ELECTRIC CIRCUITS
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" Physics 12 — Electric Circuits Pre-Reading Assignment i Name:

If we want electrons to flow in a certain direction to a certain place, we must provide the proper
path for them to move, just as a plumber must install piping to get water to flow where he or she
wants it to flow. To facilitate this, wires are made of highly conductive metals such as copper or
aluminum in a wide variety of sizes.

Remember that electrons can flow only when they have the opportunity to move in the space
between the atoms of a material. This means that there can be electric current only where there
exists a continuous path of conductive material providing a conduit for electrons to travel
through. In the marble analogy, marbles can flow into the left-hand side of the tube (and,
consequently, through the tube) if and only if the tube is open on the right-hand side for marbles
to flow out. If the tube is blocked on the right-hand side, the marbles will just "pile up" inside the
tube, and marble "flow" will not occur. The same holds true for electric current: the continuous
flow of electrons requires there be an unbroken path to permit that flow.

A thin, solid line is the conventional symbol for a continuous piece of wire. Since the wire is
made of a conductive material, such as copper, its constituent atoms have many free electrons
which can easily move through the wire. However, there will never be a continuous or uniform
flow of electrons within this wire unless they have a place to come from and a place to go. Let's
add a hypothetical electron "Source" and "Destination:"
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Now, with the Electron Source pushing new electrons into the wire on the left-hand side,
electron flow through the wire can occur (as indicated by the arrows pointing from left to right).
However, the flow will be interrupted if the conductive path formed by the wire is broken:

Electron no flow! no flaw! Electron
Source (break) ' ’ Destination

Since air is an insulating material, and an air gap separates the two pieces of wire, the once-
continuous path has now been broken, and electrons cannot flow from Source to Destination.
This is like cutting a water pipe in two and capping off the broken ends of the pipe: water can't
flow if there's no exit out of the pipe. In electrical terms, we had a condition of electrical
continuity when the wire was in one piece, and now that continuity is broken with the wire cut
and separated.

If we were to take another piece of wire leading to the Destination and simply make physical
contact with the wire leading to the Source, we would once again have a continuous path for
electrons to flow. The two dots in the diagram indicate physical (metal-to-metal) contact between
the wire pieces:
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Now, we have continuity from the Source, to the newly-made connection, down, to the right, and
up to the Destination. This is analogous to putting a "tee" fitting in one of the capped-off pipes
and directing water through a new segment of pipe to its destination. Please take note that the
broken segment of wire on the right hand side has no electrons flowing through it, because it is
no longer part of a complete path from Source to Destination.

It is interesting to note that no "wear" occurs within wires due to this electric current, unlike
water-carrying pipes which are eventually corroded and worn by prolonged flows. Electrons do

encounter some degree of friction as they move, however, and this friction can generate heat in a
conductor.

Questions:

1. What are the requirements for an “electric current™?

2. What happens to the electrons when there is a break in the wire? Why does this happen?

”

3. How can we still have electron flow if part of the wire is broken? Draw a diagram and explain.



Physics 12 — Electric Current — Ohm’s Law

R

The discovery of the battery began the investigation of electric currents
(the flow of charge through conductors).

o
Seresrireissivserci gl d
% >
‘ A\

Electric Current -

How do electrons “flow”?

The electrons of different types of atoms have different degrees of freedom to move around. With
some types of materials, such as metals, the outermost electrons in the atoms are so loosely bound
that they chaotically move in the space between the atoms of that material by nothing more than the
influence of room-temperature heat energy. Because these virtually unbound electrons are free to
leave their respective atoms and float around in the space between adjacent atoms, they are often
called firee electrons. :

In other types of materials such as glass, the atoms' electrons have very little freedom to move
around. While external forces such as physical rubbing can force some of these electrons to leave
their respective atoms and transfer to the atoms of another material, they do not move between
atoms within that material very easily.

This relative mobility of electrons within a material is known as electric conductivity. Conductivity
is determined by the types of atoms in a material (the number of protons in each atom's nucleus,
determining its chemical identity) and how the atoms are linked together with one another.
Materials with high electron mobility (many free electrons) are called conductors, while materials
with low electron mobility (few or no free electrons) are called insulators.

While the normal motion of "free" electrons in a conductor is random, with no particular direction
or speed, electrons can be influenced to move in a coordinated fashion through a conductive
material. This uniform motion of electrons is what we call electricity, or electric current. This is in
contrast to static electricity, which is an unmoving accumulation of electric charge.

As each electron moves uniformly through a conductor, it pushes on the one ahead of it, such that
all the electrons move together as a group. The starting and stopping of electron flow through the
length of a conductive path is virtually instantaneous from one end of a conductor to the other, even
though the motion of each electron may be very slow. An approximate analogy is that of a tube
filled end-to-end with marbles:

Tube
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The tube is full of marbles, just as a conductor is full of free electrons ready to be moved by an
outside influence. If a single marble is suddenly inserted into this full tube on the left-hand side,
another marble will immediately try to exit the tube on the right. Even though each marble only
traveled a short distance, the transfer of motion through the tube is virtually instantaneous from the
left end to the right end, no matter how long the tube is. With electricity, the overall effect from one
end of a conductor to the other happens at the speed of light!!! Each individual electron, though,
travels through the conductor at a much slower pace. (iformation from http://openbookproieet,netelectricCircuits/DC/DC._Lhtml)

Charges will not move through a conductor unless there is a potential difference (voltage). This
voltage is provided by sources such as batteries and generators.

In an electric circuit, there must be a:
e Voltage source

e A complete pathway for the charge to flow through

If we have both of the requirements for a circuit, what will the rate of flow actually depend on?
A. POTENTIAL DIFFERENCE (VOLTAGE)

As we saw in previous lessons, a potential difference will cause the charge to move as potential

energy is converted into kinetic energy (AV = &j .
q

It follows then that the greater the potential difference, the greater the change in energy. The greater
the change in energy, the greater the kinetic energy of the charge flow will be. This means that it
will flow “faster” or it will move the same distance in less time this is what we measure for electric
current. ‘

Therefore: Electric Current is directly related to Voltage (potential difference).

B. RESISTANCE

There is always resistance to the flow of charged particles through a conductor. This is why
conductors get warm or hot while a current is flowing through them. This is due to friction from the
electrons passing over the material and transforming kinetic energy into thermal energy.

Because resistance causes friction, the current is slowed down.

Therefore: Electric Current is inversely related to Resistance.



The relationship between current, voltage and resistance was discovered by Ohm in 1826 and
became known as Ohm’s Law.

The formula for this relationship is usually written as
The unit for resistance is the ohm. - £

Electron Flow vs. Conventional Current

Two ways of thinking about electric current have developed:

1. Electron Flow —

Electron flow is always from negative (-) to positive (+).

2. Conventional Current —

Positive charges flow from positive (+) to negative (-).

This is now known to be incorrect, but it likely comes from the defining of electric potential and
electric fields in terms of a moving positive charge.

Because of this history, electric current continues to refer to conventional current in college and
university textbooks. Therefore, unless it is indicated otherwise, electric current will refer to
conventional current.

Electric Power

Power is the rate of doing work or using energy.

When we combine this with Ohm’s Law, we can derive other relationships for power using
electrical terms.



Example One: What is the electric current through a conductor if a charge-of 2.00 C flows through
a point in the conductor in 10.0 s?

Example Two: Calculate the resistance in a conductor if the potential difference is 6.0 V and the
current is 10.0 A.

Example Three: An electrical appliance uses 1.00 x 10° W when connected to a 1.20 x 10>V
power line. What is the resistance in the appliance?

Example Four: A potential difference of 24 V is applied to a 75 Q resistor for 20 s.
a) How much current flows through the resistor?
b) How much charge passes through the resistor?

¢) How many electrons pass through the resistor?

Example Five: A 3.0 V battery is used to operate a 1.2 W flashlight bulb for 5.0 minutes.
a) What is the current supplied by the battery?
b) What is the resistance of the bulb?

¢) How much energy does the flashbulb use during
this time?

d) What total charge passes through the bulb in this time?

e) What is the total number of electrons that pass through
the bulb during this time?



Electric Current (Ohm’s Law) and Electric Power Problems:

1. A current of 3.60 A flows for 15.3 s through a conductor. Calculate the number of electrons that
pass through a point in a conductor during this time. (3.44 x 10% electrons)

2. How long would it take 2.0 x 10 electrons to pass through a point in a conductor if the current
was 10.0 A? (3.2 s)

3. Calculate the current through a conductor if a charge of 5.60 C passes through a point in the
conductor in 15.4 s. (0.364 A)

4, What potential difference is required across a conductor to produce a current of 8.00 A is there is
a resistance in the conductor of 12.0 Q7 (96 V)

5. What is the heat produced in a conductor in 25.0 s if there is a current of 11.0 A and a resistance
in the conductor of 7.20 2 (2.18 x 10* J)

#

6. A particular conductor produces 1.50 x 10% J of heat in 5.50 s. If the current through the
conductor is 10.0 A, what is the resistance in the conductor? (0.273 Q)

7. What is the current through a 4.00 x 10* W electric appliance when it is connected to a 1.20 x 10>
V power line? (3.33 A)




8. What potential difference is required across an electrical appliance to produce a current of 20.0 A
when there is a resistance in the appliance of 6.00 QQ? How many electrons pass through the
electrical appliance every minute? (120 V, 7.5 x 10%! electrons)

9. An electric clock is operated with a voltage of 1.5 V and a current of 3.3 A. A radio with a
resistance of 2.0 Q is operated with a voltage of 3.0 V. A light bulb with a resistance of 1.5 Q is
operated with a current of 2.0 A. Which of the household electrical appliances has the greatest rate
of energy consumption? (light bulb)

10. An electric furnace of resistance 6.0 Q is connected to a 240 V power supply. Find the
resistance of another furnace if it produces the same power output when it is connected to a 120 V
power supply. (1.5 Q)

11. A clock uses a 6.0 W motor and 1.5 V battery and runs all day, every day. If the 1.5 V battery
has 8.5 x 10* C of stored charge, how long does it take for the battery to lose its charge?



12. A handheld electric fan operates on a 6.0 V battery. The potential difference causes an electric
charge of 0.13 C to pass through the resistor of the fan in 0.26 s.

a) Find the power dissipated by the resistor. (3.0 W)
b) If the fan is connected to a 9.0 V battery, find the current and power for this fan. (0.75A, 6.75 W)

13. An electric crane operated with a voltage of 120 V and a current of 4.2 A lifts a 300 kg piano
2.8 m vertically in 32 s. Find the efficiency of the crane. (51 %)

14. Electricity is transmitted at high potential from power plants to homes. Explain the reason for
the transmission of electricity at high potential.



Physics 12 — Electric Circuits — (Kirchoff’'s Laws)

An electric circuit is a pathway that allows charges to flow.
Within an electric circuit, there must be:

A.

