Node Voltage Method

The node voltage method provides a systematic means to specify the equa-
tions needed to solve a circuit. The term "solve a circuit” means to find
all of the voltages and all of the currents for all of the components in the
circuit.

The node voltage method uses the essential nodes in a circuit. Remem-
ber that the essential nodes are the points in the circuit where three or more
circuit elements are connected.

The node voltage method uses KCL equations that are written at certain
essential nodes. Recall that KCL states that the sum of all of the currents
at a node is zero.

The node voltage method is comprised of the following steps:

1.

Identify all of the essential nodes in the circuit. To do this we will place
a large black dot at each essential node.

Choose one of the essential nodes as the reference node. We will use a
special symbol to label the reference node.

Assign variable names to each of the non-reference essential nodes.
Each variable name represents the voltage drop between its node and
the reference node. We will use variable names like v, v,,va and so
on.

Write a KCL equation at each of the non-reference essential nodes
where the voltage with respect to the reference node is unknown. We
will be methodical in writing these KCL equations, always summing
the currents leaving the node.

. Write any supplemental equations that are needed. These equations

arise when there are dependent sources in the circuit, and when there
are voltage sources in the circuit.

Express all of the equations in standard form. The standard form we
use will allow our equations to be solved using a calculator, using a

matrix method such as Cramer’s rule, or using a computer tool such
as MATLAB.
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Figure 1: The circuit for Node Voltage Example 1

7. Solve the equations and check your solution using a power balance. If
the power balances, use the solution to calculate the desired output
value for the circuit.

We begin with an example that contains only resistors and independent
current sources. Once you have mastered these types of circuits, we move
on to example circuits containing dependent current sources, and then to
circuits containing voltage sources.

Node Voltage Example 1

Using the node voltage method, find v, for the circuit in Fig. 1.

Solution

1. Identify the essential nodes. There are four points at which three or
more circuit elements connect, so there are four essential nodes. They
have been labeled with large black dots in Fig. 2.

2. Chose a reference node. The choice of the reference node is entirely
arbitrary; no matter which essential node is chosen, the voltages and
currents that result from the analysis will have the same values. You
should chose an essential node that makes the circuit analysis easier,
if possible. In the circuit in Fig. 2 we have chosen the bottom node as
the reference node, and labeled it with the symbol for circuit ground.
We chose this node because it is one of the two nodes associated with
v,, the voltage of interest.

3. Assign variable names to the non-reference essential nodes. This is
shown in Fig. 2. Note that we have labeled the center node v,, because
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Figure 2: The circuit in Fig. 1 with the essential nodes marked, the reference
node chosen, and the remaining essential nodes labeled.

it is the voltage we seek. Remember that these variable names represent
the voltage difference between the node being labeled and the reference
node.

4. Write a KCL equation at each non-reference essential node. We sum
the currents leaving each node. The equations are given below. Note
that since each node is a point at which three circuit components meet,
each KCL equation has three terms.

V1 — Vo

2 = 0
1OjL

at vy: -5+

Vo — U1 Vo Vo — U2
= = 0
10 Jr15Jr 9
Vg — Uy Vo

22 =0
5 7

at v,:

at vy:

Note that we have three unknowns, the three node voltages v,, vy, and
v9, and three equations in terms of those unknowns.

5. Write any supplemental equations. In this example, there are no sup-
plemental equations, since there are no dependent sources or voltage
sources in the circuit. Also, we already have a sufficient number of
equations to solve for all of the unknowns.

6. Express the equations in standard form. The form we use collects all
of the terms involving each of the unknowns on the left-hand side of
each equation, and collects the constants on the right-hand side of each
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Figure 3: The circuit for Node Voltage Example 1, solved.

equation. This is shown below:

1 1
at v1: v <1_O> + v, <—E> + U9 (0) = 3
at v,: v (—i> + v, <i + i + 1) + vy <_l> - 0
10 10 15 9 9
at vy: vy (0) + v, <—1) + vy <1 + 1) — 9
9 9 7

Note that there are three terms on the left-hand side of each equa-
tion, one for each of the three unknown variables. Be sure to check
these equations against the KCL equations from the previous step to
be certain you know how to use the standard form.

7. Solve the equations and check your solution. When these equations are
input into a calculator, the solution is

v =60V, v, =30V, vy = 21 V.

