5.2 Kirchhoft’s Voltage Law

Next to Ohm’s law, one of the most important laws of electricity is Kirch-
hoff’s voltage law ( KWL ) which states the following:

The summation aof voltage rises and voltage drops around a closed loop
ix egual ro zero, Symbolically, this may be stated as follows:

¥ V=0 foracdosedloop (5—1)

In the above symbolic representation, the uppercase Greek letter sigma
() stands for summation and V stands for voltage rises and drops. A
closed loop is defined as any path which originates at a point, travels
around a circuit, and retums to the original point without retracing any seg-
ments.

An alternate way of stating Kirchhoff's voltage law is as follows:

The summation of voltage rises ix egual to the summation of voltage

drops around a closed loop.
2 Eiy = 2, Vi, foraclosed loop (5—2)

If we consider the circuit of Figure 5-7, we may begin at point a in the
lower left-hand corner. By arbitrarly following the direction of the current,
I, we move through the voltage source, which represents a rise in potential
from point a to point b, Next, in moving from point b (o point ¢, we pass
through resistor R, which presents a potential drop of V), Continuing
through resistors R, and R.. we have additional drops of V, and V; respec-
tvely., By applving Kirchhoff’s voltage law around the closed loop, we
arrive at the following mathematical statement for the given circuit:

E-V,—V:—V,=10

Although we chose to follow the direction of current in writing Kirch-
hoff's voltage law equation, it would be just as correct to move around the

circuit in the opposite direction. In this case the equation would appear as
follows:

Vit Vo+ V. —E=0

By simple manipulation, it is quite easy to show that the two equations
are identical.



Werify Kirchhoff's voltage law for the circuit of Figure 5-9.

FIGURE 59 Vi =4W
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5.3 Resistors in Series

Almost all complicated circuits can be simplified. We will now examine how
to simplify a circuit consisting of a voltage source in series with several
resistors, Consider the circuit shown in Figure 5=110,

Since the circuit is a closed loop, the voltage source will cause a current

[ in the circuit, This current in turn produces a voltage drop across each
resistor, where

V.= IR,
Applying Kirchhoff’s voltage law to the closed loop gives
E=V, +V,+--+V,
=IR + IR, + - + IR,
=IR +R, + - +R,)

If we were 1o replace all the resistors with an equivalent total resistance,
Ry, then the circuit would appear as shown in Figure 5-11,
However, applying Ohm’s law to the circuit of Figure 5-11 gives
E=IR, (5-3)
Singe the circuit of Figure 5-11 is equivalent to the circuit of Figure 5-

11, we conclude that this can only occur if the total resistance of the n series
resistors is given as

Ri=R +R:+ -+ R, [ohms,(]] i5=4)

If each of the n resistors has the same value, then the total resistance is
determined as

R;=nR [ohms, (1] 5=5)

FIGURE 510

l{,I—.
E= §RT

FIGURE 5-11
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< EXAMPLE 5-3 Determine the total resistance for each of the networks
5 shown in Figure 5-12,

30 10 kO
(< ATATAY o ATATAY,
10 0 10 kO
RT—I- .F.'T—lp-
20 02 10 kO
O AN [ ATATAY
15 £} 10 k0
(a) (b}
FIGURE 5-12

Any wvoltage source connected to the terminals of a network of series
resistors will provide the same current as if a single resistance, having a
wvalue of B, were connected between the open terminals, From Ohm’s law

we get
E
I'=— [amps, A] (S—1i)
Ry
The power dissipated by each resistor is determined as
v,
9=V, I= = = PR, [watts, W]
W
Py = Vil = o~ = FRy [watts, W] (5=T)

=
fui

}; =FRR [weatts, W

~

P, =VJI=

In Chapter 4, we showed that the power delivered by a voliage source to
a circuit is given as

P = ET [watts, W] (5=8)
Since energy must be conserved, the power delivered by the voltage
source is equal 1o the total power dissipated by all the resistors. Hence