B.

When we place an electric device like a toaster or light bulb in the circuit, this device

becomes part of the circuit.

As the charge flows through the device, the electrical energy is converted into other forms

of energy like mechanical and heat energy.

The reason heat energy is produced is due to the friction produced by resistance to the
charge flow. In order to avoid overheating and fire, circuits in our homes and cars have
circuit breakers or fuses. They are heat sensitive and their purpose is to create a break in

the circuit, shutting it down when the current is too great.

Also included in most circuits are switches which are a means of breaking the path for the

charge to stop the flow and “turn off” the circuit.

. voltage source,
]
H

| L aAA—e—eer”
electric device ~ switch-
(resistance)

Electric current can be either direct (DC) or alterhating (AC).

Batteries produce direct current. This means that the charge always flows in the same
direction through the circuit. With conventional current this means the charge always

flows from the positive terminal to the negative terminal.

Electrical generators can produce either direct or alternating current. With alternating

current, the charge in the circuit flows in one direction and then the other. The circuits in

our homes use alternating current.




Symbols for drawing circuits —

Direct Current: || or ]I ] | ] Negative terminal > l & Positive terminal

Alternating Current: @ Resistor: VM

Resistors in Series and Parallel Circuits

diammn
e

A. Series Circuit:

a  Resistors are connected end-to-end.

! >
1{A A
Current: The SAME current flows through each resistor when C> C 1

connected in series. N
(AN
I,

Equivalent Resistance: The equivalent resistance (can also be thought of as total) in series

is equal to the sum of the individual resistances.

¢ 1
g




B. Parallel Circuits:

s The charge has more than one path. The charge can travel through Ri1 or Re. If R«

burns out (creates a break), the charge can still travel through Ra.

switch  voltage source
e

(@

Current: The amount of charge at any point can be different.

Kirchoff’s Current Law states — the sum of the currents entering a junction equals the sum

of the currents leaving a junction.

Iy CA




Voltage: The same voltage is applied across each device/resistor.

Resistance: The total resistance in a parallel circuit is the sum of the reciprocals of the

individual resistances.




SUMMARY:

SERIES CIRCUIT PARALLEL CIRCUIT
CURRENT It=hi=h=I:=... Ir=L+L+DI+...
VOLTAGE Vr=Vi+V2+Vi+... Vr=Vi=V2=Vs=...
RESISTANCE Rr=Ri+R2+Rs+... 1 1 1 1
et
RT Rl RZ R3

Example One: What are the values of I1, I and Iz in this circuit?

Example Two: What is the value of Rz in this circuit?

120V
f

7= 50A0)




Combination Circuits — Series and Parallel in the Same Circuit:

If one section of a circuit is in series and another is in parallel, the circuit can be analyzed
in parts, according to the respective series and parallel total resistances of the various

sections.

Example Three: What is the potential difference supplied by the power source in this

circuit? v lT ?
{

Example Four: What are the values of Vi, V2, and Rz in this circuit? :

400V
|

v =7
/= 10.0A




Electric Circuit Problems:

1. A circuit consists of a 12 V battery connected across a single resistor. If the current in
the circuit is 3.0 A, calculate the size of the resistor. (4.0 €))

potential difference across each resistor; and (b) the current flowing in the circuit. (6.0

i
} 2. Two 5.0 Q resistors are connected in series with a 12 V battery. Determine: (a) the
|
1 V,12 A)

3. Two resistors of size 10 Q and 5.0 Q are connected in parallel as shown below.

AL

L
¥

¥
¥

10 0
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a. If 3.6 A of current flows into the parallel branch, determine the current
flowing in each of the resistors. (2.4 A in the top resistor & 1.2 A in the
bottom resistor)

b. What is the potential difference across each of the resistors? (12V)

c. How much current will flow out of the parallel branch? Why? (3.6 A)




4. Consider the following circuit and then answer the questions below.

e 20

14

5

a. State the potential difference between X and Z.

b. State the potential difference between X and Y.

c. How much potential is left at Y?

() 12V, (b) 8V, (c) 4V)

5. The circuit below shows a resistor, R, connected in series to a 12 V battery across an

open switch, S.

c

A

B

R

a. If R=6.0Q, how much current flows in the circuit with the switch open?

b. When the switch is closed and R = 60), determine: ~

i. the current in the circuit;

ii. the potential difference between A and B; and

iii. the potential difference between B and C.

(a) 0A (b) (i) 24, (ii) OV, (iii) 12V



6. What are the values for I and Is in this circuit? (1.7 A)

1= 1.7 A ?
—(@r
11
7. What is the value of Is in this circuit? (3.6 A) '
@ L =7
I,=15A
@
1= 2.1 AQ-I\) |
A
8. What are the values of V2 and Vs in this circuit? (34.0 V)
450V
Vy = 7
9. What is the total resistance in this circuit? (35.0 Q) | }
R, = 15.09§ R,= 20.0¢

10. What is the total resistance in this circuit? (3.4 Q)




11. What is the total resistance in this circuit? (4.0 Q)

12. Three resistors are connected in parallel with a 24 V battery as shown in the diagram.

24V == 2% 41§2l§ 6%%

a) Find the total resistance of the three resistors. (1.1 €2)

b) Find the total current supplied by the battery and the current through each resistor.
(Ir=22A,11=12A,1,=6.0A,15=4.0 A)

¢) Find the potential difference across each resistor.

d) Find the power dissipated by each resistor and the total power dissipated by the circuit.




13. The diagram shows a circuit composed of a battery and three resistors.

R ]

E=9.0Viws |
r=15Q}

AAA
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=
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Find the resistance of Ry. (6.0 )
Find the current through each resistor. (2.3 A, 1.1 A, 1.1 A)

14. Two identical bulbs are connected to a battery, one set in series, the other set in parallel.
a) Which connection produces more light?
b) If one bulbs in parallel burns out, what happens o the other bulb?

¢) Which way are the headlights of a car connected? Explain your answer.

15. In the circuit shown, four resistors are connected with a 12 V battery in a way that combines
series and parallel features. R,

~WWV/
152
I
PPN R;% Rz
12V == woeE %
R4
a) Find the total resistance of the four resistors. 2.0 G

b) Find the total current supplied by the battery and the current through each resistor.
(I=0.60A,1; =14=0.60 A, 1, =045 A, I3=0.15 A)

¢) Find the potential difference across each resistor. (Vi =9.0V, V, = 1.8V, V3 = 1.8V,
V~=1.2V)



I~
i

16. é 1 |
I?
N | R, = 15.0Q

R, = 1000
a) What are the values of I and I» in the circuit above? (1.2 A)

b) What is the power dissipated in Ri? (14.4 W)

17.

12.0V
I

a) What are the values of I1 and I in the circuit above? (1 =3.5 A, =15 A)

b) What is the power dissipated in the circuit? (42 W)

18 I'
1= ?'é , ®13 =7
R, = 6.0Q§ |
2300

a) What are the values of I1, I» and Is in the circuit above? (=273 A, Io=091 A, Iz =
2.73 A)

b) What is the power dissipated in the circuit? (55 W)
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Physics 12 - The Voltmeter and the Ammeter

So far in our study of circuits we have been calculating the voltage and the current at various
locations in a given circuit. But how do you ‘check’ the answers in the real world? As with
anything, there are instruments made to measure these quantities. Voltage is measured with
a Voltmeter, and Current is measured with an Ammeter... '

Today we are going to study the characteristics of
these instruments and how they are wired into the

circuit.

The Ammeter R—— —

The ammeter is the instrument we will use to
measure the current. Current is the number of
electrons that flow through a given point in the

circuit.

If we want to count the number of electrons that flow through a resistor (and hence the
current that flows through the resistor), we need to connect a machine in SERIES that
measures the current entering OR leaving a resistor.

As we can see in the diagram, either set-up would display the current flowing through the
resistor. The left diagram would measure the current entering the resistor, while the one on
the right will measure the current leaving the resistor. ‘

If an ammeter was wired in parallel, it would not be measuring the current flowing
through the resistor. ‘

Ammeters, which are connected in series in a circuit when used, work by using a very small
amount of resistance with a known value, and then measuring the voltage drop across that
to determine current flow. In order for an ammeter to be used without significantly affecting
circuit operation, it must present as little resistance as possible to the circuit in which it is
being used.

Ammeters are connected in series with the circuit where they are being used in the
measurement of current. Thus, ideally there should be zero voltage drop across the
ammeter. The only way this is possible is if they have a zero internal resistance. They can't
have an internal resistance of zero, but we need to keep it as low as possible.



It is known that a voltage drop across a given resistance is directly proportional to its
resistance. By measuring the voltage drop across a known resistance, we can find current
flow, and this is what an ammeter does.

The Voltmeter
In the diagram to the right, we could ask, how /\
‘high’” is the can of Coke? You would then need |
to ask “how high compared to what?” Height is A
i

a relative thing. The Coke is 1.5 m above the
floor, 4.7 m above the ground, 37.8 m above sea
level, 6400 km above the center of the earth.

47m

37.8m

You can see that the answer depends on what we
call “zero” height, and when we say how high, we
really mean the difference in height between two 1

points.

Since most physics labs stay inside the classroom, calling the floor ‘zero” would be a good
choice as in any demonstration done with the Coke can it will not break through the floor
and go into ‘negative’ height. But mathematically speaking, we could even choose the
ceiling as ‘zero’ and all of our calculations would just be using negative numbers.

Since voltage is analogous to pressure, and voltage must be ‘relative’ to some arbitrary zero
point that we pick, and since the lowest voltage in the circuit will always be at the
negative terminal of the battery, we normally call this the point of ‘zero” voltage.

(Note: We could Iabel the positive terminal ‘zero’ voltage and mathematically everything would be the same, except all our numbers would be negative! )

A voltmeter works in exactly the same way. A voltmeter does not measure absolute
voltage, but it does measure the voltage difference between two points in the circuit
(hence the name potential difference!)

So logically, it we want to check how much the potential changes in between points A and B,
we must connect one wire from the voltmeter to point A, and the other wire from the
voltmeter to point B. The reading on the voltmeter will then be the difference between point
A and B! '

A
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Phﬂél'cs (& Circult Lab .
- Purpaser o study voltage , amps ard
 resistance. (n SEries and parallel crrcui™s

Procedure | |
1 o to dhe following nternet
Oddr‘&SS: wwwude. article 19 COT”YJL\ Thcr\ click one .
f » skockuxwe,ga\\erj"—\—hcn"cducatfono'i activities then” Ohrn zone”
| la.. Make a simple circuit: with the
| boJrJre.r\(j ard blue resistor. Measure
the, T volJnge, acroes the resistor,
Measure. +ne. Curvrent C_usir\i:j the am mef‘ﬁr)
oing in (o out) of the resistor.
- Calculat e the resistance.
b. Repeat with +the purpic B'el‘u:zu_) and
' _@rorge res:stocs ., o

3
 resistor E?&"—Q,;%}?(L('&‘ ) | current (R | Resistance (5)
. blue. | |
- purple
3@,\\0\,«)
OFOVBQ

C.Click on the "glasses” icon that 1S called
“isualize” to see the current Flow).

