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Series and Parallel Circuits
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Jadl Explain the characteristics of a series circuit. As mentioned in texthook

the equivalent resistance of the circuit. For re
tesistor (R) that has a

current would exist in the circuit with a single

resistance equal to the sum of the individual resi

EQUIVALENT RESISTANCE FOR RCSISTORS IN SCRIES
The eguivalent resistance of (asisiors in series eguals the sum
of the Individual resistances of 1/ie resistors

R=Ri+R+...

Notice that the equivalent resistance is greater than that of any
individua! resistor. Therefore, if the battery voltage does not change,

adding imote devices in s

currenit through a series circuit, first calculate the equivalent resistance

and then use the following equation.

CURRENT
The current through a senes arcult is equal to the potential difference
aCross tiie powear source divided by the equivalent resistance.

s Avsource

I R

ies always decreases the current. To find the

SISLOrS 1N series, the same

stances.

Series circuit

A circuit such as this, in which there is only
one path for the current, is called a series
circuit

I=Ih=I2=I3

e(\(&ak

Vin=V1+V2+V Hnded

— \ Re=R1+R2+R3
e

The characteristics of a series circuit?

1- The equivalent resistance greater than any individual

resistance.

2- All resistors have the same current.
3- Adding more devices decreases the current.
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1. Three 22 () resistors are connected in series across 4. A 9V battery is in a circuit with three resistors
a 125 V generator. What is the equivalent resistance connected in series.

i ) h i
of the circult? What Is the curent in tha circut? a. If the resistance of one of the resistors increases, how

2. A120,a15 0, and a 5 ) resistor are connected will the equivalent resistance change?
in a series circuit with a 75 V battery. What is the
equivalent resistance of the circuit? What is the
current in the circuit?

b. What will happen to the current?
c. Will there be any change in the battery voltage?

3. A string of lights has ten identical bulbs with equal 5. CHALLENGE Calculate the potential differences across
resistances connected in series. When the string of three resistors, 12 (2,15 0, and 5 (), that are connected
lights is connected to a 117 V outlet, the current in series with a 75 V battery. Verify that the sum of their
through the bulbs is 0.06 A. What is the resistance potential differences equals the potential difference
of each bulb? across the battery.
- v e ‘.

R =Rs+ R+~ Ry =22 + 222 -« 22 2 —66n(1

o AV-125V=2.9A

= 66 2

R=R;+R2+R3 =120 +150 +50=320(2

Bruis AV_75V_2-3A

R 32 02

av 117 Vv
7 0.06 A = (3

F _ R =2-0x10-"n=20 S0 i
=" 30 10 B

(4
a- Req will increase
b- Current will decrease JLill g 4agliall (s s aBdle
c- The voltage will not change

(5

AV; =IR1= (2.3 A)(12R) =28V

AV, =IR2 = (2.3 A)A52) =35V
AV;=IR3=(23A)5Q) =12V

AV} + AV, + AF3 =28 V+ 35V + 12 = 75 V = Au)lladi ugs
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Explain how fuses, circuit breakers and ground-fault interrupters protect electric circuits and make them safe to operate.
Explain the importance of a voltage-divider circuit to achieve a desired potential difference,
19 | Deseribe the prineiple and working of a simple electric motor and the energy conversions that oceur.

83

9 s
il By o

As mentioned in textbook

Page 83 (FRQ)

Voltage divider:

Produces a source of potential
difference that is less than the
potential difference across the
battery.

Figure 4 This voltage-divider circuit dem- o ‘Jg\ - LBJSS ‘)w A’@éj\ Lﬁ)u J}.‘J

onstrates how a voltage of desired magni- -
tude can be achieved by choosing the right ATL)M‘ >
combination of resistors.
AVIR
A, TR
R, - R,
Sensitivity adjustment Light meters
(potentiometer)
— Used in photography use a voltage
| divider. The amount of light striking
=0 .
— Cgﬁs the photoresist or sensor
) determines the voltage output of
Amplified Photoresistar — ..
volmetar o «~—— | the voltage divider.
P
Light | Photoresistor

-Voltage dividers used with sensors
as Photoresistor.

-It depend on the amount of light
strikes it.
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Solve problems to find the current, voltages and resistances in a series circuit. Uit 4 Assessment- 454050

Page 84 (MSQ)

POTENTIAL DIFFERENCE IN A SERIES CIRCUIT Two resistors, 47 Q) and 82 0,
are connected in series across a 45 V battery.

a. What is the current in the circuit?

b. What s the potential difference across each resistor?

C. Ifyou replace the 47 () resistor with a 39 Q resistor, will the current increase,
decrease, of remain the same?

d. What Is the new potential difference across the 82 ( resistor?



