The node voltage method
» Equivalent resistance

* Voltage / current dividers
* Source transformations
* Node voltages
* Mesh currents
* Superposition
Not every circuit lends itself to “short-cut” methods. Sometimes we

need a formal approach that does not rely on using a trick. The node-
voltage is the first (and maybe most used) of our three formal methods.

The node-voltage method is a systematic approach for deriving a set of
simultaneous equations that can be solved to find the voltage at each
node of the circuit. Once the node voltages are known, all currents and
powers in the circuit follow easily. The method is identical for any size
circuit, although the math will be messier for bigger circuits since the
number of simultaneous equation scales with the number of nodes.
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An example

Consider the circuit at right. It looks
easy enough, but we are quickly
disappointed when we find that no
short-cut methods will help in trying
to solve it. We must go back to

Kirchoff’s Laws.

nodes.
a. lyg = Igy + gy
b. ig) + ig3 = Ipy

d. ZRQ, — IS + lVS
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_et’s poke at this a bit using KCL.
Cirst identify all of the nodes —
there are four in this case. Label the
currents in each branch — the
directions can be chosen arbitrarily.
Then write KCL equations at the four

R4
AVAVAY,
20 Q
Rl R3
A ANNAN—

40 Q 40 Q
AGHEE (D
8V 20 Q2 0375 A

R4
VWV
iR4
Rl b R3
a (B NN—E—MN—B) ¢
4 iRl : iR3 A
(e RSl (Db
\ Wil
d

There are four equations relating
five unknown currents — not good.
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We can use Ohm’s law to write

resistor currents in terms of the LESid nEses
resistor voltages. (Pay attention to W\’_.,
polarities. For the resistors, the ‘R4
" +H Vo T h = Vot
voltage polarities must match the RIE R3
HEsna a ($—"NVV NNVN—) ¢
chosen current directions.) & mhENn HENAL 5
e Ve Vv <+>T it v+ l K3 <A> .
&y — — +— ST R |1 S
VS Rl R4 VS - R2
V v V
b. il 4 ﬁ — iz \&’J
R PR
V V
R, R,
G :
d —=IL+1
W

This doesn’t improve the situation — there are still four equations

relating five unknowns — four resistor voltages and the current flowing
through the voltage source.
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We can take another step and assign + Vg,

a voltage to each node. (Recall that AVAVAY:

our definition of a node is a point of TR;

connection between components, + Vo — Vb — Ve, +

and the node has a single voltage.) Va C’B—’\/_\/}/ - W Ve

We can then write the resistor AEmEEEE - Lk :
voltages as differences between the VSCiDI [ VR liRZ ()IS
node voltages. -

eei _va—vb_l_va—vc o)
1. VA NS
R, R, Va
b va_vb_l_vc_vb_vb_vd Vp1 =V, =V,
R R R
1% IV 3V 1% : VRZZVb_Vd
a. e ¢ b
i telc= Vps = V. —V
R4 R3 R3 C b
bp : YRa g

However, it seems that we are going in circles, since there are still 5
unknowns — vq, v, Ve, v4, and ivs. Basically, we have just been

changing names. But we are ready for a crucial step.
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Voltage, like energy, is a relative quantity — only differences are
important. The absolute values of v, vs, v¢, and vs do not matter — only
the differences, v, — v, va — v¢, etc. are important, as we saw in the
previous set of equations. This means that we can assign a voltage value to
one node, and then all other node voltages can be defined with respect to
that chosen node voltage. We could assign any voltage that we want, but
an obvious value would be 0 V. When a particular node is chosen to have
“0 volts”, we call it the ground node.

We are free to choose any of the nodes in the circuit to be the ground. We
will see in the examples to follow that some choices are better than others,
but, at least initially, each node is an equally viable ground.

R,
In this example, we will choose AVVAY
node d to be ground, and so, by our JaE
definition v4 = 0. Once we have R Vb R

chosen a node to serve as ground, Va (" \N\NN—FEF—A\N—) Ve

we denote that in the circuit with aE Lon
the ground symbol, as shown at VS<+>L. R, liRZ <‘>IS
right. =

vag =0
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Choosing a ground node to serve as a voltage reference has two
significant effects on the set of equations that describe the circuit. The
first is that, since the voltage at d was assigned to be zero, it is no longer
“unknown” and our math problem reduces to a set of four equations
with four unknowns — v,, v, ve, and ivs. The set can be solved!

