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electrons.

2. Define an electric circuit and describe the flow of charges through it. Q3, Q9, Q20

1. |dentify the direction of conventional current as the direction of motion of positive charges or opposite to the flow of Student Book (Figure 1) 90
95, 100

. electric current: the flow of negative charged —
particles (electrons) in a conductor.

. Electrons (the electric current) flow from the l I | I
negative terminal to the positive terminal

*  Conventional current: the direction in which
positive charges (protons) move. l l I

e protons (the conventional current) flow from

the positive terminal to the negative terminal e
PRACTICE Problems W ADDITIONAL PRACTICE
8. Draw a circuit diagram to include a 60.0-V 9. Draw a circuit diagram showing a 4.5-V battery,
battery, an ammeter, and a resistance of 12.5 Q in a resistor, and an ammeter that reads 85 mA.
series. Draw arrows on your diagramto indicate Show the direction of the current using
the direction of the current. conventional rules, and indicate the positive
terminal of the battery.
. L —-
Moty * l R=12.50 T=2S mA
— oN=4.5v =
\

20. Draw a schematic diagram of a circuit that contains a battery and a lightbulb. Make sure the
lightbulb will light in this circuit.

= C)

02/27/2024 2




1. Identify the correct placements of ammeters and voltmeters in electric crcuits.
2 2. Draw schematic circuit diagrams with different components along with ammeters and voltmeters correctly connected to Student Book (Figure 5) 94-95, 100, 120-122

measure current and voltage, Qs-012, 020, 023, Q47, 048, Q73 95,122
3. Identify what ammeters and voltmeters measure and how they are connected.

©
12V
VAN A
3Q nera VAVAVA
ik N / 30
=12V 4 A @) =
/ /
-— e —
Series parallel
Ammeters measure voltmeters measure voltage
current and are always (potential difference) and
connected in series are always connected in
parallel
PRACTICE Problems W ADDITIONAL PRACTICE
10. Add a voltmeter to measure the potential 11. Draw a circuit using a battery, a lamp, a
difference across the resistors in the previous two potentiometer to adjustthe lamp’s brightness,
problems. Label the voltmeters and an on-off switch
Both circuits will take the form:
Lamp
e .
&) m
Sy
L 1+
= (\D — Battery
- L ol AAA~
Switch Potentiometer
Labels: 60.0 V for Practice Problem 8
and 4.5 V for Practice Problem 9.
12. CHALLENGE Repeat the previous problem, 23. You want to measure the resistance of a long
adding an ammeter and a voltmeter across the piece of wire. Show how you would construct a
lamp. circuit with a battery, a voltmeter, an ammeter,

and the wire to be tested to make the
measurement. Specify what you would measure
and how you would compute the resistance

® [

—_— Long
Wire

1+
|

AN

|I|
T

-

Measure the current through the wire and the
potential difference across it. Divide the potential
difference by the current to obtain the wire

resistance.
02/27/2024




1. Identify the correct placements of ammeters and voltmeters in electric crcuits.

measure current and voltage.
3. Identify what ammeters and voltmeters measure and how they are connected.

2. Draw schematic circuit diagrams with different components along with ammeters and voltmeters correctly connected to

Student Book (Figure 5)
Q8-012, 020, 023, Q47, Q48, Q73

94-95, 100, 120-122
95,122

Ammeters

Conductor

an ammeter is a device that is used to measure the
current in any branch or part of a circuit. If, for
example, you wanted to measure the current

. . _./._
through a resistor, you would place an ammeter in Switch
series with the resistor. This would require opening
the current path and inserting an ammeter.

—_——

Ideally, the use of anammeter should not change
the current in the circuit.

Because the current would decrease if the ammeter
increased the resistance in the circuit, the resistance —}——
of an ammeter is designed to be as low as possible. Sapacior

Fuse

Circuit Symbols
— NN Ground Battery
Resistor (fixed) -I_
= —il—
— N ® O
Potentiometer
(variable resistor) Lamp DC generator
) (R
U W) (A)
Inductor Voltmeter Ammeter

PRACTICE Problems W ADDITIONAL PRACTICE

47. The circuit shown in Example Problem 4 is producing
these symptoms: the ammeter reads 0 A, AV1 reads 0V,
and AV2 reads 45 V. What has happened?

Since the ammeter reads 0A, this means the circuit is
open. SinceV1readsOV, thismeans that R1is still
connected but no current passes in it, hence no voltage s
dropped on it, since V2 has the same voltage of the
battery, this means R2 was disconnected , the voltage

across open terminals equals the voltage of the source.
f:ﬁ

73. 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 difference
across the battery?

Solved in later pages

48. Suppose the circuit shown in Example Problem 4 has these

values: R1=255Q, R2 =290 Q, and

AV1 =17 V. No other information is available.

a. Whatis the current
inthe circuit?

b. What is the potential difference across the battery?

C.
eachresistor?

d.
circuit? Explain.

What is the total power used in the circuit, and what is the power used in

Does the sum of the power used in each resistorin the circuit equal the total power usedin the

apply chwms law =8 R, te G T Ee(‘f Q.“'Rz‘" 28s +2G0 = SMSQ ( ‘|'L~. I-oa--& P
< I:lﬁ:% = 0.0lF A V = TRey = 0. 06%F x cUs - ENEEIN i‘:\,w ij
bait
@\..n Comn Liad Vi lgn etk ov (e ‘\::
T=Ns V. = TR g =T R, = ©.06Fx 290 = NSNS foab Fotle
)(—_— - % C% 2. SU\M Q’{__) C‘Vu"\“\el
: Uz V& Uy = VFalans o TR oo "
or LAl v, thew odd Viand Va : ‘
Ve LRy - c. Po= TV, = oox36-5 = 245w | lsuds
= 2
z02/27/2024 | =TIV, =° WEFx 1T 2 LMW 4
P;_‘i\}a.- owbTEx 9.3 = .3




1. Apply the relationship between power, current and potential difference to solve numerical problems. Student Book 102
3 2. Rephrase the equation of power in terms of potential difference and resistance using Ohm'’s law: Power is equal to
difference divided by the resistance. 026-Q30, Q36, Q41 103, 105

qi

power(P)(W)

Power (P)(W): the rate of energy consumption in electric devices
(how many joules of energy is consumed for every second of operating)

P =1IXxV
Combining with ohms law: v
p2 /Y
P = I’R P=— A Q
R I R
NOTE: AV sameas V
Ener E
. Energy: the power delivered multiplied by the operation time. E J
. If there are no losses, all the electrical energy is converted to other &=
types of energy in electrical devices. i/ P t S
E=PXxt
PRACTICE Problems W ADDITIONAL PRACTICE
26. A 15-Q electric heater operates on a 120-V 27. A 39-Q resistor is connected across a 45-V
outlet. battery.
a. What s the current through the heater?
a. What is the current in the circuit?
LV _120V g, v 45V

R 39

b. How much energy is used by the heater in
30.0s?

E  =I?Rt=(8.0 A)%(15 ©)(30.0 s)
=2.9x10% J

b. How much energy is used by the resistorin 5.0

min?
vZ
E=—1
a. How much thermal energy is liberated in this R
time? 45 V)? . .
= Q[s.u min)(60 s/min)
2.9x104 J, because all electric {39 ﬂ]
energy is transformed to thermal —1.6x10* J

energy.