MS/ Rahma (online private teacher)
Mobile number/ 557368293

a. To determine the current, first find the equivalent resistance. ’
g <,

AV'JDL‘!CE
== and R =R + R; iry
s AViaires A Subsdliufe R =R+ R; | R

- Ry + R>

. S < Subslitute AV, = 45 €2, R, = ¥2WR; = 82 €.
270+820 : |

=035A

b. Use AV = IR for each resistor.
AV, = IRy
= (0.35 A)47 Q)  Subslituls | = Q864 B,7 47 Q).
=16V
AV, = IR,
= (0.35 A)(82 Q) - Subdit
=29V
c. Calculate current, this tire using 39 Q as R,
AViource
I=R+r,
= ﬁ a4 Subdlituls AV, =45V, R, = 39 (2 R, = 82 ().
=037A
The current will increase.

de b= 035 A, R, =82 ().

d. Determine the new voltage drop in R,.
AV;) = IR2
= (0.37 A)(82 Q)
=3.0x10'Vv

<« Subdituls | = 0374, R, =822

L ) g o i

s the olage dvidr et s init caleuat eitances nd Yoltage drop crss b componens, Examples

Page 85(MSQ)
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EXAMPLE 2 A N

VOLTAGE DIVIDER A 9.0 V battery and two resistors, 390 O and 470 0, are cannected as
a voltage divider. What is the potential difference across the 470 Q resistor?

EN ANALYZE AND SKETCH THE PROBLEM

Draw the battery and resistors in a series circuit.

KNOWN UNKNOWN
AVgyee = 9.0V Av, =7
Ry =390V
Ry=470V

El SOLVE FOR THE UNKNOWN
R=Ri+ R>
'ﬁ'vsour:e
I=—%
_ AVauree  Subshilule R = R, + R,
T R+R
AVa = IR: .
o Subsiufe | = Ve
AV e P2 g R+
R+ Ra
(9.0 V{470 0 o Subslitute AV, =90V, =390 R;=47012
= 3900+4700

=49V

an

11. A 22 Q resistor and a 33 Q) resistor are connected in series and are connected to a
120 V power source.

a. What is the equivalent resistance of the circuit?
b. What is the current in the circuit?
¢. What is the potential difference across each resistor?
12. Three resistors of 3.3 kQ, 4.7 kQ, and 3.9 kQ) are connected in series across a
12 V battery.
a. What is the equivalent resistance?
b. What is the current through the resistors?
c. Find the total potential difference across the three resistors.
13. CHALLENGE Select a resistor to be used as part of a voltage divider along with a

1.2 kQ resistor. The potential difference across the 1.2 kQ) resistor is to be 2.2 V when
the supplyis12 V.
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R=R1+R2=229+33Q=559

vV _ 120V
= R=ss0 — 2-2A
- _— 4 __ {120V .
V,= IR, = (R)R, = (A20Y) (z202) =48V
e /120 Vy_

V=48V 4+ 72V =120V

R=33KQ2+4.7TKkQ2+3.9Kk€2=-11.9 k€2 a.

-a (11

(12
=4V 12V _10mA=10x10° A b
R ~119x10°n
AFV=33V+47V+39V=119V c.
AVR AVR
- _AVR, B i RIS B
- R, + R, = av; 23
(12.0 V)(1.2 k©2)
= >3 v 1.2 k2
= 5.3 kO

GIG N A iy ) Gy 0 S S | Example 3 U i
16 | Solve problems to find the current, voltages and resistances in a parallel circuit Chd Assessment -59

9. dingh 0

Page 88 (FRQ)

A parallel circuit: - A circuit in which there are several current
paths

s 1 1
= = e Fmy
ANV
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EQUIVALENT RESISTANCE AND CURRENT IN A PARALLEL CIRCUIT Three resistors,
60.0 2, 300 0, and 200 0, are connected in parallel across a 90.0 V battery.

a. Find the current through each branch of the circuit

b. Find the equivalent resistance of the circuit.
€. Find the current through the battery.

Bl JVLVL I VR TR VITIUITWV YN

) Av
a. Because the voltage across each resistor is the same, use [ =

for each branch.

« Subsiituts AV =900V, R, =500 ]

2{ DOSN < Subdlitule A¥= OOV, R, = 300

0.0V =

4

-60.0 fl /3001

2001

< Subslitude AV =900V, R= 200 €.

b. Use the equivalent resistaiice equation ior patallel circuits.
Lo 8 A
R R1 Rz = R3
- 1 a4 1 + 1
60.0Q  3000Q  200Q

= 0.100 Q!
R=100Q

c. Use | = % to find the total current.

@ Subsiituts AV =900V.R=100 2.

o Subelitule R; = 600 €2, R; = 300 2. R; = 200 £2.
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APPLICATIONS

14. You connect three 15.0 (2 resistors in parallel across a
30.0 V battery.

a. What is the equivalent resistance of the parallel circuit?

b. What is the current through the entire circuit?

¢ What is the current through each branch of the circuit?
15. Suppose you replace one of the 15.0 (1 resistors in

the previous problem with a 10.0 (2 resistor.

a. How does the equivalent resistance change?

b. How does the current through the entire circuit
change?

¢. How does the current through one of the 15.0 (2
resistors change?

16. You connect a 120.0 2 resistor, a 60.0 () resistor,

and a 40.0 € resistor in parallel across a 12.0V
battery.

a. What is the equivalent resistance of the parallel
circuit?
b. What is the current through the entire circuit?

c. What is the current through each branch of the
circuit?

. CHALLENGE You are trying to reduce the resistance

in a branch of a circuit from 150 € to 93 . You add a
resistor to this branch of the circuit to make this
change. What value of resistance should you use,
and how should you connect this resistor?

