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Electric Circuits Name: \{

Electric Potential Difference

Read from Lesson 1 of the Current Electricity chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/circuits/u911a.html
http://www.physicsclassroom.com/Class/circuits/u911b.html
http://www.physicsclassroom.com/Class/circuits/u911c.html

MOP Connection: Electric Circuits: sublevels 2 and parts of 3

Review:

1.  Electric field is defined as the aura about the space surrounding a charged object that exerts an
electrical influence upon other charged objects in that space. The direction of the electric field
vector is defined as the direction that a positive test charge would be accelerated. Potential energy
is the energy stored in an object due to the position of that object.

A Gravitational Analogy: Diggram A Diagram B
2. Two diagrams are shown at the right. =

In diagram A, a mass is held at an
elevated position. When let go of, the
mass falls from point A to point B.

In diagram B, the mass is originally at
point A and a person moves it back up
to point B.

For each diagram, indicate if work is
done by a non-conservative force in
moving the object from its initial
position (point A) to its position at point
B. Finally, indicate the position of
greatest gravitational potential energy.

Circle the answers in the space below Wi done < Sl Wpe-dgne on mass:
the diagrams. Yes or (No) Yes jor No
Highest PEQ Ayor B Hig PE@r@
i

3. The following diagrams show an electric field and two points - labeled A and B - located within the
electric field. A positive test charge is shown at point A. For each diagram, indicate whether work
must be done upon the charge to move it from point A to point B. Finally, indicate the point (A or B)
with the greatest electric potential energy and the greatest electric potential (PE/charge).

—'.

1/7 o

@ A AR S Q}ﬂ.——g @

Work done on test charge? Yes or \No /| Work done on test charge? ( Yes) or No

Potential energy is greatestat: (A B Potential energy is greatestat: A (B\
<
Electric potential is greatestat: ( A) B Electric potential is greatestat: A B
N i FY ¥

&
Al
\ /”"_\\s\‘
Work done on test charge? Yes _or Q\io/} No
Potential energy is greatest at: ‘\1_5;2 B Potential energy is greatestat: A B A
Electric potential is greatestat: (A ) B Electric potential is greatest at: A B)

\ 4
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Electric Circuits

When work is done on a positive test cha \to move it from one location to
another, potential ener increases, decreases) and electric
potential increases, decreases):

When a positive test charge naturally moves from one location to another
(without the ?e.nﬁg\n of a non-conservative force), potential energy

(increases, décreases) and electric potential (increases, dé&aﬂs_e’s/ h

The diagram at the right shows a light bulb connected to a 12-V car
battery. The + and - terminals are shown.
a. Asad charge moves through the battery from.D-te A, it
@g?yloses) potential energy and oses) electric
otential. The point of highest energy within abattery is the
(+,) - ) terminal.

b. Asa + charge moves through the external circuit from A to D, it

(gains,{loses) potential energy and (gains, @
electric potential. “Tlie point of highest energy within the extern
circuit is closest to the (+,)-) terminal. By -
c. Use >, <, and = signs to compare the electric potential (V) at the four 12 Volts
points of the circuit.

~ f

va v > ve = wp

' ~emQea 1S
The role of a battery in an electrical circuit can be described iivthYee different ways. First, it is the
energy supply. Second, the energy supplied by the battery is required to do work upon the charge
to move it against the electric field from the negative terminal to the positive terminal. And third, by
moving the charge against the field from negative to positive terminal, the battery establishes an
electric potential difference across the two ends of the external circuit.

Without a potential difference between two locations, charge will not move. When there is an
electric potential between two locations, charge will move
from the location of high potential to the location of low
potential. The amount of potential difference (AV) between
two locations is related to the work done in moving an
amount of charge (Q) from the low potential to the high
potential location.

" Awoltis the wat of
alectric potential.
1Volit=

AV = Vigs - Vi, = 0tk
Q

a. Tttakes |.O ] of work to move 1.0 C of charge from the - to the + terminal of a 1.5-volt battery.
b. It takes 2 J of work to move 2.0 C of charge from the - to the + terminal of a 12-volt battery.
c. It takes 18 ] of work to move LS C of charge from the - to the + terminal of a 12-volt battery.
d. It takes 12 [of work to move 2.0 C of charge from the - to the + terminal ofa _(p _-volt battery.
e. It takes jé;] of work to move __.0C of charge from the - to the + terminal of a 12-volt battery.
In the battery, energy is supplied to the charge to move it = .
from low potential (- terminal) to high potential (+ @ 12v i-A,5B
terminal). Once at the + terminal, the charge B 2 o it
spontaneously moves through the external circuit, losing Ag— \ = 2
energy as it passes through each electrical device. The o § gl C ’ﬁ*
electric potential that is gained by the charge when it passes 12V / B
through the battery is lost by the charge as it moves - | Be |
through the external circuit. These gains and losses in @ d‘g _:_E F
electric potential are often represented using an electric Z ov

potential diagram. For the circuit at the right, complete the
electric potential diagram, showing the relative potential of
locations A, B, C,D,E, and F.
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Electric Circuits Name:

Electric Circuits and Electric Current

Read from Lesson 2 of the Current Electricity chapter at The Physics Classroom:

http://[www.physicsclassroom.com/Class/circuits/u912b.html
http://www.physicsclassroom.com/Class/circuits/u912c.html
http://www.physicsclassroom.com/Class/circuits/u912e.html

MOP Connection: Electric Circuits: sublevel 1

1.  To maintain a charge flow in an electric circuit, at least two requirements must be met:

#1: An external energy supply (e.g., battery, wall outlet, generator, etc.) to pump the charge
through the internal circuit and establish a potential difference across the circuit.
#2: The external circuit must make up a "closed conducting loop" between the + and - terminal.

