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METRIC PREFIXES
Multiple Prefix Symbol

107"® atto a

107" femto f

107" pico p

107 nano n

10° micro [t

10~ milli m

107 centi C

107 deci d

10" deka da

10° hecto h

10° kilo k

10° mega M

10’ giga G

112 o -
Quantity Symb

(o]
Electric I Ampere(A)
current
Potential Vv Volt(V)
difference
Resistance R Ohm(Q)
Power P Watt(W)
Magnetic field B Tesla (T)
Velocity v Meter per
second (m/s)

Length I Meter(m)
Force F Newton (N)
Charge q Coulomb (C)
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Explaim the characteristics of a seres ciromit. As mentioned in texthook 82
e R L
Solve problems to find the corrent, voltages and resistances in a series circmit. Unit 4 Assessment- 45,4950
ol b o AR At el i
e b ke i Ay M) R e e 08
Calculate the equivalent resistance and the total corrent passmg through a series cirounit Umnit 4 Assessment- 43 44
Calculate the equivalent resistance of a parallel cirondt
il g o agadl aiid y o gl a1 T s gl g i i Disa i
Uze the voliage divider circudt a5 a senies circmit to calculate resistances and voltage drop across the components. Examples 2
AHEN Bia -, gl b p e g it Al B i
Sl Bl g o i g i ] el i ] o g a9
State Kirchhoff s loop rule and relate it to the conservation of energy. As mentioned in texthook 4]
State Kirchhoffs junciion role and relate it to the conservation of charge.
bl L
i gl gl e i i A dliel sk | As menfioned in textbook ]
Apply Kirchhoff s junction rale to electric cironits. Section 1 review - Jasdll o a5
30
o ] gy el ¥ Al f g s
Define a short circmit and describe its effects. As mentioned in texthook a1
il ol gl B ] T g ek L 03
Describe a combined series-parallel circmit. As mentioned in texthook
g 5 g b Ty e i il i
e ) G o el il ) Y il i i il oy 05

State the properties of voltmeters and ammeters, in ferms of their resistance.
Identify the correct placements of ammeters and volimeters in electric crcmits

As mentioned in ferthoolk
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10 Describe the properties of magnets. As mentioned in texthook 107

11 i e ) Paliliond] il i i) IS T g ] oy el 108
Describe magnetic domains and relate them to the magnetic properfies of ferromaznetic materials. As mentioned in texthook

12 .;-l:ﬁlﬂ-l-'ld-"-ﬂ'-lh ?ﬁlllf-p.i_.:_]hﬁ 110
= | Defime magnets flox. As mentioned in textbook

mhulihdl-ﬂ——uﬂéﬂ-duhjhh_ﬁluﬁl—i—luﬂ_ﬁm | ) s s L Lz

13 | Draw the magnetc field line: arcund a boop of corrent-carryme wire and apply the nghi-hand rale to indicate the . i 112
direction. As menboned in textbook

14 "_"'J-:"'"‘E}I'."i'.ﬂd'Jéﬁﬁﬁﬂdﬂjhl-#‘um'hﬂhhr ?"-ﬂlli'."..:.“'ﬁ' 112

Draw the magnetic field limes inside and around a solensid carryime corrent and idenfify s pales. As mentioned in texthook B

1 il okl | 40 gm0 ] ] gy o gl el T il o a3y Lkl 1

Describe an eleciromagnet, the [am-rs.aﬂerring its strength and s advantages over a permanent magnet.

As menfioned in textbook

Um Al Emarat ,523,AlHilli, DhanyaCS
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16 | Solve problems to find the current. voliages and resistamces v 3 paralled circmit. Chd Aszessment -59
R e LE
— : ] i it il o T il o A ot gl bmiendis Example 4 Jos 4
17 Sl e e el o 8 it ] e Sl ) el 3 e o ] !t 3 i |
Calcolate the equivalent resistance of combined serbes-paraBel cirondts. Chd Assessment -73 .7
Calcolate the voltage. currest. and power dissipation for anv resistor in 3 combiped series-paralle] circnit BT -4 sl ak 100
et it o i 3§l o ] ! i) ] | ] B
B il S o i g | i Sl ot et £ o bl G i) e ket F = [LB 2 ) Akl | ai Example 1 Jos 116
18 Apply the nizhi-hand role to find the directon of the force on a corrent-carrving wire placed in an external magnetic Application: 1.1} <l
field Tl T0-5 iyl ausls
Apply the equaton F = [LEsin(#) to calcolate the magmitude of the force on a wiraizht sesment of a correnf-carrving wire Chs Assessment 70, 71 L
placed n a uniform magpetc field
il gl gl e e |
i il ,IHuuf.thﬂl“_tLh.Juhj_‘lu_leﬁlj.j_lH el e I N 83
Explam Bow fases, circmt breakers and sround-fanlt interrapters protect electric aromts and malke them safe to operate. As IEE!.!Ii[l!; ;uj!mb{lnk 21
Explam the importance of a voltage-dmvider arcmi to achieve a desired potential difference.
19 | Describe the principle and worldngs of a simple electnic motor and the enerey conversions that accar.
oPeel] 2 g ! 5 e ] S L) it 8 bl il o i 5 et i i e e i ol S ) T il b d 1y i
Drescribe the forces that ocoor when lilke or nnbke poles of two permanent magmets are bronght close together (I terms As ; e Iij;u ieribook 114
of the imferaction between the magnedic fields and the crientation of the magmetic field lmes).
el it o 2 i s o Gy g i (F = qUB o)) il 3
e i o e i | ol 8 | g ] il | ! ] £ e 16 ke <7 s
= - 3 - " - - . = - L_ . 1
10 | Apply the equation F = grEzin{s) to calculate the magnitude of the force acting on a charged particle moving in a Ex o7 Exercice 16 110

magmetic field.
Apply the riehi-hand role to determine the directon of the force actins on 3 chareed particle moving in 3 maFpetic field
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As mentioned in textbook