: V,—V, V,—V
a.lVSZ - ~+ : :

We could just get to work and solve these equations, but we can do
more to make the job easier.
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The second effect is that, by defining node d as ground, we also
immediately know the value of v,. By the definition of a voltage source,
va=va+ Vs=0+ Vs=Vs. So we also know v,.. The four equations now
have only 3 unknowns — we have the luxury of choosing which equations
to solve to find the remaining unknown quantities.

Vo= V=

s R T R In examining the set of equations,
1 : hat the middl
A T 23, we see that the middle two
SaE e L fesbb 0 equations depend only on the node
R, R; R, voltages, v, and vc.. So we could
i V= solve just those two equations to
c: b + [g = 7 find v;, and v.. Then we can
N 4 shioa immediately calculate iys using
o % = fr either the first or the last equation.
D

Our approach of focusing on the node voltages, defining one as ground,
and then using the information provided by the voltage source has allowed
us to reduce a messy problem of 5 unknowns with 4 equations to the
tractable problem of 2 unknown node voltages related by two equations.
The tricky issue of handling the current of the voltage source has, in

essence, disappeared from view.
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Taking the two equations relating v, and v. and working on them a bit:

Ve—v V. —V 1% Ve—v V. —V
S b 4 C b L _b S C +IS _|r¢c b
R, Ry R, R, Ry
R R, R
VS—vb+—(vC—vb)——vb VS—vC+R4IS——(vC—vb)
3 R, 3
R, R, R, R, R,
1+_+_ Vb—_VC:VS __Vb‘l‘ 1+_ VC=V5+R4IS
R, Rj R, R, R,

Insert numbers:

— v,.=8V
40 Q

40Q 400 40 Q.
P
20Q 400

20 Q 20 Q
—— v+ |l +—— |1, =8V +(20Q) (0.375mA)
40 40

Svy—v. =8V
—05v, + 1.5y, =155V
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Let’s step through the same problem
again, but now use the knowledge
gained from the first time through.

First, identify the nodes and choose
one to be ground. Again, any node
could be ground. Choose the

bottom one again.

Now, with the ground chosen, we
note that the voltage at the node
above the voltage source must be
Vs. That leaves two nodes where the
voltage is not known. This time, we
will label the voltages v, and v,. (The
specific names are irrelevant.)

Identify the currents flowing into
and out of the unknown nodes.
Since we don't yet know the
currents, we can choose the
directions however we want.

G. Tuttle — 2022

R4
AVAVAY.
20 Q
Rl R3
— AN ANN—
40 Q 40 Q
A
AGBE (D
AN 20 025 A
R4
VVV
iR4
Rl Vx R3
Vs (" \N\N—E—AN\N—9) 1y

o IR | 'R3 :
(i RSl (D
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The currents that enter and leave the ,\/<1/\/
two unknown nodes are i1, ir2, ir3, ir4, —
and Is. Note that the troublesome iys R vR4 R
won’t be involved, since it does flow 1 a 3
. / V sz | V
into or out of of an unknown node. s (& BAEUH, BEE4E, SEA
This is sood! 'r1 'R3
: i <i>T i ll‘Rz (ADIS
At each of the unknown nodes, use
KCL to balance the currents flowing in B
and out: \%/Vd =0

X lRl -+ ZR3 m— le
Y. Igg + I = ip;

Next, use Ohm’s law to write each resistor current in terms of the node

. . ‘ VS P Vx
voltages on either end of the resistor: iy, = rogas! etc.
1
Ve—v VeV 1% Ve—v Vv, —V
S X 4 y X L[ S y +IS = y X
R R; R, R, R;

These are the two node-voltage equations that can be solved to find the
two unknown node voltages. The rest is just math.

This approach is known as the node-voltage method.
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The node-voltage method
1. lIdentify all of the nodes in the circuit.

2. Choose one node to be ground. In principle, the choice is arbitrary, but, if
possible, choose a node that is connected to a voltage source. The chosen
node is assigned a voltage of 0.

Identify nodes for which the voltage is known due to sources.
If possible, use short cuts to eliminate any non-essential nodes.

Assign variables for the voltages at the remaining unknown nodes.

S U1 bW

Assign currents to all of the branches connected to the nodes. In principle,
the direction is arbitrary. Label the voltage polarity for any resistors.
(Make sure that that voltage polarities match the current direction!)

7. Write KCL equations relating the currents at each of the unknown nodes.

8. Use Ohm’s law to express resistor currents in terms of the (unknown) node
voltages on either side of the resistor.

9. Substitute the resistor currents into the KCL equations to form the node-
voltage equations — a set of equations relating the unknown node
voltages.

