P
v 1.5 vV 166
I= - =¢g—o5=3x107°4 [= 2= 55= 154
i g
— — 6
f=1MHZ=106HZ f—lMHZ—SIOHZ
) W 11 —050 |Z=KX=2nfL=21x10°~x1072 =10°0
20/ € 2mx 106 x 2 x 1078 ¢ g -
~Z 05
At the low frequency it suesd Halgdl aagill aic At the low frequency it isnesd Hdalgdl aayill aie
The Capacitor reactive Is as very high .Ias dyle iall daly The Inductor reactive is as minimal as possible. (1504 Lo JB1 Cunll dal)y
The current is the minimal as possible. (504 Lo Jbl JLELN gy The current is the largest possiblesfo) Lo jeal jlaill (g4
The coll work as open circuit 2gifio alifto Jor waloll Josi The coll work as pure resistance ja Goglio Joc Wloll Jo=y
At the high frequency it is:(g40 dyllsdl aayill aic At the high frequency it isx)es) dyllell aagill aic
The Capacitor reactive is as minimal as possible. (800 Lo Jubl Caall Baly The Inductor reactive Is as very high .Iazs Gulle Gaal 6aly
The current is the largest possible.(rSo) Lo jual Jleidl (g5 The current is the minimal as possible.)8.04 Lo 51 JLEU oSy
The coll work as close circuit Jlso 2lifo Jor wiloll Joszi The coll work as open circuit 2gide alifio Joc wilell Josz)
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AC CIRCUITS with PURE INDUCTOR

o »

The current lags the voltage by The current and voltage phasors

one-fourth of a cycle. are at 90° to each other. \.Q.?.Q./
Ay, i / Avy, i

6 .

L F———— ] L
' ' -

AV L= | Av, ' ~
max | Y |
| I ! Av _ b4 3

d_\e I Av= AV, sin ot

i,

a|
b ] S

inductor Cie. a coil without resistance)
(Goglioll Jodio Lalo Lyiwy) W pall Cinpll

¢ — = =90°
vy i 2
J

Ps = c0s90° =0
In this circuit, the inductor shows reverse of current, this reverse is called inductive reactance XL
and it is expressed as:

wvhb=ig L o9 Caall 6al) uuouui uusleoll 0Adg Uil pub Jil) nSleo Cinol Ja ki) 51aJl 02l Lo
Ayl ds\l=Jy

X, =wL =2nfL

, (R=100Q) Wpn doglio LOMa U by , dugliiol driloll) jamo H QLS Jlis
Jadioll-1 jlafiowimal V; = 424.2 sin(wt) : @ul @)l ola=i 8 1)l oo dyilgdll
- o l 6] - II JI - _3 Jl.'.. I ' P.'.; 'l Jl L 'l _2 - ..__ - I ' p_‘_ r 'I

rlgall
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1— Vp =V,sin(wt) - 1-— Vp=424,2sin(wt)

V., = 424.2V
Ve 4242 o .
Veff = ﬁ = m = 300V ariJgaoll pigoll jlagoll
V 300 - =
2—leff=%=ﬁ=314 Wil 58001 jladioll

3 — Py = (Iopr) R = (3)% X 100 = 9 x 100 = 900W &nwgioll 6yl jladio
ol Py = Iopp X Vory =3 X300 = 900W ddawqioll 6jadll jladio

Wy loglil auoyihn U Cilay) . duglitoll Gyilodl) )an o AN JBLLLS) (oI
Vg = adldl dsl=Jy o=y jangll Vorh YU adall Grog 2500 L)lado
500 sin(200mt)

6p1all 0ad LB Uil Lay Lla ) Ll das\l=Jl sl -1

I yigoll Jladiollg Grilg@l) Jgoll Jladoll Ciaual -2

Jauaol $9ljJl aaxidlg Jauaodl aay -3
: Wigall

V, 500

1)171’1: R =ﬁ=2A

Ig = Iy sin(200m) = I = 2sin(2007) Jleidl Ly Lla=y il Asi=ll
2) Vepr = Vpp X 0.707 = 500 % 0.707 = 353.5V agiJg2l) yigoll jladioll
2) lopp = Iy X 0.707 = 2 X 0.707 = 1.414 jLil) yigoll Jladoll
3) Vg =V, sin(200) — Vi = 500sin(200m)
W = 200w rad/ s ol Jl aagill

w. 200

w = 2mf —>f=ﬁ— o

= 100HZ opsladl aayi

1 2y, ool bl 2o ( ralo) (ST UG A= OGS
WA =IY ooy janoll o U adall G0, (100Q2) Ldjlabo W pn Aoglio Aropn
(Vi = 424.2 sin(2007t)) : @il
580l Jladioll Luual =2 §pla)l 0ad Lo JUI Ly Ly LIl @Sl wisl -]
JULD Jigoll Jladiollg driJgal)
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AC CIRCUITS with PURE INDUCTO

» Av, -
The current lags the voltage by The current and voltage phasors
one-fourth of a cycle. are at 90° to each other. \.Q.?.Q./
AUL, ?.L
Iﬂlil! _____
| g
&Vmax - T s : B
| ! _ U ;
s ; Av= AV, sin ot
o = L

inductor Cie. a coil without resistance)
(Goglioll Jodio Lalo Lyiwy) W pall Cinpll