$. .. 1 1 1 1 3
— T — — — = = .
R-R'R'R "t50n 1500 1500 “1s0n —— R=3000 & (14
A 300V
’-—-—- o A b.
T e
A NV _o00A ¢
R, 1500
( Miaea <L) A LS AS ¢ Io0Ea ySimaas L b Jo)Re gl sl L2 (15
Parallel
1 .99 1 1 1
| RR'R'R “Tmon won mon - R0 A
& 120V
= =g 0S00A b.
& 120V N 120V & 120V
B — 0 — ), I-—-—-0.200A B — -0.300A C.
h R, 12000 ol R, 60.00 "R, 4000
Aaglaalt e JUED Cogliaddl 98 G315 e Juuagidl
TR IS T 0 1 (17
n—'n; 'R: E—ﬁ—m—m—m == R,=2.4x10Q

150 Qaagliaalt po S35 e Juogiy 2.4x102 2 $9luw EBLS! o U1 Aaglaall Hlide

- . - -
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23. Explain how Kirchhoff's junction rule relates to the law
of conservation of charge.

Figure 10

5 State KirchhofT's loop rule and relate it to the conservation of energy. As mentioned in texthook 90
State Kirchhofl's junction rule and relate it to the conservation of charge.
el By L
6 o Sl il gl e i g sl Ala pll faeid gy As mentioned in textbook 90
Apply Kirchhofl's junction rule to electric circuits. Section 2 review = 2a-dll aal ja 95
30
Page 89 — 90 (MSQ)
o S (58 Kirchhoff’s Rules
dla ll sacld the junction rule 4alal) »2cld the loop rule
Based on the law of Based on low of conservation
conservation of charge energy
aia Gl Jaas oy 4008 adllal) daés 08 e e
(charge can neither be ple (pa Eadatud Vg a3 Y 48l
created nor destroyed)
In an electric circuit the total | The sum of increases in
current into a section of that | electric potential energy
circuit must equal the total around a loop in electric
current out of that same circuit equals the sum of
section. decreases in electric potential
around that loop.
SECTIONT REVIEW
18. MAINIDEA Compare and contrast the voltages and the 24. Critical Thinking The circuit in Figure 10 has four
currents in series and parallel circuits. identical resistors. Suppose that a wire is added
to connect points A and B. Answer the following
19. Total Current A parallel circuit has four branch currents: questions, and explain your reasoning.
120 mA, 250 mA, 380 mA, and 2.1 A. How much current a. What is the current through the wire?
passes through the power source?
b. What happens to the current through each resistor?
20. Total Current A series circuit has four resistors. The c. What happens to the current through the battery?
current through one resistor is 810 mA. How much d. What happens to the potential difference across
current passes through the power source? each resistor?
21. Circuits You connect a switch in series with a 75 W
bulb to a 120 V power source.
* Wwhen it 15 closed fturned o7 o R R )
b. What is the potential difference across the switch —_;'— f
when it is opened (turned off)? —_—_ A B =
22, Compare Kirchhoff's loop rule to walking around in a R R ::
loop on the side of a hill. 5”

pright

Coam
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(18
) S Uglast A fosar B 3kall SOLEIT garne (19500 chandl 30 S (IS pic gl (B Jagugl (50 §3101 0193 (B(2)

I=I+1,+1,+1,

120 mA 4+ 250 mA + 380 mA 4+ 2.1 A (19
=0.12ZA+0.25A +0.38A+2.1A
=29A
O ) 5 58 e e g 01 0 1 e g i o (20
OV ;AV=IR s R=0 a. (21
OV:AV=IR luis R=0 b.
14 g £ U Y B Qa3 £ gana (U cdgla) Akiki ) 2 ga3 o DN (gaa) cuila o ddla B s lada (22
il S B ity A Alla Jga Al pgS Adad (g e Ladia, Jil) (e Un gt SLGUEAY £ ganna (s sbews JII )
gl (B CLEUAY) £ gana (5 g il g8 3¢l B SIS £ gana (i

. Bakaay ags golun A Waditt ugs 5% OA a

(24
cot ¥ d sgEY € s ¥ b

T T W T T T YT F T A E

b 2 W o My A iy 05 g ] il i iy b

Explain how fuses, circuit breakers and ground-fault interrupters protect eléctric circuits and make them safe to operate, L 9

B A . . As mentioned in texthook
Explain the importance of a voltage-divider circuit to achieve a desired potential difference.

19 | Deseribe the principle and working of a simple electric motor and the energy conversions that oecur.

1 gy galli fad Q) oyl
7 | Define a short circuit and describe its effects. As mentioned in texthook | 91

Page 91 (MSQ& FRQ)
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Safety devices

1 - A short circuits: - y=dll 3

when a circuit with very low resistance is formed. When appliances 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 circuirt, or even begin

a fire.
A circuit 4l gl 3l adald A fuse b gl sguaidl
Is an automatic switch that acts as a A is a short piece of metal that acts as a

safety device by stopping the current if | safety device by melting and stopping the
the current gets too large and exceeds | current when too large a current passes
a threshold value. through it.

