Chapter 18

Direct-Current Circuits
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18.1. Sources of EMF

1 &8.2. Resistors 1n series

|8.3. Resistors 1n parallel



18.1. Sources of EMF
“Electromotive force £” (emf)

¢ = external work per unit charge

Units: J/C = volts (not actually a force)
but it "pushes” the charges
through the circuit.

Battery
(chemical energy = electrical energy)

Generator
(mechanical energy = electrical energy)



Real Batteries

r O\

» I r = "internal resistance” of the battery
Ly I”
TI é R, (external resistance, "load")
I
-
Ve + £ -Ir=V,

Vi - V= V="terminal voltage" = measured e Cp—
= &—-Ir=V -V)
e-Ir=V ™~ "Terminal voltage”




Real Batteries

r O\

Al T r = “internal resistance” of the battery
Ly I”
TI é R, (external resistance, "load")
I
-
e=IR+1Ir
[=c/(R+7)

IE = "R+ [ <«




QUICK QUIZ 18.1 True or False: While discharging, the terminal voltage
of a battery can never be greater than the emf of the battery.

QUICK QUIZ 18.2 Why does a battery get warm while in use?



18.2. Resistors in Series

I R R, Ry
- v\ N\ NM— NN AN—2

V=IR V =IR V =IR

We want to replace this combination by a single
resistor with resistance R,




» Same current through all resistors
* Voltages add:

Voo = Vi+ Vo Vgs .

IR, = IR, + IR, + IR; + ..  (same current through all)

So, Req =R +R,+R; +...




Quiz 18.3

In Figure 18.4 the current 1s measured with the ammeter

at the bottom of the circuit. When the switch 1s opened,
does the reading on the ammeter :

(a) increase, (b) decrease, or (¢) not change?

QUICK QUIZ 18.4 The circuit in Figure 18.4 consists of two resistors, a
switch, an ammeter, and a battery. When the switch is closed, power . is
delivered to resistor K. When the switch 1s opened, which of the following
statements is true about the power 2 delivered to R2 (a) 22, <P _(b) P, =P
o B e 2



Examplel8.1

Four resistors are arranged as shown in the Figure
find
(a) the equivalent resistance of the circuit and

(b) the current 1n the circuit if the emf’ of the battery 1s6.0 V.




18.3 Resistors in Parallel
V=IR =IR =1R,
IT—

BEEED

B 1
A —
: I
We want to replace these resistors R
. : . eq
by a single resistance R,:
R
Al AV, Y 1 ] |
R e 5 4
S—— 7/ 9 S
! ! 1 — /\/\/\,




» Same voltage across each resistor

* Currentsadd: I, =IL;+I,+ I3+

:L:I :Il+12+13:V+V+V+...
Roq 1 R R R

1 2 3

Example: find the equivalent resistance of resistors
of 5 Q and 10 Q in series and parallel.



QUICK QUIZ 18.5 In Figure 18.7 the current is measured with the amme-
ter on the right side of the circuit diagram. When the switch is closed, does
the reading on the ammeter (a) increase, (b) decrease, or (¢) remain the
same?
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QUICK QUIZ 18.6 When the switch is open in Figure 18.7, power 2, is
delivered to the resistor R, When the switch is closed, which of the following
is true about the power %_delivered to R)? (Neglect the internal resistance of
the battery.) @) 2. <P, (b)) P. =P, (c) P. > P,



Example 18.2

Three resistors are connected in parallel as in the Figure A
potential difference of 18 V 1s maintained between points a
and b. (a) Find the current in each resistor. (b) Calculate the
power delivered to each resistor and the total power. (¢) Find
the equivalent resistance of the circuit. (d) find the total power
delivered tothe equivalent resistance.

ol L0 6.00 ] 9.0 £



Example 18.3

Four resistors are connected as shown in the Figure (a) Find
the equivalent resistance between points a and c. (b) what 1s
the current 1n each resistor if a 42-V battery 1s connected

between a and c?

0.0 ()
AMA




Problems

Q1. A piece of copper wire of resistance R 1s cut into
ten equal parts. These parts are connected 1n parallel.