¢ — = =90°
vV, 0 -

/

NS ~ | Ps = c0s90° =0

In this circuit, the inductor shows reverse of current, this reverse is called inductive reactance XL
and it is expressed as:

wvhb=ig L o9 Caall 6al) uuouui uusleoll 0Adg Uil pub Jil) nSleo Cinol Ja ki) 51aJl 02l Lo
AU Al eIy

X, =wL=2rnfL

diling Aulpds A bla 698 algli e Axilillg ars JLrill il Giagdl Layay Ll Guwsleoll yd A liall §aly
Q) rog¥l 6angy yplidiq aud

Jlabg uyle XU Cunll 8aly Jlabe agiwi

L aa 0 Weady K a L) Laph Gse wwliilg L Ciael) LilaJidiadl Joleo -1
LYilail&nall Joleo oy (Xt a w) Yaph aso vuwliiig (w) ol aayill -2
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X, =wlL =2nfL = Hz Henry = =y

Frequency (f) is measured by (Hz) and self-induction coefficient is measured by CHenry).
(A Cudl) QY ¢lAg Q LaJ jo g ohm 6angy Cualdl 6aly ywldi

1V.s V
X, =wl =2nfL=Hz Henry = ey Racts Q Ohm

- Henrydangy ywidy L LilaJl Ciall Jolog Hz 6angy ywldy f aa il Ol Al

§IT)=V]] (%mH)\__?JIiJIafi_'sd.oLv.o(t.éj.n lila.o)a-oqLa.oJld-o.&oLﬁ.Lo_
6al) Uo JA vl . (20V) aroph o adall §po dugliioll AtilgQll jamno pihd
: Jasaodl 225 Ugay Loaic 6 51all Lo Jleidlg Ciall
f=1MHz -2 f=10Hz -1
:Ulgall

1—f=10Hz aajl aic

50
X, = ZnflL =21r><10><?>< 108k 10
v, 20
= X_L = T =204
2—f =1MHz aayill aic
50
X, =2nfL =2n x1Xx 106x?x 10 \= 10°9
v, 20 B
1=X—L= o5 = 2010 5A
Jolso (1328 ano) dogliiall oo Lo (GUHIEHI USRI UsHISS0ITHIGE
auophn (b Adall §16 dugliioll ExiJgal jano palas U kayy (- mH) iladl aia
Lo Jlillg Erall 8aly Uo JA waual . (IMHZ) Il (1HZ) (o 0225 prs2i 131 (15V) ¢l
: Jauaodl 2a ) oA Loaic 651l
f=10Hz -1

f=1MHz -2
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AC CIRCUITS with PURE CAPACITOR

Wn Aew Oli Ao Laud Joadl ugliiell jL 6512

The current leads the voltage The current and voltage phasors |14 A UC ';I
by one-fourth of a cycle. are at 90° to each other, 1
| |l
Ave,ic Ave, ig C
);I'I'I:i . i{? o \
) d | Inax ‘
; 1
A‘umx B f | A‘UL- _AE“'(: 3‘..;";“
" ”\>UT \ P
o
[ \/
Av = AV, sin ot
a (b
Ve =V, sin(wt) 2 f’)@ﬂj\aﬁ)
Ic =1, sin(wt+0) C

/[
¢ = = 90° Pr = c0s90° =

V¢ = instantaneous potential difference through the capacitor.
Asurioll pe adall §38) il jladoll
Vm =maximum potential difference through the capacitor.
dewioll e adall G ptacli jladiol Jiod
Cwt) = phase angle of phase vector of potential difference through the capacitor

deuioll pe adnll Gr siekall aniol) jodafl dyglj Jiod

By definition of capacitor capacitance (C):
Q = CAV,
Q = CAV,,sin (wt)




We get:
. s % T
I, = C¥, sin (wt + E) , because sin (wt 3 E) = cos (wt)

The inverse of (wc) is called capacitive reactance of the capacitor, symbolized (X¢),

ainee is defined as: the inverse demonstrated by the capacitor for change in circuit

voltage. ie.

1 (XL jog suriol) Al 6al) vos (w C) wglio Yl

_\___X‘ " wC 2mFC  G=uioll Layayi il dunsleoll Lail dsauwll 6al) W=l
8451l Grhnlgd Ko Jaskill

e o ) . I 4 . . -

Qqliioll Aulnlgall jm.og_?.!h.ol_],g.g(uF;)Lm.v.wQ.?.uuouJa.u:_

851aJ1 0aa Lo Ui Jladiog Al 8al) Jlado wrual (2.5V) ardpn (y adl Gpo
5x10°Hz =2 S Hz-1

: Wigall
1 .
1-X, =m (5Hz) aapil aic G=aull 6aly wrmaj
X A } - 10% =25 x 1030
c -6
2m x 5 x (S)dog el 1070 40
v, 2.5
I=—=———-=1%x10"%4
X, 25x 103
1 .
1—Xc=m (5 X 10°Hz) aayi)l aic Qs daly i aj
1 1
X, = = Z=0250

27 X 5 % 105 X (%) % 10-6

V. 25
J=<=_""=104
Xe

0.25
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131 (1.5V) el agsd pa O 2l §16 Jladio LA Wiyio : SN JStuS Uo3us
651aJ1 jlWiq 651adl Ailoo U0 JA Jlado waraual (1IMHZ) WJI (1HZ) (o 02325 jai
Wasioll b U kup Loaic

ldizw Khis Wn Asw WA deurio -2 (R=30Q2) hio b Goglio -1
(L=%mﬂ)glulajau.ouobﬁbwm¢m-3 (C =~ uF)
: Wigall

