


Goals for Chapter 26

« To analyze circuits having resistors in series and
parallel

* To apply Kirchhoff’s rules to multiloop circuits

e To learn how to use various types of meters in a
circuit

* To analyze circuits containing capacitors and
resistors

* To study power distribution in the home
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Introduction

* How can we apply
series/parallel combinations of
resistors to a complex circuit
board?

 In this chapter, we will learn
general methods for analyzing
more complex networks.

« We shall look at various
Instruments for measuring
electrical quantities in circuits.
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Resistors in series and parallel

* Resistors are in series if they are connected one after the other so the
current is the same in all of them (see left figure below).

* The equivalent resistance of a series combination is the sum of the
Individual resistances: R, =R; + R, + Ry + ...

* Resistors are in parallel if they are connected so that the potential
difference must be the same across all of them (see right figure below).

* The equivalent resistance of a parallel combinaton is given by
1/Reg=1UR; + 1R, + 1/IR; + ...

R, R,, and R; in parallel

Ry, Ry, and R in series Ry
R R R e
a - 2 y 3 p
- ANV ANNV--ANN—e- R,
a N b
- i — VW —e
—> —>
I R, f
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Series and parallel combinations

* Resistors can also be
connected in combinations
of series and parallel, as
shown in Figure 26.1(c) and
(d) at the right.

() R, in series with parallel combination
of R, and R,

R,
_IVV\/\_
R
a : b
—o— \AN\—9 —o—
— —
I R, I
_I\/\/\/\_

(d) R, in parallel with series combination
of R, and Ry
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Equivalent resistance

* Read Problem-Solving
Strategy 26.1.

e Follow Example 26.1 using
Figure 26.3 below and right.

(b) (9

|, 18Y o, 18Y
II |

()
(d) + E=18Y,r=0
+“13v L -
L
a 10 ¢ 1A |b
a 60 _._M_. 30
— IA A
3A )
. —
12V 6Y
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Series versus parallel combinations

* Follow Example 26.2 using Figure 26.4 below.

(a) Light bulbs in series

+| g=8Y,r=0
L

Il' a R=2Q | R=2Q TI
— NNV —e—AW—0

(b) Light bulbs in parallel
+], £=98 Y, r=0

I R=20)

Liotal = 211; TI’ro’ral
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Kirchhoff’s Rules |

e Ajjunction Is a point where
three or more conductors
meet.

« Aloop is any closed
conducting path.

* See Figure 26.6 at the
right.

Juncuon
Loop I .
% Loop 2 % Loop : §
& &,
]
c d
7.
Not a Junction Not a
junction junction
(b)
-
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Kirchoff’s Rules |11

« Kirchhoff’s junction rule: The algebraic sum of the currents into
any junction is zero: 21 = 0. (See Figure 26.7 below.)

« Kirchhoff’s loop rule: The algebraic sum of the potential
differences in any loop must equal zero: £V = 0.

(a) Kirchhoff’s junction rule (b) Water-pipe analogy
Junction | __
’ > | (( )<
P The current leaving The flow rate of
I+ 1 J( a junction equals the water leaving the
current entering it. pipe equals the flow
rate entering it.
v
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Sign convention for the loop rule

* Figure 26.8 below shows the sign convention for emfs
and resistors.

(a) Sign conventions for emfs (b) Sign conventions for resistors
+&: Travel direction —&: Travel direction +IR: Travel opposite —IR: Travel in
from — to +: from + to —: to current direction: current direction:
— Travel = <—Travel — — Travel —> <—Travel —
—q|+ —y |+ | €<— [ le——
|| II “AAAAT ~AAAAT
E E R R
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Reducing the number of unknown currents

* Read Problem-Solving Strategy 26.2.

* Figure 26.9 below shows how to use the junction rule to reduce the
number of unknown currents.

(a) Three unknown currents: 1, I, I

F & rno &
—AWWH| AW —
I, €—

| > 1,
13T R,

I/ I

Iﬁ é
A AMAI—

R, ¢ R,

(b) Applying the junction rule to point a eliminates /.

ST o &
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A single-loop circuit

« Follow Example 26.3, using Figure 26.10 below.

(a) (b)
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Charging a battery

* Follow Example 26.4, which shows how to charge a battery.
Use Figure 26.11 below.

* Follow Example 26.5, which looks at the power delivered in the
same circuit as in the previous example.

] | 14%%@ 1%

b
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A complex network

* Follow Example 26.6, using Figure 26.12 below.

* Follow Example 26.7 which looks at the same circuit
as above.

-

+
13V "
I +12T
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26.12 A network circuit with several resistors.