Utilize your understanding of these requirements to state whether charge would flow through the
following circuits. If there is no charge flow, then explain why not.

Charge Flow: Yes o@j& Charge Flow: Yes o@)
Explanation: Explanation: : ; .
NS = \C}G‘ﬂ VS AN \‘V,\N},—v&.@‘\ \&Q,"" ‘LUG{ Ci/"-«'(,&"‘v" ? \‘\'le\, J‘D\.L J‘f Q_-—e)k{
{ §

-
|
{
N
b

(e
i e
Charge Flow@e/s)or@ Charge Flow: Yes or No?
Explanation: = |l A Explanation: e ‘
(Ao~ A -.;Jwid o "’h\“ \k !E AL I aa=e Q‘llf‘f—q_/‘e 2
pdldi- e Lz bulb § JOL e g)c&r trer clhed Q:;,\_f
| A R

Charge flow in a circuit is often compared to water flow. For water to flow between two points, there| g \
must be a difference in water pressure between the points. Water pressure is like electric potential. L& f‘\“"\-’* ") e
Water will only flow through a pipe if there is a difference in potential between the two ends. Charge ,b o B '
) o € . ; Sk . NS aNn -
will only flow through a wire if there is an electric potential difference across its ends. ‘ :
(4%

Waterveom't flowrif the tvo ends If the tvwo ends of the pipe are at
of the pipe ave at the same potential. different potentials, thenwatervill flowr.
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Electric Circuits

2. Consider the two requirements for an electric circuit (described in question #1). When a light bulb is
burned out and no longer works, requirement # <L _is not met. When a battery no longer works,
requirement # ﬂ is not met.

a. When a battery no longer works, it is out of charge and must be re-charged

3. What do you believe? Respond to the following statements as being TRUE or FALSE. O
QE; or
before it can be used again.

) NV
b. A battery can be a source of charge ina circuit. The charge that flows through T or
the circuit originates in the battery.
c. Charge becomes used up as it flows through a circuit. The amount of charge T 0@

that exits a light bulb is less than the amount that enters the light bulb.

d. Charge flows through circuits at very high speeds. This explains why the @ o@
light bulb turns on immediately after the wall switch is flipped.

e. Commonwealth Edison supplies millions and millions of electrons to our T or @
homes everyday.

4. A current is said to exist whenever
a. a wire is charged b, a battery is present
c. electric charges are unbalanced @ electric charges move in a loop

5.  Asa quantity, electric current is defined as the

a. amount of charge present in a circuit b. potenhal energy per charge Q
c.Jrate at which charge moves through a cross-sectional area of a wire =
. speed at which charge moves from one location to another location +

6. Complete the statements:
a. A cugrent of one ampere is a flow of charge at the rate of
f coulomb per second.

b. When a charge of 8 C flows past any point along a circuit
in 2 seconds, the current is g: A.

c. If5 Cof charge flow past point A (dlagram at right) in 10
seconds, then the current is 6.5

d. If the current at point D is 2.0 A, then ZO C of charge
flow past point D in 10 seconds.

e. If12 C of charge flow past point A in 3 seconds, then 8 C of charge will flow past point E in

f. TRUEOfFALSE) San~y euenaw wome '
The current at point E is considerably {ess than the current at point A since charge is being
used up in the light bulbs.

7. Which sentence best describes what happens to charge as it moves through an electric circuit?
a. Charge is consumed or used up.
@Charge is re-energized and recycled.

8.  Which sentence best describes how fast charge moves through an electric circuit?
. Charge moves very fast, faster than any human can run.
@ Charge moves very slowly, slower than the proverbial snail.

9.  When you turn on the room lights, they light immediately. This is best explained by the fact that

a. electrons move very fast from the switch to the light bulb filament.
lectrons present everywhere in the circuit move instantly.

© The Physics Classroom, 2009 Page 4



Electric Circuits Name: e ’r\r\l
Electrical Resistance P
=
Read from Lesson 3 of the Current Electricity chapter at The Physics Classroom: A
http:/fwww.physicsclassroom.com/Class/cireuits/u913a.html N

http:/fwww.physicsclassroom.com/Class/circuitsfu913b.html
http:/fwww.physicsclassroom.com/Class/circuits/u9l3chtml

MOP Connection: Electric Circuits: sublevels 4 and 5

Physics Idea: As charge flows through an electric circuit, it
encounters resistance. Resistance is a measure of
the amount of hindrance to the flow of charge.