Jado YAy 1) aayily J5lii ¥ doglioll Yo ks Win Goglio kyy Ja Lo -1
ULiJlall Z dsilooll
Z=R=30Q a=ilool jlado

- ; = % = 0.054 Wil Jlado
UeAT aa il jladio ULd W n Asw WIS Ao ) JLo Lo -2
f=1HZ aajyiJlaic (a
1 1 A | &
Z—XC=2nfc=znx1x%x1o_6=5x10_6=0.5x1060 d=ilooll Jladio
v 1.5 . .
1=E=m=3><10 A Ul jlaQo
f=1MHZ =1x 10°HZ aagiJl aic (b
Z=Xs = - = 1 —1—050 A=ilool jlado
" 2nfc 2;*r><1><106><%><10‘6 | :
V 15 . 4
1=E=ﬁ= 3A jJudl jlaao

W pall Craoll k) @La uub -3
f=1HZ aagiJl aic (a

50
Z=X,=2mfL=2mx 1x—x107° =100 x 107 = 0.10 d=ilooll Jlado
V 15

[=E=ﬁ=15¢4 Judl jJlaQo

f= IMHZ= 1x 10°HZ aagil aic (b

50
Z =X, =2nfL=2mx1x10°x—x 107 = 0.1 X 10°Q d=ilooll jlado

I_V_ 1.5
7  0.1x10°

=15%x 1074 = 154 il jlado
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Series combination of pure resistor R, pure and pure capacitor C in AC circuits

When a pure resistance, a pure
inductor and a pure capacitor are
connected in series combination along
with an ammetey, the horizontal axis
(becomes  support  axis-x s
referential axis). Phase vectors of
currents in the circuit are congruent
on X-axis.

As for voltage Vm phase vectors Im,
they create phase difference angle ¢
with X-axis, now, let’s explain phase
vectors for the current and potential
differences (¢ = 0) as follows:

|<— AUR —>|-<— AUL —Plﬂ— AT}C —b|

i

aliwl jga04 X jgaoll jgas . itol Eo LIl Lle W dew WIA G=uiog Wa Cinog Wn doglio Uo J& hyj aic
JA Jo=us johll duimoll wldall Lol X jeasll duigioll 8 blall oo Wil jelall laxisll §gais (L2 )0 J930)

8512l b Eguagoll Joall X jgaoll &o ¢ Joda §p0 diglj Lario

Total impedance in the circuit (2): it the joint inverse of resistance and the reactance. Z = ";—T

8alplg Aogliol) dA yitiioll Gunslzoll Vg Z jo U i\ jo s 6)51all oo Qs d=ilooll

1- Pure resistor: Voltage phase vector and current phase vector have one phase in the
resistance (ie. zero phase difference). Thus, voltage in pure resistance is expressed as:

Vg =Vp sinwt V.,
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2- Phase vector of potential difference through the capacitor Vc delays from
current phase vector lc by phase difference of 900, ® = (—m/2) The potential difference
through a pure capacitive capacitor is expressed as:

Ve =V sin(wt — 2m/2) ;

Ic = I, sin(wt) Ve
3- Pure Inductor: Voltage ~ phase vector through
pure inductor Vi precedes current phase vector I by phase difference angle (® = +m/2).

Vy=Vysin(wt+m/2)

I, =1, sinwt
First: if VL is greater than V¢, ~ then the AC circuit in series
combination with (R-L-C), has the following:
First: if VL is greater than V¢, then the AC circuit in series

_ ' E‘ c A combination with (R-L-C), has the following:

oy 1) ) gl o giial) L)
% y.

R

X > X¢ Inductive properties
= ' dfia 5 i) ailad =lp=l =1,
\ Jda¥) gl _,
XL 7 Z° =R*+ (X, — Xc)*
D+ 4 XL o XC ¢ 0 XL . Xc
> anf = ——
1, __ R
R
Pf = —
& c) f = cos¢p =

Second: if VL is smaller than VC, then the AC circuit in series combination, which contains (R-LC)
has the following properties:




RLE

Ly 1) A gial) G gliial) L)

Capacitive properties
A g 5 1Al Qailad
&N all

Second: if VL is smaller than Vc, then the AC circuit
in series combination, which contains (R-LC) has the
< following properties:

{am?

% Z* = R* + (X, — X()?
X, —AX¢
tanf = R
R
Pf = cos¢p ==

i 61> [ ESIGESI0ES

&o @nguyo (R - L - C) Wpa Cinog Win G=uiog Win Goglio $9ini wgliio
(200V ) dygliioll duiJgall janoll &o Angijo LAicgonog WGl Llc LduAaw)
wluriodjUill-2 Gl @ilooll - 1 jlade wimal (Xc=90, X1=120Q , R=40Q)1Lilag
iAol ouw)l Wil Axiog Arla)l AYilglll Aniio u Jolall §po Wglj-3  651all oo
ddyfiall )8l -5 8)adll Jole -4 € 651a)1 03d Yailaa Log . dxilol) gkl