The equivalent resistance of the parallel combination
will be:

Cua i shce o) 3a) ot ) adad R e glie 4l Gulaill e el o
5_plal AWl A glaall a5 5 il e o) 3a) oda Cilia

(2 A e duasil

« 0.01R

e 0.IR

e R

e IOR



Q2. Three resistors; A, B and C are connected 1n
series with a battery. It R,< Rz< R, then the
resistor with the greatest voltage 1s:

e S 05K aeall 38 ¢ R, < Rp< Ry <il€ 131 ¢y jUany

* All the same.



Q3. If the current given by a source 1s the same as
that going back to the source, why do we pay
money for the electricity company?

1ol eI AS Hal o gaill a8 o 13lal cand) Nilall
* This is true only for series circuits and what we
have at home are parallel circuits.

» All appliances are rated 1in watts; we pay for
power (kilowatts).

 What we pay for is energy.

 The statement itself 1s not true.



QUICK QUIZ 18.7 Suppose you have three identical lightbulbs, some
wire, and a battery. You connect one lightbulb to the battery and take note
of its brightness. You add a second lightbulb, connecting it in parallel with
the previous lightbulbs, and again take note of the brightness. Repeat the
process with the third lightbulb, connecting it in parallel with the other two.
As the lightbulbs are added, what happens to (a) the brightness of the light-
bulbs? (b) The individual currents in the lightbulbs? (c¢) The power deliv-
ered by the battery? (d) The lifetime of the battery? (Neglect the battery’s
internal resistance.)

QUICK QUIZ 18.8 If the lightbulbs in Quick Quiz 18.7 are connected one
by one in series instead ol in parallel, what happens to (a) the brightness of
the lightbulbsz (b) The individual currents in the lightbulbs? (¢) The power
delivered by the battery? (d) The lifetime of the battery? (Again, neglect the
battery’s internal resistance.)



1. The terminals of a battery are connected across two dif-
ferent resistors in series. Which of the following state-
menits are correct? (There may be more than one cor-
rect statement.) (a) The smaller resistor carries more
current. (b) The larger resistor carries less current.
(¢) The current in each resistor is the same. (d) The
voltage difference across each resistor is the same.
(e) T'he voltage difference is greatest across the resistor
closest to the positive terminal.

2. The rterminals of a battery are connected across two
different resistors in parallel. Which of the following
statements are correct? (There may be more than one
correct statement.) (a) The larger resistor carries more
current than the smaller resistor. (b) The larger resistor
carries less current than the smaller resistor. (c) The
voltage difference across each resistor is the same.
(d) The voltage difference across the larger resistor is
greater than the voltage difference across the smaller
resistor. (¢) The voltage difference is greater across the
resistor closer to the battervy.



4. Two lightbulbs are in series, onc¢ operating at 120 W
and the other operating at 60.0 W. If the voltage drop
across the series combination is 120 V, what is the cur-
rentin the circuit? (a) 1.OA (b) 1.5A(c) 2.0A (d) 25 A
(e) 3.0 A

11. Several resistors are connected in parallel, Which of
the following statements are true of the correspond-
ing equivalent resistancer (There may be more than
one correct statement.) (a) It is greater than the resis-
tance ol any of the individual resistors. (b) It is less than
the resistance of any of the individual resistors. (c) It is
dependent on the voltage applied across the series. (d) It
1s equal to the sum ol the resistances of all the resistors
in the series. (e) It is equal to the reciprocal of the sum
of the inverses of the resistances of all the resistors.



L. Is the direction of current in a battery always from the
negative terminal to the positive one? Explain.

8. Twvo sets of Christmas lights are available. For set A,
when one bulb is removed, the remaining bulbs remain
tHluminated. For set B, when one bulb is removed, the

remaining bulbs do not operate. Explain the difference
in wiring for the rwo sers.

10. (a) Two resistors are connected in series across a bat-
tery. Is the power delivered to each resistor (i) the same
or (1) not necessarily the same? (b) Two resistors are
connected in parallel across a battery. Is the power
delivered to each resistor (1) the same or (i1) not neces-
sarily the same?



11. Why is it possible for a bird to sit on a high-voltage wire
without being electrocuted? (See Fig. CQIS.11.)

Supersiock