02/27/2024 5
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difference

q divided by the resistance.

1. Apply the relationship between power, current and potential difference to solve numerical problems.
2. Rephrase the equation of power in terms of potential difference and resistance using Ohm'’s law: Power is equal to

Student Book 102

Q26-Q30, Q36, Q41 103, 105

PRACTICE Problems W ADDITIONAL PRACTICE

28. A 100.0-W lightbulb is 22 percent efficient. This means that 22 percent of the electrical energy is

transformed to radiant energy.

a. How many joules does the lightbulb
transform into radiant energy each minute
itis in operation?

- geoo:}-
a. How many joules of thermal energy does
the lightbulb output each minute?

bes o e

1 pmln

Limiax

Re=booo x 29 - 13105
100 _H_

TE =fooex T8 =< ”16303

leo

29. The resistance of an electric stove element at

operating temperature is 11 Q.

a. 1f220 Vare applied across it, what is the
current through the stove element?

b. How much energy does the element
transform to thermal energy in 30.0 s? A

IR

@ = MeAT
€= MR\ 3/»«3.\:
C- ol - —
% % %, T= 3N = 9% - -
pLE Reld- 94T i S TR RO/H E\J@_‘l 'EE
b E=Prb
S(Tavt
= gQowQReox 20
= 132000 g =

36. Resistance A hairdryer operating from 120 V
has two settings, hot and warm. In which
setting is the resistance likely to be smaller? Why?

Hot draws more power,
P =1V, so the fixed voltage current
is larger.

Because | = V/R, the resistanceis
smaller

02/27/2024

30. CHALLENGE A 120-V water heater takes 2.2 h
to heat a given volume of water to a certain
temperature. How long would a 240-V unit
operating with the same current take to
accomplish the same task

E=IVt= I(ZV)[%]

For a given amount of energy,
doubling the voltage will divide the

time by 2.
22h
t=———=11h
2

41. Critical Thinking When demand for electric
power is high, power companies sometimes
reduce the voltage, thereby producing a “brown-
out.” What is being saved?

Power, not energy; most
devices will have to run
longer.




Explain the factors (like length, cross area, temp e, and of the conductor) that affect the resistance Student Book (Table 1) 96-97
of a conductor.

‘ .
Table 1 Changing Resistance

How Resistance Changes

R
Resistance increases as length - -
Length ; 9 L R.>R,
increases. f—
L
2

cross-sectional area decreases.

Cross-sectional Resistance increases as the ’ Az
area Ru>Ria

H
Resistance usually increases as i / g ’
Temperature y £ 3 R_>R_,
temperature increases. ‘ z
T 1>
Keeping length, cross-sectional silver, copper, gold, aluminum, iron, platinum
. area, and temperature constant, .
Material ; P ;i : R increases
resistance varies with the —_—
material used.
5 1. Explain how charge and energy are conserved in an electric circuit. Student Book 106-107, 115-116
2, State Kirchhoff’s junction rule and relate it to the conservation of charge, Q46, Q60, Q61, Q64 108, 116
Kirchhoff's rules

The junction rule Ay A B, Junction:

l,ﬂa | Intersection
The junction rule describes L of three or
currents and is based on the 1 R g:;ﬁvaysin

. v, = R:
law of conservation of T % 2 a circuit.
charge. . Va Branch:
“the sum of currents entering ,7 Il’a A path connecting
ajunction is equal to the sum ‘/\{?\f By two junctions.
of currents leaving that
junction”
PRACTICE Problems k ADDITIONAL PRACTICE

46.CHALLENGE Calculate the potential differences across 60. Total Current A parallel circuit has four
three resistors, 12-Q, 15-0, and 5-Q, that are connected in || branch currents: 120 mA, 250 mA, 380 mA,
series with a 75-V battery. Verify that the sum of their and 2.1 A. How much current passes through
potential differences equals the potential difference the power source?

across the battery.

© Reg = Ry Ry+ Ry = mri s © BEA

@I.fv_s—— S5 - 2.31A
R.ﬁ’ % \;’:}SV n
@ V.= TR 2.3 12 = 22.08 v

1= IZGMA+7_SomA.\.3gGMA-\v '1|MA
T= F52.1 mA

vz=IR,= 2.3 15 =« 35.0 V

v - TRs 2345 = WF ¥

SV
N4V Ay = IMeev et
wihich s Ha Sote &S o perearial IPotence
of +He baHesy ,




5 1. Explain how charge and energy are conserved in an electric circuit.
2. State Kirchhoff's junction rule and relate it to the conservation of charge.

Student Book 106-107, 115-116

Q46, Q60, 061, Q64 108, 116

PRACTICE Problems

k ADDITIONAL PRACTICE

61. A series circuit has four resistors. The current
through one resistoris 810 mA. What current
passes through the power source?

Since its O Sevies ConnecHon

64. Junction Rule Explain how Kirchhoff’s junction
rule relates to the law of conservation of charge.

WL.!J\ -\"N. switrcla
15 ClnstaJ
ks Fwir a\PL:(,r-n-

sk ownre

swrkcly

Hee cwrrentk is +hae sana Wwa whese P=1s se He Uﬂ“*kﬂ\-
e e wirenk rhat passer FLIUNBL rhe Bq}-(-wta ) ch..raf; on I+
1B @/
' 210 A
15 alse ( de ¢S5 Coninmns~
-L( *U = Pv\wa‘l)
when Hee swoireh 15 open
Wk has W Same \)alkqa-r.
wl Ha \pf«H-w\a_ .
13 Define superconductors and their imp 2. Student Book 102
Superconductor
. A superconductor is a material with zero resistance. There is no restriction of current in

superconductors, so there is no potential difference (AV) across a superconducting wire.
Because the rate of energy transformation in a conductor is given by the product IAV, a
superconductor can conduct electricity without thermal energy transformations. At
present, almost all superconductors must be kept at temperatures below 100 K. The
practical uses of superconductors today include MRI magnets. Someday superconducting
cables may efficiently carry electrical power to cities from distant power plants

7 State Kirchhoff's loop rule and relate it to the conservation of energy.

student Book 115

Q63, Q64 116

Theloop rule

The loop rule is based on the

law of conservation of energy

“The sum of increasesin
electric potential around a v
loop in an electric circuit

equals the sum of decreases in

itk

@

electric potential around that

loop.”

Electric potential increases by 9 V as the charge travels through the battery, if the electric
potential drops by 5V as this charge travels through resistor 1.
What will be the change in potential as the charge travels through resistor 2?

Because the increases in electric potential around a loop must equal the decreases in electric
potential around that loop, the drop in electric potential across resistor2 mustbe 9 V-5V =4

V. 02/27/2024




7 State Kirchhoff's loop rule and relate it to the conservation of energy.

student Book

115

Q63, 64

116

PRACTICE Problems W ADDITIONAL PRACTICE

63 Compare Kirchhoff’s loop rule to walking around in a loop on the side of a hill.

The increase in voltage is the same as
climbing the hill , the voltage dropped on
loads is the same as doing down the hill , the
gravitational potential energy gained by
climbing the hill is equal to the potential
energy consumed and turned to kinetic
energy while going down the hill ®)

@)

emf

8 Define a short circuit and describe its effects.

Student Book

117

In an electric circuit, circuit breakers and fuses 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

short circuit occurs 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 circuit, or even begin a
fire.