(6512 6jdaoll 6)a)l ) AypadUAI 6)a8)l -6

651201 b GALaYi ol

1 Wigall

:olial JAuitl Aay, d=ilool) 1o hinAo puwy -1

(1) X=X, — X =120 =90 = 300
Z2 = R? + X2 =\ (40)? + (30)2
72 = 1600 + 900 = 2500

27 =500

X
(2) [_VT_200—4A N
EC W) &

'JJLQ-OJ' X 30 3
(3) tanf = T L P

laogdl R 40 4
8=37" X, > Xe QVagia yasuas 65lal

ol R 40 Xy

(4) Pf =cos@ = =Z==

Kol

dnileall ghall alasne




(5) = (4)? X 40 = 16 X 40 = 640watt dudiadall 6)adll
(6) = 4 x 200 = 800 VA dypaUAJl 828l

W a Gogliio Lle $9ias Wglito JU G51a alg ( YSlal ) CuLI jgall 2017 :lyw
&o Angy)o Acgonollg WGl Llc L) Ko Angy)o W a Cinog W ja A=uriog
Jladio wmal (R=30Q |, X;=160Q , X¢=200) CLilag (100V) dugqliioll duilgall jamne
Johll axio U jehall G306 Ayglj-3  6)51aJ1 Lo Wlioll Uil -2 dulall d=ilooll -1
0ia yailai Log Axilool $igh binio ouw)l Uil johall Axiog Gulall Ayilgll

6)51al) 8jida ol dupdUAI 6)adllg Audadall 6)ad)l -4  651all

JLG ULA (20V) Lodiy adiall §16 ylag oalad U Wlo by Fobad Jilis Goduw
Qgliioll Axigal) jamnmo Lihad Uy hyjg Qladl Uc Waloll Jnao 136 . (5A) 6)51a
(4A) 651201 028 U5 YLag (T2 HZ) aafiy (20V) Ayl U Ada §3&) Sigoll Jladioll
JobJl aio Uu Johll §po @glj -2 alol) LIIAJ Cunll Joleo -1 jlado il
6)adll Jole -3 d=ilool) $ioh hiniomuwpl &o jLill johall Axiog dplall yilgal)

Ay paUAl 6)adllg Auaball 6)adll (o JA —4

Jolog (10Q) Qioglio Lalo $gini huypl dulgio Jui 6512 F AN Jluis UoTUs
Janog Wi dew WA d=uiog (20Q) Lajladio Wn dogliog (0.5H) LIlaJl aia
Jolc Jlaio UL (200V) Aropa U adall 9109 (- HZ) 0aagi dugliioll dyilgal)
=2 6pIall oo -1 jlado wrmal. AygRuw yaslad §)51allg (0.6) Laws 6)adl
Ao U Jolall §p6 Auglj Uulis LLmalg Axiloo)l hiado rouw)l -3 dsuioll Asw

JLil jglnll aniog Gyl drilgll jglnll

wlgall
1— Ry =Ry +R,; =300 6jlall b Gulall Goglitoll
Jjolaoldl Ry 30 30
Pf =cos® = = - 06=— -Z=—=500
yigdl Z Z 0.6
B Pl L
100 . o— |
2— X, =2nfL=2nXx—x0.5 7
" X=X, -X, X
X, = 1004 i
Z* =Ry’ +X?  0oild yujoclivs X: |

502 =30%+ X? — X?=2500-900
X? = 1600




X = +40

X = —400 QU 8jubl Ueai dalyl Yld dug=w yaslas 85lall Ul Ulos
X=X, —X; - —40=100-X,
Xc = 100 + 40 = 1400

1 1 1

p—rt = —_ — —_— 6
=P T Iofk 2 1000~ 28000 Bl BEU'E
T
JildoJl X —40 —4
3—tanp=—=—=——=— -5 =-53°

qua_oJI R 50 5
Alioglilo Lalo $oial byl duligio Wgliio JUi 8)5la wialg / (Sataiaill 2014 /000
Wla d=uriog (50Q) Lajlado Win dogliog (ﬁ H) L3l Erall Jolso Lalog (10Q)
Ulag (200V) arspa oy adall G169 (S0HZ) 0aa 45 Woliliodl jWil) janog W pn Auw
6 51aJ1 L6 JUI -1 : jladio Cruual dyia yaslad §)51allg (0.6) Laws 6 a8l Jolc Jladio
JoJl G106 Qugl Pl ywlis vnalg Axsilool $)ghb indo roaw)l -3 Aol deuw -2
)L johall aqliog dulall Axilgall johll axlio Uu

Qioglio Lalo $gini knypl AUlgio Wi 6451a walg / (Lajl) o | > 4
Guglilioll Auilgl) janog W A A Asau’iog (0. 01H) QJI:AJI (WK d.ol.e.oq (3OQ)
(0.6) Lawsd 6ja8Jl Jole jlato Ylalg (200V) auds kb U adall Gpo9q (HZ?) 022y
651aJ1 LB U =1 :)lado vl . Qg=w yailnd §)5lallg
U Johll §po Guglj uold Lralg dxilool) hinas ouw)l -3 G=urioll deuy -2
JUill jghllanioq dulall dyilgall jghllaqio

adall G169 (400rad/s) Gol I 0225 dugliioll dyilgall jano ATl Jiluis (o SUL
Jol=o Wlog (10pF) laigw deuio ) Wigl le duad U by (500V) auad U
=2 851adl jlrig drlall d=iloodl -1: Jladio Lo ( (150Q) Qiogliog (0.125H) LilaJl aia
Axio U Johll 916 Quglj -3 Axuriollg Ciaollg Goqlioll o JA e adnll §)b
Jolc -4 6p51a)l 0aa yailnd paloe . JUil johll axiog dulall dyilgal) jJuill jglall