‘ 1 ‘Ernhinlhtt]ur:rluiﬂi:snh Series circmit.

ie
Wi
J_ i .9: *2* Current across the battery Markis): 5/5
e I
T r
| oy | ' A, A )
R, WA VWA (9.0V) A bagy Joa (6.0 £1) bgeha J6 Lo glia diaa Cila glda 2205
- ", | ! B Aaah Bt be S0 8 e 34 LS
There & only one path for the current ikl b ol a0 oy S
a0y
—x A son
The current produced by the battery Ii_ tha T z Three identical resistors of 6.0 £, are connected,
same curfent passes through each resistor in parallel across a .0 V battery as shown in the fgure.
I I = i'. = ||_.! = !1 J What is the current through the battery?
The potential difference across the battery :
Is not the same across each resistor I=V/ (R1+R2+R3)
( V=¥i+V:+W =9/(6+6+6) =0.5 A
The equivalent resistance s
Q.5: *2* Connecting resistors in a circuit Mark(s): 5/5
To find the current through the entire circult o
_ Vaustery ' - 03 5 ) A s A Rl 183 13 s M (sl (gl LA G
= T Ry <l i) b B jlall 2 L g R A i ) S ) A A, A )l
wij aiman
or L,
j = ﬁ = !‘._J = ﬂ i The figure shows two resistors connected to a battery in a simple
R, R, R, Az electric circuit. Three Ammeters Ai, Az, As are connected (o the
cirewil. Which statement is correct about the electric currents through
To find the voltage across the battery () each of three ammeters?
i'll'-lﬂvurr'!'r = | x R-"u' |
To find the voltage across each resisior I - I 1_ I Z
Um Al Emarat ,523,AlHilli, DhanyaCS
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Solve problems to find the corrent, voltages and resistamces in a series circmit.

ol b o et gl g g Ay e i s S

Example 1 Jas

540,50 -4 b gl pu g

Unit 4 Assessment- 45 49 50

&k

 POTENTIAL DIFFERENCE IN A SERIES CIRCUIT Two resistors, 47 (1 and 82 0,

are connected in seres across a 45-\ battary.

- 8. What is the current In the circuit?
- b, What is the potential difference across each resistor?
- € I you replace the 47-(1 resistor with a 38-{] resistor, will the current increase,

decrease, or remain the same?
d. What is the new potantial difference across the 82-{) resistor?

El ANALYZE AND SKETCH THE PROBLEM
Draw a schematic of the circuit.

KNOWN UNKNOWN
AV,ource = 45 V I=1
By =470 AV =1
B =220 AV =1
E1 SOLVE FOR THE UNKNOWN

a. To determine the curent, first find the equivalent resistance.

I=NTMHMH=R1+H2

= zr:';; A Substitute @= R, 4 .

=BV bestitite AV, = 45 11 & = 47 ¥, 2, = 8201
= Fh<En 4 5u 8 AVisiene LR Ry

=035A

b. Use AV = IR for each resistor.
Ay = IRy
= (0.35 AY4T O o Substitute [= 035 A, 2, =47 1.
=18V
AVy = IRy
= (0.35 A)B2 (1) o Substitute [- 0354 A, = 8217
=29V
¢. Calculate current, this time using 39 (1 as Ry.
AV,
T=%+h;

_ 48V
=Fn+82n

=037 A
The current will increass.
d. Determine the new voltage drop in Rs.
AV = IRy
= (0,37 A¥B2 00) o Subshiule [= 0374, 2, = 8217
= 3010 W

o Substittte AV, > A5V, R =30 1L R, » 8211

_

435. A series circuit has two voltage drops: 5.50 V and
6.90 V. What is the supply voltage?

Ve 330V + 680V =124V

49. Ammeter 1 in Figure 18 reads 0.20 A.
a. What is the total resistance of the circuit?
b. What is the potential difference across the battery?
€. How much power is delivered to the 22-(} resistor?
d. How much power is supplied by the battery?

. What s the total resistance of the circuit?
R = E.I +H:_,='15 i+ 22 1} = 3T 1)
b. What 15 the battery voltage?
V=R =(0.20 A)(37 Q) = 7.4V

. How much power 15 delivered to the
232-11 resisiory

P = I2R = (0.20 A)}{22 ©}) = 0.88 W
d. How much power 13 supplied by the

batteryy

P=IV=(0.20 A)TAV) = 1.5W

Al Emarat ,523,AIHiili, DhanyaCS
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Solve problems to find the corrent, voltages and resistamces in a series circmit. Vuit § Aot 45 1950

90. Ammeter 2 in Figure 1B reads 0.50 A. @ IA—
a. Find the potential difference across the 22-() resistor. 22 1)
b. Find the potential difference across the 15-0) resistor. . @
¢. Find the potential difference across the battery. [:'h':) =

13 il

g Find the valtage across the 22-01 resistor, |
V=IR=[(050A)22(}) =11V

b. Find the valtage across the 15-81 resisior
V=IR=[0.50 A)}{15 1) =T.5V

c. What is the battery voliage?
V=W + V,=(11V} + (75V) =13V

@

Um Al Emarat ,523,AlHilli, DhanyaCS

&k




o A A AT )
E el bl el 435 44{d) b g i

Calculate the equivalent resistance and the total corrent passmg through a seres ciromt Unit 4 Assessment- 43,44
Calculate the equivalent resistance of a parallel circuit

Calculate the equivalent resistance of these
senes-connecied resistors: 680 £, 1.1 kL),
and 10 kL}.