613l @9 wle Jooy I v 56S 2l we 6,le S 5L g 50y lodic yguoii 519 (o B0 dabdd (o B,le
dasil] Lead SLall Ll laso 5 9lsi losic du Sl 853051 Jag) a3 Ll S lsio sasyd 50l debnsll clowsg
g2 2 90uall il eS|

A ground —fault interrupter
(GFl) is advice that contain an electronic circuit that
detects small current differences between the two wires
in the cord connected to an appliance (use in kitchen and

bathrooms)

o Wl e8Il Ll 08 Al Bl Heiiin 9 S 8,15 wle S g 15l 9
" e8Il 8,0l 8 e gl gill s Jesid HLall 8L Lo e
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Deseribe a combined series-parallel circuit As mentioned in texthook

WO — sy

(Page 93 MSQ)

Combined Series-Parallel Circuits

series and parallel branches is a combination series-parallel cireuit.
The following are strategies for analyzing such circuits.

|
SpAp i bl a4 ‘94

IR T T P I T LR Y LT O (I T

Page 94(FRQ)

SERIES-PARALLEL CIRCUIT A hair dryer with a resistance of 12.0 Q and a lamp with a
resistance of 125 Q are connected in parallel to a 125 V source through a 1.50 ) resistor
in series. Find the current through the lamp when the hair dryer is on.

ANALYZE AND SKETCH THE PROBLEM

* Draw the series-parallel circuit including the hair dryer and the lamp.

* Replace R; and R with a single equivalent resistance, Rp.
KNOWN UNKNOWN

Ri=1250 R:=1500 I=7 h=71

R, =1200 AV, =125V R=7 Ry=7
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J _ 1., __1 .1
R, R TR, 1250 T1200
Rp=1090Q
R=R:+R,=15300Q+1090Q
=1240

| = AViouwee 125V

=T R " 1240
=101A

AV; = IR; = (101 A)1.50 Q) =152 V
AV = AVigurce — AV3 =125V — 152 V

=110x102 vV
=AY _ 10x102 v
L - 125 0)
=0.880 A
25. A series-parallel circuit, similar o the one in Example 27. CHALLENGE A series-parallel circuit has three

4, has three resistors: one uses 2.0 W, the second 3.0
W, and the third 1.5 W. How much current does the
circuit require from a 12 V battery?

appliances on it. A blender and a stand mixer are in
parallel, and a toaster is connected in series as shown
in Figure 15. Find the current through the blender.

26. I the 13 lights shown in Figure 14 are identical, which
of them will burn brightest? N\/\

R=150 || %8|
Toaster

( R=250 R=220
Mixer Blender

Figure 14

Figure 15

(3540 )AB Ul Jade 593l AlaGwly

(25
Pu= P+P,+P, =20W+3.0W+15W=65W

P =1V => j_Pas_65W
o~ =

V=12V = 0.54A
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O Laal) (o rlaas JS LS ;,,r._-;,.pvi.té,h... HET I e Aaliadi(11) 31 luaadt (35
O Laall (5308 (54 S polaw o3Suw duleg(11) 31 pobad G e gl )Ll 51931 e pubaldd! - (126
(11)) ladd! o §1 golaw 8

1 1 1
S ==> R=12Q
VAN R 250 220 (27
R=15% Al Bl / AY uee 125V 46 A
R=250 R=220 R 27Q .
125"() Skl soama g BNE AVians =IR i sn. -(4.6A)15Q)=69V
Jm\ av PE)EN -AV.JJ*AA-“ - AV iassa
=125V -69V =56V
’h)l.i -ﬁy_ﬁ_s_s_!_z‘sA
Riu: 220

el i
9 WA R B
e e popei o ol e, e o O e, NS i ehok |
o he coreptments o e nd Yol ke il

Page 95(MSQ)
el gl Fsa¥) 4 Eal) 42
VOLTMETERS AMMETERS

501> 00 £52 1€ 36301 98 bgsgll Guld 08 x| ilseSl Ll B0 ol 0 pxiiay g0l
il ,eS ERIIS
Measure the potential deference energy

(voltage ) Measure the current in the

circuit
Ail_gSIIB il @8 85151l wle Juo g W gluogi diy b

4S50l 08 Wlgill e dogy | 5 >
Parallel connection Series connection il Sl 5,10l
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o g0 gl e T 4 doglas sle 132 0.0 foglan duogy by, | gencs b
Connect with high resistance in series ) .
4ilo g0 551l
Connect with small
resistance in parallel
| 4 >
10.00 €2
— 5 Ra
= A oo gill sl
10.00 £ -y SN Ry

6. Which starement is true?

A.

B
C.
D.

iy
; N sl gl | Asmenoned itk | )
Al el ool o e el i e ol |

The resistance of a typical ammeter is very high.

. The resistance of a typical voltmeter is very low.

Ammeters have zero resistance.

A voltmeter causes a small change in current.

I
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REVIEW F

28. MAINIDEA Explain in your own words what a combina- 30. Current If /s is 1.7 A and [ is 1.1 A, what is the current
tion series-parallel circuit is. through bulb 27

Refer to Figure 17 for questions 29-33 and 35. 31. Circuits in Series The wire at point C is broken and a

small resistor is inserted in series with bulbs 2 and 3.

What happens to the brightness of the two bulbs?
Explain.

32. Battery Voltage A voltmeter connected across bulb 2
measures 3.8 V, and a voltmeter connected across
bulb 3 measures 4.2 V. What is the potential differ-
ence across the battery?