6)a0ll
wlgall
x A
s L = 1103 = 2500 L E
CTWC 400x10x10-6 4 B 2
X X=X, - X,

X, = WL = 400 x 0.125 = 500
X=X, —X; =50—250= 2000




R = 1500

Z* =Ry* + X Ugils yvjgclivns
Z% = 1502 + 200 = 22500 + 40000 = 62500

= V62500 = 2500

[ = Vi 500—2,«:1 6511 JL
Z 250 op J (L]

2— Vp=1IR=2x150 =300V Goqlioll juc adrall §1o
V, =1X, =2 x50 =100V Ciraoll pc adall\§od

V. =1X, =2 %250 =500V Gsurioll jic adall §po

e B Jlaodl X —-200 -4 & <
—_ = —_ ——— = = — 9
M= elaot R 150 5

Johll aqiiog &Ml &upl Lo &84 Al johll Ypo duglje Mg=w yailaid 5)51al)
.53% yoda (G306 Guglju JLLil jolall Aqio (e paliy Arilgall
JolmaoJl R 150

4—Pf=COS¢’= ol =E=ﬁ=0.6

§109 (1007 rad/ s) gl Pl 02255 ugliiol Grilgal) jamo Lialg/ _
Wlog (%MF) laigw deuwio Jligil lc Quns Uy by (100V) apuhs gy adall

g Gl dsilooll -1 : jlafio wuual (30Q) Qiogliog (- H) WilaJl @ia Jolzo
A=uriollg Ciagllg Aogliodl o JA e adall §po -2 6)5lal

L@ Log . JUWill jghll aqiog AulA)l Axilgal) johall Axiio Uy Johall Gpo dyglj -3
8351aJl 0 Uailas

500 ) ol 03353 daolitoll &ilohl) jasmo wialo [GESIE)GIENSRIIRIIGYGS

Wiew dewio GJigil ule Auhsd U by (300V) auhsd U adall G1o9 (rad/ s
d=ilooll -1 : jladio wral (150Q) Qiogliog (0.2H) LilaJl dla Jolso walog (20uF)
Jole =3 A=uiollg Ciagll g Goglioll o JA pe adall §po =2  6)51adl jliq Aulall

)Wl johall axniog dulall Arilgal jolall Axio U Jokall G406 duglj — 65281

LU EEYY Qgliioll Auilg@l) jamnno Lialg i ol YlpsJl @)la Jall jga

i w dewio LJlgiJl ple Ak s U by (S00V) Cl.l.lh.o (yon) a.n'l:\.ll Q)09 (400 l‘ad/ s)
A=ilooll -1 : jlado Lo (150Q)Aiogliog (0.125H) wIlaJl aia Jolso Wlog (10uF)
Quglj-3 Asuriollg Cingllg Aoglioll Yo JA pc adall §po -2 651l jliig arlall
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RESONANCE i AC CIRCUITS

Is make circuit frequency is equal to desired signal

Jw ol 64612 aa 4 bgluo 651l Dlaay J=a v

What are the properties of electric series resonance circuit? LJlgiJl Uiy 6)51a yailnd ua bo
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Parallel combination of pure resistor R, pure and pure capacitor
C in AC circuits

The pure resistance, ! and pure capacitor are connected in
parallel combination and this group is connected in series combination to /
alternating voltage source.

When drawing pharos diagram of currents, the horizontal axis X is taken as \C
basis (reference axis), thus, pharos vectors of voltages in the circuit is congruent

on X-axis.

As for currents phase vectors, each of them creates phase difference angle ©® 4@

with X-axis. In this type of connection, two things are achieved:

First: potential differences between each element of this circuit are equal.
Second: the main current is distributed to all sections of the parallel-circuit.
The main current | in section point of the flowing currents (in component parts) does not equal
algebraic total of these sub-currents (IR, It lc , because

there is phase difference angle ® between each of the phase vectors of these

currents and voltage phase vector in the circuit, which is congruent on coordinate axis X

IF:




RLE

Io =0,

Ic

Capacitive properties

a

4 gr 5 80Al) Lailad
Jds¥) @Ak

%

Inductive properties
ddia 5,0l Qailad

&I gk

|5

r )

B
/] IC

N PR gy Pe]e |

Vp=Vp=V, =V

_IL

I =1R% + (e — I)?

T
Ip

tanf =

Ip

Pf = cos¢p = I
- T

\ cos¢p = -E

IR E R EREPTR ey |

Ve=Ve=V, =1

' =1g" + (e~ 1)?

