Chapter 28

Direct Current Circuits

28.1 Electromotive Force

28.2 Resistors in Series and
Parallel

28.3 Kirchhoff's Rules



28.1 Electromotive Force _

Too-—

> Circuits are assumed to be in steady state
(currents in the circuit are constant in magnitude
and direction)

» Potential difference at the battery terminals is
constant in a particular circuit, the current in
the circuit is constant in magnitude and

direction and is called direct current (DC)

Remstor

» A battery is called a source of electromotive

A circuit consisting of a
force or, a source of emf

resistor connected to the
terminals of a battery.
Assume that the
connecting wires have

i : : no resistance.
» The emf of a battery is the maximum possible

voltage that the battery can provide between
Its terminals.
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> Real battery is made of matter, there is |
resistance to the flow of charge within the IT R - 1 7
battery. This resistance is called

> internal resistancer.

> For an idealized battery with zero internal (a)
resistance, the potential difference across the
battery (called its terminal voltage) equals
its emf.

» For areal battery, the terminal voltage is
NOT equal to the emf for a battery in a
circuit in which there is a current.

> Fromatob

Negative terminal to the positive terminal, the potential

Increases by an amount €.

However, as we move through the resistance r, the
potential decreases by an amount Ir, where | is the
current in the circuit.

Thus, the terminal voltage of the battery AV = V.. V.is
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AV=&E — Ir

> € note that iis equivalent to the open-circuit voltage—that is, the terminal
voltage when the current is zero.

» The terminal voltage AV must equal the potential difference across the external
resistance R, often called the load resistance.

» The emf is the voltage labeled on a battery

» The battery must supply energy to operate the device. The potential
difference across the load resistance 1s AV = IR.

&= IR+ Ir ¢ The current in this simple circuit
depends on both the load
resistance R external to the battery

= E and the internal resistance r. If R is

R+ r much greater than r, as it is in many

real-world circuits, we can neglect r.
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» Total power output of the battery is
P =TAV

IE = [°R + %y

Quick Quiz 28.1

In order to maximize the percentage of the power that is
delivered from a battery to a device, the internal resistance of the
battery should be
(a) as low as possible

(b) as high as possible
(c) The percentage does not depend on the internal resistance
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Example 28.1 Terminal Voltage of a Battery

A battery has an emf of 12.0 V and an internal resistance of

0.05 ). Its terminals are connected to a load resistance of
3.00 ().

(A) Find the current in the circuit and the terminal voltage
of the battery.

(B) Calculate the power delivered to the load resistor, the
power delivered to the internal resistance of the battery, and
the power delivered by the battery.

What W7 As a battery ages, its internal resistance
increases. Suppose the internal resistance of this battery
rises to 2.00 2 toward the end of its useful life. How does
this alter the ability of the battery to deliver energy?



2.

28.1 Electromotive Force’
- \A

Electromotive Force Problem (Chapter # 28)

(a) What is the current in a 5.60-() resistor connected to a
battery that has a 0.200-() internal resistance if the termi-

nal voltage of the battery is 10.0 V? (b) What is the emf of
the battery?
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s+ Resistors In Series

Il=12=1 Req=Rl+R2

b2
2
b3

The resistors replaced with a single
resistor having an equivalent
resistance: Req = R; + R,.

for a series combination of two resistors, the currents are the same in both resis-
tors because the amount of charge that passes through Ry must also pass through
Ry in the same time interval.
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< Resistors In Series A I
AV

< The potential difference applied across the series combination of resistors will divide between
the resistors. In Figure 28.4b, because the voltage drop from a to b equals IR:.and the voltage

drop from b to ¢ equals IR, the voltage drop from a to ¢ is

AV=1IR; + IR, = I(R; + Ry) sz IRﬂq

AV=1IReq=I(Ri + R9) — Req= Ry + Ry

The equivalent resistance of
several resistors in series
Req=R1+RQ+R3+

** The equivalent resistance of a series connection of resistors is the numerical sum of the
individual resistances and is always greater than any individual resistance.
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+* Resistors In Series T |
I
I

Quick Quiz 28.2 1AY
In Figure 28.4, imagine positive charges pass first
through R; and then through R,. Compared to the
current in R, the currentin R, is
(a) smaller, (b) larger, or (c) the same
Wy W
Ry

Quick Quiz 28.4 )
What happens to the reading on Rﬂ§ [ QQ R?é/ @>

the ammeter when the switch is
opened?

(a) the reading goes up;

(b) the reading goes down,; iI iI
(c) the reading does not change.

