Electric Circuits - Qutline
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Describe the basic properties of electric current, and solve problems relating current, charge, and time.
Distinguish between the drift speed of a charge carrier and the average speed of the charge carrier
between collisions.

Calculate resistance, current, and potential difference by using the definition of resistance.

Distinguish between ohmic and non-ohmic materials.

Differentiate between direct current and alternating current.

Relate electric power to the rate at which electrical energy is converted to other forms of energy.
Calculate electric power and the cost of running electrical appliances

Interpret and construct circuit diagrams.

Identify circuits as open or closed.

Deduce the potential difference across the circuit load, given the potential difference across the battery’s
terminals.

Calculate the equivalent resistance for a circuit of resistors in series, and find the current in and potential
difference across each resistor in the circuit.

Calculate the equivalent resistance for a circuit of resistors in parallel, and find the current in and potential
difference across each resistor in the circuit.

Calculate the equivalent resistance for a complex circuit involving both series and parallel portions.
Calculate the current in and potential difference across individual elements within a complex circuit
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e Sample/Practice Problems

A. Electric Current

1. Water doesn't flow in the pipe when
(a) both ends are al the same level.
Another way of saying this is that water
will not flow in the pipe when both ends
have the same potential energy (PE).
similarly, charge will not Dow in a conductor
if both ends of the conductor are at the same
electric potential. But tip the water pipe and
increase the PE of one side so there is a difference
in PE across the ends of the pipe, as in (b), and water
will low. Similarly, increase the electric potential of one

end of an electric conductor so there is a potential difference across the ends, and charge will
flow,

a. The units of electric potential difference are

(volts) (amperes) (ohms) (watts)

B OVOLT IS A UNIT OF
AHD AN AMPERE 15 A LWIT OF

b. It is common to call electric potential difference

(voltage) (amperage) (wattage)

c. The flow of electric charge is called electric

(voltage) (current) {power),

DOES VOLTAGE CAUSE CURRENT,
OR DOES CURRENT CAUSE VOLTAGE 2
WHICH 15 THE CAUSE AND WHICH
15 THE EFFECT ¥

and is measured in

(volts) (amperes) (ohms) [watts)

2. Complete the statements:

a. Acurrent of 1 ampere is a flow of charge at the rate of coulomb per second.
b. When a charge of 15 C flows through any area in a circuit each second, the current is
A,

c. One volt is the potential difference between two points if 1 joule of energy is needed to move

coulomb of charge between the two points.

d. When a lamp is plugged into a 120-V socket, each coulomb of charge that flows in the cireuit
is raised to a potential energy of joules.

e. Which offers more resistance to water flow, a wide pipe or a narrow pipe?
Similarly, which offers more resistance to the flow of charge, a thick wire or a thin wire?




B. Ohm’s Law

Ohm'’s Law

1.

140,

Wi TII W
HL'IW mul:h I:.‘I.It'rE‘nt ﬂﬂWE ina lﬂm'ﬂhm resistor

when 1.5 volts are impressed across if?

[y USE CHM'S LAW
M THE TRIAMGLE
1 T FiND THE
If the filament resistance in an automobile CHJANTITY
headlamp is 3 ohms, how many amps does it draw HOL WANT,

COVER THE
LETTER WITH YOUR
FINGER AND THE
REMAINING TWO
SHOW YO THE
FORMULA ¥

when connected to a 12-volt battery?

The resistance of the side lights on an automobile
are 10 ohms. How much current flows in them
when connected to 12 volts?

CONDUCTORS AND RESISTORS
HAVE RESISTANCE TO THE
CURRENT IN THEM.,

What is the current in the 30-ohm heating coil of a
coffee maker that operates on a 120-volt circuit?

During a lie detector test, a voltage of 6 V is impressed across two fingers. When a certain question
is asked, the resistance between the fingers drops from 400 000 ohms to 200 000 ohms. What is the
current {a] initially through the fingers, and (b) when the resistance between them drops?

(a) {b)

How much resistance allows an impressed voltage of 8V
to produce a current of 0,006 A?

What is the resistance of a clothes iron thai draws a current
of 12 A at 120 V¢ ‘:

OHM MY GOODNESS

What is the voltage across a 100-ohm circuit element that draws
acurrent of 1 A?

What voltage will produce 3 A through a 15-ohm resistor?

The current in an incandescent lamp is 0.5 A when connected to a 120-V circuit, and 0.2 A when
connected to a 10-V source, Does the resistance of the lamp change in these cases? Explain your
answaer and defend it with numerical values.