2. Click on the “"hard” icon. Choose each of
Cthe 14 Yexhibits”. Click "o Y after each
- selection and watcdh /read the information
presented . Write the title of each of
NMemhroit” and o one o~ two sentence
Summarﬂ of +the_ I<e,5 po{r\—\' () .




3. Build each of <he' following CircuiTg
Record the potentral difference acroes
eoch \\‘?M; oncl the ba“f‘fcrﬂ-(—z\/«r D

Record £he current os \r\o\\‘g‘aJreﬁd‘;*f .
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Electric current is a measure of how many charged particles

(usually electrons)
pass a point in a conductor in one second. In a

household appliance the current might be

C electrons
s

1A =1 = 6.24 x 10'® —(— | -

An ampere is quite a large current. Here are some typical currents in household

appliances.
kettle T 1285 A
100 W lamp 0.8 A
toaster 83 A
clock 0.033 A

I él battery is connected in a circuit, and a complete path is provided in which the
charged particles (electrons) can flow, then the’charged‘particles will lose energy as they
- pass through the circuit. Energy is a conserved quantity. It is neither created nor

destroyed. The energy LOST iIn the circult should equal the energy GAINED in the battery.
This can be checked out using a voltmeter.

RESISTANCE
How much current exists in a coh‘ducvting path depends on two factors:
(1) the voltage of the battery (orr-Qtfvm-éiv"::"soéfc‘:g)',‘ eipd »
(2) how mucﬁ resistance isb provided by,Athg conducting‘pathA.
The resistance of. the conducting path in turn débeﬁds'ori four other factors:
: A (a) how thick the conductor Is; |
cuﬂ‘ﬁ'ﬁ*'-» T rensed (b) how long the conductor is;

(c) the material used to make the conductor: and
I‘i‘ (d) the temperature of the conductor.
G

#

cureent
IV dac,rc&%;@:@?- .
J Concluding Questions

1. In circuits B(a) to B(c), all the i
were serjes circuits. How did the
lightbulbs "in series"?

=

2. In circuits B(d) to R(f),
I‘ A parallel circuits. What h

lightbulbs in parallel?
S

the lightbulbs were connected in parallel paths. These were
appened to the current when you added more and more

3. Which type of circuit, series or parallel,

A would make more sense for a set of decorative
lights of the typ?’used for Christmas trees? Explain your answer.
YA

L S—




T 4 What happens to the amount of curtent, /, when the number of identical resistors in
- series is doubled, tripled then quadrupled?

5. What happens to the voltage across an individual resistor when you connect more '
v identical resistors in series with the same battery? '

i

. \/ 6. If you ;dd up all the voltages (Vy+ Vo+ Vg + ...) across all the resistors in a series

[

-tz Vo) eaTre circuit, how does the total voftage compare with the battery voltage?

IS

F What result did you get when you measured the current in different parts of the series
1 circuit? : - '
& 9. When you add more resistors in a series circuit, what effect does this have on the
{ {3 total resistance of the series circuit?.Upon what evidence do you base your answer?

serce

I q,' What happens to the amount of current, /, from the battery when the number of
? identiqal resistors in parallel is doubled, tripled, then quadrupled?

|O._How does the voltage, 'V, across each branch of a pé}rallel circuit. compare with

\J, . (a) the voltage across other branches?
\f o - (b) the battery voltage?

P

[\, How. does the cumrent In the branches compare with the current from the battery when

s
yPrrch . (a) there is only one resistor? :
L2 (b) there are two resistors in parallel?
(3 ﬁmhgs (c) there.are three resistors in parallel? -
\ Brarch **(d) there are four resistors in parallel?
) 22 s \d) the

\&, If you had a circuit with four reslstérs: in .parallel. and one of the resistors “burned

out® or broke, would the current from the battery incréasa, decrease or'stay the -5

sama? Explain your answer-—2_

13. When you add more Identical resistors in a parallel circuit, what effect'does this havg
on the total resistance of the parallel circuit? Upon what evidence ‘do you base your

'\‘Eti;} ’ answer?

\\/ N—‘ a What happens to the voltage when you add more cells in series in a baﬁery?
G ‘ ‘ |

M(b) What happens to the Vol,t,age when you add more cells ir parailel in a battery?
~(i8) What advantage is there to connecting cells in parallel? :

|5, In a series circuit, how does the battery. voltage compare with the sum of the voltages
\/ -across parts of the external circuit? ‘

) \/ Ib, In a parallel circuit, how does the battery voltage compare with the voltage of the
o external parts of the circuit? A

\/ 17 in a parallel circuit, what special feature did you notice about the voltages of the
branches of the circuit? ‘ '




Physics 12 - EMF, Terminal Voltage and Internal Resistance
A battery and a generator are sources of potential difference (voltage). When these devices

are not connected to a working circuit (when the electrons are flowing), the potential

difference across the terminals is called the electromotive force, or EMF (g).

Battery

Incernal £
"rszfsmta gtg +
’ l

L Terminal voltage

If a car battery has an EMF of 12 V, this is the voltage that can be produced based on the

chemicals inside. Therefore, this is the maximum voltage capability.

Once the battery is connected to an electric circuit, the potential difference is less than the
EMF due to the internal resistance of the battery. This always occurs because every battery

has some internal resistance.

Because of internal resistance, the terminal voltage is always less than the EMF of the

battery.

When the battery is not connected and/or no current flows, then V =&, This applies to an

electric generator as well as a battery.




“Dead” Batteries and Rechargeable Batteries

R |
Voltage (V) across the battery terminals is given

battery by: V=e-Ir
When a battery goes “dead”, the internal

i

!a

resistance becomes greater until Ir equals €, and

then current will no longer flow.

When a rechargeable battery is being charged,
an external voltage is applied to the battery. The
voltage of this external battery must be greater
than the EMF of the battery.

e R A @2 o

ma g P wm wa wm

V (external voltage) = e + Ir

Example One: If a 12.0 V battery has an internal resistance of 0.200 Q, what is the terminal
voltage of the battery when a current of 3.00 A flows through the battery?

Example Two: In a particular battery, the EMF i59.0 V and when a current of 2.0 A flows
through the battery, the terminal voltage is 7.0 V. What is the internal resistance of the
battery?

Example Three: A 12.0 V car battery is being charged using a battery charger that is
supplying 15.0 V. If the internal resistance of the battery is 1.3 Q, what is the current
through the battery?

k3

Example Four: The diagram shows a circuit composed of a battery with an internal
resistance of 0.10 Q) and a 9.00 W stereo speaker. The battery delivers 1.50 A to the speaker.
Find the terminal voltage and EMF of the battery. '

£
ly
L
r=010£
YI=1506 A
YWWWA—

P=9.00W
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EMF, Terminal Voltage and Internal Resistance Problems:

1. When a 12 V battery with a 1.0 Q internal resistance is connected to a motor, it delivers a
current of 2.4 A. The battery is now replaced with a new battery with the same EMF but a
different internal resistance and the resistor of the motor dissipates 16 W. What is the
internal resistance of the new battery? (2.0 (3)

2. A 20 V source battery is charging an 8.0 V battery as shown in the diagram. Find the
terminal voltage of each battery. (19 V, 9.2 V)

ATTASEEN BRI AL R IRT BA OB BOKTRATE 65 H4

ismzav |

] f1= &8‘6:2
T=124 ZR=-820

E:=80V
i% v
el

3. A circuit consists of three resistors connected in series to a battery. The current in the

A AA .

circuit is 3.0 A.

T 500
I=30A
== Rz%
! H; =200 10 2
15 Q
MA
Ra

a) Find the terminal voltage and the EMF of the battery. (90 V, 96 V)

b) Find the potential difference across each resistor. Compare the sum of each

potential difference and the terminal velocity.



4. A flashlight battery of EMF 1.5 V has an internal resistance of 0.50 Q. If there is a current
of 1.0 A through the battery, what is the terminal voltage of the battery? (1.0 V)

5. What is the EMF of a battery that has a terminal velocity of 5.0 V when a current of 1.2 A
flows through the battery? The battery has an internal resistance of 0.72 Q. (5.9 V)

6. A battery that has an EMF of 24 V and an internal resistance of 0.25 ) is being charged
at a rate of 24 A. What is the voltage required to do this? (30 V)

7. A battery of 12 V EMF has an internal resistance of 1.0 (, and is connected to an external
circuit that has a resistance of 4.0 Q. What is the current through the circuit? (2.4 A)

8. What is the internal resistance of an electric generator that has an EMF of 120 V and a
terminal voltage of 115 V when there is a current of 12 A through the generator? (0.42 Q)

9. When a 2.0 Q resistor is connected across a battery with an internal resistance of 0.50 (2,
the terminal voltage is observed to be 4.8 V. If the 2.0 Q resistor is replaced with a 4.5 Q
resistor, what is the terminal voltage of the battery? (5.4 V)



Physics 12 — Electric Circuits Assignment Name:

SHOW ALL WORK and clearly indicate vour answers.

1. The diagram shows a circuit of five resistors, a battery and a switch. The potential difference
across resistor R, is 3.0 V. & 2=30YV

R: 15 O

1

3 R4
L A—

% 208

B
I
ol

10 Q

~

A

L

o

s
|

! r=050

uuuuu LT T g e e I ey

avware Ty il

Tasza

a) Find the EMF and terminal voltage of the battery.

b) Find the total power dissipated by the five resistors.

¢) Find the power dissipated by resistor Ry.

d) What happens to the EMF of the battery if the switch is opened?



2. The circuit below consists of a power supply and three resistors.
|4
V=60V

R1§P1=30’W RZ%Pzzﬂ%B\V R:,%

a) Find the current from the power supply.
b) Find the current through Ry.

¢) Find the resistance of Rj.

4]

i




What is the TOTAL VOLTAGE of the battery in the circuit shown above?

What is the TOTAL RESISTANCE of the circuit shown above?

What is the TOTAL CURRENT of the circuit shown above?

If the voltage at point P1=0V;
a) What is the voltage at P2?
b) What is the voltage at P3?
¢) What is the voltage at P6?

How many amps of current are flowing through R,?

What is the resistance of R;?

What is the volfage drop as the current goes through R,?



N . P187 .
\ ,/ oo

P4_\ PS5\ P& P10 ) l /

L
\ P12 —= Pl4 — Pl6—=

- 3o -
Vi=2ye—d v=2v—L _ v=2v—Ll_ 2r=29 §R2=4Q?3=8Q ‘ngan

P13 ~—==) PIS——= P17 —

P2

1 P11 Peo/ \
po3—""" P21
pap

What is the TOTAL VOLTAGE of the battery in the circuit shown above?