Switch closed Switch open
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«* Resistors in Parallel ———

When charges reach point a, (called a junction), they
split into two parts, with some going through R.and
the rest going through R.. A junction is any point in
a circuit where a current can split with result of less
current in each individual resistor.

Rl Req Rl R2
MW

i1 M

1 RQ

as————Wy ¢

I IT

A
AV | AV
+- +17-
(b) (c)

when resistors are connected in parallel, the potential differences across the resis-
tors is the same.
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¢ Resistors in Parallel ——

Because the potential differences across the resistors are the same, the expression
AV = IR gives

A A 1 1 A
R, Ry Ry R Req
1 1 1
= +

The equivalent resistance of
several resistors in parallel 1 1 1 1

+ The inverse of the equivalent resistance of two or more resistors connected in parallel is
equal to the sum of the inverses of the individual resistances. Furthermore, the
equivalent resistance is always less than the smallest resistance in the group.
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Quick Quiz 28.5

In Figure 28.4, imagine that we add a third
resistor in series with the first two. Does
the current in the battery (a) increase,

(b) decrease, or

(c) remain the same?

Quick Quiz 28.6

In Figure 28.6, imagine that we add a third
resistor in parallel with the first two. Does
the current in the battery (a) increase, (b)
decrease, or (c) remain the same?

Quick Quiz 28.7 awaia I evwen

If the switch is closed (Fig. 28.7, right), B B
there is current in R,. What happens to the
reading on the ammeter when the switch is <A>
closed? (a) the reading goes up; (b) the
reading goes down; (c) the reading does 1 1
not change. | |

Switch open Switch closed
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6.0 Q
Example 284 Find the Equivalent Resistance 1A o
8.0Q 4.0Q
—W_—W—et [
Four resistors are connected s shown in Figure 28.% w Y
(A) Find the equivalent resistance between points a and «. 3.0 Q
(B) Whatis the current in each resistor f a potential differ :
o 12.0 Q 2.0 Q
ence of 42 Vs maintamed between g and ¢! ;—W\ . A .
(b) \ /
14.0 Q
o AMA—
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Example 28.6 Three Resistors in Parallel

Three resistors are connected m parallel as shown m Figure
B.11a. A potential difference of 180V is maintained
between ponts ¢ and b

(A) Find the current in each resistor.

(B) Calculate the power delivered to each resistor and the
total power delivered to the combination of resistors.

(C) Calculate the equivalent resistance of the circuit

|

g

3.00 Q] 6.00 Q] 180V 9.000Q

®
b
(b)
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6. (a) Find the equivalent resistance between points ¢ and b
in Figure P28.6. (b) A potential difference of 34.0V is
applied between points a and b. Calculate the current in
each resistor.

7.00 Q
4.00 Q 9.00 €

10.0 Q

Figure P28.6



28.2 Resistors in Series and Parallel

8. Four copper wires of equal length are connected in
series. Their cross-sectional areas are 1.00 cm?, 2.00 cm?
3.00 cm?, and 5.00 cm?. A potential difference of 120 V is
applied across the combination. Determine the voltage
across the 2.00-cm? wire.

»
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9. @ Consider the circuit shown in Figure P28.9. Find
(a) the current in the 20.0-(} resistor and (b) the potential
difference between points a and b.

10.0 €2 | 250V

—Wy

10.0Q |
¢

5.00 € 44 20.0 Q

Figure P28.9
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15.|Calculate the power delivered to each resistor in the
circuit shown in Figure P28.15.

2.00 Q

—Wy

— 3.00 Q 1.00 Q
18.0V

—Wy

4.00 Q
Figure P28.15
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“* Because it is not often possible to reduce a circuit to a
single loop, we use Kirchhoff’s rules for analyzing more
complex circuits.

1. Junction rule. The sum of the currents entering any junction in a circuit must
equal the sum of the currents leaving that junction:

210 = 2 Tou (289
2. Loop rule. The sum of the potential differences across all elements around any
closed circuit loop must be zero:

> AV=0 (28.10)

closed
loop



28.3 Kirchhoff’s Rules
QJunction Rule (Kirchhoff's first rum‘n

of conservation of electric charge)

L e A
7 Fiovin \<

——-

low out
ﬁ

N

(a)
(a) Kirchhoff’s junction rule.
Conservation of charge requires
that all charges entering a

junction must leave that junction.
I] — IQ + 13

Therefore, li= .+ ..