Pr=P, + P:+ --- + P, [watts, W] (S=4)

The Voltage Divider rule



Parallel Circuits



OBJECTIVES

After studving this chapter wou will e

able o

= recognize which elaments and branches
in a given circuit are connaceed in paral -
lal and which are connaectaed in saeries,

« calculate the total resistanos and oon-
ductancs of a network of parallel resis-
taRnCes,

* determins the current in any resistor in a
parallel circuit,

= salwve for the valtages across any parcal el
oormbd nations of resistors,

=« apply Kirchhoff s current Llaw 1o solve
for unknown currants in & circuit,

= axplain why voltage sources of differant
magnitudes must never be connacied in
parallel

= uss the current divider rule o solve Tor
the currant through any resistor of & parr-
all <=l cormbriratior,

+ design a simple amumeter USing 8 pearivks -
NEnt-eagnet . Moving-oodil meter meowve -
It .,

= identifv and calculate the loading effects
of a wvwoltimeter connaectad into a circuldt,

= s Electronics Workbench o obsarwve
loading effects of a wvoltmeeter,

* uss PSpice o evaluate volta ge and cur-
rent in a parallel circuit.

6.1 Parallel Circuits

The illustration of Figure 6—1 shows that one terminal of each light bulb is
connected to the positive terminal of the battery and that the other terminal
of the light bulb is connected to the negative terminal of the battery. These
points of connection are often referred to as nodes.

Elements or branches are said to be in a parallel connection when they
have exactly two nodes in commaon.

Figure 6-2 shows several different ways of sketching parallel elements,
The elements between the nodes may be any two-terminal devices such as
voltage sources, resistors, light bulbs, and the like.
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6.2 Kirchhoft’s Current Law

Recall that Kirchhoff's voltage law was extremely useful in understanding
the operation of the series circuit. In a similar manner, Kirchhoff’s current
law is the underlying principle which is used to explain the operation of a
parallel circuit. Kirchhoff's current law states the following:

The summation of currents entering a node is egual to the summation of
currents leaving the node.

An analogy which helps us understand the principle of Kirchhoff's cur-
rent law is the flow of water. When water flows in a closed pipe. the amount
of water entering a particular point in the pipe is exactly equal to the amount
of water leaving, since there is no loss. In mathematical form, Kirchhoff's
current law is stated as follows:

El IEE__i.'@::-IDﬂ! = E‘ jrl:nri:.;g: ke l:ﬁ_l}

Figure 635 is an illustration of Kirchhoff's current law. Here we see that

the node has two currents entering, /, = 5A and /. = 3 A, and three currents

leaving, . = 2A. I, =4 A, and f, = 2 A, Now we can see that Equation 6—1
applies in the illustration, namely.

E"r'._.=.2"rﬂ_l
2A +4A+ BA
8A = 8BA (checks!)

Ly
e
_|_
L
e
[

—f& EXAMPLE &—1 Determine the magnitude and correct direction of the cur-
< rents f, and f; for the network of Figure 6—7.

FIGURE 6—7




Solution Although points 2 and b are in fact the same node, we treat the
points as two separate nodes with 0 ) resistance between them.

Since Kirchhoff’s current law muost be wvalid at point a, we hawve the fol-
lowing expression for this node:

JT] =JT1'|_JT3,

and =o

i £y — I

28 —3A=—1A

Motice that the reference direction of corrent /5 was taken to be from a to &
while the negative sign indicates that the current is in fact from b to .
Similarly, vusing Kirchhoff’s curment law at point & gives

JTQ,, = JTq_ ~I= JT!
which gives curment s as

I =0y — I
= —]1A —606A = —TA

The negative sign indicates that the current Fs is actually towards node &
rather than away from the node. The actual directions and magmtudes of the
currents are illustrated in Figure 6=8.