R = 68 12 + 1100 £k + 10,000 £}
= 12 kil

Calculate the equivalent resistance of these

parallel-connected resistors: 630 1), 1.1 kf},

and 10.2 k).

. | A e X
R E1+RE+E:EI

R :

1 1 1
{n.'mm At 'm_z'm:'
= (140 ki)

43. Calculate the equivalent resistance of these series-
connected resistors: 680 (2, 1.1 k£, and 11 k(.

44. Calculate the equivalent resistance of these parallel-
connected resistors: 680 (1, 1.1 kf), and 10.2 k2.

BB. Calculate the expaivalent resistance of these
sexies-ronnecied resisbors: 680 [L 1.8 ki)

and 1 k)
= G0 £k + 1100 (} + 10,000
- 12 ki)

8. (Caloulate the equivalent reststance of these
parallel-connected resistors: 580 43, 1.1 ki,
amd 1002 L

1 1 1 1

— — + = T
R Ry "B "R
1

{ﬂH:;Ihﬂ . 1.11-k.l1: 3 'II].EIIH'.I.]

w 4 kA

[

Um Al Emarat ,523,AlHilli, DhanyaCS
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Uze the voltage drider arcmit as a serses ciromif to calcabaie resstances and voltage drop scross the components.

EXAMPLE PROBLEM 2 Find help with order of operations. Math Handbook

VOLTAGE DIVIDER A 9.0-V battery and two resistors, 390 0 and 470 (), are connected as
a voltage divider. What is the potential difference across the 470-0) resistor?

El ANALYZE AND SKETCH THE PROBLEM

Draw the battery and resistors in a series circuit.

KNOWN UNKNOWN
AViouree = 2.0V AV, =17
R1 = 390 v
B: =470V
El SOLVE FOR THE UNKNOWN
R=R + H;u
ﬂ'FEIJJ.IFW
Eer—m—
_ AViource 4 Substitute R= R, + R,
Hj -+ Fln'z
AVe = IR»
o Substitute | = —2ue
= ﬂvsnum HE E., 3 Rz
A, + R:
(8.0 V(470 O) A Substitute AV, = 90V, R, =300 (), R, = 470 ()
T 300 +4700
=49V

Um Al Emarat ,523,AlHilli, DhanyaCS
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State Kirchhoff = loop rule and relate it to the conservation of energy. Ay mentioned i textbook L
State Kirchhofis junction rule and relate it to the conservation of cBAT=Ee. . i chhoff's Rules Mark(s): 5/5
D KirCh hOffls LOOp RUIe states that What are the two Kirchhoff's Rules to analyze complex electric circuit?
the sum of the voltage differences S8 poll il yaSl pilol Julnd) GbaibusS Lncls Lo Lo
around the loop must be equal to g W T
zero. * """""""""""""""""""
series nd paral!ei rules
» The loop rule is based on the law of e
conservation of energy.
Q.5: Kirchhoff's Rules Mark(s): 5/5
U Kirchhoff's Junction Rule states that
In an electrlc C| rcu It the tOtaI current On which law of conservation does the loop rule rely to analyze complex electric
/ circuit?
into a section of that circuit must $aS el il gSUl yilgall ulnt o il Bacls Laale 5357 Basall puild o o
equal the tOtal Cu rrent Out Of that the law {ri'_.a_*la::Il_ﬁe;_tjl'm_mH_-:ufeneley'
same section. x - R
O The junction rule describes currents R et
and is based on the law of
conservation of charge. TR ORI

Um Al Emarat ,523,AlHilli, DhanyaCS




Apply Eirchhaff s junction rule fo electric cromis.

Tl sl gl e g i e gl S b

,1:.:.-71.'.._..,“
As mentioned in texthook
Section ? review - Jamll faa! .
30

F 2

19. Total Current A paraliel circuit has four branch currents:
120 mA, 250 mA, 380 mA, and 2.1 A. How much
current passes through the power source?

20. Total Current A series circuit has four resistors. The
current through one resistor is 810 mA. How much
current passes through the power source?

= 1% kL + Iy
e 10 M + 2530 miA - 3 [0 mA + 2.1

= 01ZA 0238 4+ 03 A + 21 A
- 20 A

Total Carrent A series crcuit has four
resistors. The current throuph one resistor is
B mA. How much camment is supplied by
the sournce?

810 mA. Current is the same every-
where in a senes circuit.

Current If I3 is 1.7 Aand [, is 1.1 A, what is the current

through bulb 27

Current If /; measares 1.7 A anad 1} mea-
surex 1.1 A how much aervent i flowing in

baulb 27

L=+l

Lel-L=17A-11A=0EA

Um Al Emarat ,523,AlHilli, DhanyaCS
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Define a short circmit and describe its effects. As meptoned in tertbook

L

In an electric circuit, fuses and circuit breakers prevent circuit over-
loads that can occur when too many appliances are turned on at the
same time or when a short circuit occurs in one appliance. A short circuit
occurs when a circuit with very low resistance is formed. When appli-
ances are connected in parallel, each additional appliance placed in
operation reduces the equivalent resistance in the circuit and increases
the current through the wires. This additional current might produce
enough thermal energy to melt the wiring's insulation, cause a short
circuit, or even begin a fire.