Ie—1Ij
Ip

tanO =

Ip

Pf = cos¢ = I
. T

Z

cosp = R




Pure resistance (ohm) I \C Iy =lg
1 daglia 3 1Al Lailad

)| C (Rag) iy Vi®n o Pf=1
|R= IT -
o=0  V

I |

Gz WA G=uriog R wWn doglito) $9iai byl dujlgio JLui 6512 IS (e 7 Jtio
90 gliioll Ailgal) jamo uihd U Acgonoll Cilhy). (L Win Cineg C W
6alyg (X=20Q) <Cuall 6alyq (80Q) Aogqlioll jlado Ulag (240V) Laud i U adall
-2 85lall Eqpd Yo €36 JA ub Wluiodl JUill -1 jlafio el (X=300 )d sl
Johbll Wlaio hihds ouw) &o 651aJl L Wlwioll YusPl Uil jlabo vuual
$Jobll axioll Uy johll Gpo @iglj -4 651l Lo Aulall A=ilooll -3 (W JSNE T
=5 .61l yallad L Log, adall §51aJl Lo AYilgl) jghnll Axiog puyipl jJLil)
) U AUAJI 6)a8)Iq ( 651aJl U-D AAaldimell) Audi1da)l 6jad)l o JS -6 jadll Jolc

(6)51a) 6jdraoll

Wlgall
(1)VR:VL=VC=VT

=240V UL Gjlgill ule byl Yl Loy
, Vg 240 24
R~ piileapiile gll —
1 Vi 240_24_12‘4

L™ X, A0 0
Ve 240 24

le=% 3073




ousladl 9 2218597

Opaia 027240133
w0 Ul Juidl waj Aipg oUal db.l.i.lJI b LoA Uljuil jobhldl bhihAp roawyi — 2
.olaldl
A e Iy=I—1,=8—-12=—-4A

(I1)* = (Ig)? + (Ix)?
(I)?*=03)%+(-4)?>=9+16=25

\'"
r— (Ir)? = 25 Uopal) o=yl Ay
x| kK I x b= 84
4 V 240

(3)Z=E=T=48‘Q
h Juldodl [, —4

4) tnp=——= X=— & p=-53°
v el I 3

axiog yusipl Juil johll axio Y (@) jodall Gpo diglj YV @Uia yalai §451aL
(I,>1c UVagiayailas éplall gl) &Pl Sapl Lb Edlig Wiljliill jolall
Jqla.o.ll [ 3

Pf =c0os53°=0.6 (ol OR) Pf =cosf = J-'9-|| E_ T = 0.6
(6) Proai = In % Vp = 3 X 240

= 720 watt 62l dadadall (AALldiwpll b 6)51aJ1 )
Papp = Iy % Vp =5 % 240

=1200V.A 028l dyadUAll ( 6fdaoll 6)51al))

A= uriog L doglio $eini byl dujlgio Wgliio JLi 6)51a FlEadl Jilis Uo 6L
adall §po Augliiodl AriJgQl) jamnog W Cinpg (20uF) L)lado Wn dew WIA
SR s A,L W) 851801 o6 Auba 8216 )a )l Cuils (—HZ) 224 (100V) awd pa
» Jlado u.u.l:al aLia yasuaa 651allg (0.8)
S odAll Wil -2 Asuiol] €36 Wy JLLillg Aoglioll &o) Lo JLLUI -1

e et da Ao roaw Pl So Al arilgQlig LAl JUidl U jokall G 1o Quglj -3
Craol) LilaJl &all Joleo -4 WiHlLil) dyjgkall
J = = Wlgall
Ve =V, =V, =V =100V Lo apl dyjlgio 6511 Ul Lod

ULo Goglioll 16 Lo s ClLdvi i @udidall 6)a8)l Yl Loy -1
. _ Preat - 80 _ = = : F =
Preqi = Ig XVp — I = V. 100 0.84 Aoglaoll £36 Lo JLriI
X - : ! - 1073 = 2500
— = — X =
¢~ mfc 100 ~“4x10° 4

Siaaduct 6
21 X - X 20 x 10~




yuslwlli g 2 7

!
Oppaia 0 72 2 4

V 100
[r=—=——=04A q ioll &30 Lo Uil
T A=uuioll £30 OO U
Wil ayjoiall laaioll hikhAsll (Lo 6)adll Jole viuuny -2

Pf i . e ST o B oLAaJl Uil

= COS s = — = = — = —=

P A e
3) 6janoll drilgQlig LLAJIS U1 (G0 Guglj

I = 1L,

ITZ — ]RZ + [Xz

12 =0.82+ 1,2 » I, =1—0.64

Iy* =036
Iy = —0.6A atia yalilai 6)5lal) OV duluw 6 Uiyl
Jlol [y 0.6 =3

tan® = ——= = ——i= —n— ¢ =.—37°
ool  Ip 0.8 4

Cuall 8aly Ab)e (o LIIA Cuall Jolwo Lrnj— 4
_1X=]C_[L _)=[L=1C+1X=0'4+0'6=1A

V100
XL=E=T=1009
X, = 2nfL —>L=XL= = =1=0.5H wilaJl Cuall Jolo
2nf anw 2 =
T

Wpn Cinog Win doglio ) $einl byl dyjlgio Jui 8)5la QBRI JSlue Uodun
dudh U adall §)o Jlado dugliiodl ALiJgal) janog (W o duw WIA dsuriog
(1920W) 6p51al b AAldimoll Guérball 6)adll Jlado Ylag 100HZ aayiy 480V
J1ado Lo (40Q2) Cunll 8aly jladiog (32Q2) Al 8aly Jladoq