1. Relate the electric power or rate of energy transfer to current and potential difference (P=1AV). Student Book 92116119
2. Identify the appropriate current rating of a fuse in a circuit.

Identify a fuse, a circuit breaker, and a ground-fault interrupter Qi-Q7, 49, Q75 93,111, 122
3. Explain how fuses, circuit breakers and ground-fault interrupters protect electric circuits and make them safe to operate.

power(P)(W)

Power (P)(W): the rate of energy consumption in electric devices
(how many joules of energy is consumed for every second of operating)

P =1IXV
Combining with ohms law: v
& /S VN
P = I’R P=— A Q
R I R
NOTE: AV sameas V
Energy (E
. Energy: the power delivered multiplied by the operation time. E J
. If there are no losses, all the electrical energy is converted to other i
types of energy in electrical devices. y/ P t S
02/27/2024 E=PXt 9



9 2. Identify the appropriate current rating of a fuse in a circuit.
Identify a fuse, a circuit breaker, and a ground-fault interrupter

1. Relate the electric power or rate of energy transfer to current and potential difference (P=1aV).

3. Explain how fuses, circuit breakers and ground-fault interrupters protect electric circuits and make them safe to operate.

Student Book 92, 118-119

Q1-07, 049, Q75 93,111,122

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 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 GFI stops the current when it detects such
differences. This often protects a person from electrocution.

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 value.

PRACTICE Problems W ADDITIONAL PRACTICE

1. A carbattery causes a current through alamp
and produces 12 V across it as shown in Figure 4.
What is the power used by the lamp?

e o T BN

p=2* &

Figure 4

2. What is the current through a 75-W lightbulb
that is connected to a 125-V outlet?

P=IV
P 75W
I= 0 =oay ~0.60A

3. The current through a lightbulb connected across
the terminals of a 125-V outlet is 0.50 A. At what
rate does the bulb transform electrical energy to
light? (Assume 100 percent efficiency.)

P=/I x OV =
0.5 125 : {25 w

4. The current through the starter motor of a caris
210 A. If the battery maintains 12 V across the
motor, how much electrical energy is delivered to
the starterin 10.0 s?

E=-Pxt
< 1]:; Av b4 t;
- 20a12x10 = 25200

5. A 75-V generator supplies 3.0 kW of power. How
much current can the generator deliver?

02/27/2024
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1. Relate the electric power or rate of energy transfer to current and potential difference (P=1AV).
2. Identify the appropriate current rating of a fuse in a circuit.
Identify a fuse, a circuit breaker, and a ground-fault interrupter

3. Explain how fuses, circuit breakers and ground-fault interrupters protect electric circuits and make them safe to operate.

Student Book 92, 118-119

Q1-07, 049, Q75 93,111,122

PRACTICE Problems W ADDITIONAL PRACTICE

6. A flashlight bulb is rated at 0.90 W. If the
lightbulb produces a potential drop of 3.0 V, how
much current goes through it?

I—‘_L: _2:1: °-3A
bv 3

7. CHALLENGE A circuit is changed so the potential
difference across a motor doubles and the current
through the lightbulb triples. How does this change
the motor’s power?

?=3—E x 2 AV
Pnzw: é Po\J

49. Holiday lights often are connected in series and
use special lamps that short out when the voltage
across a lamp increases to the line voltage. Explain
why. Also explain why these light sets might blow
their fuses after many bulbs have failed.

In a normal lightbulb lights, if one of the
lightbulbs burn, the circuit becomes open and
current stopps moving, so all lightbulbs stop
working

In these special holiday lights, if one light bulb
burns, it shorts out (tunsinto an empty piece of
wire), so the current keeps moving and the other
light bulbs still work.

But if many light bulbs burn, and turn to only wire
with no resistance, the equivalent resistance of
the circuit decreases, which draws larger current
from the socket , if the current isvery large it
burns the fuse (safety device) and opensthe
circuit to protect from fires

02/27/2024

75. Describe three common safety devices
associated with household wiring.

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 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 GFI stops the current when it detects
such differences. This often protects a person from
electrocution.

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 value.

11




paper questions

16

1. Define resistance and identify its Sl unit as ohms (Q)

2. Define a resistor as a device designed to have a specific resistance.

3. Sate Ohm’s law and apply it to simple circuits (AV=RI).

4. Deriving resistance from the electrical (voltage - current) curve.

5. Identify devices which obey Ohm's law.

6. Relate the electric power or rate of energy transfer to current and potential difference (P=1aV).

Student Book

92-99

Q1-Q7, Q13-Q18, Q21-Q25

93, 99, 100

Resistance (R) (2) and ohm’s law

Resistance (R) ({2) : The measure of how strongly an object or a

material impedes current.

AV
R = T
This is called ohms law, where:

»  R:resistance, measured inohms ({), where 1Q =1v/A

» AV:the electric potential difference (voltage) measured in
volts (V)

» I: conventional current measured in Amperes (A)

If the relationship between the voltage applied and the |
current is linear, the material is called ohmic
A device having constant resistance independent of the

AV

A

potential difference obeys Ohm’s law.

* Theslope inav-Il curveisequalto1loverthe

resistance

Resistors

S

>°

* Resistor: a component designed to have a specific resistance.
. may be made of carbon, semiconductors, or wires that are long and

thin.

*  Used to limit the flow of current and protect the wires and circuit

from melting or burning

PRACTICE Problems

W ADDITIONAL PRACTICE

13. An automobile panel lamp with a resistance of
33 Qs placed across the battery shown in Figure
10. What is the current through the circuit?

12 V_HL
&
L
i 3302
t
"
Figure 10
vV 12V
I=—=——=0.36A
R 33

02/27/2024

14. A sensor uses 2.0x10-4 A of current when itis
operated by the battery shown in Figure 11. What
is the resistance of the sensor circuit?

2.0x10% A

= —
3.0V Sensorl

- I

-— ——

Figure 11

v 3ov 4

R_T_—2.0X1D_4A_1.5X10 Q

12




paper questions

1. Define resistance and identify its Sl unit as ohms (Q)

2. Define a resistor as a device designed to have a specific resistance.

3. Sate Ohm’s law and apply it to simple circuits (AV=RI).

4. Deriving resistance from the electrical (voltage - current) curve.

5. Identify devices which obey Ohm's law.

6. Relate the electric power or rate of energy transfer to current and potential difference (P=IAV).

16

Student Book 92-99

Q1-Q7, Q13-Q18, Q21-Q25 93, 99, 100

PRACTICE Problems W ADDITIONAL PRACTICE

15. A motor with the operating resistance of 32 Q is
connected to a voltage source as shown in Figure
12. What is the voltage of the source?

| Motor
— 2 32Q
Vv
Battery L
38A
Figure 12

V=IR=(3.8 A)(32 Q) =1.2x102V

16. A lamp draws a current of 0.50 A when it is
connected to a 120-V source.
a. What is the resistance of the lamp?

"4
R=_
I

120V

_ _ 2
=050 A 2.4x10° Q

b. What is the power consumption of the lamp?