Um Al Emarat ,523,AlHilli, DhanyaCS
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Describe 3 combined series-paralel circuit. As mentioned in textbook | o

"RUBLEM-SULVI

SERIES-PARALLEL CIRCUITS R
When analyzing a combination series-parallel circuit, use the Step1 8090
following steps to break down the proble. PN

1. Draw o schemartic diagram of the circuit 4
= 60V I Ro: 1y As

Combined Series-Parallel Circuits T 50 | 2 150

Have you ever noticed the light dim when you turned on a hair dryer? 2. Find any parallel resistors. Resistors in parallel have
The light and the hair dryer are connected in parallel across 120 V. separate current pains. They musf have Ine same
Because of the parallel connection, the current through the light should pofcral iferences oorass Inem. Culculols Ineisingle

, , ) equivalent resistance of a resistor that con replace them. v
nur::ut have changed when you turned on the hallr drjrler. Yet the light did Draw a new schemalic using that resistor -
dim, so the current must have changed. The dimming occurred because VWA
the household wiring has a small resistance. As shown in Figure 13, this A
resistance was in series with the parallel circuit. A circuit that includes o _ + 8.00 A
- . 2 E g = . 3. Are any resistors [including the equivalent resistor] now in m—— 23
series and parallel branches is a combination series-parallel circuit. _ 940

. . . o series? Resistors in series have one and only one current
The following are strategies for analyzing such circuits. path through them. Calculate a single new equivalent

resistance that can replace them: Draw o new schematic
diagram using that resistor

Step 3
4, Repeat steps 2 and 3 until you can reduce the circuitfo a
single resistor. Find the total circuit current. Then go
backward through the circuis fo find the currents through =k R
and the polential differences across individual resistors. — 174 01
Um Al Emarat
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State the properties of volimeters and ammeters, in ferms of their reststance.
Identify the correct placements of ammeter: and volimeters m elecinc drouoits

i e
As mentioned i textbook

Figure 16 An ammeter is connected in
series with two resistors, The small resistance

of the ammeter slightly alters the current in
the circuit. A voltmeter is connected in paral-

lel with a resistor, The high resistance of the
voltmeter results in a negligible change in the
circuit current and voltage.

Ammeter
0.01-2 Ammeter

' /
R-| —
10.00 02
L
—_— Aa =

T 10.00 £
0.0

18 4+ 10,00 £2 + 10.00 2
=20.01 {}

Voltmeter

Um Al Emarat ,523,AlHilli, DhanyaCS




10 ‘ Describe the properties of magmets.

B~

Al i i T i ] o g 107
As mentioned in texthook

Magnets are polarized- two poles north and south poles
Earth is a magnet-

Like poles repels and unlike pole attracts

Magnetization- If the ferromagnetic material is next to
a strong magnet, most of the object’s domains
preferentially align to point in the same direction as
the poles of the external magnet

Iron, nickel, and cobalt are strongly attracted., called
ferromagnetic materials, can become temporary
magnets

Brass, copper, Gold and Aluminum are common metals that

are not attracted to Magnets

Um Al Emarat ,523,AlHilli, DhanyaCS



11

i B gl Cteiliets] il o il S| i e T
Describe magnehic domains and relate them to the magnetic properties of ferromagmetic materials.

As mentioned in fexfbock | 100

Figure 5 Domains in a nonmagnetized fer-
romagnetic material point in random direc-
tions (top). When a strong magnet is placed
near & ferromagnetic material, the domains

in that ferromagnetic material align with
those of the external magnet (bottom).

Nonmagnetized Material

—
——
—
—
—
—
—r
—
—
—

T S
—_— T el
B i
— T el i
e e
— T el T
e T
— S el S
e T
— T el T

Magnetized Material

VIVIVIA T

O Each atom in a ferromagnetic material acts like a tiny

magnet.

(d Magnetic domains are a group of neighboring atoms whose

poles are aligned.

[ Magnetization- If the ferromagnetic material is next to a strong
magnet, most of the object’s domains preferentially align to
point in the same direction as the poles of the external

magnet

[ Iron, nickel, and cobalt are strongly attracted. , called
ferromagnetic materials, can become temporary magnets

Um Al Emarat ,523,AlHilli, DhanyaCS

Creating permanent magnets The only naturally occurring
magnet is the mineral magnetite. The lodestones that ancient sailors
used were nothing more than pieces of magnetite. If magnetite is the
only naturally occurring magnet, how, then, are commercial permanent
magnets made?

When an object containing certain ferromagnetic materials is heated in
the presence of a strong magnet, thermal energy frees the atoms in each of
the object’s domains. The domains can rotate and align with the magnet’s
poles. The object is then cooled while it is still in the presence of the strong
magnet. After cooling, the object’s atoms are less free to rotate. Therefore,
when the strong magnet is removed from the object, the object remains
magnetized. A permanent magnet has been created. If this permanent
magnet is later reheated or dropped, however, the atoms can jostle out of
alignment, reordering the domains and removing the magnetic properties.
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Define magnetic flox.

ﬁﬁ:;:-uju
As mentioned in texthook

110

Magnetic field lines Scientists visualize magnetic fields using magnetic
field lines, such as those shown in Figure 7. Like electric field lines,
magnetic field lines are not real. They are used to show the direction

as well as the strength of a magnetic field. The number of magnetic

Lield lines passing througn a surface perpendicular to the lines is the
magnetic flux. The flux per unit area is proportional to the strength of
the magnetic field. Magnetic flux is most concentrated at magnetic poles,
where magnetic field strength is the highest.