10. Do the math to solve the equations and determine the node voltages.

Determine currents, powers, etc., if needed.
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Example 1 R,

N

Apply the node-vol hod diEc
pply the node-voltage method to v (t) R (A> I
1

the “2 source — 2 resistor” problem. > 2
10V 5Q A
R
a (00— N9
Step 1 — Identify the nodes in the T ;
circuit. Three in this case. Vs (.) R, () I
-,
C
R b
0 (B—ANA-ED
Step 2 — Choose one to be ground.
We choose node c in this case. V, (i) R, (‘) I
vee=0
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Step 3 - Identify other nodes for WAV
which the voltage is known. In this
Vot R b1
case, the source Vs between ground S\ — 2 S
Ve

and node a means that v, = V5.

=0

Step 4 — Reduce the circuit using series or parallel combinations. For
this circuit, there are no simplifications.

Va= Vs R
Step 5 — Assign variables for the T Y Vel
voltages at the remaining unknown 7 ”
nodes. In this case, there is only one Vs <_> K, () L
unknown node voltage.
V=10
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Step 6 — Assign currents to all of the Ve =Vs + Ve
branches connected to the nodes. In i

principle, the direction is arbitrary. JrasEEy:

: Vit T V i by
|abel the voltage polarity for any SN RS 'R0 )
resistors. (Be sure to get the =
polarities correct!)

Step 7 — Write KCL equations
relating the currents at each of the
unknown nodes. In this case, there
is only one equation.

Step 8 — Use Ohm’s law to express fp = — =

: . R R R
resistor currents in terms of the 1 1 1
(unknown) node voltages on either e
side of the resistor. gy = R, 53 R, == R,
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Step 9 - Substitute the resistor
currents into the KCL equation to
form the node-voltage equations —
a set of equations relating the
unknown node voltages.

Step 10 — Do the math to find the
node voltage.

Ve—v 1%
S b+IS=—b
R, 2
R,
VS S Vb +ISR1 = _Vb
R,

Rl
R2

- Vet LRy

R,
1+R_2
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10V +(1A)(10Q)

1+IOQ

5Q
Vi = 6.67V

Vb

Once vy is known, the currents
and powers are easily found
using Kirchoff’s laws.
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Example 2

Let’s apply the node voltage 55 kQ 75 1O
method to the simple ladder 5
circuit shown. Recall that we v (—)
solved this circuit earlier by using 15V 10 kg 2.5 kg}
the voltage divider method twice.

b

e .. : | Vo
circuit. Four in this case. S\ -

a@—«/v» 5D W/v—@c
Step 1 - Identify the nodes in the %

Nodes a or d would be good V, (+>
choices — we will go with d. o

Ny
d
K, b K,
=N NN GG
Step 2 — Choose one to be ground. %

Vd =
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. va=Vs R b R
Step 3 - Identify other nodes for L AAN e AA AL
which the voltage is known. As in
the previous example, the voltage V, <+> R, R,
source causes node a to have -

voltage v, = Vs.

Vg =0

Step 4 — Reduce the circuit using series or parallel combinations. In this
case, we could eliminate node ¢ by combining R; and R4 and treating
them as a single resistor. Then the problem reduces to having a single
unknown (v) and it could be handled easily using a voltage divider,
taking us back to our earlier method. However, to better illustrate the
node-voltage method, we will keep the two resistors separate, with
node ¢ between them.

1 3
Step 5 — Assign variables for the VW——" VWA
voltages at the remaining unknown

- 7 R R
nodes. In this case, there are two S (.) 2 4

unknown node voltages.

va=0
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Step 6 — Assign currents to all of the yo= Vet YR Vb Mps iV

NAA 7 |
branches connected to the nodes. In Bag /\L\_,/\’_@
orinciple, the direction is arbitrary. . i = e
| abel the voltage polarity for any Vs <_> VR llRZ VR4 l’m

resistors — take care to match = o
voltage polarity to current direction.

Step 7 — Write KCL equations iRl = Iy + g3
relating the currents at each of the
unknown nodes.