The circuit is repeated in Fig. 3 with the values of the node voltages
labeled, and the currents through each of the branches labeled. Re-
member that we can calculate the current through each resistor using
Ohm’s law. Using the values in Fig. 3, we can calculate the power for
each component:

Psa = —vi = —(60)(5) = —300 W;
poa = wvi = (60-—21)(2) = 78 W;
poo = 0Y/R = (60—30)2/10 = 90 W;
pisa = V/R = (30)2/15 = 60 W;
P = v/R = (30-21)%/9 = 9 W;
pra = vV*/R = (21)2/7 = 63 W;



Thus,
Zp:—300+78+90+60+9+63:OW checks

The power balance verifies that we have the correct solution, so v, = 30
V.

Now try using the node voltage method for each of the practice problems
below.



Figure 4: The circuit for Node Voltage Practice Problem 1.

Node Voltage Practice Problem 1

Find v, for the circuit in Fig. 4.
1. Identify the essential nodes by adding black dots to Fig. 4.
2. Choose a reference node by adding the ground symbol to Fig. 4.
3. Assign variable names to the non-reference essential nodes in Fig. 4.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.
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Figure 5: The circuit for Node Voltage Practice Problem 2.

Node Voltage Practice Problem 2

Find 7, for the circuit in Fig. 5.
1. Identify the essential nodes by adding black dots to Fig. 5.
2. Choose a reference node by adding the ground symbol to Fig. 5.
3. Assign variable names to the non-reference essential nodes in Fig. 5.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate 1,.



() 2a Vo 240 2250 (1)3a

Figure 6: The circuit for Node Voltage Practice Problem 3.

Node Voltage Practice Problem 3
Find v, for the circuit in Fig. 6.
1. Identify the essential nodes by adding black dots to Fig. 6.
2. Choose a reference node by adding the ground symbol to Fig. 6.
3. Assign variable names to the non-reference essential nodes in Fig. 6.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

10



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.

11
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Figure 7: The circuit for Node Voltage Practice Problem 4.

Node Voltage Practice Problem 4
Find 7, for the circuit in Fig. 7.
1. Identify the essential nodes by adding black dots to Fig. 7.
2. Choose a reference node by adding the ground symbol to Fig. 7.
3. Assign variable names to the non-reference essential nodes in Fig. 7.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

12



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate 1,.

13
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Figure 8: The circuit for Node Voltage Practice Problem 5.

Node Voltage Practice Problem 5
Find the power dissipated by the 10€) resistor for the circuit in Fig. 8.
1. Identify the essential nodes by adding black dots to Fig. 8.
2. Choose a reference node by adding the ground symbol to Fig. 8.
3. Assign variable names to the non-reference essential nodes in Fig. 8.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

14



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate p1gq.

15
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Figure 9: The circuit for Node Voltage Example 2
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Figure 10: The circuit in Fig. 9 with the essential nodes marked, the reference
node chosen, and the remaining essential nodes labeled.

Node Voltage Example 2

Using the node voltage method, find v, for the circuit in Fig. 9

Solution

1. Identify the essential nodes. There are three points at which three or
more circuit elements connect, so there are three essential nodes. They
have been labeled with large black dots in Fig. 10.

2. Chose a reference node. In the circuit in Fig. 10 we have chosen the
top right node as the reference node, and labeled it with the symbol for
circuit ground. We chose this node because it is one of the two nodes
associated with v,, the voltage of interest.

3. Assign variable names to the non-reference essential nodes. This is
shown in Fig. 10. Note that we have labeled the top left node wv,,
because it is the voltage we seek. Remember that these variable names
represent the voltage difference between the node being labeled and the
reference node.

4. Write a KCL equation at each non-reference essential node. We sum

16



the currents leaving each node. The equations are given below.

Vo — U1 Vo

t v,:  —bi — =0
at v 16 + 1 +1
. U1 — Vo U1
tvi: 5 ——4 =0
at vy 18 + 1 —|—5

Note that we have three unknowns, the two node voltages v, and vy,
and the current ig that controls the dependent source. Yet we only have
two KCL equations. This means we have to specify a third equation.

. Write any supplemental equations. This is where the third equation will
be developed. Whenever there are dependent sources in our circuit, we
will need to write a supplemental equation that defines the voltage
or current used to control the dependent source in terms of the node
voltages in our circuit. This supplemental equation is also called a
constraint equation, because it constrains the relationship between
two or more unknowns in our circuit, so that one of the unknowns is
no longer an independent variable but rather is dependent on the other
independent variables in our circuit.

Notice that the controlling current ig is the current through the 52
resistor, so we use Ohm’s law to define this current in terms of the
voltage difference across the resistor and the resistance. The constraint

equation is thus
. 0—wv
VA =
7 5

The two KCL equations and this constraint equation now provide the
three equations needed to solve for the three unknowns in the circuit.