=

The cause of resistance to the flow of charge within an
electrical wire is

(. ymobile charge carriers collide with atoms of the resistor
b. mobile charge carriers have mass (possess inertia) which resists their motion
¢. the electric field that causes charge flow diminishes with distance

d. charge is consumed or used up as it flows through the wire

2. Resistance is quantifiable - that is, it can be measured and calculated. The standard metric unit used
to express the amount of electrical resistance is the

a. Joule b. Watt c. Volt d. Amp @hm

3. For the following pairs of wire descriptions, choose the wire that has the greatest resistance.

Resistance to charge flow will be greatestin .... (Circle the best answer.)
... a wire whicﬁm ... a wire which is thick

. A WILte which is long ... A wi ich is short

¢. ... a wire which is made of copper .. a wire which is madé of phsti
@ m’:\‘d@‘dftoppﬁ ... & wire which is made of silver
4, e rate at which charge flows through a circuit is to the resistance.
inversely related b. directly related c. not related

5. For the following pairs of circuit descriptions, choose the circuit that has the greatest ciyrent. M

Given that all other factors are equal, the current will be greatest in a circuit that has ... .

a. ... ahigh resistance @?ﬁ%

b. ... wires that are Iong ... wires that are shor

c. Cwires that are wide ... wires that are thin

d. .x12-gauge wires (1/12™ inch diameter] ™y ... 14-gauge wires (1/14" inch diameter)

e. ... copper wiring

6. Resistance is not the only variable that affects the current in an electric circuit. The current is also
affected by the electric potential difference (A V) impressed across its ends. The electric potential

difference is simply the battery voltage. As the battery v?,tage—ie—i-qcreased (by swapping in higher
voliage batteries), the current is {increased, decreased).

The relationship between electric potential difference (AV), resistance (R) and current (I) is given be the
equation.
';?él%_x

This equation, sometimes referred to as thg/Ohmi's lawlequation, is often written as AV =1*R. Like all
equations in physics, it can be used as a rect tblem-solving and an equation to guide one's
thinking about how an alteration in one variable affects another variable.

© The Physics Classroom, 2009 Page5



Electric Circuits J — -yéh

7. A circuit is set up such that it has a current of 8.0 amps. What would be the new current if ....
a. ... the resistance (R) is increased by a factor of 2? H.0 A
b. ... the resistance (R} is increased by a factor of 47 2.0 A
c. ... the resistance (R) is decreased by a factor of 37 Y. 2 A
d. ... the battery voltage (A'V) is increased by a factor of 37 2U.0 A
e. ... the battery voltage (AV) is decreased by a factor of 27 A y 4.0 2{
£. ... the resistance (R) is increased by a factor of 2 and the battery % z G 2.0 /A

voltage (AV) is decreased by a factor of 2?
g. ... the resistance (R) is decreased by a factor of 4 and the battery’&/ =\2 2 Ge.0 A
voltage (AV) is increased by a factor of 3? "Ci

8.  Express your understanding of the use of the I = AV [ R equation by filling in the following blanks.
a. An electrical device with a resistance of 2.0  has an electric potential difference of 6.0 V
impressed across it; the current in the device is famperes,
b.  An electrical device with a resistance of 3.0 Q has an electric potential difference of 2.0V
impressed across it; the current in the device is 4.0 amperes.
c.  Anelectrical device with a resistance of _*@ % has an electric potential difference of 120 V
impressed across it; the current in the device is 6.0 amperes.

9.  Resistors are electrical devices designed to have a specific resistance. They are inserted in circuits to
modify the actual current flowing through the circuit. When diagramming a circuit, a resistor is

represented by the symbol
Which of the resistors in the two circuior B) has the greatest resistance? Calculate the value.

2|3 5

Circuit & Cireuwit B

10. Use arrows to show the direction of conventional current flow through the following circuits and ¢
use the I = AV /R equation to fill in the blanks. BRJV\

sy

The three new circuit symbols introduced in the above diagrams are

- @

Power Supply Voltmeter (for measuring AV) Ammeter (for measuring I)

© The Physics Classroom, 2009 Page 6
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Electric Circuits Name:

Electrical Power and Energy

Read from Lessons 2 and 3 of the Current Electricity chapter at The Physics Classroom:

http:/fwww.physicsclassroom.com/Class/circuits/u912d.html
http://www.physicsclassroom.com/Class/circuitsfudl3d.html

MOP Connection: Electric Circuits: sublevel 3

Review:

1.