Step 8 — Use Ohm'’s law to express ipy = =
resistor currents in terms of the : - 2
(unknown) node voltages on either Baee: MEIERE ettt
side of the resistor. R; R3
EESRESR Y (EERE. O auRi AR el )
LRAr == = =1

R, Rit R
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Step 9 - Substitute the resistor Sus
. . R, R, R;
currents into the KCL equation(s) to !
form the node-voltage equations. Wit boite
R R
N
Step 10 — Do the math to find the ZVSVKVQ
node voltages. :
At i
R R 15V 10 k€2
VS—Vb =_1Vb+_1 (Vb—VC)
R, 3
Py 1.5833v, — 0333y, = 15V
C R4 C
Vo 4VC = ()

R, R, R, .
14+ —+ e v,——Vv. =V, Two equations, two unknowns:
Solve to give: vy =10V, v. =25V
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Example 3

As we become more —/\1/{\1/\, ’ /\1/{\3/\,—
familiar with the node- 3 k€2 2 k€2

voltage procedure, we V51<i> R, (‘) I (i) Ve,
can probably do some of 725 v 1 kQ S Eaan. oV
the steps by “inspection”, .

without writing out

everything.

We see that there are four nodes in the circuit. Making things easier, there

are two voltage sources that share a common connection.

to choose that node as ground. The ground and the two vo
mean that we already know the voltages of three of the noc
becomes a “one-node” circuit and should be easy to solve.

1% Vx 1%
V= VSl YR 0 £ I VSZ
—ANMA\—e O>—ANA—
mR T S
l + l
R1 R3
+ : 4 +

G. Tuttle — 2022 v=0

t makes sense

tage sources
es. This
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There are no series/parallel simplifications, so we can jump directly to
writing the KCL equation.

at node x : ip; + I = ipy + ips

As we become better at recognizing how the node voltages relate to the
resistor currents, we can immediately re-write the currents above in
terms of node voltages and resistors:

Vo —v 1% v, =V
S1 X 4 IS e e I X S2
R, R, R;

The circuit analysis is done, and the rest is just math.

V +R.I Rlv +R1 Rlv
—V = — —_— ) — —
S1 X 1*S R2 5 R3 X R3 S2

Rl Rl Rl
1+_+_ vx=V51+RllS+_V52
R, Rs R;

R, 3kQ
Vst R+ Ve 25V +(3KQ) (SmA) + 55 (25V) i
= RILR 5 | 4 3k@ | 3kO i
1+R_2+R_3 1kQ | 2KO
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Example 4

Practice makes perfect. Here is a circuit with three voltage sources.

R4
AV
16 k€2
Rl RB RS R7
PR AVNV——AAA
8 k€2 48 k€2 32 k€2 8 k€2
VSl(t) Rz VSZ R6 (t) VS3
3V 6 k€2 45V 10.67 k€2 35V

There are six nodes in the circuit. Fortunately, if we choose ground at
the bottom once again, then three of the nodes will have known
voltages due to the sources.
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There are no series/parallel simplifications, so we can label the two
unknown voltages and define the currents. Again, directions are
arbitrary at this point.

A
¢ —
R4
RV R e N pre iR
v = Vg 1 £ it 8 AT VA I i vi=Vy
—NVWW——\NN AVAVAVanS S VAVAY

i 'R1 L 'Rs PRy -
V51<_> Rz llm Ve R6 ll% <_>V53

Write the KCL equations at the two nodes:
at nOde ST iRl e iR3 — iRZ m iR4

at node “cy” :ipy + ips + ip7 = ipg
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Convert the KCL equations to node-voltage equations using Ohm’s law

and the node voltages.

VS 1 7 Visu TS VS2 = Yisu 5 Visu i Visu= Moy
R, R, R, R,
VSZ =Py VS3 =V Visu ™ Vey Vey
g u = =TT
R- R, R, R

The circuit analysis is done, and we need to finish the math to find the

voltages. Start by re-arranging.

R R R
<1 +—3+—3+—3> v
I AEEey naeers

su R4 R6

R R R
L2 +<1+ R
R,

G. Tuttle — 2022

R;

__v —

R

R;

Vi, + R_V51

1
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Plug in the values:

48k 48k 48 kQ 48 k€ 48 k€
1 + -+ T Viewu — Vey = 45V (5 V>
8 kQ2 6 kQ2 16 kQ2 16kQ 8 kQ2

32 kQ 32 kQ 32 kQ 32 kQ 32 kQ
- v+ 1+ i i v, =45V + (35V)
16 kQ 16 kQ 10.67 kQ2 8 k€2 Y 8 kQ2

18v,, — 3v,, =75V

—2v;, — 10v,, =185V

Solve to give: v, = 7.5V and v, =20V
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Example 5

Here is a slightly bigger circuit to tackle. The approach doesn’t change.