What is the TOTAL RESISTANCE of the circuit shown above?
What is the TOTAL CURRENT of the circuit shown above?

If the voltage at point P1=0V:

a) What is the voltage at P27

b) What is the voltage at P37

c) What is the voltage at P77
What is the voltage at P10?
‘What is the voltage at P11?
What is the current flowing through R,?
What is the current flowing through R,?
What is thé current flowing through Rj
What is the current flowing through R,4?

What is the current flowing through P22?



V5= 6.0V
5.

(a) What is the equivalent resistance of the circuit?

(b) What is the voltage across the 6.0 Q resistor?

6. Draw a simple series circuit with a 1.5 V cell connected to a 12 Q resistor, a 15 Q resistor and a 33 Q
resistor. Calculate (a) the equivalent resistance and (b) the current in the circuit.



7. Draw a simple parallel circuit with a 3.0 V battery connected to a 3.0 Q resistor, a 5.0 Q resistor and a 7.5
Q resistor.

Calculate:
(a) the equivalent resistance,
(b) the total current,

(c) the current in the 5.0 Q resistor.

8. What is the current in the battery?

— 1.00.7100 00100 0a

1.5V _[

1.00

24.0 0
200 A 2400
9. (a) What is the equivalent resistance of the circuit? m
(b) What is the current in the battery?
(c) What is the current at point A? ’ o }T{:I\:L '
- : B

(d) What is the potential difference across the 2.0 Q, resistor?

e

(e) The wire at A is cut. When this happens, predict whether the current in the battery will (i) stay the
same, (ii) increase, or (iii) decrease. Check your prediction by calculating the new current in the
battery.
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NAL PROBLEMS — ELECTRIC CIRCUITS

1. An electric appliance that is rated at 7.50 X 10? W is connected to 2 1.10X 102 V power
through the appliance?

line. What s the current

" (6.82A)

ows through an appliance if the resistance of the appliance is 20.0

2. What current fl
x 102 V power line.

and it is connected to a 1.10

; (5.50 A)
3. What is the energy used by an electric appliance if a current of 2.40 A flows for
12.0 h through the appliance from 2 1.10 X 102 V power line?
” (114 x 107 J)

. What is the maximum number of 60.0 W light bulbs that can be putina household
circuit (V = 1.10 X 102 V) without tripping the circuit breaker if the maximum current
through the circuit is 20.0 A? ,

(36)
Castle Rock Research 416 Copyright Protected
\




Electric Circuits

5. Ifabeam of 9.39 x 102° alpha particles passes a given pointin 1.50 s, what is the
current?

(2.00x10%2 A)

6. A student investigating the relationship between the current and the resistance in an
electric circuit varied the resistance while keeping the potential difference constant.
The following data was obtained:

I R . 1.

(x1071A) | x1071Q) R? \/E E
9.38 1.00
4.68 2.00
3.13 3.00
2.35 4.00
1.88 5.00

a) Drawagraph showing the relationship between the current and resistance. -

b) Complete the necessary column in the data table so that you can draw a straight

line graph when you plot current vs. the column you completed. Draw this
graph. ’

Not for Reproduction 417 Physics 12 SNAP




Electric Circuits

¢) Usingyour graph, find the potential difference in the circuit.

(19.30 £0.11 X 1072V)

=, Three electrical devices (appliances) (R =5 Q, R,=75%, R3=125 Q) are connected
in parallel across a 1.2 X 102 V line in an elettric circuit. If all electrical devices are
operating

a) calculate the total electric current in the line.

(3 x 10 A)
b) calculate the current through R,.
(0.96 A)
¢) calculate the power dissipated in R,.
. (1.9%x102W)

Castle Rock Research 418 Copyright Protected




Electric Circuits

d) calculate the total power dissipated in the circuit.

(3x103W)

e) calculate the voltage drop across R,.

v

(1.2x10?V)

8. A45kgobject is lifted vertically at a constant speed to a height of 9.0 m by a 7.5 x 102
W electric motor. If this motor is 25% efficient in converting electric energy to
mechanical energy, how long does the motor take to lift the object?

' (215)

9. The power rating of an electric appliance is 1.5 x 103 W. How much current does this

appliance draw when it is used in a home electric circuit (V = 1.20xX102V)?

(134)

- - Physics 12 SNAP
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FElectric Circuits

10.

CR4=40Q Rs=200Q

o 1 a) What is the current through R,?

(2.4 A)

b)  What is the current through R,?

(0.80 A)

¢) Whatis the power dissipated in R,?

(51W)




1Ele(_:tr,i(_:" Circuits

d) Whatis the total power dissipated in the circuit? o .

(é9 w)

11. A12.0 V battery has a terminal voltage of 11.0 V. If the current through the battery is
3.00 A, what is the internal resistance of the battery?

A) .
(0339
12. What is the voltage needed to charge a battery that has an emf of 12.0 V and an internal
resistance of 0.82 Q at a rate of 10.0 A?
4)
: (20.2V)
W)

Not for Reproduction
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E]ectrié Circuits

13. A 2.50 Q resistor draws a current of 2.50 A _wheh itis connected to a12.0 V battery.
- @)~ "What would be the terminal voltage of the battery when connected tothe
) resistor? - .

@

6:25V)

b) What s the internal resistance of the battery?

“(2.3 Q) .

== L eseledanr e A8 OM 6 anAd A Fer ni0a
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Eleckricty .cma Circunts.

Pro\/in cvol Exam

Questbions -

i thch pair of values will cause the greatest deflection of an electron beam in a cathode

ray tube?

l ACCELERATING VOLTAGE

DEFLECTION (PLATE) VOLTAGE -

|
|
J

A. 400V 20V
B. | 400 V ’ 40V
C. 800 V 20V
D. 800 V £40V

2. Electricity is transmitted at high potential to

A. operate heavy equipment.
B. maximize current in the transmission lines.
C. minimize the energy lost as heat in the transmission lines.
D. produce alternating currents because they always require high voltages.
3. Find the current flowing through resistor R, in'the circuit shown below.-
V=21V
Iy
[ .
) ) ‘ Al=50A_
B . RN | &t '
' : R =14 Q '

MWy

W

R,

N

L,,L A cell has an internal resistance of 0.50 Q. It has a terrrunal voltage of - 1.4 14 When
connected toa 5.0  external resistance. What w111 its termmal voltagc~bc 1f the 5.0Q

. resistor is replaced by a 10.0Q resistor?

5. Inthe circuit below, resistor R, dissipates 0.40 W. Resistors R, and Ry are identical.

P=0.40 W

120V —

W\

4

15 00O

H

What is the resistance of R,?

{7 marks) ‘



{. a) Find the value of resistor R,. (5 marks)

L1=240A

!————/\/\/\/————d R, =10.0 Q

R, =6.0Q R,
I, =0.60 A

b) Find the potential difference of the power supply V. (2 marks)

The circuit shown below includes two ammeters and two voltmeters. Identify the correct

° placement of these meters. .
E . tael. e T o i ' e T o
@
6|
AMMETERS ; VOLTMETERS
A I, I o1, IV
B. | 1, I . I, IV :
. LY LW
D I, IV L | o

B 3 A 120 V supply is connected to a heater of resistance 15 2. What must the resistance of
another heater be in order to produce the same power output when connected to a 240V

o W



9, The cell shown in the diagram suppliesa 1.80 A current to the resistors R, and R,.

W W —

a) What is the terminal voltage of the cell? (3 marks)
b) What is the emf of the cell? : (4 marks)

0. Which of the following arrangements would draw the largest current when connected to the
same potential difference? All resistors have the same value. :

4‘ . - - o - , 3. . N . D e - .=

H. Whatis the power dissipated by the 5.0 Q resistor in the following circuit?

10Q

—
25V = “. § 30 Q § 30Q
Wy

ITT s - - B

500 ! !

, W, 1—

5 k] 1

3. What is the terminal voltage of the battery in the circuit shown o ._ i
” 050Q 600V

e

4.00Q



3. A current of 1.50 A flows through the 40.0 Q resistor.

R =6.0Q
W ’ o
o YI,=1.50A
I — R, =10.0Q == R;=40.0 0

=5

R4=4.0Q

What is the potential difference of the power supply? (7 marks)

_ \l{- Which of the followmg graphs illustrates Ohm’s Iaw?
. 1%
- M | K

[ h [

A B. In the followmg circuit, what 1s

' the terminal voltage of the battery?

‘b If switch S is opened, how does the brightness of each bulb (X, Y, and Z) compare to the
situation’ when the switch was closed?

S
-
Constant Constant'
voltage { voltage { »
power ' @ X power @ X
supply ‘ supply i
BULB X BULB Y. BULBZ
A ame same same
sam Kﬁj

B. same dimmer brighter -

C. same brighter dimmer

D. i dimmer dimmer dimmer




-1 F. Which household electrical appliance consumes the least energy in a typical month?

A. Stove
B. Dryer’
C. Clock

D. Refrigerator
|8. Whatis the power output of the 6.0 € resistor in the 'diagram?
| 30V

I

1

Ay
4.0Q 6.0 Q

9. A 12V power supply is connected to an 8.0 resistor for 50 s. How much charge passes
through the resistor? '

20. The cell shown delivers a *1.50 A current to the éxtemal circuit and has a terminal voltage of

2.70 V.
:'— 8 = 0 20 .Q :
: ' 1 ‘, l - y I) ol ¥
1 < '
D '
A
R=1800
a) What is the emf of the cell? . (4 marks)

b) The 1.80 Q ‘external resistance is replaced by other resistors and the current and terminal ]
voltage are measured in each case, Using prinéiples of physics, explain fhe rdabméup
betwean terminal voltage Vi, and current / as these resistors are changed?

21, Whatis the voltage of the power supply shown in the diagram?

~ P, =12 W < I,=3.0A -




27. What is the power dissipated in
the 8.0 € resistor in the circuit

as shown?

’J\/\/\/_’J R,=10.0Q (7 marks)

R4=SOQ ’jj

13. The circuit shown consists of an 8.00 V battery and two light bulbs. Each light bulb dissipates
5.0 W. Assume that the light bulbs have a constant resistance. Swilch S is open.

If a current of 1.50 A flows in the circuit, Lamp A yhat is the internal resistance r of the battery?
‘ : @ 0 ' (4 maarks)

€-8.00V

' . :
-

| \

! . @LampB
! ‘

t

i

3 =

Which one of the following shows the correct placement of an ammeter and a voltmeter to
determine the power output of resistor R;? '

o

N
A2

@r

A.




ve . ¥ e
s

-

"‘5 In circuit one, resistors and voltmeters are connected as shown. In circuit two, an additio-nal
resistor Ry is placed in parallel with resistor R,.