The diagram at the right depicts an electric circuit in a car. The rear

o
. /4
The electric potential at a given location in a circuit is the amount of WMM gc’er d’w"ﬁ/ ~
at that location. The location of highest potential within a circuit is atthe _ «—4= (+, - ) terminal¥f
the battery. As charge moves through the external circuit from the == (+ -)tothe =~— (-,
- ) terminal, the charge loses potential energy. As charge moves through the battery, it gains
potential energy. The difference in electric potential between any two locations within the circuit is

known as the electric potentiat difference; it is sometimes called the \jn\\-ﬂ&uf and
represented by the symbol &N . The rate at which charge moves past any poirfl along the circuit
is known as the vy and is expressed with the unit .

defroster is connected to the 12-Volt car battery. Several points are labeled Ak
along the circuit, Use this diagram for questions #2-#6. —
2. Charge flowing through this circuit possesses 0 J of potential energy —n
at point _§>. D o
3. The overall effect of this circuit is to convert ., energy into energy.
a. electrical, chemical &3 chemical, mechanical
c. thermal, electrical @ hemical, thermal
4. The potential energy of the charge at point A j Cthe potential energy at B.
a. greater than b. less than @a_pproximately equal to
5. The + charge gains potential energy as it moves betweenpoints ___and .
a. AandB b. Band C c. CandD é Dand A e. none of these
6.  The + charge loses potential energy as it moves between points___and ___.
a. AandB B and C c. Cand D d.Dand A  e. none of these
7.  The rate at which energy is delivered to a circuit by the energy source or the rate at which energy is
consumed by an electrical device is known as the electric . .
a. current b. potential c. voltage ower
8. The unit of electric power is the .
a. Ampere b. Volt @Watt d. Joule
9.  Mechanical power {discussed in a previous unit) is the rate at which work is done on an object.

Electrical power is the rate at which work is done on a charge (by the battery) or on an electrical

device (by the charge}. In terms of an equation, itis ... . (Fill in the numerator and the
denominator.)
ey = Wovle RIS
ARt

a. A 60-Watt light bulb uses up o "01 000 jof energy when left on for 1 hour (3600 s).
b. A 60-Watt light bulb uses up _§ 1,200 ] of energy when left on for 4 hours.
¢ A1500-Watt hair dryer uses up 48,000 7 of energy when used for 5 min (300 s).

d. A120-Watt fan uses up €9, & 8, 00 of energy when left on for a day. §p, 490 S
!

Vo=
%WM

© The Physics Classroom, 2009 . Page 7



Y o0
SM

10. Substitution of otherglectrical equations (I=0Q/t and AV/=1+R M =W/Q } into the power

equation yields thefellowing three equations. -
@ P =R P= Avm
Use these equatians.terSolve the following problems. -

k
Electric Circuits ‘D‘ (7 SW

~°

a. Calculate the resistance of a toaster oven if ifs powers BG-’vV'WﬁE'ff'tﬁﬁEéE’tEd to a 110-V outlet.
NN ) P2 goo= "% 4lp= 155 N
p= 800 A &

b. Calculate the resistance of the 1000 W microwave oven that gets plugged into to a 110-V outilet.

P= 1000 N T \let
ANz Vo R=7 v e l°°°*~—-—p: Sl R= 12.1 -

c. The TI-84 calculator uses four 1.5-V batteries and has a power of 0.0008 W. What is the current?

AN= T =7 P=x BN —
P= .0008 L0008 = L6 —t EET-OOO‘?J A

11. The following two circuits consist of a power supply, an ammeter (for meastrng current), and a
light bulb. Use >, <, and = symbols to compare the electric potential at A to B and at C to D.
Indicate whether the devices add energy to or remove energy from the charge. Finally, fill in all

blanks.
-1 =2 amps Add or emwt;
S g > VA 2 VB
/—f:\'- e . _:E;er i {> <, 0r=)

Ve ZVD

(>, <, 0r=)

1z i
 ¥olts |

"4 wats
P=_£23 Watlls Vg — Vp

r Remove BT T ' Lol
fnergy? - _ - £=TAV= 2(1v)
)—ﬁ w——
12. TRUE or GALSE: A kilowatt-ho risa%_njt of power. P=2v
wa T o 4:%
13. Alfredo deDarke often leaves household appliances o for 1o good reason (at least according to his

parents). The deDarke family pays 15¢/kilowatt-hour {(i.e, $.15/kW ehr) for their electrical energy.
Express your understanding of dollar power by filling in the following table.

(> <, or=)

Power Rating Time Energy Used Cost
(Watt) (hrs) (kilowatt-hour) (%)

60 Watt Bulb 1 0.060 kW ehr $0.009

60 Watt Bulb 4 0.240 ¥W-he €0.0306
Ten 60 Watt Bulb 24 LXitd= MMdkWikee E23.\V

60 Watt Bulb v Lk Whe| - 810
7 Watt Night Light 168 o1 =Wt = | 170 e RO,V M
7 Watt Night Light 8760 L1L.32 #®#9.148

14. People often claim that an electrical appliance "uses up electricity.” Explain what is actually being
"used up" and what becomes of this thing that is being used up.

trovryy v wied S
W Uy paues o ohion oF s chacgs,

© The Physics Classroom, 2009 g0 N oL tt‘b\j Ij—-;_ Xi’ (:\:9- wﬁ'ﬁs:p '
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Electric Circuits Name:

Mathematical Relationships in Circuits

Read from Lessons 2 and 3 of the Current Electricity chapter at The Physics Classroom:

http:/fwww.physicsclassroom.com/Class/circuits/u912¢c.html
http:/fwww.physicsclassroom.com/Class/circuits/u9l2d.html
http:f/www.physicsclassroom.com/Class/circuits/u913¢.html
http:/fwww.physicsclassroom.com/Class/circuitsfudl3d.html

