Electric Potential

Just as PE {potential energy) transforms to
KE (kinetic energy) for a mass lifted against
the gravitational fleld (left), the electric PE
of an electric charge transforms to other
forms of energy when it changes location
in an etectric field (right), When released,
how does the KE acquired by each
compatre to the decrease in PE?

2 Complere the statements.

NN A force compresses the spring. The work done in compression is the
praduct of the average force and the distance moved, W = Fd. This
work increases the PE of the spring.

Similarly, a force pushes the charge (call it a test charge) closer

to the charged sphere. The work done in moving the test charge - ﬁ
is the product of the average ... and the ) maoved,
We  Thiswork ... thePEofthetest charge.

if the test charge is released, it will be repelled and fiy past the starting point. Its gain in KE at this pointis

i

1o its deerease in PL.

At any point, a greater quantity of test charge means a greatel amount of PE, but not a greater amount of
P per quantity of charge. The quantities PE (measured in joules) and PE/charge (measured in volts) are
different concepts. :

By definition: Electric Potential = PE/charge. 1volt=1 joulef Lcoulomb.

T

3. Complete the statements.

ELECTRIC PE/cuarce HAS THE SPECIAL NAME ELECTRIC

SINCE 1T 15 MEASURED W VOLTS
{118 COMMONLY CALLED

4. il a conductor connected to the terminal of a battery has a potential of 12 valts, then each
coulomb of charge on the conductorhasaPEof . J.

5. Some people get mixed up between force and pressure. Recall that pressure is force per areq.
Similarly, some people get mixed up between electric PE and voltage. According to this

chapter, voltage is electric PE per




Chapter 23 Electric Current
Ohm's Law

. VOLTAGE LN
CURRENT - RECIETANCE oR I fr}

rar

How much carrent flows in a 1000-ohm resistor
when 1.5 volts are impressed across it?

USE OHM'S LAW
N THE TRIANGLE
TO FIND THE

2.0 Hthe filament resistance in ab automobile QUANTITY
headiamp is 3 ohms, how many amps does it draw cé%%;’?fg'
/ o a l2-volt battety?
when connected to a 1 ¥ LETIER WITH YOUR

FINGER AND THE
REMAINING TWO
SHOW YOU THE
FORMULA P

T ot s

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

The resistance of the side lights on an automaobile
are 10 ohims. How miuch current flows in them
when connected to 12 volis?

;—-:‘

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

A

o

5 During alie detector test, a voltage of 6 Vis impressed across twa 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 bj when the resistance between themn drops?

it oo

& How much resistance aliows an impressed vohtage of 6V
to produce a current of 0.606 A?

what is the resistance of a clathes iron that draws a current
of 12 Aati20V? E

OHM MY GOODNESS F

8. What is the voltage across a 100-ohm circuit element that draws
a current of 1 A¥

oy

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

10. The currentin an Incandescent lamp is 0.5 A when connected to a 120-V cirenit, and 0.2 A when
connected o a 10-V source. Does the resistance of the lamp change in these cases? Explain your
answer and defend it with numerical values.




~ Chapter 23 Electric Current
Electric Power

Recall that the rate energy is convetted from one form to another is power.

“energy converted _ voltage X charge

e = e = voltage X iﬁ‘l&, = voltage x current

power =

The unit of power is the wart {or kilowatf). $o in units form,
Eleetric power (watts) = current {amperes) x voltage (volts),

where ) watt = 1 ampere x 1 volt.

RATS mam ‘{(}LTA(S{: Mﬁﬁ 50 EHERGY » VOLTAGE CHARGE-*
. § CH*%E CHARGE

AND W;Mi CURRENT HEAF

A iOO WATT BULB CONVERTS
ELECTRIC ENERGY INTO HEAT
ARD LIGHT MORE QUICKLY THAN
A 25-WATT BULB, THAT'S way \
FOR THE SAME VOLTAGE A 100-WATT

BULE GLOWS BRIGHTER THAN A
25~ WaATT Buwi/

1. What is the power when a voitage of 120 V diives
a 2-A current through a device?

2. What is the current when a 60-W lamp is connected
1o 1207

T WHICH DRAWS MORE ™
CURRERT - THE 100-WhT] )
. OF THE 25 - wWATT 8{}1,8

4 How much current does a 100-W lamp draw when
connected to 120 VI

A

if part of an electric circuit dzssrpates energy —
at 6 W when it draws a current of 3 A, what voltage is xmpressed across it?