(b)

All charges that enter a given point in a circuit must leave
that point because charge cannot build up at a point.
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» Loop Rule (consider changes in
electric potential)

¢ charges move from the high-potential end of a
resistor toward the low potential end, if a resistor
Is traversed in the direction of the current, the

potential difference "V across the resistor is - IR

¢ If a resistor is traversed in the direction
opposite the current, the potential difference

"V across the resistor is + IR

¢ If a source of emf (assumed to have zero
internal resistance) is traversed in the
direction of the emf (from - to +), the

potential difference AV is + &

¢ If a source of emf (assumed to have zero
internal resistance) is traversed in the
direction opposite the emf (from + to - ), the

potential difference AV IS - €

(a)

(d)

Each circuit element is traversed

I
VY
a AV= —IR
I
_
VY
a AV= +IR
E
® _|I+
(A
AV= +E
E
° +I|_
!
AV= —E

from left to right.
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PROBLEM-SOLVING HINTS

Kirchhoff’s Rules

Draw a circuit diagram, and label all the known and unknown quantities. You
must assign a direction to the current in each branch of the circuit. Although
the assignment of current directions is arbitrary, you must adhere rigorously to
the assigned directions when applying Kirchhoff’s rules.

Apply the junction rule to any junctions in the circuit that provide new
relationships among the various currents.

Apply the loop rule to as many loops in the circuit as are needed to solve for
the unknowns. To apply this rule, you must correctly identify the potential
difference as you imagine crossing each element while traversing the closed
loop (either clockwise or counterclockwise). Watch out for errors in sign!

Solve the equations simultaneously for the unknown quantities. Do not be
alarmed if a current turns out to be negative; its magnitude will be correct and the
direction is opposile lo that which you assigned.
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Quick Quiz 28.8

In using Kirchhoff’s rules, you generally assign a separate
unknown current to

(a) each resistor in the circuit
(b) each loop in the circuit

(c) Each branch in the circuit

(d) each battery in the circuit.
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Example 28.8 A Single-Loop Circuit £,-60V

— — ]
ae ||+ o0

A single-loop circuit contains two resistors and two batteries,
s shown in Figure 28.16. (Neglect the internal resistances

of the batteries.) § Rp= 1062 1y =80 Q§

(A) Find the current in the circuit. |
de —1 P

(B) What power is delivered to each resistor? What power is €,-12V
delivered by the 12-V battery?

What Iif? What if the polarity of the 12.0-V battery were
reversed? How would this affect the circuit?
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Example 28.9 Applying Kirchhoff’s Rules

Find the currents [j, Iy, and I3 in the circuit shown in Figure

28.17.

14.0 V

: = 0/
4.0 Q 11_2

he _||+ ‘\N\,_‘Jl ®cC
100y 609 lfs

e W ® (



28.3 Kirchhoff’s Rules |-

4.00V
' T de - |I n ' X4
Example 2810 A Muttiloop Circui 2 a0 '
3.00 Q
1) Undrseadsteonions o bewhoomamn T |/
0, by and Jymthe multloop crcwntshown i Figure 28.18, 1] 5003 |4
he " I — g
8.00V
(B) Whatis thecharge on the capacitr | ” 1=0
ab——A =

300V  6.00uF
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:u_“\‘é_’\agl:ﬁ\g_)‘ﬁ\'é_ﬁ\ﬂ‘qi4gh‘,M‘OaJu‘J\eﬂ‘O! 9 .
4:1% i
¥
12 v

A)092A 2A C)3A D)6 A E)1A

(s 5 Q Aaslially Jll Ll U 2A 55k 3 Q Aeslaally jlall Ll (IS 1) 438 yall 5 )00a00 8 (9m
Q9) In the given circuit, if the electric current passes through the resistance 3 Q is 2A,
the electric current passes through the resistance 5 Q equals:
A. 6 A B. 3A C.2A D.1A

3Q

1 Q
5V Q5
4|I—'VWW—
10 Q

W

2071 M
10 "%
f\




Chapter # 28 Problems [Selected Old exam questions !

13. The ammete rshown in the circuit reads 2 A. The values of I, I, and €.

21, In, € paliall A o) oLl daguapall 50l 42 A Aagdll ) uliie i,%.13
T.00 15.0V
{1

~AAA
J l 5.00 Q .
—AAN— A
Z T _
2.00 O | £
—WW—

A) 1.286A, 0.612A, 10.9V B) 0.286A,.0_.322A, 126V C)1.006A, 1.004A, 14.6V
©)0.714A, 1.286A 12.6V E) 4.286A, 0.201A, 18.6V _

TR 5 sbn e glia IS Jlaie JS13 b g g 0o paa ) (B e gliall Ao pan S TR 2oy f"\:uu-su,
Q6- What is the equivalent resistance of the resistors, in the circuit, between a and bif
each resistance 1s 1 Q27

A)1.08 [usﬁn C)7 D) 0.143

“
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