C. Electric Power

Electric Power

3. How much current does a 100-W lamp draw when

Recall that the rate energy is converted from one form to another is power,

energy converted  voltage x charge
time h time

_ charge
= voltage x “Time = Voltage x current

power =

The unit of power is the watt (or Liloweats). 5o in units form,
Electric power (watts) = current {(amperes) x voltage (volrs),

where 1 weatt = 1 ampere x 1 volt,

THAT'S RIGHT- YOLTAGE = ENERGY o ENEREY « VOLTAGE = CHARGE -~

CHARGE '
CHARGE _ - .

A ADO-WATT BULB CONVERTS
ELECTRIC ENERGY INTO HEAT
AND LIGHT MORE QUICKLY THAN
A 25-WATT BULB. THAT'S 'WHY
FOR THE SAME VOLTAGE A 100-WATT

BULE GLOWS BRIGHTER THAM A
25 -WATT BULB S

. What is the power when a voltage of 120V drives
a 2-A current through a device?

. What is the current when a 60-W lamp is connected
to 120V

WHICH DREAWS MORE
CURRENT --- THE 100-WATT

connected to 120 V? _, THE 25- WATT BULB?
.

. If part of an electric circuit dissipates energy
at 6 W when it draws a current of 3 A, what voltage is impressed across i1?

. The equation

energy converted WATT'S HAPPENING 7

power = time

rearranged gives
energy converted =

. Explain the difference between a kilowartt and a kilowatt-hour.

. One deterrent to burglary is to leave your front porch light on all the time. If your fixture contains
a 60-W bulb at 120 V, and your local power utility sells energy at 8 cents per kilowatt-hour, how
rmuch will it cost to leave the bulb on for the whole month? Show vour work on the other side of

this page.



D. Series Circuit

1. In the circuit shown at the right, a voltage of 6 V
pushes charge through a single resistor of 2 Q.
According to Ohm’s law, the current in the resistor
(and therefore in the whole circuit) is

A.
3N
% If a second identical lamp is added, as on the left, the 6-V battery
an, must push charge through a total resistance of Q. The
current in the circuit is then A
e
LAY

w

The equivalent resistance of three 4-Q resistors in series is Q.

4. Does current flow through a resistor, or across a resistor?

Is voltage established through a resistor, or across a resistor?

5. Does current in the lamps occur simultaneously, or does charge flow first through one lamp, then
the other, and finally the last in turn?

6. Circuits @ and b below are identical with all bulbs rated at equal wattage (therefore equal resis-
tance). The only difference between the circuits is that Bulb 5 has a short circuit, as shown.

R @R

1 2 3

In which circuit is the current greater?
In which circuit are all three bulbs equally bright?
What bulbs are the brightest?
What bulb is the dimmest?
What bulbs have the largest voltage drops across them?

T o

Which circuit dissipates more power?

m " e e p

Whart circult produces more lightt




E. Parallel Circuits

Parallel Circuils

THE SUWA OF THE CUSRENTS IM THE
cumgenm EEE:TE“E el ssTHE
3 5 . T CINIDES,
1. Inthe circuit shown below, there is a voltage drop of

6V across each 2-L1 resistor.

Za a. By Ohm's law, the current in each

’_IV\/\/\'— resistor is A

2 11 k. The current through the battery is

AAAA the sum of the currents in the

resistors, A.

c. Fill in the current in the eight blank
——{ IEV_- spaces in the view of the same

circuit shown again at the right.

2, Cross out the circuit below that is not equivalent to
the circuit abowve,

AN
| I |
a I b I c
3. Consider the parallel circuit at the right.
a. The voltage drop across each resistor is Z JL
V. ' VVVV
THE EGIUMNMALEMT
. RESISTANCE OF A
b. The current in each branch is: 2.0 PAIE OF RESISTORS
2-11 resistor A —AAAN I_?Hgfﬁl%dé_r
~ . A OWIDED By
2-£1 resistor 1L THEIR St
1-£2 resistor A AAVMA,
b. The current through the battery
equals the sum of the currents which '
equals A, i 'r oV

¢. The equivalent resistance of the circuit
equals __ 0,



F. Compound Circuits

Compound Circuits

1. The initial circuit, below left, is a compound circuil made of a combination of resistors. It is
reduced to a single equivalent resistance by the three steps, the circuits to its right, a, b, ¢. Instep
i, show the equivalent resistance of the parallel 4-L2 resistors. In step b combine this in series with
the 3-£ resistor. In step ¢, combine the last parallel pair to obtain the equivalent resistance of the
circuit. (Mote the similarity of this circuit and Figure 35.10 in your textbook.)

4L
30 3n 7 ?
A A A — " R=
40 y B . ?
- ~ =) - - = - - = —ww—
55 50 50
AN AN A
Tnitial Circuit . b, C.