Um Al Emarat ,523,AlHilli, DhanyaCS
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13 | Draw the magnetic field lines arcund a boop of corrent-carryime wire and apply the righi-hand rale to indicate the = 112
iy A: mentioned in fextbook
| ;l;ﬂl‘-‘lﬂﬂ Htl:ﬂ ;I;gl-!ﬂd a Loop . Mlﬂ“:‘:;‘:}" i_!;‘l tﬂt::]l““:d . 55. Figure 2B shows the end view of an electromagnet
nside the loop, the field is toward you. € magnetic fields 00p3 Insice that is carrying current.

Outside the loop, it is away from you. a solenoid are all in the same direction.

Magnetic
field

|
=

D
-

a. What is the direction of the magnetic field inside

the loops?  |nto the page

b. What is the direction of the magnetic field outside

the | 7
s Out of the page

Figure 28

Um Al Emarat ,523,AlHilli, DhanyaCS
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Draw the magnetic field limes inside and aronnd a solencid carryine current and identify itz poles.

As menfioned in textbook 112

¥ Right-hand rule 2 for a solenoid-H you curl your fingers around the solenaid in the
direction of the conventional (positive) current, as in Figure, your thumb will paint

toward the solenoid’s north pole

(.13: *2* Magnetic field in a solenoid

ot A1 gl o g g1 e (i S e 9 gt L )
Tegglad [ IS e g g il 3 pmsglnliiall Jlpeall i) psaua ey
The figure shows a solenoid while a current is passing through it.

|’ I Which of the following rows correctly shows the direction of the
4 magnetic leld inside the solenoid and the poles of the solenoid?

Direction of the magnetic field inside the North pole of the solenoid(N) South pole of the
solenoid e Ll Tl el solenoid(S)
il st i) AL il Jlaall sl il sl ilall s gl il
A * Amaid 3 Y X
B . Y X
C X—Y X X
D Y—X X Y

Um Al Emarat ,523,AlHilli, DCS

Figure 12 Imagine you are holding the
solenoid with your right hand. Your thumb
will point toward the solenoid’s north pole
when you curl your fingers in the direction of
the conventional current.

Right-Hand Rule

Magnetic Field in a Solenoid

The magnetic fields of the loops inside
a zolenoid are all in the same direction.
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Descnibe an eleciromagnet. the factors affectme its strepgth, and its advantages over a permanent magmet. As mentioned in textbook

1. An Electromagnet is a magnet whose magnetic field is produced by
electric current.

2. The strength of the magnetic field in a solenoid is proportional to the
current in the solenoid’s loops.

3. It is also proportional to the number of loops. The more loops there are
in a solenoid and the closer they are spaced, the greater the solenoid’s

magnetic field strength.

4. The magnetic field strength of a solenoid also can be increased by
placing an iron-containing rod inside it.

Um Al Emarat ,523,AlHilli, DhanyaCS

When there is an electric current in a solenoid, the solenoid has a
magnetic field similar to the field of a permanent magnet. This kind of
magnet is an electromagnet. An electromagnet is a magnet whose
magnetic field is produced by electric current.

Loops and field strength Solenoids can be exceptionally strong electro-
magnets, producing magnetic fields much stronger than those around
permanent magnets, The strength of the magnetic field in a solenoid is
proportional to the current in the solenoid’s loops. It is also propor-
tional to the number and spacing of loops. The more loops there are in a
solenoid and the closer they are spaced, the greater the solenoid’s mag-
netic field strength.

The magnetic field strength of a solenoid also can be increased by
placing an iron-containing rod inside it. An iron rod strengthens the
solenoid’s magnetism because the solenoid’s field produces a temporary
magnetic field in the iron, just as a permanent magnet produces a
temporary magnet in a ferromagnetic object.
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16 | Solve problems to find the current, voltages and resistances m a parallel circmit.

EXNAMPLE PiDEELEM 3
RESISTRMCE RMICURRENT IM & PRRALLEL CECIIT Trres residl e,

B0 1y, 500 Y, i J0000 ), ool fodewsat bl iy prarsliel merese A S0V Dallany

@, Fired 1 Stareeed heiigh eseh Beanes o e cncul

B, Find i depoisadis ook Hdaness OF The Citull

. Fired Thi cLarest Theaigh T bbby

B AMALYZE AND SKETGH THE PROBLEM
= [rpm g schematc of #e ooyl
# Inchkets amimalons o shos whone s wouid

T L I |

:- e sach GF e umenis T
. ==
r HTETEN UNERCWH
i &y o= G000 fy =i f=

Fe= 3000 =% R=7

Hy o= 200 Iy =7

A =000

B SOLVE FOA THE UNKNOWR
L8

A, Bleciuse the wotage mross sach sesisior @ the sams; e [ = %
for sach branch

--3% o sl stmile AV e oy 0= g0D ik

= 150 A
W
Jui .

= oY o Glditule WY s @80, B B 1)

F00 0
w 3O A
- BN
I3 e
_ oo
200751
= 4 60 &
B, L the sapanbn] reaglores equaias iy porpls creuila
LIS U S 1
n O Wy Th
e e -
[ R T T P T -
= QARG !
H =101

& Ups [ _%In'ln:l I il e

i Shorituty V6 SS8Y & 5 400 L8

I = A

]

0y
moa

= W00 &

o Sidhritule O e @20y, B oo

Example 3 2 88
Chd Assessment -59

e R sttt b

Tl Tt A s e et Py Tusar

EI

59, For Figure 22, the battery develops 110V
a. Which resistor is the hottest!
b. Which resistor is the coolest?
¢. What will ammeter 1 read?
d. What will ammeter 2 read?
e. What will ammeter 3 read?
f. What will ammeter 4 read?