FIGURE 6—8

:éﬂ EXAMFLE &-2 Hnd the magnitudes of the unknown currents for the cir-

<" cuit of Figure 6—9.

FIGURE 69



Solution If we consider point & we see that there are two unknown cur-
rents, §, and [,. Since there 1% no way to solve for these values, we examine
the currents at point b, where we again have two unknown currents, [, and [1,.
Fnally we observe that at point ¢ there 15 only one unknown, {,. Using Kirch-
hoff"s curmrent law we solve for the unknown current as follows:

I, +3A +2A=10A
Therefore,
L =10A —3A —2A=5A
Now we can see that at point & the cument entening is
L=5A+3A+2A =10A

And finally, by applying Kirchhoff's current law at point & we determine that
the current [, is

I, =10A —-—3A=TA

< EXAMFLE &—3 Determine the unknown currents in the network of Figure
o6—10,

Ay

= 7
=24 A i =244
—_—

I:=]]AI

= B

(a) : (b]

FIGURE 610

Solution We first assume reference directions for the unknown currents in
the network,

Since we may use the analogy of water moving through conduits, we can
easily assign directions for the currents [, I, and L. However, the direction
for the current I, is not as easily determined, so we arbitranly assume that its
direction 1% to the right. Figure 6=10{b) shows the various nodes and the
assumed current directions.



By examining the network, we see that there 15 only a single source of
current f;, = 24 A, Using the analogy of water pipes, we conclude that the
current leaving the network is L, =1, =24 A,

Now, applying Kirchhoff's current law to node a, we calculate the cur-
ent [ as follows:

=5+ 5
Therefore.,
ILiy=L—L=24A —11A=13A
Similarly, at node ¢, we have
I+ IL,=1
Therefore,
Ih=L—hL=06A—13A=-TA

Although the current I, 15 opposite to the assumed reference direction, we do
ot change 1ts direction for further calculations. We use the onginal direction
together with the negative sign; otherwise the calculations would be need-
lessly complicated.

Applying Kirchhoff's current law at node b, we get

L=1I+ 1
which gives
Lhi=L—-I,=11A—(—TA)=18A

Fnally, applying Kirchhoff's current law at node 4 gives
I+ ;=5
resulting in

L=1I5L+1I =18A+6A =244



6.3 Resistors in Parallel

A simple parallel circuit is constructed by combining a voltage source with
several resistors as shown in Figure 6—12.

—_ &
I—-—
Rt
E R Ry R
[ S (e
P —

FIGURE =12

The voltage source will result in current from the positive terminal of
the source toward node a. At this point the current will split between the var-
ious resistors and then recombine at node b before continuing to the negative
terminal of the voltage source.

This circuit illustrates a very important concept of parallel circuits, If we
were 10 apply Kirchhoff’s voltage law around each closed loop in the paral-
kel circuit of Figure 6-12, we would find that the voltage across all parallel
resistors is exactly equal, namely Vi, = Vi = Vi = E. Therefore, by apply-
ing Kirchhoff's voltage law, we make the following statement:

The voltage across all parallel elements in a circuit will be the same.

The above principle allows us to determine the equivalent resistance, Ky,
of any number of resistors connected in parallel. The equivalent resistance,
Ry, 18 the effective resistance “seen” by the source and determines the total
current, f;, provided to the circuit. Applying Kirchhoff's current law to the
circuit of Figure 6-11, we have the following expression:

JI'T=.‘I'._|_.‘I'1_|____ +.‘rﬂ_

However, since Kirchhoff's voltage law also applies to the parallel cir-
cuit, the voltage across each resistor must be equal to the supply voliage, E.
The total current in the circuit, which is determined by the supply voltage
and the equivalent resistance, may now be written as

E E _E E
— =t =+ e+ =
R, R. R, R

L]

Simplifying the above expression gives us the general expression for
total resistance of a parallel circuit as

+

1 1 .
— — (s g, & 6—2
R, R R. R (siemen ) i )



Since conductance was defined as the reciprocal of resistance, we may
write the above equation in terms of conductance, namely,

G, =G, +G,+--+G, (S) (6—3)

Whereas series resistors had a total resistance determined by the sum-
mation of the particular resistances, we see that any number of parallel resis-
tors have a total conductance determined by the summation of the individual
conductances.