R6
AAA
150 Q
Rl RB R4
A AANA—+—ANA—4
75162 150 Q 300 Q2
A
O e e 0
60 V 7 m)8 8, 02A 150 Q2 02A
@

We see that there are five nodes. Choose the ground connection — the
nodes on either side of the voltage source are good options. Choosing the

bottom node as ground makes the voltage at the left-hand node equal to
Vs.
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Example 5 o

EEh Ay
'r6
R1 v, R3 v, R4 V
—\\N\ AMNA——ANN——

i 'R1 S R4 . T
Vs <_> R, lle ISl<V> R, lle IS2<>

That leaves three unknown node voltages. Those are labeled as above,
along with currents in each of the branches connected by nodes. Write

KCL equations for the currents at each of the nodes and then convert
them to node-voltage equations.

VS_VX V V=l

x. — xl i y
ST R  nmataatsy:.
x’lRl_lR2+lR3 1 2 3
. | BESeEn pEE=n
yilgs = lg + iy y: = Ig+
T T = s
L lpg T Ige T Lgp = 1ps s
Vy V2 VS_VZ V;
& -H +ISZ=_
R, R, R
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Example 5

Now take care of the math. First, re-arrange the  |There is no “correct” way
equations: to do the algebra after
R R R, the NV equaj(ions have
J5H) |8 s et e me BNt ARE=t IF been determined. All of
R R R, .
the examples shown in
R, R, these notes use an
4R e B TR % T Rslg, approach that forms
4 4 . . :
dimensionless resistor
R R R . s le
- e bb e e eV R ratios for the coefficients.
R R, R But there are other
| algebraic methods that
Then insert the values are equally good.

x:2.5v,— 05y, =60V
YV 1oy, + 000, =30V
z: =00v, + 2 5y =90V

And then solve*

* Use an on-line calculator

- http://math.bd.psu.edu/~jpp4/finitemath/3x3solver.html

- http://www.1728.0rg/unknwn3.htm

- https://www.wolframalpha.com

Or use the solver on your calculator.

G. Tuttle — 203@“ -+

26 V,vy, =10 V,and v; =38 V.
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Rogue voltage sources

As described above and demonstrated in the examples, the node-
voltage method works well in most circuits. However, there is one

situation where the basic algorithm fails, and we must improvise a bit.
Consider the circuit below.

S2
R 6V
150 Q2
v

+
Sl§_> R, R; <
24 100 €2 75 Q2

There are four nodes, and at first glance it looks like another routine
application of the method. The complication arises in choosing which
node to be ground. There are two voltage sources, and they do not

share a node. We need to pick a ground, and we will stick with past
habit and put it at the bottom node.

>

)

0.1 A
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—_—
There are two unknown : U

'R1 SRR
node voltages. That V51<+> ; l tys2 lim <‘> I
= R2
seems OK.

But things get sticky when we write the two KCL equations,

a:lpy = Ipy + lyg

and try to turn them into node-voltage equations,

; VSl gV, -
4 1 = === o lvsz
Ry R,
SRR SR e SR )
2Y =
VS2 S R3

The two expected unknowns, v, and vy, are joined by a third, ivs; — the

current through the second voltage source. Two equations, three

unknowns — not good.
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VSl s o Va ;
a = — 4+ lVSZ
Rl 2
Vi
R;

We could use the second equation to write ivs> in terms of Is and v, and
then insert the result into the first equation, thus eliminating ivs;. But the
result is one equation in two unknowns. So that is not helpful.

The correct approach is to find another equation relating the quantities
that can be added to the mix. We can call the extra relation the auxiliary
equation. In this case, Vso — with its unknown current — is causing the
difficulty in analyzing this circuit, but it also offers the way out of the
conundrum. From the definition of a voltage source, we can write the
auxiliary equation: Vs, = v, — va. Now, we have three equations in three
unknowns, and the path to a solution is clear.
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VSl R Y, :
a ——= lVSz
R, R,
L NE et
l fompon ol LS
VS2 ) R3

Yo =", :ﬁ_l_&_l
R, R R

There are several ways to handle
the math. One is to eliminate ivs>
from a and b, as suggested above. Vs = vp — vq

Then use the auxiliary equation to solve for v, and substitute into the
other equation.

VSl HE B AR RRA VSZ TV,
Ry R, R3
R
Vo1 + Rylg — L Voo
Solve for vq: v, = et =6V and ve=vat Vs: =12V
1+—+—
ruEEEerS
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The super node

Some textbooks offer a slight variation on the approach just described.