Ciaoll €36 LO9 A=urioll £46 LH9 Aoglioll €16 Yo E30 JA L6 Wluioll Ll - |
wwbs -3 whlil dyjohll Ulaxioll hihAg oaw)l -2 6 51aJ1 L6 Y PI HLLillg
ualgd L Log . Atilgall johll aqiogq yui Pl jWill johall axiio U jokall Gpo Aglj
81511 o6 LAl Gilooll -5 6)adll Jole -4 851l 0aa

sulgall

Ve =V, =V, =Vp =100V Yo byl Gujlgio 65121 Ul Loy




oﬂ4w'022l85'

Oppadia 0 77240

Preal 1920 = u g g P o u
R
V 480 . .
1C=X—=§=15A Asurioll £)0 o0 Wlurigll JLl jlaQo
2 s
I, = XLL = % =124 Cinoll 46 obhgluioll Uil jladio
Iy=1,—I,=15—-12 =34
2 ¢ 2 2
L2 =2+ 1 I, I,

I;2=424+32=164+9=25
I = V25 = 5A yutSyl juill jlade

2 — il ayjg bl Ulaxiall hinhA g rouw)l Iy
Jlbodl [, 3
3—tanp=——-=—=—-=>5 P = -37°
Nl I 4

Craodl Ui Uo 1Al Asaull jLG OV ugsw yaibas 651al)

ol I 4
=2 —_=08

ol Iy 5
Ve 480

S 7 = 960

I 5
gy (00) gl { el §11sl 815 Joul j9)2017 AN Jiluso (o 10Uy

Jano piad pc degonoll 0dd Cihyjg dnlla dew $a d=uio &o iloil Llc
6jadllg (24Q) 6)5lal) dulall A=ilooll Crarnls (S0HZ) aayiy Gugliioll duilgal)
Aol Wldnioll hihas puw)l § Asuwioll Geuw jlads Lood (480W) dudidall
whlil
: Wlgall

4 — Pf =cos® =

Prom 480
Prom =12 xR (-2 € ’”E“ o Aa 16 A
Ir = V16 = 44 Goglioll £15 b Wlurioll Uil jlado
Ve = IzR = 4 %30 = 120 V Goglioll prc adall §1d
Ve =V, =V =V =120V Qb byl dyjlgio 6351201 Ul Loy
Vr _ 120 120

Z=— -5 24=—— o [;=—=5A yuiyl juill jJlade
I I 24

I = [gat Bl "
I°=5%2-42=25-16=9
Ir =V9 =3A d=uio)l £16 vbd Wlurioll JLil Jlado
V 120 )
e o = 400
1 1 1 1

Xe=gnfc T CT Zmfx, T Zm x50 x40 40007




1 250

“mx1e @ M

2w 53 G2urio fo Gilgill ble Ciinyy (60Q2) Goglio Lialg ¥l jall 2013 Suw
(100HZ) aayiy duqliioll Ayilgll) jamo pihd He Gegonoll 03d Cikyjg Anla
Aew-1 jlado Lobd (960W) dadrdall §)adillg (48Q) 651al) dulall d=ilooll Crarnls
wlanioll hihie ouw)l -4 AypadUal 6)adl -3 6)51adl 6 6)ad)l Jole -2 Asuioll
Wil dyjglall

d=uriog Wi doglio $eini byl dijlgio gliio JLui 851 £ Joll jga 2013 2w
Al §1o9, dugliioll Exilgbl) Janog W Cinog (- 4F) L jladio W pa dew wila
628l Joleq (400W) 6 5121 b Gudadall §)adll Cuila (S0HZ) aaxiy (100V) db pa Uy
JUillg Gogliioll £56 LO LI ~1 1ladio mal &g yasai 6x51allg (0.8) Lawsd
Eo Ayilgfllg LLAJ! JUI U Jolall 16 Guglj -3 LA JLLl -2 Aol £46 VO

Uil dyjeall Glaicll hih Ao rouw)

wlgall
Prow 400 .\ !
Preat = Ig XV = Ig = =25 = o = 44 Gogliioll Jly3
X . L 0.2 x 102 = 200
C= — — _2= L X —_
2nfC 2nx50x5%><10—6 5% 10
v 100 s = ==
[C—X—C—E—?CAAMQNJQH
JoloaoJl Ip Ip 4 40 £
Pf = cos® = =R Ip=—=—=—="54 I JL y
L= FRREENEE 274N i o p- 2
Ir? = I + Iy %l =W, "% 5242 =25-16=9 2

Ir
Iy =vV9 =34 &alyljli
I

SJldoll Iy

3
- - == @ = 37°
jlagll I 4 ”

tan® =

C1209 W Boglito ) $eial ki dyjlgio weliio Jui 6551a [ideul jeall 2014 /6uu
Ciall 6aly Jlado Ylag Gugliiodl ALilgal) jaroqg (Win Gsw WA deuliog Win
(1920W) 651a)l b GAlavimoll dréidall 8jadllg (32Q) dsul 8al) jladiog (40Q)
6 51aJ1 JUi =2 jamnoll Auilgo —1 jlade vaal (120Q) 6451aJl Aogliog

oaw)l =5 Cuaoll £36 VO deurioll €46 L6 Wlurioll Ll -4 §)51a)] A=ilooll -3
ol laaisll hihag