MOP Connection: Electric Circuits: sublevels 5 and 6
1. Matching: Identify the units on the following electrical quantities by placing a letter in the blank.
The unit of charge is the A . Choices: A. Coulombs
The unit of electric potential is the & B. Amperes
The unit of power is the _E C. Volts
The unit of potential energy is the L D. Ohms
The unit of current is the . E. Joules
The unit of resistance is the L . E. Watts

An electric potential diagram is a useful means of representing the potential of a positive charge as
it moves around a circuit. The electric potential of a charge at strategic locations in a circuit is
represented on a chart. Points on the circuit where the charge has the highest potential are located
highest on the chart; points of lowest potential are located lowest on the charts. Atsome points on
the circuit, charges have approximately the same amount of potential. Construct electric potential
diagrams for the following circuits. Label the points.

a. v e, e e . b *

Given the circuit at the right with the listed

current and resistance values, determine the

electric potential at the indicated positions.

Note that you are to find the electric potential

(or voltage) and NOT the electric potential

difference {or voltage drop). 24

VA=AV vp=24-%2 \bv voits| | . A= 2 0=V
VC=\§-‘"1:'\1—V VD= D \Y% : .
VE=—“,_@’ v I#H:’hps*"i
. t_[)f\{‘z 2 Cede 2\

Determine the following quantifies for the circuit in question #3 above. PSYW
a. The overall power. b. The power of the 6-chm light bulb.

poravs2(ed=ly eV P2TTR =370 t@

c. The overall resistance. d. The energy used by the circuit in 10 minutes.

SRR A YN T POE ST RO
ey 'L,_:@ o e f

© The Physics Classroom, 2009 Page 9



Electric Circuits

Show your work for the following problems.

5. a. Determine the amount of energy used when listening to your 5.0-Watt IPod Nano for 10 hours.
Q'@SS\K\OWTQ : 0S5 LW v

b. Determine the resistance of the IPod if it uses a 5.2 Volt battery.

g -
Dz\lﬁ ‘3;01@‘.{?_,&2 SMpy N

¢. What quantity of charge passes through the IPod battery during this 10-hr time period?

7 P=Tav Y F’ | 1
s= Tls) 2 T= S %0 W=2960 C

6. a. Calculate the energy used and current drawn by a 200-W window fan when plugged into a 110-V
outlet and left on for an 8-hr time period.

eV

E%L@@ Loo =% (19

b. Calculate the energy used and the current drawn by a 3400-W air conditioner that is wired to a
220-V circuit and left on for an §-hr time period.

[t = P i

i . - — TA
(z.q)m»,m.akw hr b= A
EN

- LA

A
(T- 8

7. A2000-W hand dryerin a public bathroom at a zoo runs for 30 Seconds per cycle. Ata cost of 13
cents per kWehr, determine the cost of running the dryer 200 times in a day% 50

What is the annual cost of the hand dryer assuming it is used on average 200 times per day?

§4BX 265 =— F(5L.17

Calculate the resistance and the current for the hand dryer if it is connected to a 220-V circuit.
AV = 220 V D= e
P= 1000 \W 28

© The Physics Classroom, 2009 Page 10




Electric Circuits Name:

Series Circuits

Read from Lesson 4 of the Current Electricity chapter at The Physies Classroom:

http://www.physicsclassroom.com/Class/circuits/udi4a.html
http://www.physicsclassroom.com/Class/circuits/u914b.html

MOP Connection: Electric Circuits: sublevels7, 9 and 11
1. Electrical devices in circuits can be connected to each other in a number of different ways. The two

most common connections are series connections and parallel connections. Observe the electrical
wiring below. Indicate whether the connections are series or parallel.

Pl
=
o
-y

)
Serie} or Parallel?

Series pr Parallel?

O o +©@
o

2. Two electric circuits are diagrammed below. For each circuit, indicate which two devices are
connected in series and which two devices are connected in parallel.

@amméfﬁr f’é: speaker
\Hf 1
e —— .
—_— @ bulh resistor e— '
- T o S (:m ammeter
[g @ hulhb
o]
g speaker
S AP W
- resistor
Series G‘WW"’J‘U 4 mS\S{PGV Series wa’ Wb‘ NH
Parallel  Jotb % r‘m:mw Parallel lpalo ¥ resis¥vv

3. Comparing Series vs. Parallel Circuits
Fill in the table below to indicate the manner in which series and parallel circuits differ.

Series Circuit Parallel Circuit
a. Definition: The pathway by which charge
loops around the circuit is characterized \ 2 vV WOV 2
by pathway(s).
b.  Observation: If one light bulb goes out, b : N
the other light bulbs @Q LW«-J\' W E’}WD
c.  Observation: As the number of resistors v
is increased, the overall carrent . 3 (v eHs ALY Lnenre ol
d. Observation: As the number of resistors 4 ﬁ 2 eut :
is increased, the overall resistance ) g(\\("’""’0"&‘?‘ s 543 | /

/

© The Physics Classroom, 2009 A \f P iﬂbs j S &WB@&Q 11
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Electric Circuits

4. The following diagrams represent circuits consisting of two electrical devices connected in series.
For each diagram, fill in the blanks to show the voltage drop across the designated device,

BY = o o = W=
@2,  __zA
) o | . 12 -4-3
e . A= - &=
1209 — iz = ;5-—"’

aw= | T T e W=
& _ S T
Diagram A& ' Diagram B
5. Consider the following two diagrams of series circuits. For each diagram, use arrows to indicate the

direction of the conventional current. Then, make comparisons of the voltage and the current at the
designated points for each diagram.