The equivalent resistance of n parallel resistors may be determined in
one step as follows:

I
T () (6=4)
— et — et —
R, R, R,

An important effect of combining parallel resistors ix that the resultant
resistance will always be smaller than the smallest rexistor in the combination.

Two Resistors in Parallel
Very often circuits have only two resistors in parallel. In such a case, the
ntal resistance of the combination may be determined without the necessity

of determining the conductance.
For two resistors, Equation 6—4 is written

S
1T
R, R

By cross multiplying the terms in the denominator, the expression
becomes

RT=

Ry = —

R, + R
R.R:
Thus, for two resistors in parallel we have the following expression:
R.R,
Ry (H—i)

" R, + R,



:il; EXAMFLE &=7 Determine the total resistance of the resistor combinations
T of Figure 6-17.

&

o [ i
- R, R3 » R, Ry
T IMO S MO T 35 0 24 0)
o =
(a) (1
O
R R
R ] 2
f—s 98 ki gz kD
Lo
(c)

Solution
a. Ry = ir;’élfll“;ﬁ{ = 0.75 Ml = 750 k)
b, Ry = iﬁﬁfzi 4‘{}% =144 0

Example :



e
=
¥
RT 2y R Ry Ra R
— - 6 kil 3 k2 1 ki1 1 k2 S 7000

(b}

Rﬁ
4200 0



6.5 Current Divider Rule

When we examined series circuits we determined that the current in the series
crcuit was the same everywhere in the circuit, whereas the voltages across the
series elements were typically different. The voltage divider rule (VDR) was
used to determine the voltage across all resistors within a series network.

In parallel networks, the voltage across all parallel elements is the same.
However, the currents through the various elements are typically different.
The current divider rule (CDR) is used to determine how current entering a
node is split between the various parallel resistors connected to the node.

Consider the network of parallel resistors shown in Figure 625,

If this network of resistors is supplied by a voltage source, the total cur-
rent in the circuit is

_ £

Ry

Since each of the n parallel resistors has the same voltage, E, across its
terminals, the current through any resistor in the network is given as

L (6—8)

L= == (=47

By rewriting Equation 6—8 as £ = [ R; and then substituting this into
Equation 6—9, we obtain the current divider rule as follows:
Ry
=21 6—10
X Rr T I: }
An alternate way of writing the current divider rule is to express it in
terms of conductance, Equation 6—10 may be modified as follows:

G
I =—1 =11



The current divider rule allows us to calculate the current in any resisior
of a parallel network if we know the total current entering the network.
MNotice the similarity between the voltage divider rule (for series compo-
nents) and the current divider rule (for parallel components). The main dif-
ference is that the current divider rule of Equation 6—11 uses circuit conduc-
tance rather than resistance. While this equation is useful, it is generally
easier Lo use resistance to calculate current.

If the network consists of only two parallel resistors, then the current
through each resistor may be found in a slightly different way. Recall that for

two resistors in parallel, the total parallel resistance is given as
RR

RT —_ - =

R, + R.

MNow, by substituting this expression for total resistance into Equation 6—
10, we obtain
LRy
R,
f RR.
IR,
= )

1,

which simplifies to
R

I =——=1 =12
YO R+RT ( )

Similarly,
RJ

bh=——"—1 6—13
T TR T RT f )

Several other important characteristics of parallel networks become evi-
dent.