Circuit One

" Circuit Two

L]

R,

How have the'values of V| and V, in circuit two changed compared to those in circuit one?

i Vs
A. no change decreased
B. decreased increased
C. increased decreased
D.- increased no change

26 Which of the followmg combmatlons of three identical resistors has the least equwalent

resistance?

A.

i,

B.

Wy
W

9‘:?. An-electrical device w;th a constant resistance draws 0.75 A when connected to a 4.8 V source.
" What are the current and power for this device when it is connected to a 6.0 V source?
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4 1.5V ,, o
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. 4 .
Vl'—‘IR = 0.3 {,D) T o W S ek ard / ITR=O- a(5)= BV}mrK
sz = \\/3 = a;"\/ "'\/;*_ / S irear e
IZ: 3:3 Srmaric ana V IQR& | V= O- x/\‘ﬁR
\a=To Ry, FV= OA%R, 20 Fg_.vo.n.}l mark
G) .13 = 1—1] V3 = [3R3 V] = ‘IIRI
=2.40~0.60 | « 1 mark  =1.80(5.0)} «1mark = 0.60(6.0)} <« 1mark
=_1~.80A = 9.0V | | =36V
V2=9.0"3.6 V. 5.4
R 2 — . =9, | .
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I =L+1,=150+6.00=7.50 A "V = Vb-V1+Vu+V4-

V, = LE\ ﬁk
. =1.50(40.0)

: ] Trq r i< _ { lmarK
V, =60.0 V\mark | V,=[,R,\7\ma:k = 45+60+30
v,=v,=660V /  Vi=7.50(6.0) = ¥5¥ V=135V
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Physics 12 — Electric Current — Ohm’s Law

The discovery of the battery began the investigation of electric currents .
(the flow of charge through conductors). U & ‘Q"‘

Electric Current - 7%8 r‘oﬂte 010 -pow 07l‘ eC"I"")CQ, char\gc
ein metal conductors,itisthe electrons that Flow.
Flow
I = i(Ch.ary; ) it = G =
(elccri‘ric _'_> ‘{7 Chme ' (amper e')

cwrren
How do electrons “flow”?

The electrons of different types of atoms have different degrees of freedom to move around. With
some types of materials, such as metals, the outermost electrons in the atoms are so loosely bound
that they chaotically move in the space between the atoms of that material by nothing more than the
influence of room-temperature heat energy. Because these virtually unbound electrons are free to
leave their respective atoms and float around in the space between adjacent atoms, they are often
called free electrons.

In other types of materials such as glass, the atoms' electrons have very little freedom to move
around. While external forces such as physical rubbing can force some of these electrons to leave
their respective atoms and transfer to the atoms of another material, they do not move between
atoms within that material very easily.

This relative mobility of electrons within a material is known as electric conductivity. Conductivity
is determined by the types of atoms in a material (the number of protons in each atom's nucleus,
determining its chemical identity) and how the atoms are linked together with one another.
Materials with high electron mobility (many free electrons) are called eonductors, while materials
with low electron mobility (few or no free electrons) are called insulators.

While the normal motion of "free" electrons in a conductor is random, with no particular direction
or speed, electrons can be influenced to move in a coordinated fashion through a conductive
material. This uniform motion of electrons is what we call electricity, or electric current. This is in
contrast to static electricity, which is an unmoving accumulation of €lectric charge.

As each electron moves uniformly through a conductor, it pushes on the one ahead of it, such that
all the electrons move together as a group. The starting and stopping of electron flow through the
length of a conductive path is virtually instantaneous from one end of a conductor to the other, even
though the motion of each electron may be very slow. An approximate analogy is that of a tube
filled end-to-end with marbles:

Tube

® - 00000000000000060 — ©

Marble Marble




The tube is full of marbles, just as a conductor is full of free electrons ready to be moved by an
outside influence. If a single marble is suddenly inserted into this full tube on the left-hand side,
another marble will immediately try to exit the tube on the right. Even though each marble only
traveled a short distance, the transfer of motion through the tube is virtually instantaneous from the
left end to the right end, no matter how long the tube is. With electricity, the overall effect from one
end of a conductor to the other happens at the speed of light!!! Each individual electron, though,

Charges will not move through a conductor unless there is a potential difference (voltage). This
voltage is provided by sources such as batteries and generators.

In an electric circuit, there must be a:
e Voltage source

e A complete pathway for the charge to flow through

If we have both of the requirements for a circuit, what will the rate of flow actually depend on?

A. POTENTIAL DIFFERENCE (VOLTAGE)
As we saw in previous lessons, a potential difference will cause the charge to move as potential

energy is converted into kinetic energy (AV = ———j .
q

It follows then that the greater the potential difference, the greater the change in energy. The greater
the change in energy, the greater the kinetic energy of the charge flow will be. This means that it
will flow “faster” or it will move the same distance in less time this is what we measure for electric
current. '

Therefore:  Electric Current is directly related to Voltage (potential difference). I o V

% iff we increase the volhge, We
increase current

B. RESISTANCE

There is always resistance to the flow of charged particles through a conductor. This is why
conductors get warm or hot while a current is flowing through them. This is due to friction from the
electrons passing over the material and transforming kinetic energy into thermal energy.

Because resistance causes friction, the current is slowed down.

T o L

Therefore: Electric Current is inversely related to Resistance. r

s increase d rcs]s"ﬂm& slows
eleckons so curvent decreases



The relationship between current, voltage and resistance was discovered by Ohm in 1826 and

became known as Ohm’s Law.

I:.L
R

The formula for this relationship is usually written as  —=, V = I R
The unit for resistance is the ohm. - {2

Electron Flow vs. Conventional Current

Two ways of thinking about electric current have developed:

I. ElectronFlow— [+ Js +he elec frons +hal- Flow
%mugk +he. conductor when +here is an
electric. currenl

seocwo)

Electron flow is always from negative (-) to positive (+).

B S lveaermo Flovens Frmmn rsrot i fey fo ryevaratiies { o0
FORIIVE CASTEOS TIOW Ton POSIUIVE {7 ) 10 OEANVE {~} '

This is now known to be incorrect, but it likely comes from the defining of electric potential and
electric fields in terms of a moving positive charge.

M 3 nd it n F g s g ey ] o ena §rarny 2 steey §rn vesms Beanst fraN ermian n drER § 3 vt et b gy (g g PP & SR |
Because of this hlStOI‘y, elecivic current continues o refer to conventional cuvrent in college and

o)
o3

ey TN s Cama ] G aals g som Bariiie 39 b fupsBioses da Sygisr cap
YHRIVETSILy texXIna0Ks, Therefore, uniess it s mdicated otherwise, electric o

[P . g
-anventional current.

Electric Power
W = AE

e
ey

Power is the rate of doing work or using energy. 7D -& «6

When we combine this with Ohm’s Law, we can derive other relationships for power using

electrical terms. Y
p=I°R| [P= % _LP= v

oweyr [0sS
PN issamted

r dissop



Example One: What is the electric current through a conductor if a charge of 2.00 C flows through
a point in the conductor in 10.0 s? 4~ _ —
I—'%/ = Q.60 = 2.0x10 A

+ 0.0

Example Two: Calculate the resistance in a conductor if the potential difference is 6.0 V and the

current is 10.0 A. V= IR 6-0-': IOOR. 1Q= O.600)

Example Three: An electrical appliance uses 1.00 x 10* W when connected to a 1.20 x 10°V
power line. What is the resistance in the appliance?

P=Vv?* 00=ho R=I4Y4 ()
R R

Example Four: A potential difference of 24 V is applied to a 75 Q resistor for 20 s.

a) How much current flows through the resistor? a)\/: / IQ ol L7l =T ( 7’5> I-:O.B;\) A

b) How much charge passes through the resistor? A) T i
I= 0.32=9% 9=64C
e e e
7 20

c) How marzf_ electrons pass throuin the resistor?
havge OF_
&) g=N-e“ Mlee
o 7 pi= N (1.6X10™Y
’\ODWM" N= 4.0 x10'? eleckons

Example Five: A 3.0 V battery is used to operate a 1.2 W flashlight bulb for 5.0 minutes.
a ‘ -
a) What is the current supplied by the battery? ) P =] v [.a= I( 3 'O> I= O'L/O A

b) What is the resistance of the bulb? J,) V: | R 3.0= O‘L’O R -R = i§ .D-

c) How much energy does the flashbulb use during C) P____ é_E ].Q= L\E

this time? —
1S tme ‘b’ (5' 0) ( 6 b)
d) What total charge passes through the bulb in this time? E = 3 6 0 U_

e) What is the total number of electrons that pass through

the bulb during this time? d) IT= % 0.4= i
e) g = N-e” %"’ 300
j20= (1.6 x10™") g0 (
N = 75 x10*° electrons




Electric Current (Ohm’s Law) and Electric Power Problems:

1. A current of 3.60 A flows for 15.3 s through a conductor. Calculate the number of electrons that
pass through a point in a conductor during this time. (3.44 x 10% electrons)

=9 360=9 9=55/C 35./=N'//.éx10"‘9
| t 1573 N= 3.44 3 10%° electrons

2. How long would it take 2.0 x 10* electrons to pass through a point in a conductor if the current

was 10.0 A? (3.2 s) _
af_Q,o XIOZOX/.6XID—M> /0-O=é_b8_ t=3as
=320

3. Calculate the current through a conductor if a charge of 5.60 C passes through a point in the
conductor in 15.4 s. (0.364 A)

T=5690 = 0.36L4 A
/5.4

4. What potential difference is required across a conductor to produce a current of 8.00 A is there is
a resistance in the conductor of 12.0 Q7 (96 V)

V=IR = (8.00X12.0) = 9b V

5. What is the heat produced in a conductor in 25.0 s if there is a current of 11.0 A and a resistance

in the conductor of 7.20 Q? (2.18 x 10* J
15:J_'1R = (1.0 (220 =8712 W

p=AE @312-AE AE=-.8x10'T
£ 25.0

6. A particular conductor produces 1.50 x 10% J of heat in 5.50 s. If the current through the
conductor is 10.0 A, what is the resistance in the conductor? (0.273 Q)

p=ls0 =273W  P=T°R 2372.3=(00R
5.50 |
R=0.273

7. What is the current through a 4.00 x 10> W electric appliance when it is connected to a 1.20 x 10°

V power line? (3.33 $= / V 4oO= T (/20> I = 3 33 A



8. What potential difference is required across an electrical appliance to produce a current of 20.0 A
when there is a resistance in the appliance of 6.00 Q? How many electrons pass through the
clectrical appliance every minute? (120 V, 7.5 x 10*! electrons)

V=IR = (20.0(6-00) = I120Y
T=9 200=9 g=000C  1200=N(1.tx o)
m 6o N=2.5% |0 elechons