L G A

Oppaia 0 224013

AQogqlio Llc $oiai khul djlgio Wqliio JUi 6)51a / U ju Jall jgadl 2015 /15

ja.n.owh.ouua.cq.oadlum.u, Wa Clapg Win a.v.wulaas.uu.oqwj.n
6alylg (40Q2) doglioll jlado Ylag (120V) audph Juu adall (§o Gugliiodl Arilgal)
J v Wluioll jLridl -1 : J1ado aa (20Q) Al 6alig (12Q) Caall
Wldaio hiade rouw il &o 6451l Lo Wluioll Pl Ll -2 6451aJ1 E910 Uo £30
A paUAJ 6)abllg Gudidall 6)adll -4 6)51all 0oAd yalgd valo-3 whlil dyjolall

W Aoglio Lle Beiai khyl djlgio Wgliio JUi 651a / Cul 1 2016 /22y
930 Gugliiol Arilgal) jJanog Lo ua.oq(—mF) Ldjla.n.omj.nq.v.l.uulaa.v.uLLoq
(180W) &j51adl Lo d10aJl 6)al Cuilag (SOHZ) aayiy (60V) awsh U aadall
&30 LB JU -1 : Jlado wual g=w yailal §)51allg (0.6) Laws 6)a8)l Joleg
LA U g jeball G306 Auglj -3  LLAJ W -2 Aol €36 Lo JWillg Goglioll
Wil dyjghll Ulaaisll hihAp rouw) So ALilgdlig

doglio $eini khuyl dujlgio quu-o JL 8512 :( daaill ) JoVl jga (2018)2017 :27¢
Wn G WlA dsuriog (—H) a LIlaJl dia d-ol-ﬂ-o Wwa Gapg (SOQ) WA
wd AAldNimgll Aol o;a.nJI Cuilas (100HZ) aayiy ugliiodl duriJgall ljanog
Qailad=1+ jlxfio sl Qg gadlas 6 lxlly (0.8) 6 jaillleleg 3200 W)dSial
Asurioll €36 LH9 Ciaoll €16 Lo Wluioll JLLilig 6 )51aJl Lo YU Y1 W -2 janoll
Eo WA Axilgal) jghll Axliog Ll Uil jehall anio Uy Johll §po Auglj -3
Wil dyjghll Lldaioll hinA o row)

doglio $5gini kypl jlgio Wgliio JUi 651a ol ) U

duilgQl) jarog (5000 F) lajlago Win ew WIA deuwiog W Ciapg Win
6JadJl jlado Ylag (100HZ) aapy (400V) audpn U adall §po jlado dugliioll
ualga 6)ilallg (0.8) Lasd 6)adll Joleg (3200W) 8pilall po GAladimoll durdydall
=3 ol Uil -2 Aol €36 LO9 Aoglioll £)6 Lo JUJI -1 : jlabo Lo Mig=w
Wil dyyghll blanioll hin A fouw) So Arilgdlig oL JUiI g yokall § 16 iglj

Qugliioll Arilgall j:un.oq W Lla.oq (2OQ) cuouI 6al), W Asuw ul; Cl.v.u.u.oq

(360W) 65511 O ALd10aJl 6)adll Cuilag (HZ;) 22y (120V) awd i Ju adall G§po
E16 0O JUl -1 : jladio rmal dxin yaslaa Gx51allg (0.6) Lausd 6)aé)l Joleg
OLAJl Ll G Jolall G136 Guglj -3 LAl LI -2 dsurioll £35 b JLrillg doglitoll

Craoll €36 O JLII -4 Wil dyjoall Ulaxioll hihAe roaw Pl o GLilgalig




oualadl 0 22185926312
O3paia 0 272H01333727

1209 W doglito il byl dyjlgio Lgliio JLi 851a UL oI 015 /us
U adall G0 Jlado Gugliiodl Arilgal) jarmoq Win Geuw WA d=uniog Win
6p51aJl Lo AAldvimoll Aubidall 6)a0ll jlabo YlAg (S0HZ) aayiyg (100V) Guopn
~1 jlado wimal (% H) Galol) Gilall ¢l Jolsog (20Q2) &l 8al) jladiog (400W)
vt Pl Uillg Cinoll €36 LH9 A urioll €369 Aoglioll €36 o JA Lb Wluioll Uil
1okl 956 fyglj Uulus -3 Wil dyjelnll Glaxioll Alds )l -2 151l oo
Jolc -4 851a)l 02d Yalea L Log € dyilgall jolall Axliog Uuipl jolall Axio U

8151l b Grlall Gilooll -5 651adl b 6)adll

UlgaJl
P 400 i % < |
Prean = g XV —1Ip = r;a” - 100 =4A Qoglaoll Ly LLh::.J;-O
vV 100 . ) ) A
IC_X_C—E—SA Asurioll JLu Jigul

-

1
X, = 2mfL = 21 X 50 X o— = 500 Cuall aly I
vV 100
' bt P i j ‘\&

I X, = 50 2A Cunoll jli Ix
Iy=1I,—1; =5—2 =34 "N&3ml i

Ip2 = 5% + Iy = 4% + 3%milo W9 % 25§

Ir =V25 =34 \__?-I.I.I,!.‘lj.“jl,!.'i

Y

Ir

N I
Jlbodl [, 3 v
tang = ———=" =~ ¢ =37°
laodl [ 4
Craodl JUb Uo 1Al sl jL QY dugsw yalga 6 51al)
olaoldl [, 4
Pf=cosp=— —=R=_=08
Holl Ir.5
Ve 100
= =1 g

I, 5