If current enters a parallel network consisting of any number of egqual
resistors, then the current entering the network will split equally between all
aof the resistors,

If current enters a parallel network consisting of several values of resis-
tance, then the smallest value of resistor in the network will have the largest
amount of current. Inversely, the largest value of resistance will have the
smallest amount of current.

This characteristic may be simplified by saying that most of the current
will follow the path of least resistance.



EXAMFLE &=10 For the network of Figure &—2% determine the currenis F,,
L oand £

FILGLURE 626 o

Salutian First, we calculate the total oonduwctamee of the mestwork.

] 1 1
S =Ta "za T an it

Mow the currents may b evalusted =5 finllows:

I, = %fr = {:%jldﬁ = E.00 A
1= g:f.,_.= {:%jl-ﬂﬁ = 4.00 A
I, = %fr = {:%jm,ﬂ. = 700 A
An altemats approach is o use circwit resistance, rather than conductanoes .
Rf=i=ﬁ=nfn Iy
I, = i—lffr = :%] 14 A =800A
L= i—:f.,_. = [%] 14 A = 4004
I = i—:f.,_. = :%] 14 A =200A

é ExAMFLE &—11 For the metwork of Figure & 27, determine the currends: £,
q o, =med f

=1

1:-.-: 12 rrd
Al AL A
Ry R "
& Al .ﬁﬁ L1 & kLl
FIGURE 6—2Z7 &

St b Himnce all the resistors have the samnme value, the imnooming currsnt
will split egually beiweaen the resistamces. The refore,

[ s

Hh =5 =8 = )

= & {0 T




;E'*: EXAMPLE 6—14

—L E 2 s
35 W 2 k1] 8 k)
R
—

FIGURE 6-31

For the circuit of Figure 6=3 1, determine the following quantities:
R

It

Power delivered by the voltage source

Fyand & wing the coment divider rule

SN

Power dissipated by the resistors

Solution
Ry _ (2 kLR kL)
R, + R, 2ki} + B ki)

b fp=2 =Y _ »sma
Rr 1.6k0

c. Pr=Eflt = (36 VI22.5 mA) = 810 mW
R, ! 2 ki)

ey mwm".l'iﬂjm““jmﬂ

R. i B ki)

F

R, + R, _I.Ekﬂ—l—Ekﬂ

a. Ry = = 1.6 k{2

"||:22_5 mA) = 15.0 mA

e. Since we know the voltage across each of the parallel resistors must be 36V,
we use this voltage to determine the power dissipated by each resistor, It
would be equally cormect to use the current through each resistor to calcu-
late the power. Howewver, it is generally best to use given information
rather than calculated values to perform further caleculations since it is then
less likely that an error is camed through.

po— B2 _B8VF s mw

TR, 2k0y o
E*  (36V)

po= _BOVF o mw

TR, 8 ki)

MNotice that the power delivered by the voltage source 15 exactly equal to
the total power dissipated by the resistors, namely Pr = P, + Pa



j_‘l'; EXAMFLE &—15 Referto the circuit of Figure 6=32:

-

fqp =225

—

A

E =120V —| Ry e §P=]d4"r‘+'
3mﬂ§ = e -

FIGURE 632

Solwve for the total power delivered by the vwoltage source.
Find the curmments f, &, and Fi.
Determine the values of the unknown resistors K: and Ra.

Calculate the power dissipated by each resistor.

-

Verify that the power dissipated is equal to the power delivered by the
woltage sounce,

Solution
a Pr=Ef =(120VN2.2A) = 264 W

bk Since the three resistors of the circuit are in parallel, we know that the
voltage across all resistors must be egqual to E = 120 W,

V, 120 WV
I, =—L=——=04A
YOR, 3000

P 144 W
Lh=——=—=12A

Vs 120 W
Because KCL must be maintained at each node, we determine the current > as
Ly=I.—I — L
=22A —04A —12A=06A

Ve, 120V
c. R,=—2= = 200 0}
Is 0.6 A

Although we could use the calculated current 3 to determine the resistance, it
it best to use the given data in calculations rather than calculated values.