9. An electric clock is operated with a voltage of 1.5 V and a current of 3.3 A. A radio with a
resistance of 2.0 Q is operated with a voltage of 3.0 V. A light bulb with a resistance of 1.5 Q is
operated with a current of 2.0 A. Which of the household electrical appliances has the greatest rate
of energy consumption? (light bulb)

P=IV clock - P=(33[15)="4935W *+he. Ight bub

p=\"  radio > P= 2.0° - yspW With 6.0 W
R | A0

P:IZR [,\9}\-{ Aulbe P: (Z.O)Z(l.g): CON

10. An electric furnace of resistance 6.0 Q is connected to a 240 V power supply. Find the
resistance of another furnace if it produces the same power output when it is connected to a 120 V
power supply. (1.5 Q)

P=V" = 240" - WOON
R ¢o -
qbo0= 120"  R=[5L
R

11. A clock uses a 6.0 W motor and 1.5 V battery and runs all day, every day. If the 1.5 V battery
has 8.5 x 10* C of stored charge, how long does it take for the battery to lose its charge?

p=IV 6.0=1(.Ss) I=H40A

[=q 1.0 = 8 5 x 10" + =250 s
; © =5.9 houkrs




12. A handheld electric fan operates on a 6.0 V battery. The potential difference causes an electric
charge of 0.13 C to pass through the resistor of the fan in 0.26 s.

a) Find the power dissipated by the resistor. (3.0 W)
b) If the fan is connected to a 9.0 V battery, find the current and power for this fan. (0.75A, 6.75 W)

2 p=Iv  I=%=08 =psA
0.2b
P=050)6.9
p= 3.0l
A)“’lf}'-‘—-s?"'}zd”e.o:o.so R R=125.
"o P=N =(0.35)2.0)=6F5 W

9.0=1(n) I=035A

13. An electric crane operated with a voltage of 120 V and a current of 4.2 A lifts a 300 kg piano
2.8 m vertically in 32 s. Find the efficiency of the crane. (51 %)

P,.=mgh = (200)(@8)Ya8= 25725 W
f 22

Pip—s P=iv=(4.2(120)=50H W
.25 — 0
R%%'T v0 = 51%

14. Electricity is transmitted at high potential from power plants to homes. Explain the reason for
the transmission of electricity at high potential.

is based on resictanc in wires

los s

V'R\ N [ower +he QULVYZ//WL
el nd Fheltfore less
9 me,a“;j; 7DOW€V is .os‘}'in he

Lo\ Sy nsmission lines,



Physics 12 - Electric Circuits — (Kirchoff’s Laws)
An electric circuit is a pathway that allows charges to flow.

Within an electric circuit, there must be:

A Vo/%aﬂe source (ie. baH—ary)

B. Complefc. path for elechons to flow %hml/tjh
o conductor

When we place an electric device like a toaster or light bulb in the circuit, this device

becomes part of the circuit. %device Lecomcs Pa(+ D’t[+he
complete patrh

As the charge flows through the device, the electrical energy is converted into other forms

of energy like mechanical and heat energy.

The reason heat energy is produced is due to the friction produced by resistance to the
charge flow. In order to avoid overheating and fire, circuits in our homes and cars have
circuit breakers or fuses. They are heat sensitive and their purpose is to create a break in

the circuit, shutting it down when the current is too great.

v a certain level of heat will me - +he

71\0156 or 7‘7/,0 ’Hwe b/eakef vcre&d‘&s b’eftl’_ .
C/{a/u

Also included in most circuits are switches which are a means of breaking the path for the

charge to stop the flow and “turn off” the circuit.

. voltage source.
: |I

electric device ~ switch
(resistance)

Electric current can be either direct (DC) or alternating (AC).

Batteries produce dirgct current. This means that the charge always flows i the same
direction through the circuit. With conventional cusrent this means the charge always

T T e oy v b B B i gyt - - .,1
flows from the positive terminal to the negative terming

Electrical generators can produce either direct or alternating current. With aliernating

2 S PR |- I S S 5
current the charee in the circudt flows in one direction and then the ofher The circuits in

our homes use alternating current.:



Symbols for drawing circuits —

Direct Current: || or |

Alternating Current: @ Resistor:

Resistors in Series and Parallel Circuits

SETTT

rrent Hows through each resis

connected in series.

T,=1L,=T4

VA

sty when

L@

l l [ l Negative terminal = l & Positive terminal

JL
]

o

NS




burns out (creates a break), the charge can still travel through Ro.

switch  voltage source

@

wd;i-)_i.i. Ahﬁ AT i. Of \,} &188 at a]fly pO]l'lE art i oc w.:. ——L.::A-ej- l

| en‘ﬁ paths so

can
Kirchoff's Current Law states — the sum of the culrents entermg a }1 mrh“*z equals the sum

DT PR R R AT sk Talll FaYsh &2
of the currenis paving a junction.

1] , X!7‘/76 cwrrent is The movemen®
of electrons and H electrons

move inTo a pa-Hw H)cy MMS'/’
come om+

| e ’f\f&\)ﬁ“a —fmmerO)(

Nl" be l ‘f’D +he,
+olo) #ﬁ’ +aling
X Da‘,'h | and 2

So... I—;—:I/ +IQ. L I,3+°
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| e Since aach resistor 1S
connected across the same
- potenbal difference
is applied toeach R

VVT—:‘V]:VZ:VJ:"‘

e b N b ) st YO b e i 1 oy b b bt t 1o Mo oy Lt s Ty b b i
Hesistandce: 1he el esslaide I a paranst Lol 15 ine sUWm o0 Ing FeCIprocas O e
iy

; = ¥in afpara”e) cirCULf‘{‘, +he.
ore ng’\s +h€f€ afe)’ﬁ?e

less Hofal resistancl Fhere
will be.

D
l/\/hj .
1o T2 all +he clechons have

o pass Hhongh_one. resist,

' £ Liehon
+here will be a lot O(rfs({;—famc

o Howéver, i Fhere is more +h_an one P@.ﬂ‘)
tere will be less ekchpas creah Frichon 0
cach resistor = less resistaice.

1. 1 +-—l— + -_'—_,_.'..
R- R, R, R,




SUMMARY:

SERIES CIRCUIT PARALLEL CIRCUIT
CURRENT It=h=h=I=... Ir=hhi+L+I:+...
VOLTAGE Vr=Vi+V2+Vi+ ... Vri=Vi=V2=Vs=,.,
RESISTANCE Rr=Ri+R2+Rs+... 1 1 1 1
=t
RT RI RZ R3

Example One: What are the values of I, I. and Is in this circuit?

i suse Ohm's ¢ Kirchoffis
@ ' @ , - Laws:

§R1 =400 R,= 3. (4.0= If (#.0) Ir=20A
% Ty=I,=Ts=I5=Q3.0A

I, =" Rr=RitRy= 7.0

Example Two: What is the value of R2 in this circuit?

1%?\! S F?nd Q'r - V—r-‘: I-r R-r
7 = 50A0) 12.0= 5.0 Ry
Rr=240
A - \ +_\_




Combination Circuits — Series and Parallel in the Same Circuit:

If one section of a circuit is in series and another is in parallel, the circuit can be analyzed
in parts, according to the respective series and parallel total resistances of the various

sections.

Example Three: What is the potential difference supplied by the power source in this

circuit? V=7 0,
| I Find R?" ,4)', /,ara//e/ and ad,,(g
-1 ~1 -1 +0 R -
Ry, =3.0 +30 Zorf&c‘

K150 R=450 e
=3p0.0 R ey
® y=1gr =(p.0f45) <

Example Four: What are the values of Vi, V2, and Rz in this circuit? -

00V Find R for cirouit
I = 100 A@

VT =1+ Ry
40 =(10.0)Rr  Ry=40L

Par’a”o/-’ ‘
-1 N _
Rr -RIRS
L’ ""l o "+ R -1 2—_,____—-
0O =60 2
):wr’alle,):



Electric Circuit Problems:

1. A circuit consists of a 12 V battery connected across a single resistor. If the current in
the circuit is 3.0 A, calculate the size of the resistor. (4.0 Q)

V=IR 12=230(R) R=49.00

2. Two 5.0 Q resistors are connected in series with a 12 V battery. Determine: (a) the
potential difference across each resistor; and (b) the current flowing in the circuit. (6.0

Vi24A) | RLvV V,=1,R, =(:2)5.0)
/=1R 12=L(0) I=LaA = 6.0V

3. Two resistors of size 10 QO and 5.0 () are connected in parallel as shown below.

a0

¥
¥

¥

)

10 0

)= 3.6 A

2y 7

a. 1f 3.6 A of current flows into the parallel branch, determine the current
flowing in each of the resistors. (2.4 A in the top resistor & 1.2 A in the
bottom resistor)

R:=T0(0) Ibotom = 2K

b. What is the potential difference across each of the resistors? (12V)

\/T:V/:‘/z = DN

c. How much current will flow out of the parallel branch? Why? (3.6 A)

3. A=allin Same branch Oggai'n(sev'\cg



4. Consider the following circuit and then answer the questions below.

" 20 v 14 :
X ¥ ©] o1 (3)

I=4.0A

a. State the potential difference between X and Z. IRV
b. State the potential difference between X and Y. V: IR = @, OLZ) =8 \
c. How much potential is left at Y? 4\ [ 14 -8 = l//>

(a) 12V, (b) 8V, (c) 4V)

5. The circuit below shows a resistor, R, connected in series to a 12 V battery across an
open switch, S. 12V

: - R
A B

a. If R=6.0 Q, how much current flows in the circuit with the switch open? None,

b. When the switch is closed and R = 6(), determine: *
i. the current in the circuit; V=tR 12=| (b_ﬂb = XA

ii. the potential difference between A and B; and DAY
(no resistance

iii. the potential difference between B and C. | ANV

(@) 0A (b) (i) 24, (ii) OV, (iii) 12V




6. What are the values for I and Is in this circuit? (1.7 A) L= 17A Q

I/:IQ_:I:B:_/,:}’A

GY
|-
7. What is the value of Is in this circuit? (3.6 A) '
. (AD 13 =
I,=15A

_Z/’)‘Iz_ :\g,é)A -
———@u——-'wv—_

I;= 241 AC_/I\> |
AN NN

8. What are the values of V2 and Vs in this circuit? (34.0 V)

\/2=\/3C~3"f.0\/
_ = V
L, (4s.0—I1.0 3‘4'O>

L=

V, = 7

9. What is the total resistance in this circuit? (35.0 Q)

QT: 2, -+ JZL
=5 +20 =350 |
R, = 1500 - {R,= 20.0¢

10. What is the total resistance in this circuit? (3.4 Q)

_ -\ =l
R =R, +R, =340 | Reoe |

6:’0“l +B.O

N




11. What is the total resistance in this circuit? (4.0 Q)

Wha B " = 2.
Ry, =30 607 A R, = 3.00
7 =205 A N
Rp=2.0 8 — | Ry =600

12. Three resistors are connected in parallel with a 24 V battery as shown in the diagram.

q{ g — R l{l R‘{g
MY 90 {63 o

i

a) Find the total resistance of the three resistors. (1.1 Q)

Rr=a'+47" +67" Rr=110

b) Find the total current supplied by the battery and the current thr ough each resistor.
Jr=22A,1;=12A,1,=6.0A,13=4.0 A)

; =T, (4 -T(t)
4=1(1.1) =T, M=ILd
_.i){gA I/:}?’_A Z:G.Oiﬂr J:L}OA
l_r_, [ ]

¢) Find the potential difference across each resistor.