[
-

33. Circuits Using information from the previous problem,
determine whether bulbs 2 and 3 are identical.

HMl Education

34. Circuit Protection Describe three common safety
devices associated with household wiring.

Figure 17
35. Critical Thinking How could you rearrange the circuit
29. Brightness How do the brightness of the bulbs to make the three bulbs in Figure 17 burn with equal
compare? intensity? |s there more than one way to do this?

Capyright © MaGe aiw

S5 o Aaga s a0 6l s sl e Ala g o Ja) Ao A sal) 50l quS 5 s siay (28

1 gleaall £ gl Ga J8 Lagdsly clage sha A Gl gludia 392 Claluaall (29

L=I1+1, == L=I1,—-1=18A-12A=0.6A (30

A )l Lagha 0 () Uy 5 ¢ 5 sboaily Lags Ll (i ( 31

V=V, +V,=38V+42V=8.0V (32

Aaly L bl bl oY (Allia 3 (38 b i) e A pla gal) ALLaiall gl (o JS G S0 S ( 33
s NV oY) ey Sl ada) 5B g ity jgSl) i) ada) g8 g ) sguaiall ( 34

AT s ¢ diSey | Gl lgdans pa il e Al pa pleaall gaan (0 9S5 Sy 5 il qud 5 liSay caad (35
. ol Ly a6 ) gl e Alia o sbiaal) gaan (985 Suag 531 i 2

: . Example | Jés
Solve problems to find the current, voltages and resistances in a series circuit, Uit 4 Asessmente 454950
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Calculate the equivalent resistance and the total current passing through a series circuit
Caleulate the equivalent resistance of a parallel circuit

LB b AR R ) sy
g B i 2y

435 44(4) Bangll s
Unit 4 Assessment- 43,44

98

Page 98 (MSQ)

43. Calculate the equivalent resistance of these series-
connected resistors: 680 £2, 1.1 k0, and 11 k2.

44. Calculare the equivalent resistance of these parallel-
connected resistors: 680 £2, 1.1 k9, and 10.2 k€.

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

46. A parallel circuit has two branch currents: 3.45 A and
1.00 A. What is the current through the electric
potential source?

R=680Q+1100Q2+11,000Q2=13 k2 (43

1 1)(44

0.68KQ  1.1KkQ T 10.2kQ

V=550V+6.90V=124V (45

I=3.45A+1.00A=4.45A (46

49. Amuineter 1 in Figure 18 reads 0.20 AL

a. What is the total resistance of the circuit?

b. What is the potential difference across the bartery?
€. How muich power is delivered to the 22 £ resistor!
d. How much power is supplied by the battery?

50. Ammerer 2 in Figure 18 reads 0.50 A,
a. Find the potential difference across the 22 (1 resistor.

h. Find the potential difference across the 15 {2 resistor.

c. Find the potential difference across the battery.

2212

Figure 18

®
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R=R +R,=15Q24+220=3712 .a

(49

V=IR=(0.20A)(37N)=7.4V .b
P=I?R= (0.20A)*(222) = 0.88W -C
P=1IV=(0.20A)(7.4V)=1.5W .d

V=IR=(0.50A)(22Q) =11V .a (50
V=IR=(0.50A)(150Q)=7.5V.b

V=V, +V,=(11V)+ (7.5V) =19V .c

16 | Solve problems to find the current, voltages and resistances in a parallel circuit. Chd Assessment -39

G150 iy ) Gy A A i s Example 3 s 8

5. 4iis gl 9

Page 99 (MSQ)

59. For Figure 22, the battery develops 110 V.
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. Whar will ammeter 4 read?

(4

20,09 £ 50,010 10.082

_(;';1 ) |

0

Figure 22
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A ) ) ey Example 4 s il
7 8 g 0 gl 0 Al 0150 ) A g )y
Calculate the equivalent resistance of combined series-parallel cireuits. (d Assessment <73 ,78
Caleulate the voliage, curvent, and power dissipation for any resistor in a combined series-parallel ercuit RT3 - dhayl il 100

..L‘IJI.. 'Il.a L:h:lll ddds .a..H! . ||' :..'.'uh:aili sl ‘-Lluﬂ I.l.“ I..||:.h"|l i.ll.
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Mastering Problems

73. Refer to Figure 23 and assume thart all the resistors are
30.0 1. Find the equivalent resistance.

Ll
1
NP
e
-
M
—
[ %)
e

Figure 23
[ YW 1 1.1 2
= ,2‘ ,3‘ R, 300 300 300
i 12
23 Jsiul R:’_: 30.0
Ry = : O;OQ =15.00
qu,'v-'u-' =R+ Rz,s )
quz =30.0Q+15.0Q2=45.0Q
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78. Ranking Task Consider (lie resistors in the circuit in
Figure 24, Ran': thein from least to greatest specifically
indicating any ties, using the following criteria:

a. the current through each

b. the potential difference across each

WA

2509
30.0 22

1009

20.0 400

Figure 24

olio

ool

F LF {:r’i[]ﬂ b

Magnetic Fields

H Deseribe the propertes of magnets,

gy
As menfioned in festhaok

sy 1
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1- Polarized ( they have two
opposite ¢ ends called poles)

2- Like poles repel and unlike
poles attract.