Gl ' F & p ¢
Diagram & = Lo piagram B
va_Y Vg va_ L vp
(=<, or=) (=<, or =}
vB_Y Ve ve_ <L v
{><, or=) {><, or =)
ve_ 7 _Vp VD_= VF
(=<, or=) (>, 0r=)
IA_= Ig A =_IF
(=<, or=) (<, 0r=)

5. Express your understanding of equivalent resistance by filling in the blanks.
Having two 4-Q resistors in series is equivalent to having one a -£2 resistor.
Having three 4-Q resistors in series is equivalent to having one 19-Q resistor.

Having four 4-Q resistors in series is equivalent to having one _{{0-Q resistor.

6. TRUE or
Three [ight bulbs are connected in series. The filament of one of the light bulbs burns out.
The remaining two light bulbs will still be lit; yet, their brightness will be noticeably less.

e odver \‘5%5‘ bulbs vl 60'M
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Electric Circuits Name:

7. Analyze the following circuit and determine the equivalent or total resistance. Then determine the
current at the ammeter location.

R=2R "R=2R - ; . T T Re=s @
ar

R=_4.ﬂ
%) - gy
Circuit &4 - LCircuit B
Ript= (D -r)—- Rtot= ‘l A
I= 2 A ) A I= Oa‘S,A
T e 2Y A _ b
N=IR oy I-= 7 1L
l2= X~

8.  For the following diagrams, utilize the concept of equivalent resistance and Chm's Law in order to

fill in the blank.
@ R=30 141 _ =2 4

A= == (',L\ AF = ==

1209 =" Rn@fn Tie AU & 241,,.:_:-
.[I:ircuit & Circuit B
&*.'_-(OO_(L % \"-"LP\
i Rz 1%
R=20 R=_h @ R=20 R=2R
s 1 A = f‘%’“ﬁ R=2a
4 18 it
fu v T @3-0&@
) A
Circl{it c Circuit D
AV _ 24 ;
Cror. = T - a-\0 MN=xtR =3(()=18

W-2-4Y-a
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= b A T-3 A

9.  Compare circuits X and Y. Consider circuits X and Y 2a 20
below. Each circuitis powered by the same battery —A Ny — T
and contains identical resistors. Circuit X has one
resistor and circuit Y has two resi?rs. The equivalent X B 2n
resistance of circuit X will be (>or<or=) .- "
that of circuit Y. The current in the battery in X will be ;; I { | |

(> or < or =) that in the battery in Y. :
Erat 2y

10. Three identical light bulbs are connected to a battery as shown below.
Which adjustments could be made to the circuit that would increase
the current being measured at X? Circle all that apply.

a. Increase the resistance of one of the bulbs. K -l— T
Decrease the resistance of two of the bulbs,
€. Increase the resistance of two of the bulbs.
d. Decrease the voltage of the battery. \j TTT
(e Increase the voltage of the battery.
0 emove one of the bulbs {and re-connect the circuit).

r—""“-\‘
11. Thre%:iczenght bulbs are connected to a battery as shown below.
W, X, tepresent locations along the circuit. Which one of the

following statements is true?

The potential difference between X and Y is greater than that
between Y and Z.

The potential difference between X and Y is greater than that
between Y and W,

The potential difference between Y and Z is greater than that

a
b
c
_ between Y and W.
The potential difference between X and Z is greater than that
e
£

between Z and W.

The potential difference between X and W is greater than that across the battery.
The potential difference between X and Y is greater than that between Z and W.

01

o~ PoT
- P=1AV
AN A2 rae

TR ol

12. Three identical light bulbs are connected to a battery as shown below.
hich one of the following statements is true?
(@) All three bulbs will have the same brightress.
b. The bulb between X and Y will be the brightest.
¢. The bulb between Y and Z will be the brightest.
d. The bulb between Z and the battery will be the brightest.

Justify your answer to this question using the language of physics.

S R e §ome 4B A1/ et samt w I
T e seme af wedl, P=TAV Witl b

S
13. Compare a circuit with three light bulbs to a circuit with two light bulbs. Alllight bulbs are
identical. In which circuit will the overall power be the greatest? Intelligently defend your answer.

3 butbs = WM@ - s
P=1TAV %@‘150 NS onr will anv< Less

PWW
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Electric Circuits Name:

Parallel Circuits

Read from Lesson 4 of the Current Electricity chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/circuits/u9l4a.html
http:/fwww.physicsclassroom.com/Class/circuits/u9ldc.html

MOP Connection: Electric Circuits: sublevels 8, 10 and 11

Review:

1. A drcuit in which all charge follows a single pathway isa circuit; a circuitin which charge

ollows multiple pathways is a circuit.
series, parallel b. parallel, series

2. For a parallel circuit: as the number, of resistors being used within the same parallel circuit increases,
the overall resistange value (increases, decreases) and the overall
current value VL O8O (increases, decreases).