— > (2) _
/.-"'
s
i/
(1)
M
+
13V o=
\
1’1 +f2T \
IIIII"'; I.t\‘" \I | — ! 3 2+ IE -"II
A d f/
: 3 = — (
13V - 5(1Q) - (I, - L)(1Q)=0 13V =1(2 g) (1 r_”
| | 3V = + (5 ¢
—H(1 Q) = (h+5)(2Q)+13V =0 BV =5LEQ)+5(50)

(1 Q) —L(1 Q)+ 5L(1Q)=0
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D’Arsonval galvanometer

« A d’Arsonval galvanometer measures the current through it (see
Figures 26.13 and 26.14 below).

e Many electrical instruments, such as ammeters and voltmeters,
use a galvanometer in their design.

Magnetic-field torque Spring torque
tends to push tends to push

pointer away “« T pointer
from zero. Ve W ‘ toward zero.

Permanent Soft-iron  Pivoted coil
magnet core
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Ammeters and voltmeters

An ammeter measures the

; - a) Moving-coil b) Moving-coil
current passing through it. (a) Moving-coi (b) Moving-coi

ammeter voltmeter

A voltmeter measures the
potential difference between
two points.

Figure 26.15 at the right
shows how to use a
galvanometer to make an
ammeter and a voltmeter.

V, Circuit Vi,
— element —>
/

Follow Examples 26.8
(ammeter) and 26.9
(ammeter).
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Ammeters and voltmeters in combination

« An ammeter and a voltmeter may be used together to measure

resistance and power. Figure 26.16 below illustrates how this can
be done.

* Follow Example 26.10 using Figure 26.16(a).
* Follow Example 26.11 using Figure 26.16(b).

(a) (b)
R Ra R
a b C a b ( ) c
-—\/\/V\ A
4 [ I

—>
© S
N

Ry Ry
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Ohmmeters and potentiometers

« An ohmmeter is designed to measure resistance. (See Figure
26.17 below left.)

« A potentiometer measures the emf of a source without drawing
any current from the source. (See Figure 26.19 below right.)

(a) Potentiometer circuit

! :
(b) Circuit symbol l
R

for potentiometer

(variable resistor) —AAAAANN—
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Charging a capacitor

* Read the discussion of charging a capacitor in the text, using

Figures 26.20 and 26.21 below.

 The time constantis 7= RC.

(a) Capacitor initially uncharged

Switch
£ open
+I= "
i=0 g=20
a R b || C
¢

(b) Charging the capacitor

closed
5 } —
| . When the switch is
[ closed, the charge

on the capacitor
increases over
i +g — time while the
> q q

A K o || current decreases.
a R b o

(a) Graph of current versus time for a charging
capacitor

i

1y

The current decreases
exponentially with time as

] the capacitor charges.
Iyfelsrmeerss
: t
0 RC

(b) Graph of capacitor charge versus time for a
charging capacitor

q
e
QOrle
____ll(____ The charge on the
617 ) E——— : capacil()l‘_incrca.‘qcs
| exponentially with
: time toward the
| final value Qy.
' t
0 RC
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Discharging a capacitor

« Read the discussion of discharging a capacitor in the text, using
Figures 26.22 and 26.23 below.

(@) Graph of current versus time for a

® FO”OW Examples 26.12 and 26.13. discharging capacitor

(a) Capacitor initially charged

RC
Switch T !
open ¢ :
" — 37| - | The current
P 17 — _ decreases exponen-
tially as the capacitor
discharges. (The current is
- +Qp -0 I . negallive because its.; dire_ction
i=0 0 is opposite to that in Fig. 26.22.)
a R b | | &
c

(b) Graph of capacitor charge versus time
for a discharging capacitor
(b) Discharging the capacitor

_ q
Switch
closed Q )
S — o 0 The charge on the capacitor
¢ When the switch is decreases exponentially as the
i closed, the charge Qo2 F———- capacitor discharges.
on the capacitor QO/‘f ————————
and the current I
i +q —q both decrease ! /
S | | over time. o RC
a R b ¢

C
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Power distribution systems

 Follow the text discussion using Figure 26.24 below.

Fuse
From power /—\
company \,\.ﬂ T _ T T I/ Light
Outlets % g % N
: Switch
) S S—
Main
fuse Fuse
MY
~ W11 I Qe
O~ O - ight
—— Outlets % % %
: Switch
i é oo
Meter — Ground

Hot
line

Neutral
line

Hot
line

Neutral
line
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ousehold wiring

* Figure 26.26 at the right
shows why it Is safer to
use a three-prong plug for
electrical appliances.

* Follow Example 26.14.
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