w2 _ (120 AT

TP, 144 W
d. Py = v = (120 V) = 48 W
- R, 300 L2
P.=LE, =(06ANI20V)=T2W
e, Py = F

264 W =P, + P, + P,
264 W =48 W + T2 W + 144 W
264 W = 264 W (checks!)






Solution By examining the circuit of Figure 7=4, we $ee that resistors R, and

Ry are in parallel. This parallel combination is in $eries with the resistor R,
The combination of resistors may be represented by a simple series net-

work shown in Figure 7-5. Notice that the nodes have been labelled using the

sAme notation.

s X
| 2 -
R, 120V,
Ry —=
E —— 48V th
Ry Il Ry § & ki .
II,L' -
FIGURE 7-5

a4 The total resistance of the circuit may be determined from the combination

Ry = R, + R;||R,
(10 KO0 kL)
10 k{: + 40 kil

= 12 k) + B kil = 20 k1)

Ry = 12k} +

h. From Ohm’s law, the total current is

48 W
=0 =——=24mA
T : 20 kL2

The current I, will enter node & and then split between the two resistors Ry
and R, This curmment divider may be simplified as shown in the partial circuit
of Figure 7—6.

l:—;- = 2.4 mA

s ’JJ. _

Ra Ry
10 kO A0 kA2

[ &
FIGURE T—6 T

Applyving the current divider rule to these two resistors gives



_ (40 kX224 mA)

10 k1) + 40 k{1
(10 k{22 4 mA)

I, = = 048 A
* 10 kO + 40 k)

¢. Using the above currents and Ohm’s law, we determine the voltages:

V, =24 mA)12k{l) =288V
V, = (048 mA)4D k(1) =192V =V,

= 1.92 mA

In order to check the answers, we may simply apply Kirchhoff's voltage law
around any closed loop which includes the voltage source:

SV=E—-V, —V,
=48V — 288V — 192V
= 0V (checks!)

The solution may be verified by ensuring that the power delivered by the volt-
age source 1% equal to the summation of powers dissipated by the resistors.

:& EXAMFLE 7=3 Fond the voltage V.. for the circuit of Figure 7=7.

=

Ry
P -
10 X2
L
1 E 2y
T Al W 2060 X0
FIGURE 7=7

Soluticn We begin by redrawing the circuit in a4 more simple representation
as shown in Figure T=8.

Va R v, !
= 5000 ' 10 02
E _ 41] 'l'f. b :_l-rulj —:— [ QA
200 12 300 12
FIGURE 7-8 ) |

From Figure T—8, we see that the onginal circuit consists of two parallel
branches, where each branch is a =eries combination of two resistors,




If we take a moment to examine the circuit, we see that the voltage V,
may be deterrmined from the combination of voltages across R, and R, Alter-
natively, the voltage may be found from the combinaton of voltages across
R,and R,.

As usual, several methods of analysis are possible. Because the two
branches are in parallel, the voltage across each branch must be 40 V. Using
the voltage divider rules allows us to quickly calculate the voltage across each
resistor. Although equally comect, other methods of calculating the voltages

would be more lengthy.

V= —2
R:+ R;
= I:ﬂ]ﬂﬁf—{!lﬂﬂﬂ]mﬂ V) =80V
v, =—2 g
C R, + R,
100 0

\J[-ﬂl'lil Vi= 100V

F

~|Toon + 3000

Acs shown in Figure 79, we apply Kirchhoff's voltage law to deterrmine the
wvoltage between terminals a and 5.

e Vo =B W i~y = 10
] — L — o
FIGURE 7-9
V.= —100% + 80% = —2.0W

el



*_::'IE,"EI.-'*..I‘-.-'!IF'LE T—< Consider the circuit of Figure 7—110:

=4 kil
T _“'-..-"'-.'.-"'-..._ o
[ vz s?l
P 3 ko2
R-ﬂ _.-
ng-ﬁ-kﬂ o ]5]n§‘~
IT E=aswv |
FIGURE 7T—10 ) T
[(EwE at

a. Find the total resistance Ry “seen™ by the source E.

b Calculate Iy, [, and L.

c. Determine the voltages V., and V.