& & O

= 20002 50.0 11 1000

Figure 22

o Siigiale 0= 20 L O, e 330 LE-R, w e i1

DL

[ |

There are several paths for the current

The current produced by the battery is not

the same current passes through each resistor
I=l+1+1

The potential difference across the battery is

The equivalent resistance is
o o
Req IRy "Ry Ry

To find the current through the entire circuit
1 = Voatcery

To find the current through each branch
Vi

1 2
h _R,”‘_R,‘l‘ b

To find the voltage across the battery
Viattery = 1 % Ry

Um Al Emarat ,523,AlHilli, DhanyaCS [Vt txhnxr ]

Which resistor is the hotear?

10.0 £} Since P = VZR and Vis
constant in a parallel circult, the
smallest resistor will dissipate the
most power.

Which resistor is the conlest?

50.0 {1. Since P = VYR and Vis
constant in a parallel circuit, the
largesl resistor will dissipate the
least power,

Whiat will ammeter | read?

1 . SRR TR
e R T
R= 1

DAY
1

i 1 1
{H.ﬂ nTENAn T 100 nj

= 5,88 O
oV Aaxity
’_H_ 5,88 1} = 19A

What will ammeter # read?

¥ o Adxi?v
R 20.0 11

What will ammeter 3 read?

v 11102V

o — ==

R 50.00 1k

What will ammeter 4 read?

v o Axie?y
R 10.0 0¥

| =

= 55 A

=22A

=11 A

{m=
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. Calcalate the equivalent resistance of combimed series-paraliel cirouits. Chd Assersment -73 78
Calcalate the voltase, current. and power dissipation for any resistor im a combimed series-parallel circnit TE5T3 - 4 Gaapdl psk 160
73. Refer wo Figure 23 and assume that all the resistor i o
© SERIES-PARALLEL CIRCUIT A hair dryer with & resistance of 12,0 0 and a lamp with & ":._L, EGILJJ L-:E Find the e uiua]:m FEsiEtATEe : The pﬂrﬂlll.?l combination of :thﬂ
' resistance of 125 11 are connected in parallel to a 125-V source through a 1.50-03 resistor ol 9 ; 30.0-4} resistors has an eguivalent
in serigs. Find the current through tha lamp when the hair dryer is on. .
' VAVAVA resistance of 15.0 1},
Kl ANALYZE AND SKETCH THE PROBLEM : ST
i * Draw the series-parallel circult including the hakr dryer and the lamp. __: ! ; . Eﬂ E - 3“.“ i} + 15-.“ () = d-E_ﬂ' LY ]
| * Replace A, and A; with a single equivalent resistance, A,. '_'_ “ :
I KNOWN UNKNDWN
. Ay=1250 Ay =150 0 P =%
Fs=1200 AV, e= 125Y R=7 FAy=7 Figure 23

- E SOLVE FOR THE UNKNOWN

Find the equivalent resistance for the paraliel circuit, then find the equivalent resis-
tance for the entire circuit, and then caloulate the current

78. Ranking Task Consider the resistors in the circuit in
Figure 24, Rank them from least to greatest specifically

1 1 1 i 1
I L WP . WG W R 4 Substiitea Q=25 (), R,= 20} i ) . N . ) . )
v, fc'l W LcEtae L2 indicating any ties, using the following criteria:
p=10.
R=Ry+R,=1500 + 1080 o substitite @, = 150 3, &, = 10.9 (2. a. the current through each
= 1240 T
AT e b. the potential difference across each
= R A Substitirta AV, = 128V, R = 12.4 1]
R 1240
=101 A % —\'f\'i\f‘ 1
AV = TRy = (101 A1.50 ) =152V A Substitute [ = 101 A, &, = 150 4} 55 001
AV = AVogue — AV = 126V — 152V A Substitita AV, ., = 285V V=182V 30.0 0 10.0 £2
= 110x10% V +
I =%=% o Sybstituta AV, = LiD0* v, @ = s 1} _;__ 25V
— 0,880 A
20,00 40.0 12
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17 | Calculate the equivalent resistance of combined series-paraBel circuits Chd Assessment -73 78
Calcalate the voltaze current. and power dissipation for any resister in a combiped series-parallel circoit T84T -4 Sl aiak
78. Ha“““lg Task Consider the resistors in the circuit in & Determine the total resistance. b. Determine the current T.l"ll'ﬂl._lgh the 25-(}
Figure 24. Rank them from least to greatest specifically The 30.0-2 and 20.0-(} resistors are resistor.
indicating any ties, using the following criteria: in series. use Ohm’s law and Ry,
a. thE Currernt thmugh EE.'Ch R'I = 3':"“ il + 2Dﬂ ﬂ = EUD -Il V
b. the potential difference across each The 10.0-Q and 40.0-Q resistors are I=2— = 535;;1 =0.50 A
: : Total .
in series.
—\N\M 1 R, = 10.0 2 + 40.0 O = 50.0 © G Which resistor is the hottest? Coolest?
25.0 11 — IR — 2 —
30.0 0 10.0 02 R, and R, are in parallel. P= 1R = (0.50 A)4(25.0 ) = 6.25W
i 1 1 1
= 25V F=®R TR
20.0 11 40.0 12 — 1
A
R, TR,