3- It's impossible to get a
monopole from a magnet.

4- If you suspend a bar magnet on a string,
in what direction the magnet will point
when it comes to rest?

It is always pointing in the north-south
direction, the north pole point to the
geographic north pole of the earth, and the
south pole point to the geographic south pole

of the earth
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_ - Iron — nickel — cobalt and materials containing these elements called

ferromagnetic and become temporary magnet.

Magnet cannot attract: - brass — copper — aluminum.

Because, it made of iron with tiny amount of carbon and other materials.

The nail gradually loses most of its magnetism.

in the following ways?
a. The two north poles are brought close together.
b. A north pole and a south pole are brought together.

. Figure 4 (at left) shows five disk magnets floating abowve one another. The

narth pole of the top-most disk faces up. Which poles are on the top side
of each of the other magnets?

. The ends of a compass needle are marked N and S. How would you

explain to someonea why the pole marked N points north? A complete
answer should involwve Earth’s magnetic poles.

CHALLENGE When students use magnets and compasses, they often

Figure 4 touch the magnets to the compasses. Then they find that the compasses
point south. Explain why this might occur.
1- A)repulsive B- attractive
2- South — north- south — north
3 It is always pointing in the north-south
direction, the north pole point to the
geographic north pole of the earth, and the
south pole point to the geographic south pole
of the earth
4- When the compass touches the magnet, the compass's
magnetization reverses
{ 0 g i) il g i)l py ol
Describ magnetic domains and relate them fo the magnetic properties of eromagnetic maerials, As mentioned in texibook

Page 108 ( MSQ)




MS/ Rahma (online private teacher)
Mobile number/ 557368293

Domain:  which is a group of neighboring atoms whose poles are

{ V7~ aligned. Ferromagnetic material that is not magnetized has random
-_— ——T
1;\'/ — 7 oty direction.

>\
¥
I
\

Most of domain will align in the same direction as the poles of the
Bt magnet and become a temporary magnet.

12
Ay
12
Ay
2
Ay

—_————— The domain return to a random arrangement and loses its magnetism.

Magnetized Material

It depend on the interaction between the atoms which depend on the
microscopic structure of the materials.

A. Heating an object contains ferromagnetic
materials in the presence of strong magnet.
B. The domains can rotate and align with the

magnet’s poles.

D. The object is then cooled, and its atoms
become less free to rotate.

The atom will jostle out of alignment and removing the magnetic properties.

bl g d WO L "

. Define magnetic flux. As mentioned in texthook

el g )3 Je ) () iy (5 s i 8 ol 51 (i i s 0 5 s ) Mgl gl ey i 9L
Describe the forees that occur when like or unlike poles of two permanent magnets ave brought close together (in terms As mentioned in texthook
of the interaction between the magnetic fields and the orientation of the magnetic field lines). mentioned infex
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Magnetic flux :oublizal) 3811

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

Page 110 (MSQ & FRQ)

Magnetic field line used to show the
direction and the strength of a magnetic
field.

The direction of a magnetic field line is the
direction in which the north pole of a
compass points in a magnetic field

Properties of magnetic field line:-

> Magnetic field lines are not real.

> Field lines emerge from a magnet’s north

pole and enter its south pole.

= Field lines form closed loops continuing
through a magnet from its south pole to ils

north pole.

> Magnetic flux is most concentrated at

magnetic poles

The forces occurs when two permanent magnets are brought close together
Like poles:-

the north pole of one magnet pushes the north pole of the second magnet away
in the direction of the field lines .

Unlike poles: - the north pole of one magnet attracting the south pole of the
second magnet in a direction opposite the field lines and forming arcs from one
magnet to another

Unlike poles attract.
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13 | Draw the magnetic field lines around a loop of current-carrying wire and apply the right-hand rule to indieate the T 112
diecti ' ’ As mentioned in textbook
ircction,
“ s gy 86 gl gl i) i) g ey S g ayy L n
Draw the magnetic field lines inside and around a solenoid carrving current and identify its poles. As mentioned in texthook
18 A il e 40 joaa g puarbiial) Allas 50k J 10 A ol gall g b ) il LU e i
Describe an electromagnet, the factors affecting its strength, and its advantages over a permanent magnet. As mentioned in texthook
Magnetic Field Around a Loop Magnetic Field in a Solenoid
Inside the loop, the field is toward you. The magnetic fields of the loops inside
Outside the loop, it is away from you. a solenoid are all in the same direction.
Magnetic
! field

Page 12 (MSQ) N/ O 5)
%

G2
A solenoid:- 2 s \ﬁ

A wire is connected to a circuit and coiled into many sprial loops.
The Magnetic field in a loops of solenoid : are all in the same direction.
The magnetic field around a loop : inside the loop (the field toword you)

Outside the loop (it is away from you)

An electromagnetic :-

Is a magnet whose magnetic field is produced by electric current.

The factor affect on the strength of the electomagnet (soelnoid)the magnetic
field is proportional to

1- The current in the solenid’s loops.

2- Number and spacing of loops (when nubmber of loops increase and the
space between it decrease ( closer together producing stronger magnetic
field ).
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How can increase the strength of a soelnoid ? by placing an iron rod inside it
because the solenid’s field produces atemporary magnetic feid in the iron as a

temporary magnet.