[ 53

The equation energy converted

time

power =

rearranged gives
energy converted =

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

7. One deterrent to bu;gfary is ta leave your front porch light on all the time. If your fixture contains &
50-W bulb at 120 V, and your local power utility sells energy at 10 cents per kilowatt-hour, how much
will it cost Lo leave the bulb on for the whole month? Show your work on the other side of this page.



 Series Clreuits e AAAN oy [THE EQUIVALERT
1. In the circuit shown at the right, a voltage of 6V ééitgéﬁgi,? f

Chapter 23 Electric Current 20,

SERIES 15
sm\s*w THEIR
_ sum P

pushes charge through a single resistor of 2.
According to Ohm's law, the cusrent in the resistor
tand therefore in the whole circuit) is

A’ i L
Mgy
30
2. If a second identical lamp is added, as on the left, the 6-V battery
30 must push charge through a total resistance of ... 52 The
current in the circuit is then A
Fi )
JRIFAY,
3. The equivalent resistance of three 4-Q resistors in series is - £,

4. Dogs current flow through a resistor, or aeross a resistor?

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

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

6. Circuits 2 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.

2@ _V(fW?

a

1 _ ¥

1'45y b |1 45 v
In which circuit is the current greater?
In which cireuit 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?

g ow

a n

®

o]

Which circuit dissipates more power?

g, What cireuit produces more light?




Parallel Circuits THE SUM OF THE CURRENTS IN Tig
TWO BRANCH PATHS EGUALS THE
CURRENT BEFORE (T ONVIDES,

1. Inthe circuit shown below, there Is a voltage drop of
6V across each 2-C) resistor.

&, By Ohm's law, the currentin each

resistor is A.

Attt

b. The current through the battery is
the sum of the currents in the

resistors, oo A

¢. Fillin the current in the eight blank
20 spaces in the view of the same

L AN cirenit shown again at the right,

eV

¢ Cross out the cireuit below Lhat is notequivalent ¢
the circuit above.

k"'v’*\/‘ M
. L
i § 4%
§ 44%% W ]
v g
|
_ i Y [ _ by L ! ; i
2 A b P ¢ | d |
3. Consider the parallel clreuit at the right, A ,Z,ﬂ',
a. Thevoltagé drop across each resistor is :
——— N /wmm“’“\\
‘ 2.0 THE EQUIVALENT
b The currentin each branch is: o crond AP AA pooenrd ﬁ;?é%‘;ﬁgétg%% )
2-C resistor A | (N PARALLE( 15
10 THEIR PRODUCT

QIVIDED 8y

2-Qresistor ______A THEIR SUM
‘ IR SUM

1-Qresistor . ._A

b. The current through the battery ‘
equals the sum of the currents which ] f v
equals _____ A

¢ The equivalent resistance of the circuit
equals Q.




Chapter 23 Electric Current
Circuit Resistance

All circults below have tha same lamp A, with resistance of
6 §1, and the same 12-volt battery with negligible resistance.
The unknown resistances of lamps B through L are such that

Figure what the resistances are, thes show their
volues in the blanks fo the left of each femp.

the current {n lamp A remalns 1 ampere.

[ A | A
N (D
6,@@ QJL\A.J {
2V ERANS €y
T RO OO

Civeunit 1t How much current flows through the
battery?

Current through lamp D is

Clreult 2; Assume lamps C and D are identical.

s A e Handy rube: For g pair of resistors in pamiia:\\
| 1A ) ) product of resistonces
@ . i _ Equivalent resistonce : = _f
6‘&' ' "‘“‘\\{
12V (A T
- ( (A= ~
wrghen . :QJ\\\C é&v ? é
\ Y
v db [y J“{ Gr \
| T ()
AN \
Circuit 3: Here identical lamps B and F replace H o
- Lamp Do Current through lamp Cis

[T,

B

o e o

cireult to produce the same load on the battery. How do

Clreuit 41 Here lamps G and H replace lamps B
and B, and the resistance of lamp G is twice that
of lamp H. Current through lamp H is

Clrcult 5: Identical lamps K and L replace
famp H, Current through lamp L is

“The equivalent resistance of a clreuit I8 the valus of & single resistor that will replace all the resistors of the

¢ equivalent resistances of the clrcuits 1-5 compare ‘

7
!



‘Chapter 23 Electric Current
Electric Power

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 corvect values for
circuits b, ¢, and d, and putyour answers in the tables shown,

20 40
WAV RESISTANCE | CURRENT » VOLTAGE = POWER
60 20 | 2A | AV | 8w
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