P=IV=(0.50 A)(120 V) =6.0x10' W

17. A 75-W lamp is connected to 125 V.

a. What is the current through the lamp?
P _T5W

v——125V=D.60A

b. What is the resistance of the lamp?

V_ 125V
0.60 A

a.

R= =2.1x10° Q

I

18. A resistoris added to the lamp in the previous
problem to reduce the current to half its original

value. What is the potential difference across the
la mp? The new value of the current is

000A 50,

V  =IR=(0.30 A)(2.1 x102 Q)

=6.3x10"V

How much resistance was added to the circuit?

The total resistance of the circuit
is now

a.

Vv 125V
R T 1 0.30A

Therefore,

= Riotat — Ramn
=4.2x102Q -2.1x102 Q
=21x102Q

b. At what rate does the lamp transform electrical

energy into radiant and thermal energy?
P=IV=(0.30 A)(6.3x10' V) =19 W

=4.2x10° Q

Rees

21. Joe states thatbecause R= AV \ 1, if he
increases the voltage, the resistance will increase.
Is Joe correct? Explain.

No; resistance depends on the device.
When V increases, so will I.

02/27/2024

22. A circuit has 12 Q of resistance and is
connected to a 12-V battery. Determine the change
in power if the resistance decreases t09.0 Q.

®’)>:MI: @L: 122 W
R, 1

@P = V. ()2)7. = 16W
R 9

A?:R’PI: 16- 12 = W

’Fav-’w }r\c/eo)sec) ]oa 1 walts




paper questions

1. Define resistance and identify its Sl unit as ohms (Q)

2. Define a resistor as a device designed to have a specific resistance. Student Book 92-99
16 3. Sate Ohm's law and apply it to simple circuits (AV=RI).
4. Deriving resi from the electrical (voltage - ) curve.

5. Identify devices which obey Ohm's law. Q1-Q7, Q13-Q18, Q21-Q25 93, 99, 100
6. Relate the electric power or rate of energy transfer to current and potential difference (P=1aV).

PRACTICE Problems W ADDITIONAL PRACTICE

24. Energy A circuit transforms2:2x:103J-of energy whenitiis-operated for:3:0 min. Determine the
amount of energy it will transform when itis operated for 1 h.

2‘2x\on — 35 2 mn

X = k/\\‘\C)on 3‘
X @><. o wain

&_‘: ,{GXZ\ZX)Q2
% 3

1l

W‘WXYGMJ‘

25. Critical Thinking We sometimes say that power is “dissipated” in a resistor. To dissipate is to spread out
or disperse. In what sense is something being dispersed when charge flows through a resistor?

The potential energy of the charges decreases
as they flow through the resistor. This potential
energy is converted to thermal energy, and the
thermal energy spreads out or dissipates in the
surrounding environment.

02/27/2024 14




paper questions

1. Define a resistor as a device designed to have a specific resistance. Student Book 96-98
17 2. Link the state of skin moisture in the human body to the amount of body resistance, and the effect of the i ity of the
current passing through the human body. Qi3-qis, Q25 99-100

HEALTH Connection The human body acts as a variable resistor. Dry skin’s resistance is high enough to
keep currents that are produced by small and moderate voltages low. If skin becomes wet, however, its
resistance is lowered, and an electric current canrise to dangerous levels. A current as low as 1 mA can be
felt as a mild shock, while currents of 15 mA can cause loss of muscle control, and currents of 100 mA can
cause death. For safety reasons you should be careful with any electric current, even from a lantern
battery

1. Explain the characteristics of a series and parallel circuits.
2. Define an equivalent resistance of a series and parallel circuits. Student Sook A07-114
18 3. Calculate the equivalent resistance and the total current passing through a series and parallel circuits.
4. Explore connecting resistors in series and in parallel and determine the properties and uses of each kind of connection by | Q42-Q46, Q47-Q51, 052-Q54, Q55- 108, 111, 112, 115, 122
studying the electric current and the potential difference across each resistor. Q58, Q70-Q74
Series connection: connecting the circuit components with one >—— = I +

current path
Properties of a series connection :
1.  The current throughout all resistors is the same.
I=1,=1,=
2. The source Voltage is shared between the resistors
Vo = Vi +Vy + -
Where I, =R, and V, = IR,

3. according to ohm’s law, AV = IR, the biggest
Resistance gets the highest voltage drop across it’s

terminals .
Question: which resistance is higher?

4. The equivalent resistor can be calculated using :
Reg= Ry +R; + ...
> If all resistors had the same resistance, then:
Req =mR
» The equivalent resistance
in the circuit
> If a new resistor is added, Req increases , lowering
the current. AA A
» The source current can be found from the R
equivalent circuit. eq

4

eq

equivalent resistor: one resistor that weighs the same as all
resistors connected , if connected to the source, it draws the
same amount of current as the original circuit. R, §

5. Ifone of the resistors break, the circuit is open and v
current ceases

]

6. Series connections are used as voltage divider circuits, R2§ v
which is a circuit used to lower the voltage supplied by
ithe’source to operate a load that needs a lower voltage 15




paper questions

1. Explain the characteristics of a series and parallel circuits.

2. Define an equivalent resistance of a series and parallel circuits.

18 3. Calculate the equivalent resistance and the total current passing through a series and parallel circuits.
4. Explore connecting resistors in series and in parallel and determine the properties and uses of each kind of connection by | @42-Q46, Q47-Q51, Q52-Q54, Q55-
studying the electric current and the potential difference across each resistor. Q58, Q70-Q74

Student Book 107-114

108, 111, 112, 115, 122

Parallel connection: a type of connection where the current I
flows in multiple paths -
Properties of a series connection : I I,
1. The voltage drop across eachresistoris equal to the + +
voltage provided by the source V. i_
VS: V1:V2: oo S _ 1 R]. 2 R2
2. Thesource current is shared between the resistors I
I - 11 + 12 + .. <
_% _ Y
Where [, = R, and [, = R, l
v I
3. according to ohm’s law, [ = = the biggestR gets the >

lowest current through it.

i
4. The equivalent resistor can be calculated using : Vs T ? Req
1 1 N 1 N
Req Rl RZ
> Ifall resistors had the same resistance, then
R
Req = ”

» The equivalent resistance is smaller than the
smallest resistance in the circuit

» Ifa new resistor is added, Req decreases,
increasing the drawn current.
5. If one of the resistors break, only that branch stops
working.

6. Parallel connections are usedin domestical and
industrial buildings (HOUSES)

W ADDITIONAL PRACTICE

PRACTICE Problems

42. Three 22-Q) resistors are connected in series
across a 125-V generator. What is the equivalent
resistance of the circuit? What is the current in the

circuit? T Reua Rena

s

V- ”

SI'LS— Rg‘?.'l(l..
@E%= nR = 3x21 = &
@1 < ns - aa

R (6

43. A 12-Q, a 15-Q, and a 5-Q resistor are
connected in a series circuit with a 75-V battery.
What is the equivalent resistance of the circuit?