Figure 12 Imagine you are holding the

Q.25: electromagnet
Which point indicates the magnetic north pole in the solenoid shown in
the figure?
zsgall sl calall (o ruublisall Jladdl caball GJ i dnai sl
SJdsaadl

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

dbuyall dsaslnill Sl>ysall
PHY 6.1.02.065

1A
2B
J 3. C
st = 4. D
el Do B plagay A A pa i o 5l 5 gl slad] dtad] e 31 3008 iy .
Jpliia b e (b U 8 )05 o las (3o pallicns 5 3 00 5 500al) 3480 1ke iasad(F = [LBstn(@)) Lslaad) ek Example 1 Jos 116
18 Apply the right-hand rule to find the direction of the force on a current-carrying wire placed in an external magnetic Applications 21,23 Ll
field. Ty Tih- 5 ban gl pu gl 126

Apply the equation F = [LBsin(#) to calculate the magnitude of the force on a straight segment of a current-carrving wire
placed in a uniform magnetic field.

ChS Assessment 70, 71

5. How does the strength of a magnetic field that is 1 cm from a current-
carrying wire compare with each of the following?

a. the strength of the field 2 cm from the wire
b. the strength of the field 3 cm from the wire

A long, straight current-carrying wire lies in a north-south direction.

a. The north pole of a compass needle placed above this wire points
toward the east. In what direction is the current?

b. If a compass were placed underneath this wire, in which direction
would the compass needle point?

=~

A student makes a magnet by winding wire around a nail and connecting
it to a battery, as shown in Figure 13. Which end of the nail—the pointed

end or the head—is the north pole? Figure 13

You have a battery, a spool of wire, a glass rod, an iron rod, and an
aluminum rod. Which rod could you use to make an electromagnet that
can pick up steel objects? Explain.

9. CHALLENGE The electromagnet in the previous problem works well, but
you would like to make the strength of the electromagnet adjustable by
using a potentiometer as a variable resistor. Is this possible? Explain.

R

5- A- The strength will decrease by 2 times b- will decrease by 3 times.

6- A- from south to north  b- to the west
7- The head of the nail.

8- The iron rod because it is ferromagnetic material make temporary magnet.

the current and the magnetic field decrease.

9- by connect the electromagnet in series with a variable resistor when the resistor increase
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18

field.

g i B 9 g0 0y pa s o 5 il g o) g 15l iy

A i e G 8 ) 1 g e (o st .33 o 3 00300 s )P = [LBstn(B) W) iy Example | Jis
Apply the right-hand rulé to find the direction of the force on a current-carrying wire placed in an external magnetic Applications 21,23 cliykd

1y 70- 5 bangh oyl

Apply the equation F = [LBsin(f) to caleulate the magnitude of the force on a straight segment of a current-carrying wire ChS Assessment 70, 71
placed in a uniform magnetic field.

116

126
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CALCULATE THE STRENGTH OF A MAGNETIC FIELD A straight wire carrying a

5.0 A current is in a uniform magnetic field oriented at right angles to the
wire. When 0.10 m of the wire is in the field, the force on the wire is 0.20 N.
What is the strength of the magnetic field (B)?

El ANALYZE AND SKETCH THE PROBLEM

e Sketch the wire and show the direction of the current with an
arrow, the magnetic field as B, and the force on the wire as F.

* Determine the direction of the force using the right-hand rule for
the force on a current-carrying wire in a magnetic field. The field,
the wire, and the force are all at right angles.

KNOWN UNKNOWN
I=50A B="7?
L=010m
F=0.20N
KNOWN UNKNOWN
I=50A B=7
L=010m
F=020MNM

E1 SOLVE FOR THE UNKNOWN

B is uniform, and because B and / are perpendicular to each other, F = ILE.

F=IlB
Solve for B.
F
B=1r
020N

= B0 A0I0m o Subslifule F =020 N, | 57500, L= 0.10 m.

=040 N/Am=040T
Bis 0.40 T from left to right and perpendicular o / and F.

El EVALUATE THE ANSWER
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Explain the method you could iise to determine the direction of force on a
current-carrying wire at right angles to a maanetic field. Identify what must be
known to use this method.

A wire that is 0.50 m long and cariying a current of 8.0 A is at right angles to a
0.40 T magnetic field. How strong is the force that acts on the wire?

A wire that is 75 cm long and carrying a current of 6.0 A is at right angles to
a uniform magnetic field. The magnitude of the force acting on the wire is
0.60 N. What is the strength of the magnetic field?

22. A 40.0 cm long copper wire carries a current of 6.0 A and weighs 0.35 N. A
certain magnetic field is strong enough to balance the force of gravity on the
wire. What is the strength of the magnetic field?

23. How much current would be required 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?

19- Right hand rule, each of the current and the magnetic field direction.