= 250 () and is in series with the
25.0-0) resistor

Ryl = 25.0 Q + 25.0 Q = 50.0 Q

Um Al Emarat ,523,AlHilli, DhanyaCS
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18 Apply the righi-hand role to find the directon of the force on a corrent-carrving wire placed in an external magmetic Applications 21,13 <du

field Ths T0-5 fm gl g gl 116

Apply the equation F = [LEzin(#) to calcolate the magnitude of the force on a siraight segment of a carrent-carrving wire Chs Aszessment 70, 71

placed in a uniform magmetc field

70. A current-carrying wire is placed between the poles
21. A wire that is 75 cm long and carrying a current of 6.0 A is at right angles to of a magnet, as shown in Figure 31. What is the direc-

a uniform magnetic field. The magnitude of the force acting on the wire is tion of the force on the wire?

0.60 N. What is the strength of the magnetic field? ( / )

\

F_ 060N
IL (6.0 A)(0.75 m)

B = =013T

Figure 31
23. How much current would be reqguired to produce a force of 0.38 N on a \
10.0-cm length of wire at right angles to a 0.49-T field?
F = BIL
_ F _ 0.38 N _
=%~ (0.49 T)(0.100 m) T8 A
F=BIL, so
i F 012N

71. The force on a 0.80-m wire that is perpendicular to
Earth's magnetic field is 0.12 N. What is the current
in the wire? Use 5.0x 107" T for Earth’s magnetic field. =3.0x10° A=3.0kA

~BL (5.0 x 105T)(0.80 m)

Um Al Emarat ,523,AlHilli, DhanyaCS
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Explain how fuses, circuit breakers and sround-fault interrupters protect electric cirouits and make them safe to operate. =
Explam the importamce of a voltage-divider circuit to achieve a desired potential difference.
19 | Describe the prmciple and worlang of a simple electric motor and the enersy conversions that accar.

et gl gl 5 il ] gt 7t Ak el

A: mentioned in textbook

Safety Devices

[n an electric circuit, fuses and circuit breakers prevent circuit over-
loads that can occur when too many appliances are turned on at the
same time or when a short circuit occurs in one appliance. A short circuit
occurs when a circuit with very low resistance is formed. When appli-
ances are connected in parallel, each additional appliance placed in
operation reduces the equivalent resistance in the circuit and increases
the current through the wires. This additional current might produce
enough thermal energy to melt the wiring's insulation, cause a short
circuit, or even begin a fire.

A fuse is a short piece of metal that acts as a safety device by melting
and stopping the current when too large a current passes through it.
Engineers design fuses to melt before other elements in a circuit are
damaged. A circuit breaker, shown in Figure 11, is an automatic switch
that acts as a safety device by stopping the current if the current gets too
large and exceeds a threshold value.

Usually, current follows a single path from the power source through
an electrical appliance and back to the source. An appliance malfunction
or an accidental drop of the appliance into water can result in additional
current pathways. A ground-fault interrupter (GFI) is a device that
contains an electronic circuit that detects small current differences
between the two wires in the cord connected to an appliance. An extra
current path, such as one through water, could cause this difference.
The GFI stops the current when it detects such differences. This often
protects a person from electrocution.

Household circuits S5ome of the most common uses of fuses, circuit
breakers, and GFIs are in household circuits. How are these household
circuits designed? Are the lights and outlets in a household circuit wired
in series or in parallel? Think aboutl what would happen if all the lights
and outlets in a household circuit were wired in series. You would only
be able 1o turn everything on and off at once. This is not what we
observe in real houses,

The top panel of Figure 12 shows a simplified household circuit.
Motice that this is a parallel circuit with a 15-A fuse connected in series
with the 120-V power source. Each resistor represents a light or an
electrical appliance. The current in any ane branch of the circuit does
not depend on the currents in the other branches, This explains how yon
can turn off the bathroom light without turning off the television.
Evervthing turns off if the fuse wire melts, however,

Let's consider a specific example. Suppose that the three resistors in
Figure 12 represent a 240-W television, a 720-W straightening iron, and a
1440-W hair dryer. We want to know if the fuse will melt, or “blow,” if
all three appliances are turned on at the same time.

You can use I = -L_to find the current through each appliance.

AV
240 W

For the television, Ity = PR

= 2.0 A. For the straightening iron,

_ FrOW

e = TV — 6.0 A. The current through the hair dryer is

_ 1440'W
larres = 5577 = 124

From Kirchholls junction rule, we can see that the current through
the fuse equals the sum of the currents through the television, the
straighiening iron, and the hair doyer.

Ifgse = Iy + lirgn + Thair
=20A -+ 60A+ 12 A
=2 A

Is this enough current to blow the fuse? The fuse in Figure 12 is rated
at 15 A, so the 20-A current from the television, the straightening iron,
a.nd the hair dryer would blow the fuse. This would stop current

throughout the circuit.
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*E:p]ﬂi.n how fuszes, circuit breakers and ground-fault interrupters protect electric circuits and make them safe to operate. As mentioned in textbook
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Explain the importance of a voltage-divider circuit to achieve a desired potential difference.

Circuit Breaker

-
H : el On/off reset
- ‘ b Z’g 3 switch handle
i ) ¥
a & i
i i F :'; R Switch
@ B
i 1747 \
| | &’ Current ou
i to loa ¥ ntral switc!
af b_ ) o
m C|RCUIT BREAKER Figure 11 When there is too much current through the bimetallic strip in T,
the heat that is gen mfedcsusa the strip to bend and release the ItchTh handl oves

® \Works on the thermal and electrical * Works on the switching principle and 1o the off position, causing the switch to open and the current to stop.