3. Household circuits are connected in parallel so that . Select all that apply.

. houses get the same effect with less current and thus save on energy costs.
b.)the turning off of one appliance does not result in the shut down of others.
¢. the hazard of electrocution and overheating of circuits is avoided.

Water Analogy:

. When the water flow (or charge flow) is divided into two or more separate pathways (as in a parallel
circuit) the sum of the current in each individual pathway equals the total current. Utilize this
principle to fill in the blanks in the following two diagrams. The meters in the diagram are
measuring water flow rates in gallons per minute ("gpm").

4

5. Apply the same principle to fill in the blanks in the following diagrams for charge flow (i.e., current)
through a parallel circuit. u

& Bes

[M B6 A 'l'l A2 A

_ 2& AL

@tza @ﬁﬁ
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Electric Circuits

The Staircase Analogy
Electric charge dividing into multiple pathways in a parallel circuit is analogous to people walking
down stairs which divide up into separate paths.

Imagine being at a large shopping mall; you are descending a rather wide stairway when all of a
sudden it breaks up into several smaller stairways. Being in a hurry, you scan the different
pathways down the stairs to see which path is least crowded. You finally decide that the left
stairway is least crowded and make a "dash" towards it. You know that your "flow rate” will be
greatest along the stairway with the least resistance. When the "people flow" divides up into
multiple pathways, each pathway has the same change in height (or same gravitational potential
drop); yet, the pathway which offers the least resistance will have the greatest flow rate.

In an analogous manner, as charge flow divides up into multiple pathways in a parallel circuit, each
pathway has the same electric potential drop; yet, the pathway with the least resistance will have
the greatest rate of charﬁe flow (i.e., current).

6. Inthe following circuits, fill in the blanks to indicate the current through the different pathways.
Calculate the resistance of each resistor. Then rank the resistance of the resistors (labeled A, B, and
C) in order from smallest to largest.

Ranking of Resistance
< &ﬁ < NA
7. A three-resistor parallel circuit is created. The resistances of the resistors are 3 2, 6 Q, and 9 Q.

Suppose that one observes the current through the 3 Q resistor to be 6 Amperes. The voltage drop \ = TR
across this 3 Q resistor mustbe __{ g V,, This provides sufficient evidence to conclude that the

voltage drop across the 6 Q resistor is \% V and the voltage drop across the 9 Q resistor is
);g V. Therefore, the current in the 6 Q resistor is Amperes and the current in the 9
Q resistor is a Amperes. When these three branch currents combine, one would observe
that the current in the | & Vbattery is \\  Amperes. In summary:
R=3Q R,=6 R,=9¢@
I, =6 Amps I= 5 Amps I, = 2 Amps
Av,= 38 v AV,= BV AV,= 1RV

Ibattery = —\l Amps Avbauery = _\g_ v Avbauory / I‘unuery = L (0 "‘7—*

8. Consider the circuit at the right.
a. There is a voltage drop of V across each 2-Q resistor.

b. By Ohm's law, the current in each 2-Q resistor is 5 amps.
c. The current through the battery is &Q amps.

d. The resistors in parallel offer a combined resistance of l Q
to the charge being pumped by the battery.

© The Physics Classraom, 2009 Page 16
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Equivalent Resistance
Devices connected in parallel offer a resistance to the flow of charge through the circuit. The total
resistance (or equivalent resistance) is related to the resistance of the individual devices that are
connected in parallel. The equivalent resistance can be determined with the equation

1 _1,1 1
Requivalent K1 ° Rz " K3

The electric potential difference across each branch is the product of the equivalent resistance and
the total current {(oputside the branches).

Use the diagram below at the right in order to answer questions #9-#13. PSYW

9, Determine the equivalent resistance of the circuit at A -
the right. L
Re, ¥ % 1 0T ——
) . . —m— mn 411 70
10. Determine the overall current in the circuit (as
determined at position A or H). | .-’ g
I _ = . 30 ~ ) A C E [
— RT =, ~ W H i

t.7) i
11. Determine the electric potential difference {(i.e. voltage drop) across the 5-Q resistor (from B to C).

20 V
12. Determine the current through the 5-Q resistor (from B to C).
AN 30
T= 5= 2= bA
- s s G
13. Determine the current through the 7-Q resistor (from-B-l-c%)’.
v
T- 322 -
= = 4.3 A
14. TRUE or

If resm are connected in parallel, then the electric potential difference (i.e., voltage drop)
will be greatest across the resistor with the greatest resistance. all W Ny

14, TRUE or
If reststers-die connected in parallel, then the current will be the same through each resistor.