20- F=BIL=(0.40 N/A.m)(8.0 A)(0.50m)=1.6 N

21- - 22- -

F= BIL
F 0.35N
F 0.60 N p=F _ —0.15T
B=== =0.13T -
IL ™ (6.0 A)(0.75 m) IL (6.0 A)(0.400 m)

23-

F= RIL
= F _ 0.38 N —=8A
BL ~ (0.49T)(0.100 m)
.310: Forces on Current-Carrying Wires
Wwhat is thhe direction of thhe magnetic force on thhe current-currying wire
in the figure?
Ly Jao—s 530 lleall (ole (s lbismall Jl—all lgs 3555 30l 55511 ol=31 o= Lo
SobLol U=l (5
>< >< > > ><
>< >< > >< ><
>< >< >< >< ><
>< >< >< >< 7 ><
>< >< >< >< ><
N R e |
Py 6 1 .02 O6s
1 e arcd
-2
— =3 doverrvear ol

e Jana (b jads () e paan o B Spall 50801 ldia Gieaad (F = quBsin@)) e s
prasloliin Jlana B 52 (rpaiia ppund (A0 3 pall 5 4R sl daal ol 4 3actE Chuday 26 il 02 e
20 | Apply the equation F = gvBsin(@) to calculate the magnitude of the force acting on a charged particle moving in a
magnetic feld.
Iy the right-hand rule to determine the direction of the force acting on a charged particle moving in a magnetic field.

Example?, Exercise 26 120
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FORCE ON A CHARGED PARTICLE IN A MAGNETIC FIELD A beam of electrons trawv-
els at 3.0x10%° m/s through a uniform magnetic field of 4.0x10"2 T at right
angles to the field. How strong is the force acting on each electron?

El ANALYZE AND SKETCH THE PROBLEM F
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
that the direction of force is opposite that given by the right-hand rule N
because of the electron’s negative charge.

KNOWN UNKNOWN = < L
v = 3.0x10% m/s F=7

B =40x10"2T

g = —1.602x10""9 C - - -

El SOLVE FOR THE UNKNOWN
F=qvB

= (—1.602x10~"9 C){3.0x10° m/s){4.0x10"2 T) A Subslitde g = —1.602¥T0F" ¥ =B 0% 10°% m/fe, B = 4 0X1072T
—1.9x10-1% N

25. In what direction is the force on an electron if that electron is moving east
through a magnetic field that points north?

26. What are the magnitude and direction of the force acting on the proton
shown in Figure 20?7 x x x »

27. A stream of doubly ionized particles (missing two electrons and thus B=05T
carrying a net positive charge of lwo elementary charges) moves at a
velocity of 3.0x10% m/s perpendicular to a magnetic field of 9.0x1072 T. L o 2 L
How large is the force acting on each ion? Proton v = 4.0x107 m/s

28

Triply ionized particles in a beam carry a net positive charge of three » b4 » »
elementary charge units. The beam enters a magnetic field of 4.0x1072 T.

The particles have a speed of 9.0x10° m/s and move at right angles to the
field. How large is the force acting on each particle? Figure 20

29. A singly ionized particle experiences a force of 4.1x10° 2 N when it travels
at a right angle through a 0.61 T magnetic field. What is the particle’s
velocity?

30. CHALLENGE Doubly ionized helium atoms (alpha particles) are traveling at
right angles to a magnetic field at a speed of 40109 m/s. The force on
each particle is 6.4x10~" N. What is the magnetic field strength?

25- downward.

26- = 27-

F = Bagv F= Bqu
=(0.50 T){1.60x 10 " C) (4.0 10° m/s
=3.2x10 N = (9.0 10 T)(2)(1.60x10 " C)(3.0x10* m/s)

upward =8.EX10"5N

28-

T R - - . 29

F = Bgv [ =
s = B e R
> = aVF ey v = 5

- 4.1=<10"'3 AN\
(1.60<10 '°CH(0.617)

= (4.0x 10 T)(2)(1.60x10""* C)(9.0x10* m/s

B =4

=1L7x10 "N

e Oy R TR
S
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30-
s 6.4x107°N
(2x1.60x107° C)(4.0x10% m/ s)
B =0.05T
Bl s A gy ol 530 300 1 a1 360 i
pliia el e B Uy g8 |0 Jany il (0 e 8 B0 5 1l 8 g j1da lesal(F = [LBgtn(0)) Addbaal) iy Example | Jda 16
18 Apply the right-hand rule to find the direction of the force on a current-carrying wire placed in an external magnetic Applications 21,23 2sks

field. 1y T0- 5 3in gl il 126
Apply the equation F = ILBsin(#) to caleulate the magnitude of the foree on a straight segment of a curvent-carrving wire ChS Assessment 70, 71

placed in a uniform magnetic field.

Page 126 ( FRQ)

FO. A current-carrving wire is placed berween the poles
of a Mmagnet. as shown in Figure 21. Whart is the direc-

Tion of the force on the wire?

Figure 31

By applying right hand rule the force direction is downward

. The force on a 0.80 m wire that is perpendicular to
Earth's magnetic field is 0.12 N. Whart is the current
in the wire! Use 5.0x10° T for Earth’s magnetic field.

T == 7 PR osin OO0 — 77 F3
= = TF FZ2
F o= = ==
= —
— o O _ 1= N7
— e =
= CO_SO07723CS .0 =10 ="
T — S5 _ O><10~ _4 — 3 O _4d

gladilly (58 53 Ml anead Aliiad qubl aa
sleall mlla (e Uigaadi Y g
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