Some. 1n para”cl = &LI \/

d) Find the power dissipated by each resistor and the total power dissipated by the circuit.

P=T*R  P=((2) = 239w
P ()7 () = 194W
B= () (6) = bW



13. The diagram shows a circuit composed of a battery and three resistors.

/= q.0-(45)(05) [T= 45 2

V=63V
E=9.0Viww | SR, = R:
re 5 O ? %mm ER‘* 6.00
Find the resistance of R,. (6.0 Q) | . N R’;‘ _ Rl—— |+ R;
V: IR ' RT‘: pl_‘_l -+ R(S | 9\6‘_30"4,(2_‘
-~ - .._\ — -, X
6.8=H45 ‘QT |.G6 = Rnn + 6.0 ' B 6 ﬂ}
RT: "5__(7_ R\-\—Zz‘gﬂ R; 0
Find the current through each resistor. (2.3 A, 1.1 A, 1.1 A)
63=1,(60) T=238  68=I3(c0
6.%9=1,(60) I,=11A T,=1.\A

14. Two identical bulbs are connected to a battery, one set in series, the other set in parallel.
a) Which connection produces more light?
b) If one bulbs in parallel burns out, what happens to the other bulb?

¢) Which way are the headlights of a car connected? Explain your answer.

a) parallel bulbs= brighter )
2R s less in parallel so mpre power is converted

fo lignt
L) +he other bulbs bnrn b/]gh%@r
)ov\/hen one bl/t]b burns OM’ﬂL},g/ Rt 1\$CJDVJ:@PA~ J,

o but , the current ﬂw’ovt\gh +he werking bulb
will be higher +han i+ pmwoms\lj wasZ brighter

C) parallel = i one burms owt ) there 15 shll a
Complete cirewit Jothe ofher (stays 1)




15. In the circuit shown, four resistors are connected with a 12 V battery in a way that combines
series and paralle] features. R,

12V T 44}%% 12%%

a) Find the total resistance of the four resistors. 2.0 O

2) RT};‘=4.0"+12" R = 3.00
3.0+2.0+15= Q0L

b) Find the total current supplied by the battery and the current through each resistor.
(I1=0.60A,[; =14=0.60 A, [, =0.45 A, I3 =0.15 A)

/=R I -Lth LT -Tw)
/2= T.(20) V=V
IT:ME S0.. . IQ_/Q,_:lsRB
T, =T = 00N (5 -T)R,= I(12)
(O_bf%)f%@): /QI;_B I:B:: 0. 15A
[r= L —L3
=0.b0-0.15

¢) Find the potential difference across each resistor. (Vi =9.0V, V, = 1.8V, V3 = 1.8V, V,=1.2V)
v,=(0.60(15)= 9.0V

V,=(0.45)(4.0) = 1.3V
V= Coas )X 12) = 1.8V
Vs =(0.60X2.0) = |-a\



16. |
[=7® | l /=12 3D= 7_(;25—O>
1 | . R, = 15.0Q
L= P ~<1230'§o>
R, = 10.0Q Tkl

a) What are the values of I1 and L in the circuit above? (1.2 A)

b) What is the power dissipated in Ri? (14.4 W)

17.
12.?v N ‘
® ' /QT%,O 4+ 8.0
=7 .- =3.43_0)
- 12=1(343)
= ? L:gg,q :I’

/2=T,@0)= 158 =T,

a) What are the values of I1 and Iz in the circuit above? (=35 A, =15 A)
b) Whatis the power dissipated in the circuit? (42 W) P: | V = (/5' S) (’ 2) = ﬁ_Z_V_\./

20.0V T _[
18, é I|— RTP =)0 +Y40 = (330
IL=17 [ =7
1 | ' @ 13 6 0
R1=6.OQ§ e . R+ =7.33LL
A o’PO:I(733‘> IT :I|:I3CQ.7‘3H
1,=7
Ry= 400 @ 2 23 o = R.0X /a\yef—f’f\cm
: Ry 34D
a) What are the values of I, I» and Is in the circuit above? (Ii=2.73 A, 1. =091 A, Is =
2.73 A) Iy =T, +IT, o733 Tz
b) What is the power dissipated in the circuit? (55 W) =,O_~_‘ﬂ/_q

P=IN=@Q73)a0) = 551



Physics 12 - The Voltmeter and the Amimneter

So far in our study of circuits we have been calculating the voltage and the current at various
locations in a given circuit. But how do you ‘check’ the answers in the real world? As with
anything, there are instruments made to measure these quantities. Voltage is measured with
a Voltmeter, and Current is measured with an Ammeter...

Today we are going to study the characteristics of
these instruments and how they are wired into the

circuit.

The Ammeter —— —

The ammeter is the instrument we will use to
measure the current. Current is the number of
electrons that flow through a given point in the
circuit.

If we want to count the number of electrons that flow through a resistor (and hence the
current that flows through the resistor), we need to connect a machine in SERIES that
measures the current entering OR leaving a resistor.

As we can see in the diagram, either set-up would display the current flowing through the
resistor. The left diagram would measure the current entering the resistor, while the one on
the right will measure the current leaving the resistor. ‘

If an ammeter was wired in parallel, it would not be measuring the current flowing
through the resistor.

Ammeters, which are connected in series in a circuit when used, work by using a very small
amount of resistance with a known value, and then measuring the voltage drop across that
to determine current flow. In order for an ammeter to be used without significantly affecting
circuit operation, it must present as little resistance as possible to the circuit in which it is
being used.

Ammeters are connected in series with the circuit where they are being used in the
measurement of current. Thus, ideally there should be zero voltage drop across the
ammeter. The only way this is possible is if they have a zero internal resistance. They can't
have an internal resistance of zero, but we need to keep it as low as possible.



It is known that a voltage drop across a given resistance is directly proportional to its
resistance. By measuring the voltage drop across a known resistance, we can find current
flow, and this is what an ammeter does.

The Voltmeter
In the diagram to the right, we could ask, how /\
‘high’ is the can of Coke? You would then need

to ask “how high compared to what?” Height is
a relative thing. The Coke is 1.5 m above the

floor, 4.7 m above the ground, 37.8 m above sea e

level, 6400 km above the center of the earth. o

You can see that the answer depends on what we

call ‘zero” height, and when we say how high, we

really mean the difference in height between two ~ ___
points.

Since most physics labs stay inside the classroom, calling the floor ‘zero” would be a good
choice as in any demonstration done with the Coke can it will not break through the floor
and go into ‘negative’ height. But mathematically speaking, we could even choose the
ceiling as “zero’ and all of our calculations would just be using negative numbers.

Since voltage is analogous to pressure, and voltage must be ‘relative’ to some arbitrary zero
point that we pick, and since the lowest voltage in the circuit will always be at the
negative terminal of the battery, we normally call this the point of ‘zero” voltage.

(Note: We could label the positive terminal ‘zero’ voltage and mathematically everything would be the same, except all our numbers would be negative! )

A voltmeter works in exactly the same way. A voltmeter does not measure absolute
voltage, but it does measure the voltage difference between two points in the circuit
(hence the name potential difference!) \ /

s 4 \50/50 called o VDHZth 0/VOp

So logically, it we want to check how much the potential changes in between points A and B,
we must connect one wire from the voltmeter to point A, and the other wire from the
voltmeter to point B. The reading on the voltmeter will then be the difference between point
A and B! ‘

A




Physics 12 - EMF, Terminal Voltage and Internal Resistance

A battery and a generator are sources of potential difference (voltage). When these devices
are not connected to a working circuit (when the electrons are flowing), the potential

difference across the terminals is called the electromotive force, or EMF (g).

Battery: .
EMF isthe porentiol Battery
difference determined T |
by the chem Cgc/
reachons In +he i . L
batte ry. Lﬁiff&t‘snixi;;] voltage "‘“"f
EMF symbol = &

If a car battery has an EMF of 12V, this is the voltage that can be produced based on the

Internal
resistance g,

chemicals inside. Therefore, this is the maximumn voltage  apability.

Once the battery is connected to an electric circuit, the potential difference is less than the

EXMF due to the internal resistance of the battery. This always occurs because every battery

has some internal resistance.

Because of internal resistance, the terminal voltage is always less than the EMF of the
battery. /%crm nal Volage (what wemeasnre
Y as Ve ina workinyg

po L EE
g\(\,‘ & /D / IscwWamL

% _

AN N EMFof the (T 4 _bmal
3 )Is the = N1/
© baﬁ"bfy Vo/mﬂa Arop resistone

o (mox . Vo H—“ﬂ& due +0 internal

UQ =Z-Lr [ Copoci resistan ce

e ————
When the battery 1s not connected and/or no corrent Hows, ther] V = ¢, \This applies to an

electric generator as well as a battery.



“Dead” Batteries and Rechargeable Batteries

E’ma—mum...'

batt Voltage (V) across the battery terminals is given
atiery by: |Ve=e-Ir -k%nmna vo [tugl

5é 3

IATE - L Sy CrovoD
cverlzs When a battery goes “dead”, the internal

resistance becomes greater until {r equals =, and

then current will no longer flow.

When a rechargeable battery is being charged

r
4
i an external voltage is apphed to the battery. T
: voltage of this external battery must be greater
b n the EME of the battery.
gm pol e Em mE e

-

V (external voltage) = & + Ir

charging a baf4crys
Example One: If a 12.0 V battery has an internal resistance of 0.200 2, what is the terminal
voltage of the battery when a current of 3.00 A flows through the battery?

V=E—TIr =(12)-(3.00(0200) V=IlH\

Example Two: In a particular battery, the EMF is 9.0 V and when a current of 2.0 A flows
through the battery, the terminal voltage is 7.0 V. What is the internal resistance of the

battery?
2.0=9.0 — Q.or r=10.0

Example Three: A 12.0 V car battery is being charged ¢ omg a battory charger that is

rge
supplying 15.0 V. If the internal resistance of the battery is 1.3 Q, what is the current
through the battery? \/::_ E -+ Lr

/50 =12.0+I(3) I-23hH

Example Four: The diagram shows a circuit composed of a battery with an internal
resistance of 0.10 QQ and a 9.00 W stereo speaker. The battery delivers 1.50 A to the speaker.