What is the current in the circuit?
R= a2 Re=\s0

eSS iL—L

@ ‘R%-"'RHQﬁRf (2454 = 322

OT=Vs - 35 - 2.3 A 16
R% 32




paper questions

e i Student Book 107114
18 3. Calculate the equivalent resistance and the total current passing through a series and parallel circuits.
4. Explore connecting resistors in series and in parallel and determine the properties and uses of each kind of connection by | Q42-Q46, Q47-Q51, Q52-Q54, QS5- 108, 111, 112, 115, 122
studying the electric current and the potential difference across each resistor. Q58, Q70-Q74
PRACTICE Problems W ADDITIONAL PRACTICE
44. A string of lights has ten identical bulbs with 45. A 9-V battery is in a circuit with three resistors
equal resistances connected in series. When the connected in series.
string of lights is connected to a 117-V outlet, the a. If the resistance of one of the resistors
current through the bulbs is 0.06 A. What is the increases, how will the equivalent resistance
resistance of each bulb? change?
Reg = nR- loR . &"N" e iP one of the Vesisrances incveage
T= Mg [T - 'R.eaL INnCY cases (s-'ACt ite the sum of
Rey o Resis ranc 3
(<] oé = ! &3
R ‘
b. What will happen to the current?
o R = =3
NS o § .
b. since Hhe cwrmplT = Vs LR
R Rr
e, il has pENETio0EE: incveases 5 T Jecrenses
«f 195 o
50. The circuitin Example Problem 4 has unequal c. Will there be any change in the battery voltage?
resistors. Explain why the resistor with the lower C. ho Since bnwﬁ Volmae. Jotsar cay
resistance will operate at a lower temperature. ™

wnless +he Clxmimg.r VER(HOW in 1 ¥
anké

The lower the resistance, the lower potential
difference drop (V) across its terminals. Which

means it consumes less power, less power usage 52. A 22-0 resistor and a 33-Q resistor are
means less power heat losses

connected in series and are connected to a 120-V
power source. 1 R =120

51. CHALLENGE A series circuitis made up of a 12-
V battery and three resistors. The potential
difference across one resistor is 1.2V, and the « ‘?\‘ = R, + RL = 22+33 = 552
potential difference across another resistoris 3.3 V.
What is the voltage across the third resistor?

a. What is the equivalent resistance of the circuit?

a. Whatis the current in the circuit?

SICL ks o serits Gircuit, e botrery elmag @T=Y =125 _ 2184
H
Re

\s shinsed betiuttn Hao viSiSierss

55
Vs= Ur+U2+ UJ' 1’
2= L2+73.3 4V, a. c.Whatis the potential difference across each
resistor?
vy= l2- 15 U = TR, = 2:18x 22 = 1+9¢
\, = R 5V Q@ Vi .
3 V2=TR;=2-"3 «33 = H .9u v

02/27/2024 17
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paper questions

1. Explain the characteristics of a series and parallel circuits.
2. Define an equivalent resistance of a series and parallel circuits. Stident Book 107114
3. Calculate the equivalent resistance and the total current passing through a series and parallel circuits.

4. Explore connecting resistors in series and in parallel and determine the properties and uses of each kind of connection by | Q42-Q46, Q47-Q51, Q52-Q54, Q55- 108, 111, 112, 115, 122
studying the electric current and the potential difference across each resistor. Qs8, Q70-q74

PRACTICE Problems W ADDITIONAL PRACTICE

53. Three resistors of 3.3 kQ, 4.7 kQ, and 3.9 kQ are connected inseries across a 12-V battery.
a. What is the equivalent resistance?

18

\

RI.;-S;Q;.-SL RL=‘1-+O S
@ Reg RivRa +Ry = 3oek Mooy 300 = i
N4ce n_

"

b. What is the current through the resistors?

-2
b T= VS = B = |s{\0 A (“wlm)
Req, 11900

c. Find the total potentia}l difference across the three resistors.

@ \] —_ IR| 2 |x]<-:‘ % 3048 = I3V

[}
\ = TR |xl<;?;<"|?~oo = 31V
2

2

\J = IR = lxls % 390s = 2.9V
2 3

VUl = LA g 1V
Sownrg \Juh—a.ae_ ol *l’t kﬁ-H"-’D

54. 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 resistoris to be 2.2 V when the supply is 12 V.
i v apply ohwh law on R, Yo b Sewioe caar

T=N = 22 _ | g2x10°A
Ra \leo

\}1__ V, -V, = 2- 2.2

R,= Va -2 - 53s8s5,2 o
=
T ot ——

55. You connect three 15.0-Q resistors in parallel across a 30.0-V battery.
a. What is the equivalent resistance of the parallel circuit?

x=4M
@ Re - R - Is [~ T, - 3,
{ » —=:=5=n Ra1s 9 ' RI8S pogd L2
3 \|‘:3u Ll— s
b. What is the current through the entire circuit? -
® I = —\-}—3._ = 30 = GA
Re 5 T= €A
c. Whatis the c&rrent through each branch of the circuit? .
ango E‘\m: 55
— 3¢ = ZA -
@ T = V_f B
I -_—Q, l5
T, = Vs = 20 . 2\
R. Is
Loz MNs = 20 o 2Kk

Re 5 18




paper questions

1. Explain the characteristics of a series and parallel circuits.

2. Define an equivalent resistance of a series and parallel circuits. Stident Book 107114
18 3. Calculate the equivalent resistance and the total current passing through a series and parallel circuits.
4. Explore connecting resistors in series and in parallel and determine the properties and uses of each kind of connection by | Q42-Q46, Q47-Q51, Q52-Q54, QS5- 108, 111, 112, 115, 122
studying the electric current and the potential difference across each resistor. Q58, Q70-Q74

PRACTICE Problems W ADDITIONAL PRACTICE

56. Suppose you replace one of the 15.0-Q resistors in the previous problem with a 10.0-Q resistor.
a. How does the equivalent resistance change?

Q@ L-Ll.,1 b ks

R"' R; N RL-‘. Rs __L o T T
& R=15 R=Ig R=lo 2
1 = P O V3
Rq 16 15 lo ‘]
Re1 = M. 3 (JC wea eS) -.r.\L
b. How does the current through the entire circuit change? V<30 +_Ejl By T30
= N - 30 A (Twner
&I —Ri:‘, -t <sses)

c. c.How does the current through one of the 15.0-Q resistors change?
© I,-° _y_s_: 3¢ . ZA

' 'S
I,_: V::_'3_3:2A
®, 15

S L

J

T o 22 - 3A
Rz 10

57. You connect a 120.0-Q resistor, a 60.0-Q resistor, and a 40.0-Q resistorin parallel across a 12.0-V

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

L.
oLk, — 1,
R,q’:'-*\o_a. "I

b. What is the current through the entire circuit? $
© T =3 =12 c02) -
0.1’ ‘\Q +
NE LT Reg=Yoa

c. What s the current through each branch of the circuit? =
= Vs - 12 -oaA
© T,= _ﬁ' ~ 120
T, =M =2 .a.2A
z R‘ “'--—-—GQ

or: IL= r'I. - 6.%8-0.] =S 2A

fo fedwee tlo VESISFAACL | We WL

58. CHALLENGE You are trying to reduce Pasaflcl Connechion
the resistance ina branch of a circuit from A5
150 Q to 93 Q. You add a resistor to this m - W
branch of the circuit to make this change. Relsea Reg, = 22
What value of resistance should you use,
and how should you connect this resistor? TIL = 3\_ * -‘E*
- . *
_.L—-#.z ;}:_l_u“‘.l+ .
93 Mse/ R
SR (I, (B
R, 3 I50 19
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paper questions