The alternate method avoids even having to acknowled
troublesome voltage source has an unknown current. T
create a “really big node” or super node that complete
offending voltage source. The method relies on the fact

ge that the
ne trick is to

y encloses the
that KCL applies

to any sized entity. It doesn’t matter how big it is — what goes in must
come out. We typically apply KCL to the bundle of wires that makes up

a node, but it works just as well if we make a little box

that contains

some portion of the circuit — what goes into the box must come out.

In particular for this circuit,

I
we make a box that i Va
contains Vs, and the nodes /\/_\/,\’ : ?
on either side of it, as i i

shown at right. The box is %

+ =TT e T A
: 1
the super node. Then apply Sl<_> ’Rzl l’.m <> g

KCL to the box:

——————————————

ig1 + Ig = lgy + ig3

' v
o Tunle _ s00e  1NOTE that ivss does not appear!
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igy + Iy = 1p, + Ip3

Now that we have a KCL equation, we can forget about the super node.
(The super node does not have a single voltage — on one side the
voltage is v, and the other it is v,. So in this sense, the super node is not
ike “regular” nodes that we typically use. The super node’s only
purpose is to come up with a simpler KCL equation.)

Now we proceed as before — use Ohm'’s law to express the currents in
terms of the voltages on either sides. Here we use v, and v.

Ve —v 1% 1%
2. a+IS=_a+_b
R, R, R;

This gives us a single equation in two unknowns. Note that this is exactly
the same situation that we encountered previously. To go any further, we
once again need the auxiliary equation, Vs = vy, — vo. Now we have two
equations in two unknowns, and the math proceeds as before.

There is nothing particularly “super” at the super node approach. It is a
clever maneuver that allows us avoid one unknown in our system of
equations. It is not a requirement to employ a super node.
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2
Example 6 aEE
EEEu NNVN—
Use the node voltage method to sasl 1 k€2
find the current through Ra.
R R
We need to find voltages on either 0 &—ANN, ANA—— b
side of Rs4. The two voltage sources 1 k€2 1 k€2
are not connected. This looks like R, Vi, s <‘> I
another circuit that may need an 1 kQ
o : 4 mA

auxiliary equation. (And we could
use a super node.)

. v .

Lysol 'Ry

— C —
Choose the bottom node to be 28 as VY
ground. Write KCL equations at the
three other nodes. j_R_Z_ i_R3.

a:iRzziRl‘l‘ivsz Cl.—/\/\/\/ /\/\/\/_.b

blR3+lR4+IS=O : A
; : 1 ir1 Vs () I
Gityisa = pi

Grrr. As expected ivs2 is causing trouble.
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Ve —v %
Example 6 e e
R, R,
Turn the KCL expressions Y A Sy £ e S =
i : —§] b C b —
into node-voltage equations. b: H tig=0
R, R,
. Ve =t'p
¢l ey 1=
VS2 R,

Three equations, four unknowns. We still need an auxiliary equation.
Fortunately, one is readily at hand: Vs, = vc — vo. Now we have enough
equations.

We could stuff the four equations into a solver and let it grind, but we
can be more elegant that that. First, substitute the expression for iys>

from ¢ in to a.
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Example 6
Then we can substitute v. = Vs2 + v, at the appropriate spots, leaving us
with two equations and two unknowns

VSI_Va mi 67 VSZ_I_va_vb
a = rasall o
R, R, R,
V % Voo +v, — v
B S1 b_l_ S2 b_I_IS:O
R, R,

Re-arrange into a nicer form

142, 1 ey
e Ieammns L EE e
RoR SSEERalERRe Rana 2

SLCEEPEaA i fndes Vo oS Vo h R
—_.V — V =y — @ .
R4 a R4 b S1 R 52 Bl g

Insert numbers

W=V =12V Solve to give v =8 V and v, = 12 V.
—v,+2v,=16V  Thenv.=16V and irs = (16 V-12 V) /1 kQ =4 mA.
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Example 6

To use the super-node approach, we would draw a box around the
second source and the nodes on either side. The box has a strange
shape, but that’s OK.

| i V ,
Balancing currents that are crossing i lﬁi@ . : R4
the boundary of the box: | R
EE b et
IRy = g1+ Igq | B ]
208 mmmna AV, NNN— b
No ivs2! Turning this into a node- . <A>
voltage equation: 1 ‘m Vs 's

This is identical to equation a on the previous slide. We are on the same
math path taken previously, and we would arrive at the same end result.
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