Find the terminal voltage and EMF of the battery. e
P=V - i
= v :
»90o=/§{V> V- |
t.0=E-(5)o @ )
/=t.0V -

(—/o/mma’ V> W /;: -}L




EMF, Terminal Voltage and Internal Resistance Problems:

1. When a 12 V battery with a 1.0 () internal resistance is connected to a motor, it delivers a
current of 2.4 A. The battery is now replaced with a new battery with the same EMF but a
different internal resistance and the resistor of the motor dissipates 16 W. What is the

internal resistance of the new battery? (2.0 2) New:
n’)Offr will produce an R as N&;’ .T~ZR
=l P=l
V=& —Lpr J"—}(R 19 2 =
IR=&-Ir 4R +ad= 12 lo=T*(4.0Q) L7201
IR+Ir =€ R =4.0 (). IR=Z-Lr
T(Rrr)=E (g.DX‘f,()= 2 —(20)r
2.0

2. A 20 V source battery is charging an 8.0 V battery as shown in the &?agram. Find the

terminal Voltage of each battery (19V,09. 7@) \/ 5 If“ - /9 \/

CrermEsLan . Pt

‘81 S0y
! ri= 0.89. £
(r=124 §R SZQ.V EF+Lr
=y - g0 +(12)10)
M S 100 ‘db‘“%’-‘)
ce
3. A circuit consists of three resistors connected in series to a ba tery The current in the
circuit is 3.0 A. , R!' V = |K
T 5.0 _—{3 OX30>
[=30A . )
e wl =70V Gemics
‘;z 200 10 €2 )
15 Q \/ = 2 - Ir‘

AW (2 )
Ra a’D-‘- 5 (3' OXQ'D
2=V
a) Find the terminal voltage and the EMF of the battery. (90 V, 96 V)

b) Find the potential difference across each resistor. Compare the sum of each

Vv
potential difference and the terminal velocity. V { Z O)(S- 0 = g = QO\l
) = (30X 1D V -
V3 ( 3 OY |"7)




4. A flashlight battery of EMF 1.5 V has an internal resistance of 0.50 Q. If there is a current
of 1.0 A through the battery, what is the terminal voltage of the battery? (1.0 V)

V= )5 — (LOXO.S) v= .oV

5. What is the EMF of a battery that has a terminal velocity of 5.0 V when a current of 1.2 A
flows through the battery? The battery has an internal resistance of 0.72 Q. (5.9 V)

5.0=2- (1.2)0.72) E=59V

6. A battery that has an EMF of 24 V and an internal resistance of 0.25 Q) is being charged
at a rate of 24 A. What is the voltage required to do this? (30 V)

V=24 + (24)(&25’) V=20V

7. A battery of 12 V EMF has an internal resistance of 1.0 {3, and is connected to an external
circuit that has a resistance of 4.0 Q. What is the current through the circuit? (2.4 A)

JR=&E—Lr oL =12
T(40) = 12— L(+0) T=a4h

8. What is the internal resistance of an electric generator that has an EMF of 120 V and a

terminal voltage of 115 V when there is a current of 12 A through the generator? (0.42 ()

[[5= 120 —ﬁz)r‘ r=0.42()

&

9. When a 2.0 Q resistor is connected across a battery with an internal resistance of 0.50 Q,
the terminal voltage is observed to be 4.8 V. If the 2.0 () resistor is replaced with a 4.5 Q
resistor, what is the terminal voltage of the battery? (5.4 V)

Qe o @ T (45)=6-T(ps)
4,9=T (2.0 ST=6t I=[L2A
T=2410 V=IR

R=C~Ir - (1a)s) = 540

(2.4X2.072~G4N05S)
>=6.0\V



Physics 12 — Electric Circuits Assignment Name:

SHOW ALL WORK and clearly indicate vour answers.

1. The diagram shows a circuit of five resistors, a battery and a switch. The potential difference

across resistor R, is 3.0 V. & Vi=30V
Vo= hRa 3-0~/a//5> R: 15 Q)
,Z:?: 0.20 A Rz R
AN
Rz% 2002 10Q %Rs
25 Q2 > 5.0 €2

\éH: 13+‘1R3*"’
3.0=1,4(3) Ta=0.10A

}l.ll £ 'y
3 g H
i :
H £
4 ]
. AP
H

— i
H Y A ‘Dt:‘ Q »
H 2
ATS SITAsY AR * *

RTPZ IS_I + 30—’ RTP: 10£) |
Rr= lo+5.04+25 = do L Vo= 1R+ VT=(0-30Y40>
Ve=1N

_ == 1215 V]
o) V=E-Tr E= BN b)P=1V =(p.30)(12)
[2=E-(030005) /= 12V [P=3. Wl

c) P=T°R = (0.10)200) '-{ 0.10 V\Il"

A) The EMF does not charge.

a) Find the EMF and terminal voltage of the battery.

I7=0.20+ 010 ~ Qio,&

b) Find the total power dissipated by the five resistors.
¢) Find the power dissipated by resistor Ry.
d) What happens to the EMF of the battery if the switch is opened?



2. The circuit below consists of a power supply and three resistors.

-

V=60V

0 W

o4

Rl_%PF 30 W Rz%PZ =40W Rj %Ps =

8) p= |V 120 =1(60) @
E) PIZ‘I\I| 50= &'DV' = ’5

=, =(Vr -\ = o-15)= 45V
P1:|;v,2 10= ’A(L\S) l,= 0-99A

A

a) Find the current from the power supply.

b) Find the current through R,.

¢) Find the resistance of Rj.



PS—\

V3:6vl R3:4Q

Vo=4v —

V=2V —

/|

P14j Re=2 0

P11

R4:6§>.

=8¢0 Pl

P13

What is the TOTAL VOLTAGE of the battery in the circuit shown above?
Series> 3\
What is the TOTAL RESISTANCE of the circuit shown above?
Sexies—> O ()
What is the TOTAL CURRENT of the circuit shown above?
V=R 1a=1(35) T-0HIA
If the voltage at point P1=0V: ' -
a) What is the voltage at P2? A \I
b) What is the voltage at P3? (D V
¢) What is the voltage at P6? l & \l
How many amps of current are flowing through R;?
0.4} A
What is the resistance of R;? a . 0 __D_

What is the voltage drop as the current goes through R,?

V= (049 9.0) = (’z_f(i_\/_



V]=

QV-—:

P1

P18
7 e P9
P2 —\\ P& —. PlDi ] L//Plg

o
\ P12 —=f P14 —s] P1&6—
.3

. v=2v—L v=2v—l . 2r=29 §R2=4Q§Q3=8Q §&=an

o /
1 P11 PEO—/ \
Pe1

po3—""

What is the TOTAL VOLTAGE of the battery in the circuit shown above?
parallel = QN
What is the TOTAL RESIST:&INCE of the circu_itl shown iﬂ‘aove? ol
RT :-)_‘lJ'L]r +8 v = ,O.ﬁ—
What is the TOTAL CURRENT of the circuit shown above?

J_O:I(',D) I’—‘&DF\

el SEESEREEESEVAY

If the voltage at point P1=0V:
a) What is the voltage at P2? O \/
b) What is the voltage at P3? OV
c) What is the voltage at P7? &) . O v
What is the voltage at P10? & .0 \/

What is the voltage at P11? .0 \/

What is the current flowing through R;? ;2 .O= I (2 'C> I = I v O—H
What is the current flowing through R,? a.0= L ( [‘{ O) ) I =0 5 DA
What is the current flowing through R; a 0= I(@O) IT=0 QS 'q
What is the current flowing through R? O - a5 A

What is the current flowing through P22? A - O A



5.

(a) What is the equwalent res1stance of the cir cu1t‘7

Rrpe 30" +bo7'= 20 +68.00

[Rr= 100)

(b) What is the voltage across the 6.0 Q resistor?

(.0 = ;T(@ I+ = 0of

= \T(Rrp) - (0.L,0Y2-0) @\

Z

6. Draw a simple series circuit with a 1.5 V cell connected to a 12 Q resistor, a 15 Q resistor and a 33 Q
resistor. Calculate (a) the equivalent resistance and (b) the current in the circuit.

0 C‘B Re=1p+154+35 :\(OOQ\
[2 .

25 Vo Irkr
1.5y EM o (60> @

2351




7. Draw a simple parallel circuit with a 3.0 V battery connected to a 3.0 Q resistor, a 5.0 Q resistor and a 7.5
Q) resistor.

Calculate:
(a) the equivalent resistance,
3.0 —L 3050, <50l Z 160
(b) the total current, V
(c) the current in the 5.0 Q resistor. T |
a)R/_3D 50 +35 \g)g,o:Ir(/E)
gr = 1.5(L Tr=a01

¢) 3.0-T(5.0) I=0.60 A

8. What is the current in the battery?

R""(o(l O'l) RT:O‘W,_Q_ WSV T 10071007100 7100 71007100
« = .

15:T(0.17) Tr=90A

—

24.0 0
200 —:m—“‘
9. (a) What is the equivalent resistance of the circuit? —"‘“’"\/\/\f”‘_«vﬁ/\zio\/o\,
(b) What is the current in the battery?
(c) What is the current at point A? " - 1’20 v .
i

(d) What is the potential difference across the 2.0 €, resistor?

(e) The wire at A is cut. When this happens, predict whether the current in the battery will (i) stay the
same, (ii) increase, or (iii) decrease. Check your prediction by calculating the new current in the
battery.

) (0 )5 = 80+ 200 =[ 10N
b) 12.0-+10) Lf\m -
V:(L)X& -O> QL“/
) A6=T(ad) L4040 2—14= 9V
A) a4V

.
6\) AQC(CO\SC? RT W\H /]\' SO I_' mug\’ J/ Q_:(@L‘.D"% +a0
0Ll Rp-h

R
\/T |T ! [M\]
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required meter readings

Determine the

DB +02D T 0.0852 Y ¢

Ay b . ,f"// .

RQ‘O = ey ' . @V' = TR= 02bhD= KbV
k= 1o e : o /@ 5 =TJR=0 . 3lhAx 2t = 3] 4V

0070

e
55 .08, 1 0F = 0, Bblla
L vl ~ .
\O 50 6O F‘P 2 ) ."' . . . ;,'{( o \Ig \_\,, =L
Lpas lb, « e ' T (e P= 5 =05 °
’S~ O3+ 3 = 3R a0 . ; L Re; - O
= O Tio @ v """. ’ ~ ;
e T \ : E N oY i ‘L*L@;)\/

O\/ VIR

e e = \ SN
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NAME

Determine the readings Uf‘}?.f_ required meters
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4
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e A
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3 4
i

4, 7.
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