GFCI properties of the conducting materials electromagnetism

Ground Fault Circuit Interrupter

circuit breakers, fuses, and ground-fault interrupters (GFls) are safety devices are added to circuits to prevent damage.
In an electric circuit, fuses and circuit breakers prevent circuit overloads that can occur when too many appliances are
turned on at the same time or when a short circuit occurs in one appliance

A fuse is a short piece of metal that acts as a safety device by melting and stopping the current when too large a
current passes through itFuses are designed to melt before other elements in a circuit are damaged.

A circuit breaker is an automatic switch that acts as a safety device by stopping the current if the current gets too large
and exceeds a threshold valueWhen there is too much current through the bimetallic strip in a circuit breaker, the heat
that is generated causes the strip to bend and release the latch. The handle moves to the off position, causing the switch
to open and the current to stop.

A ground-fault interrupter (GFl) is a device that contains an electronic circuit that detects small current differences
between the two wires in the cord connected to an appliance. An extra current path, such as one through water, could
cause this difference. The GFIl stops the current when it detects such differences. This often protects a person from

electrocution.
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| Explain the importance of a voltage-divider circnit to achieve a desired potential difference. | As menhonsd W IETthook

You could use a type of series circuit called a voltage divider. A
voltage divider produces a source of potential difference that is less
than the potential difference across the battery.

Consider the circuit shown in Figure 4. Two resistors (R, and R,) are
connected in series across a battery with potential difference V. The
equivalent resistance of the circuit is

R == R] + Rz.
The current is represented by the following equation:
=41
R
_ AV
- Ri+ R;

The desired voltage (5 V) is the voltage drop (AV,) across resistor R,:
AV, = IR;. Substitute the earlier equation into this equation as shown:

"'}'VE - IRE
N\
= (m)ﬂz
_ AVR,
TR+ Ry

By choosing the right resistors, you can produce a potential difference of
5 V across a portion of an electric circuit even if you only have a 9-V
battery available.

Figure 5 Light meters used in photography
use a voltage divider. The amount of light
striking the photoresistor sensor determines
the voltage output of the voltage divider.

T — T

g
N

Al

33

Amplified
voltmeter

Sensitivily adjusiment
(potentiometer)

sensor

—
Photoresistor e —
m———ra
—

Light

R]-l'.i:;

AVR,
Hy + M
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Descnibe the prmciple and worlang of a simple electnic motor and the enerey conversions that accar.
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Describe the forces that oconr when lile or unlike poles of two permanent magnets are bronght close together (I terms

of the interaction between the masmnetic fields and the crientation of the magmetic field lmes).

,i:..‘l;_,.".._”m
As mentioned in textbook

110

Forces on permanent magnets Magnetic fields exert forces on magnets.
When like poles of two magnets are close together, the field produced by
the north pole of one magnet pushes the north pole of the second magnet
away in the direction of the field lines, as shown by the iron filings in the
top panel of Figure 8. Now look at the bottom panel of Figure 8. The field
from the north pole of one magnet now acts on the south pole of the
second magnet, attracting it in a direction opposite the field lines. The
magnetic field is continuous, forming arcs from one magnet to the other.

Um Al Emarat ,523,AlHilli, DhanyaCS

Figure 8 Iron filings can be used to visual-
ize the magnetic field around two like poles
(top) and around two unlike poles (bottom).

The iron filings help us understand how like
poles repel and unlike poles attract.
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10 | Apply the equation F = grEesin{s) to calcalate the magnitnde of the force acting on a charged parbicle moving in a

masmetic field

Apply the nehi-hand role to determine the directon of the force actngs on a charsed particle moving in 3 masnetc field

26 ks 7 i

Example? Exercise 24 120

26. What are the magnitude and direction of the force acting on the proton
shown in Figure 207

Get help with force on a charged particle. personal Tutor |, = . % "
~ FORCE ON A CHARGED PARTICLE IN A MAGNETIC FIELD A beam of electrons trav- B=05T
r els at 3.0x10% m/s through a uniform magnetic field of 4.0x102 T at right -
" angles to the field. How strong is the force acting on each electron? ® % % %
) 2
- [l ANALYZE AND SKETCH THE PROBLEM F Proton v =4.0%10" m/s
- Draw the beam of electrons and its direction of motion (v). Indicate & & &
" the magnetic field (B) and the force on the electron beam (F). Note X X X X
F that the direction of force is opposite that given by the right-hand rule :
I because of the electron's negative charge.
- Figure 20
= KNOWN UNKNOWN S
- v =3.0x10°m/s F=17 ‘
Y B —40x10-2T v An efectron passes through a magnetic field
L g=-1802x10"C . . . at vight angles 1o the feld al a velocity of

E3 SOLVE FOR THE UNKNOWN 4.0 I:ﬁn;’s. The strength of the magnetic
F = quB field is 0,50 T, What 15 the magnitude of the
= (—1.602x10-" C)3.0x105 m/sl4.0x102T) o Substitute g = -1.602x107'% €, V= 3.0x10° m/s, B= 4010 T force acti NE on the electron?
=-=1.9x10"™" N
F = Bgv

= {0.50 T){1.60 10— 1% C}{4.0% 10%)m/s)
= 32x107"IN l
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All the Best for Your
Exam...
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