1. Explain the characteristics of a series and parallel circuits.
2. Define an equivalent resistance of a series and parallel circuits. Stident Book 107114

18 (3. Calculate the equivalent resistance and the total current passing through a series and parallel circuits.
4. Explore connecting resistors in series and in parallel and determine the properties and uses of each kind of connection by | Q42-Q46, Q47-Q51, Q52-Q54, QS5- 108, 111, 112, 115, 122
studying the electric current and the potential difference across each resistor. Q58, Q70-Q74

PRACTICE Problems W ADDITIONAL PRACTICE

. ) { A\
70. How do the brightness of the bulbs compare? ITr-

Z/ T
* "3 l:h aB I2
A
. (1 2(3)
= C

—V
Since R <LR | the covenr Hvondn ir Wil - 3(39)
be (/\is\l\\u/, Since ey I ‘\\’\\—L:)\A\\rsg hade e l

San~y_ Jolkody & '} Meauws L\-?\,\\_ 1L K b \OWKL\W How o and

71. IfI3is1.7Aand | 1lis 1.1A, be cause T feCeles Mol
what is the current through bulb 2? P o
Ia:l'q—}( "E|:\“A
1, = T,-To= VE-Ll = e 6A

72. The wire at point Cis broken, and a small resistoris inserted in series with bulbs 2 and 3. What
happens to the brightness of the two bulbs? Explain.

e busgh+ s decreayed  becaws +ha U"“‘V\jt o()\ #{bqwj will
Lo hond berwean 2 bwbs insrad of2

W\O\\GMB N ?c\,.ll«f JL\N{J«] o oach hwll [ess

73. 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 difference across the battery?

Vo=V +V, = 2.8+ U2 = Qs

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

Since H\e{j e acpﬁe\;m\\ FO\"Q\A\*‘\«,Q, J\‘Cﬁg\fw\cb ACV o Hf\tu\q
H“‘D afe Mok Tdenricedl

02/27/2024 20



paper questions

1. Calculate the equivalent r of k i series-parallel circuits. Student Book 119-122
2. Calculate the voltage, current, and power dissipation for any resistor in a combined series-parallel circuit.

19 3. Describe how magnetic materials can be turned into temporary magnets.
4. Describe the characteristics of n_'lagnellc ﬁ?lds and sketch the ﬁel_d lines around a permanent magnet. Q66-Q68, Q69-Q74; Q5-Q16 121, 122; 131-135
5. Apply the right-hand rule to indicate the direction of the magnetic field in and around a solenoid carrying current.

PROBLEM-SOLVING STRATEGY

SERIES-PARALLEL CIRCUITS

When analyzing a combination series-parallel circuit, use the following
steps to break down the problem.

) R
1. Draw a schematic diagram of the circuit. = 60V l2 %529 3

2. Find any parallel resistors. Resistors in parallel have separate
current paths. They must have the same potential differences across
them. Calculate the single equivalent resistance of a resistor that can Step 2
replace them. Draw a new schematic using that resistor.

3. Are any resistors (including the equivalent resistor) now in series? B
Resistors in series have one and only one current path through them.
Step 3 ‘
4. Repeat steps 2 and 3 until you can reduce the circuit to a single
resistor. Find the total circuit current. Then go backward through the

Calculate a single new equivalent resistance that can replace them.

Draw a new schematic diagram using that resistor.

circuits to find the currents through and the potential differences =
across individual resistors. 7

2

R
17.4

PRACTICE Problems W ADDITIONAL PRACTICE

3
%159

1l
I+
co
o
o)
VAN
(o]
&P
Dw

Q

66. A series-parallel circuit, similar to the one in Example Problem 7, 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?

a(cw()mb o |-LL [ \p M\WJ:] Congrvation > PL= 15w

JrL{_ﬁ)owU P\fdJMQJ }QD }‘kkSov\f(_L is e%M\J(L > :
ro e Rerts Consminnd by He londs > o
R=RapP+P s 20082 €680 = x

Vs | 2

I: PA - €5 = OS%A

gz 4
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paper questions

Student Book 119-122

1. Calculate the equivalent r of ined series-parallel circuits.

2. Calculate the voltage, current, and power dissipation for any resistor in a combined series-parallel circuit.
3. Describe how magnetic materials can be turned into temporary magnets.

4. Describe th_e characteristics of rl:lagnellc ﬁ?lds and sketch the ﬁel_d Ii_nes .around a permanent magnet. Q66-Q68, Q69-Q74; Q5-Q16
5. Apply the right-hand rule to indicate the direction of the magnetic field in and around a solenoid carrying current.

121,122;131-135

PRACTICE Problems W ADDITIONAL PRACTICE
67. If the 13 lights shown in Figure 32 are identical, which of them will burn brightest?

IR i \ %
e . esistol Witk lowesr R Figure 32
S WO heWe Hao ln\-ll"v\Ly.. Ve\l:wﬁc c]fﬂ()
pe R .
= 2 Sa (&J \'JLLL s T'L:._ Foa PO‘("‘MJ"'CE'&H‘"‘S P"l- H\MJ Q‘i
z
1R Wil alune He ‘brcjh&

rv=TR?P
L P: TvT

68. CHALLENGE A series-parallel circuit has three appliances on it. A blender and a stand mixer are in
parallel, and a toaster is connected in series as shown. Assume that the voltage of the socket is 120 v
a. Find the equivalent re‘sistance |
R=150Q Al
@ Pind 4—[\{_ e.qvm\lulwtl- Resvsrance - Rip anl RMB oo In Sefled Toaster
R_and Ry e in Oorll A Roo= R 4 Rmg = 154 1.3 C R=250 R=2210
[ I TP N W TP Mixer Blender
Rmr_s- R Ru. s ZE R(qr: 2. Fn
| | = 06.0%5
ﬁ“&
Rmg=NF Figure 33
b. Find the current through the toaster
:[__" = \J_s - 126 - 1.5 A i
Reg, 26-F
c. Find the potential difference across the toaster ik R:=15
i N A'A_
- - 1.5 xls = §R 5V 4
iy TR Z-Qt_-LH Cmg UFa
d. Find the voltage across the mixer and blender
B _V Since \er_.' Camit ridnn
VMB - Us. T B po\ros.u.*-/t /2R 1S+urs i
:|'7_O‘-é|q'.5 RMO\\I\.(’) E@
= 5 . 5 w -
2 \JM:\JBCVM@"SZ'SV
T
e. Find the currents through the mixer and the blender \J5=12u+ Re 267
'I- = !E__ = 52.5 I = \/ -
T MT M o825 204
-4 Re 0.1 ?\M 25
= 2.29 A
Sy IM =TI 1‘3
= Us- 2.3 22
= 20 A
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10 1. Describe how magnetic materials can be turned into temporary magnets.