Solution We begin the analysis by redrawing the circuit. Since we generally
like to see the source on the left-hand side, one possible way of redrawing the

resultant circuit 1% shown in Figure 7=1 1. MNotice that the polanties of voltages
across all resistors have been shown.

. R J—
”--—w*jx 3
I,f—'- 3 kN _
Ir R 4 k) ¥ 2 ]
E— 43 .I'.l s E‘dg]jk_ﬂ T4
R 2 akn
o

‘.

Rp=(4k0+6k0O)N(15 kD)
FIGURE 7-11 =& kil




a. From the redrawn circuit, the total resistance of the circuit is

R, = R, + [(R, + R)|R,]
(4 kil + 6 k{15 k1)
(4 k{: + 6 k{2) + 15 koOk

= 3 kil + 6 kil = 9.00 k{}
b. The current supplied by the voltage source is

E _ A5V

= 3 kil +

= 500 mA

fr|'=

We zee that the supply current divides between the parallel branches as shown
in Figure 7—12,

Ir=5 mi
= |
Ty | |-r:

g g]j kil

N

Ry =6 k0D

2 G kil

FIGURE 7-12 e

Applying the curment divider rule, we calculate the branch currents as
i R'y (5 mAMG6 ki)
TR, + Ry) 4kl +6k0
R't (5 mANG6 kil)
Ry 15 ki)

MNotice: When determining the branch currents, the resistance R’ is used
in the calculations rather the the total circuit resistance. This is because

the current I, = 5 mA splits between the two branches of R’ and the
split is not affected by the value of R,.

= 3,00 mA

I, =

= 200 mA

fi=f"|'

. The voltages V., and V, are now easily calculated by using Ohm's law:

Vo= LR, = (3 mA)4 k{)) = 120V
V., = LR, = (2 mA)(15 k{}) = 30,0V



< EXAMPLE 7—5

= For
and voltages.

==

Iy

the circuit of Figure 7—13, find

the mdicated cuoments

@ FIGURE 7-13

Solution

Ej S 7 —_a-— s o iy E-
= AT TAY ATAYAY - ATATAY =
+ 12V 10 £ mﬂ/,/ﬂ S0 0 —a
1'!.:.'1 h
_ Iy
’// - iy
N A TATAY
30 0

Because the above circuit contains voltage point sources, it is eas-
ier to analyze if we redraw the circuit to help visualize the operation.

The point sources are voltages with respect to ground, and so we begin
by drawing a circuit with the reference point as shown in Figure 7=14,

FIGURE 7-14

MNorwr, we can see that the circuit may be further simplified by combining the
wvoltage sources (£ = E, + E.)and by showing the resistors in a more suitable

location. The simplified circwit is shown in Figure 7—15,
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The total resistance “seen™ by the equivalent voltage source is

R: =R, + [RJ|(R, + R;)]
(30 2110 £} + 50 1))
30 £} + (10 £} + 50 £1)

= 10 {2 + = 30.0 (1

And so the total current provided into the circuit 1s

E _ 18V
Rr 300

I, = = 0.600 A

At node b this current divides between the two branches as follows:

R+ + R 60 (0,600 A
3=[‘ oh (604X ) 0400 A
R,+R,+R, 300+ 100+ 501

R, (30 (0.600 A)
= = = 0200 A
R,+R,+R, 3000+ 100+ 501

The voltage V', has the same magnitude as the voltage across the resistor R,
but with a negative polanty (since b 18 at a higher potential than a):

V, = —LR,=—[0200 AX10 ) = —20V