2. The circuit below is similar to Figure 35.11 in your textbook. In three successive steps, asin
Question 1, replace each pair of resistors by a single resistor of equivalent resistance.

&JL n R=
—AM—AMN— =

6%
ey

3. Find the equivalent resistance of these three circuits,

AN —\AA AN
i 1L 10 i Ny
T z.n% nsy — n
a




4. The table beside circuit a below shows the current through each resistor, the voltage across each
resistor, and the power dissipated as heat in each resistor. Find the similar correct values for
circuits b, ¢, and d, and put your answers in the tables shown.

20 4n
MWA—AW RESISTANCE | CURRENT  VOLTAGE = POWER
2.0 2 A 4V BwW
41 ZA | 8v |iew
6 11 2A | 12v 24w
[
a M2y
{n 200
—AM—AWN,
EESJSTAHEE! CURRENT = VOLTAGE = POWER
I 2 M.
b ' v
en
N\
in . .
E 5 x =
A ESISTANCE || CURRENT x VOLTAGE = POWER
641
3 N
248
AN
1'-'1 T _:
RESISTANCE | CURRENT» VOLTAGE = POWER
20 T )
M =
1.0




Homework Problems:

l. Ohm’s Law

1. Arresistor is often the general representation of real life items, what are 5 things a resistor could
be?

2. Given the circuits below, what is the current in each circuit?

-3

1.5v & ? 0.50 17v {J‘ WO
I I

3. Given the circuits below, what is the potential of the source in each?

vJ- 00 Vi g’ang

I-.\jﬂﬁmps .\;ﬂ. Amps

4. Given the circuits below, what is the resistance of the object being powered?

20v3F R 20viF R
10Amps
'\} P k\gﬁ.mps

Il. Electric Power

5. Atoaster operates at 120 volts (you can assume anything that plugs into the wall operates
at 120 V unless otherwise specified) draws 8.75 A of current. What is the power rating of
the toaster?

6. Using the same toaster from #5, if it takes 45 s to toast a slice of bread, how much electrical
energy is used?

7. If an electric blender develops 900 watts of power, how much current does the blender
draw when plugged in and used.

8. If the blender from #7 is used to make milkshake and is run for 35 s, how much energy is
expended?



I1l. Series and Parallel Circuits

Directions: Using the information regarding series and parallel circuits, determine the values for the unknown
quantities,

LR © Inaseries circuit; -
A. The current is the same in all parts of the circuit

ok

B. Each resistance gets only a fraction of the total voltage supplied by the source. The sum of all of these
fractional voltages equals the voltage of the source.

C. The total resistance of the circuit, called the effecrive resistance (Reqr), 1s equal to the sum of the individual
resistances.

] ]
R : R p 0
: Wy ' e
i 1
N ! LJ_ 0 | +_L 150
V=5v [ V=l ] V=12 T
] i
| | ®
=24 ! I=2A :
] i
R Reg=___ R =
Reg= — R=_ I=__

SRt e e e parlSEEiemE ST T e T

A. The current divides at each junction such that the sum of the currents entering the junction equal the sum of the
currents leaving the junction. — {Kirchoff's first law} This implies that the sum of the currents in each branch
equals the total current,

B. The voltage (potential drop) across each branch remains unchanged and equals the voltage of the source.
C. The effective resistance of the circuit is less than the smallest resistance of a single branch. For n branches, the
effective resistance of the entire circuit can be calculated using LS S SN +H.]_ whera Ry is the

R R, R, .
resistance of each branch. '
I, L I=5A
A ! AN
® A T B
I
(]
+ +
Velzvid 60 =60 | v 60 =30
C ]
]
]
]
I
Reg= Rpm
I.'|— 1\-’—' -
12= 12_



Directions: Using what you know regarding series and parallel circuits, determine the values for the unknown

1263

quantiiies.
B
J— AN
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V. Electrical Safety

Directions: Embark on a search & learn mission to answer the following questions related to electrical safety and
safety devices.

e

I, What is the purpose of a fise or circuit breaker?

2, What is the difference between a fuse and a circuit breaker?

3. Why do some devices (appliances) have a third prong fcalled a
ground wire} on their electrical plug?

4. What is the purpose of a Growund Fault Interrupter (GFI) on some electrical outlets?

5. What does a Ground Fault Interrupter look like?

6. How s it that electric current typically kills people? {Not the type of accident, but the aciual effect it has on our
body that makes us dead?)

7. If electricity can kill people, why do doctors and rescue workers use electric shock paddles (called a
defibrillator) to save people’s lives?