Student Book 130-133

2. Describe magnetic domains and relate them to the magnetic properties of ferromagnetic materials.

Q10-Q13, Q16, Q17 136

Tem porary magnets Magnets also attract nails, paper clips, tacks, and
other metal objects. These objects have no poles, and both the north and south
poles of a magnet attract them. When a magnet touches one of these objects,
such as the nail in Figure 3, the magnet polarizes the object, making it a
temporary magnet. This process is called magnetization by induction.

Magnets only attract some metals. Brass, copper, and aluminum are common
metals that are not attracted to magnets. Iron, nickel, and cobalt are strongly
attracted. Materials containing these elements, called ferromagnetic materials,
can become temporary magnets. A steel nail can become a temporary magnet
because it is made of iron with tiny amounts of carbon and other materials. When
vou remove a nail from a magnet, the nail gradually loses most of its magnetism.

Magnetic domains What gives a permanent or temporary magnet its
magnetic properties? Each atom in a ferromagnetic material acts like a tiny
magnet; each has two poles. Each is part of a doemain, which is a group of
neighboring atoms whose poles are aligned. Look at the arrows in Figure 4. Each
arrow represents a domain. Although domains can contain as many as 10*
individual atoms, they are tiny—usually from 10 to 1000 microns across. Even a
small sample of a ferromagnetic material contains a huge number of domains.

In a ferromagnetic material that is not magnetized, each domain pointsina
random direction, as shown in the top panel of Figure 4. But 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, as shown
in the bottom panel of Figure 4, When its domains are aligned in the same
direction, the material becomes a temporary magnet. When an external magnet is
removed from a temporary magnet, the domains of the temporary magnet return
to a random arrangement, and the material loses its magnetization. How long it
takes for a temporary magnet to lose its magnetization depends on the
interactions between the atoms, which depend on the microscopic structure of
the material.

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 heate

Figure 3 A common nail attachedto a
magnet becomes a temporary magnet by
induction.

Identify the north and south poles of the
nail.

Magnetized Material

Figure 4 Domains in a nonmagnetized
ferromagnetic material point in random
directions (top). When a strong magnet
is placed near a ferromagnetic material,
the domains in that ferromagnetic
material align with those of the external
magnet (bottom).

d in the presence of a strong

magnet, thermal energy frees the atoms in each of the objer:t’s domains. The domains can rotate

and align with the magnet’s poles. The object is then cooled while i

t 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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1. Describe how magnetic materials can be turned into temporary magnets. Student Book 130-133
2. Describe magnetic domains and relate them to the magnetic properties of ferromagnetic materials. Q10-Q13, Q16, Q17 136

PRACTICE Problems W ADDITIONAL PRACTICE

10. Explain how to construct an electromagnet.
You could connect either end of a wire to a source of current. The strongest electromagnets are solenoids,
where wire in a circuit is wrapped around a ferromagnetic rod, such as iron, which increases field strength

10

11. What two things about a magnetic field can magnetic field lines represent?
Field lines represent the strength and the direction of a magnetic field.

12. Considering magnetic forces, how are forces at distance explained?

Magnetic forces, like other forces at a distance are explained using the concept of a field
13. Where on a bar magnet is the magnetic field the strongest?

at the poles

16. A glass sheet with iron filings sprinkled on it is placed over an active electromagnet. The iron filings
produce a pattern. If this scenario were repeated with the direction of current reversed, what observable

differences would result? Explain
None; the filings would show the same field pattern. However, a compass would show that the magnetic
polarity had reversed.

17. Magnetic Domains Explain what happens to the domains of a temporary magnet when the temporary
magnet is removed from a magnetic field.

The domains return to a random arrangement because they no longer align with the domains of
the field of the permanent magnet.
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Student Book
11 Define magnetic flux.

132

Q11, Q12, Q13 136
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
. . B
show the direction as well as the strength of a
magnetic field. The number of magnetic field lines
passing through a surface perpendicular to the
lines is the magnetic flux. The flux per unit area is Area,. A are0°
to the flux
proportional to the strength of the magnetic field.
Magnetic flux is most concentrated at magnetic
poles, where magnetic field strength is the
highest.
Student Book 133-134
12 Describe the relationship k ic fields and electric currents.
Q5-Q9, Q18 136
Electromagnetism
In 1820, while doing a lecture demonstration, Danish physicist Hans Christian
Oersted laid a wire across the top of a compass and connected the ends to a
battery to complete an electric circuit. The compass was oriented so its needle
Lwas parallel to the wire, as shown in the left side of Figure 9.
% Current Off Current On
? Figure 9 The needle of a compass
£ under a wire and originally parallel
3 to the wire when current is off (left)
moves so it is perpendicular to the
wire when current is on (right).
When Oersted turned the current on, he was amazed to see that the needle moved so
it was perpendicular to the wire, as it is in the right side of Figure 9. When Oersted
placed the compass on top of the wire, the needle again became perpendicular to the
wire, but it pointed in the other direction. The same thing happened when he
reversed the current’s direction: the compass needle reversed direction. When he
turned off the current, the needle returned to its original position.
Qersted’s conclusion—that a current produces a magnetic field—was the first hint
that a connection exists between magnetism and electric currents. As you will read,
the relationship between magnetism and electric current underlies the design and
operation of many modern devices.
02/27/2024 26




Student Book 133-134

12 Describe the relati i ic fields and electric currents. s, a1 o
Magnetic fields from current-carrying wires The magnetic field
around a current-carrying wire is always perpendicular to that wire. Just as field Right-Hand Rule
lines around permanent magnets form closed loops, the field lines around current- Current
carrying wires also form closed loops. The circular pattern of iron filings shown in ’;?nh(;‘

the top panel of Figure 10 represents these loops. The strength of the magnetic field
around a long, straight wire is proportional to the current in that wire. Magnetic

tield strength also varies inversely with distance from the wire.
Direction of

Direction of the magnetic field How can you find the direction of the magnetic magneti@

. . . . . . . field
field around a current-carrying wire? Scientists use right-hand rules to describe how =

Figure 10 The circular patterns
; , . . R formed by iron filings around a
ing a length of wire with your right hand, as shown in Figure 10. If your thumb current-carrying wire (top) represent

the directions of electric and magnetic properties relate. In this case, imagine hold-

points in the direction of the conventional (positive) current, as it does in the bottom  he magnetic field around the wire.
. 2 i ; " - You can determine the direction of the
panel of Figure 10, the fingers of your hand encircling the wire will point in the magnetic field around the wire using a

direction of the magnetic field. right-hand rule (bottom).