15. A 2-Qand a 4-Q resistor are connected in a parallel circuit. The electric potential difference (i.e.,
voltage drop) across the 4-Q resistor will be ___ the electric potential difference across the 2-Q
resistor.

a. two-times more than  b. two times less than @he same size as

16. A 2-Qand a 4-Q resistor are connected in a parallel circuit. The current through the 4-Q resistor will
be ___ the current through the 2-Q resistor.
a, two-times more than two times less than c. the same size as

% o Site
TT oy AL
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Electric Circuits

17. For each of the following branched systems, determine the equivalent resistance.

18.

a. A = &3 b.
\Qp N is equivalent to
is equivalent to 9\
20 20 411 411 —&.0
o L,oL _ L
Y T4 T2
< d.
is equivalent to is equivalent to
6 Gl JL « 80 8n _L"_ @
-L 4/ R = ,_!- -L | _l - L
b " G > T % “
e. f.

is equivalent to

is equivalent to

~ &

141
.

6 {60 < 1258 128 “l:i“ @
' LN =2 i) -
| g,{"t*'j(,, 2 1 ri®
B h.
is equivalent to is equivalent to
_ | 2.7 .
an g F B0 j 2 14 ot L @
4 v L= -3 J. v gl L
g g & § § 'y 7S
L 3
is equivalent to is equivalent to
oy
80 §4n = a 85 20 Lbe
Lyl o 3 L.L_ s
= T - ¥ 7 = =
LA "2 8
k. 1
is equivalent to is equivalent to
M7 M
an s 01 a 160 (I M8
L L

1(0HH

Four resistors are connected in a parallel circuit. Three of the resistance values are known -3 Q,4 Q
and 6 . The overall or equivalent resistance of the four resistors must be Q. (Choose the one

answer that is most informative,)
a. greater than 3 b. greater than 6
d. less than 13 e. less than 3

© The Physics Classroom, 2009

c. greater than 13

f. .. itis impossible to tell. IQI" T2

p

L
7“6

L
I,J—-f-g},
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Electric Circuits

Name:

Combination Circuits

Read from Lesson 4 of the Current Electricity chapter at The Physics Classroom:

http:/fwww.physicsclassroom.com/Class/circuits/udlad. html

MOP Connection:

Electric Circuits: sublevel 12

1. Review: Determine the equivalent resistance for the following sets of resistors.

40

.I.'I.

S

A a

¥

z

b

Lo Y.
Svz=

2Ta
\r

g

L
2

= da
= J\i‘
Lk
60

2. The circuits below are known as combination or compound circuits; they are composed of resistors
that are arranged both in parallel with each other as well as other resistors arranged in series with
each other. In each circuit, the resistors that are arranged in parallel have the same resistance value.
For each combination civcuit shown below, determine the equivalent resistance for the combination
of three resistors, the total current (i.e., at the battery), and the current at each of the three indicated

; | - L )

) ‘_w‘f @\f\’ﬂ\ 4 £ 5 & b\y@ﬁ{\/ 1 | &
= 7% 14,2 ‘
co V@ 4N

@ﬂwcf — anf=2 10 , an R=>a
:{'{p‘n) I\f @; _j\j_-.@_r
- . 12 & - —
12Y¥Y = , 12 ¥ = o £
T X T A\;:@»%“‘D,\}
2 2N _ D ag “8 _J 4
@ N—®
Tiot = R:A = 2?A Tiot = % - Q\A
20 X & A 20 2 a
jz"e/zﬁ;,@g A @& _{3’,},——;’{",1’ L=
7 uy R=\.a 2 R=ln.
ol 2e o vl 11
v {/1-
—_ & sl —
12 ¥ = 12 7 2
20 H & b 40 J_Cl‘ A
(&)
\hy

© The Physics Classroom, 2009
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Electric Circuits

Circuit Analysis
Read from Lesson 4 of the Current Electricity chapter at The Physics Classroom:

http://www.physicsclassroom.com/Class/circuits/u914b.html
http://www.physicsclassroom.com/Class/circuits/u914c.html
http://www.physicsclassroom.com/Class/circuits/uglad.html

MOP Connection: Electric Circuits: sublevel 11
1. Fillin the blanks in the following diagram. Show appropriate units. @O
1 Lo RTot= 5 ITot= & = la‘A
s w—
Rz (0 V = _dws = HTA
: Lo
b2 OV L= s = 4084
l : . : N (0
TOT ; G
S AV3= (O N = 1A% 3MA
VTot =600V

Y oA A
R1=125Q Ro=147Q R3=191Q F’:;”T’;%*\‘m “"Lcm — 'ﬁpﬁbSJL

2. Fill in the blanks in the following diagram. Show appropriate units. W)

AVy= ’!_2)(;2&): .25 \1[1 = L3 A

avos 13 ()= 1AWV, - (3 A

avs= L30aD=ausdy- 1.3 A

VTot =600V
Rj=125Q Rop=147Q R3=191Q

Rs = sy \w ol Hled n

3.  Fillin the blanks in the following diagram. Show appropriate units. L0
Ry RTot=__‘H L I T v s 7.5\ A
ARY :
Ha |2 \J vV §/
= avpe 1205125 GR.SRY . 4,29 A
Y101 —
Iz Rs wa(EsD =51 257 A
5 {\\.-‘
VTot=1200V | { i
_— o b = A
Ri=160Q [Ro=160Q [R3=60Q Rp e lp RP %

Re= 24k = W1
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