Analyze What happens to the
magnetic field around a wire when

Electromagnets You just read that a current in a wire produces a magnetic field et
current changes direction?

encircling that wire. What do you think happens to the magnetic field around a wire
formed into a loop? An electric current in a single loop of wire forms a magnetic field
all around the loop, as shown in the left panel of Figure 11 on the next page. By
applying a right-hand rule to any part of the loop in Figure 11, you can see that the
direction of the magnetic field inside the loop is always the same.
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Student Book 133-134

12 Describe the relatit i ic fields and electric currents.

Qs-Q9, Q18 136

PRACTICE Problems W ADDITIONAL PRACTICE

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

Because magnetic field strength varies inversely with distance from the wire, the magnetic field at
1 cm will be twice as strong as the magnetic field at 2 cm.

b. the strength of the field 3 cm from the wire
Because magnetic field strength varies inversely with distance from the wire, the magnetic
field at I cm will be three times as strong as the magnetic field at 3 cm

6. 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?

from south to north

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

west

7. 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?

the pointed end

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

Use the iron rod. Iron would be attracted to a permanent magnet and take on properties of a

magnet, whereas aluminum or glass would not. This effect would support the magnetic field in
the wire coil and thus make the strongest electromagnet.

9. 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.

Yes. Connectthe potentiometer in series with the power supply and the coil. Adjusting the
potentiometer for more resistance will decrease the current and the field strength.

— L LE

Figure 13
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PRACTICE Problems W ADDITIONAL PRACTICE

18. Imagine a toy containing two parallel, horizontal metal rods, one above the other. The top rod is free

to move up and down.

a. The top rod floats above the lower rod. When the top rod’s direction is reversed, however, it falls
down onto the lower rod. Explain how the rods could behave in this way.

The metal rods could be magnets with their axes parallel. If the top magnet is positioned so
that its north and south poles are above the north and south poles of the bottom magnet, it will
be repelled and float above. If the top magnet is turned end for end, it will be attracted to the
bottom magnet.

b. Assume the toy’s top rod was lost and another rod replaced it. The new rod falls on top of the bottom
rod no matter its orientation. What type of material is in the replacement rod?

If the bar is made from a ferromagnetic material, such as iron, it will be attracted to the bottom
magnet in any orientation.

14 Explain how a current-carrying conductor placed in an external magnetic field experiences a magnetic force Student Book 138-139

Forces on Current-Carrying Wires

When you put a magnet in a magnetic field, the magnet can move. What happens when you put
a current-carrying wire in a magnetic field? Michael Faraday, who performed many electricity and
magnetism experiments during the nineteenth century, discovered that a magnetic field produces
a force on a current-carrying wire. The force on the wire is always at right angles to both the
direction of the magnetic field and the direction of current, as shown in the left part of Figure 14.
When current changes direction, so does the force.

Direction of force You can use a right-hand rule to determine the direction of force on a
current-carrying wire in a magnetic field. Point the fingers of your right hand in the direction of
the magnetic field. Point your thumb in the direction of the wire’s conventional (positive) current.
The palm of your hand will face in the direction of the force acting on the wire, as shown in the
right part of Figure 14.

Arrows in three dimensions The relationship among magnetic field, electric current, and
force is three-dimensional. How do you accurately represent directional arrows in three dimen-
sions on a two-dimensional piece of paper?

Right-Hand Rule

Figure 14 You can use a right-hand rule
to determine the direction of force when
the current (/) and the magnetic field (B)
are known.

Predict what would happen to the force if
the current changed direction.
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Field out of Page Field into Page Figure 15 Dots represent a magnetic field coming out of the

® ® @ @ ® x x X x X page, toward you (left). Crosses represent a magnetic field
going into the page, away from you (right). Note that the force
on each wire is perpendicular to both the magnetic field and

@ & ] @ e X X X X X
the current.

@ & l ® @ ] ) X X X X

F
® ] (] [ ] ‘,, ® X x AFx X ',, X
® B out of the page
® ® ® ® ® X X X X X % Binto the page

1. Apply the equation F=ILB(sin8) to calculate the magnitude of the force on a straight segment of a current carrying wire Student Book 137-140
15 placed in a uniform magnetic field.
2. Apply the right-hand rule to find the direction of the force on a current-carrying wire placed in an external magnetic field. Q19-023 140

Magnitude of force You read that you use a right-hand rule to find the direction of the
force from a magnetic field on a current-carrying wire. How do you find the magnitude of this
force? Experiments show that the magnitude of the force (F) on a current-carrying wire is
proportional to the wire’s current (I), the wire’s length (L), the strength of the magnetic field (B),
and the sine of the angle between the current and the magnetic field (sin 6). Recall that you
measure force in newtons (N) and current in amperes (A). You measure the strength of a
magnetic field (B) in teslas (T). One T equals 1 N/(A-m).

Force on a Current-Carrying Wire in a Magnetic Field

The magnitude of the force on a current-carrying wire in a magnetic field is equal to the
product of the current, the length of the wire, the field strength, and the sine of the angle
between the current and the magnetic field.

F=ILB (sin 6)

Note that sin 0° = 0, and sin 90° = 1. This means that when the current and the magnetic field
are parallel to each other, the force on a current-carrying wire is zero. The force on the wire is
greatest when the current and the magnetic field are perpendicular to each other.

PRACTICE Problems W ADDITIONAL PRACTICE

19. Explain the method you could use to determine the direction of force on a current-carrying wire at right
angles to a magnetic field. Identify what must be known to use this method

You would use the right-hand rule for magnetic force on a wire. When you point the fingers of your right
hand in the direction of the magnetic field and your thumb in the direction of the wire’s conventional
(positive) current, the palm of your hand will face in the direction of the force acting on the wire. To use this
method, you would need to know the direction of the current and the direction of the field

20. A wire that is 0.50 m long and carrying 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?

F=ILB=8.0x050x040=16N

21. 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?,
F=ILB

B=—=—_""— _=013T



1. Apply the equation F=ILB(sin@) to calculate the magnitude of the force on a straight segment of a current carrying wire Student Book 137-140

15 placed in a uniform magnetic field.
2. Apply the right-hand rule to find the direction of the force on a current-carrying wire placed in an external magnetic field.

Q19-Q23 140

PRACTICE Problems W ADDITIONAL PRACTICE

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?

F=ILB, where F=weight of the wire

F 0.35 N

B=- - =0.15T
IL~ (6.0 A)(0.400 m)

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?

F=ILB

F 0.38 N
I= —_—= = 7.8 A
BL ~ (0.49 T)(0.100 m)

Paper questions

1. Calculate the equivalent resi: e of combined series-parallel circuits. Student Book 119-122
2. Calculate the voltage, current, and power dissipation for any resistor in a combined series-parallel circuit.

19 3. Describe how magnetic materials can be turned into temporary magnets.

4. Describe the characteristics of magnetic fields and sketch the field lines around a permanent magnet.

5. Apply the right-hand rule to indicate the direction of the magnetic field in and around a solenoid carrying current.

Q66-Q68, 069-Q74; Q5-Q16 121, 122;131-135

14. Magnetic Fields Two current-carrying wires are close to and parallel to each other and have currents
with the same magnitude. If the two currents were in the same direction, how would the magnetic fields of
the wires be affected? How would the fields be affected if the two currents were in opposite directions?

If the currents were in the same direction, the magnetic field would be approximately twice as large; if the
currents were in opposite directions, the field would be approximately zero

15. Direction of the Field Describe how to use a right-hand rule to determine the direction of a magnetic
field around a straight, current carrying wire.

If you grasp the wire with your right hand with your thumb pointing in the direction of the
conventional current, your fingers curl in the direction of the magnetic field.
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