. Express the equations in standard form. This is shown below:

t v, 5 (—b) + <1> + <1+1>—0
at v, i o (=3 v (3 —
. 1 1 1
at vy ig(®)  + wu <Z+E> + 0 <_Z> = 4
. . 1
constraint: ig(l) + v <g) + v, (0) =0

. Solve the equations and check your solution. When these equations are
input into a calculator, the solution is

ig =2 A; vy =—10V; v, =6 V.

The circuit is repeated in Fig. 11 with the values of the node voltages
labeled, and the currents through each of the branches labeled. Re-
member that we can calculate the current through each resistor using

17
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Figure 11: The circuit for Node Voltage Example 2, solved.

Ohm'’s law. Using the values in Fig. 11, we can calculate the power for
each component:

psiy, = vi = (=10—-6)[5(2)] = —160 W;
paa = vi = [0—-(-10)](4) = 40W;
pio = v/R = [6-(-10)?/4 = = 64W;
po = v*/R = (6-0)72%/1 = 36 W;
psa = v*/R = (=10-0)*/5 = 20 W;

Thus,
> p=-160+40+64+36+20=0W  checks

The power balance verifies that we have the correct solution, so v, =
6 V.

Now try using the node voltage method as it applies to circuits with
dependent sources for each of the practice problems below.

18
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Figure 12: The circuit for Node Voltage Practice Problem 6.

Node Voltage Practice Problem 6
Find i, for the circuit in Fig. 12.
1. Identify the essential nodes by adding black dots to Fig. 12.
2. Choose a reference node by adding the ground symbol to Fig. 12.
3. Assign variable names to the non-reference essential nodes in Fig. 12.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

19



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate 1,.

20
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Figure 13: The circuit for Node Voltage Practice Problem 7.

Node Voltage Practice Problem 7
Find v, for the circuit in Fig. 13.
1. Identify the essential nodes by adding black dots to Fig. 13.
2. Choose a reference node by adding the ground symbol to Fig. 13.
3. Assign variable names to the non-reference essential nodes in Fig. 13.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

21



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.

22



Figure 14: The circuit for Node Voltage Practice Problem 8.

Node Voltage Practice Problem 8
Find the power delivered to the circuit in Fig. 14.
1. Identify the essential nodes by adding black dots to Fig. 14.
2. Choose a reference node by adding the ground symbol to Fig. 14.
3. Assign variable names to the non-reference essential nodes in Fig. 14.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

23



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate the power delivered to the circuit.

24
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Figure 15: The circuit for Node Voltage Practice Problem 9.

Node Voltage Practice Problem 9
Find 7, for the circuit in Fig. 15.
1. Identify the essential nodes by adding black dots to Fig. 15.
2. Choose a reference node by adding the ground symbol to Fig. 15.
3. Assign variable names to the non-reference essential nodes in Fig. 15.

4. Write a KCL equation at each non-reference essential node.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

25



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate 1,.

26



100
5V
+ W
el !
20

2y

Figure 16: The circuit for Node Voltage Practice Problem 10.

Node Voltage Practice Problem 10

Find v, for the circuit in Fig. 16.
1. Identify the essential nodes by adding black dots to Fig. 16.
2. Choose a reference node by adding the ground symbol to Fig. 16.
3. Assign variable names to the non-reference essential nodes in Fig. 16.

4. Write a KCL equation at each non-reference essential node. (Hint —
interchange the positions of the 5 V source and the 22 resistor.)

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.

27



6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.

28
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Figure 18: The circuit in Fig. 17 with the essential nodes marked, the refer-
ence node chosen, the remaining essential nodes labeled, and the supernode

identified.

Node Voltage Example 3

Using the node voltage method, find v, for the circuit in Fig. 17

Solution

1. Identify the essential nodes. There are five points at which three or
more circuit elements connect, so there are five essential nodes. They
have been labeled with large black dots in Fig. 18.

2. Chose a reference node. In the circuit in Fig. 18 we have chosen the
top right node as the reference node, and labeled it with the symbol for
circuit ground. We chose this node because it is one of the two nodes
associated with v,, the voltage of interest.

3. Assign variable names to the non-reference essential nodes. This is
shown in Fig. 18. Note that the node labeled vy could also have been

29



labeled v,, as this is the node that defines the desired output with
respect to the reference node.

. Write a KCL equation at each non-reference essential node. We modify
this step whenever the circuit has a voltage source between two essential
nodes. This circuit has two such voltage sources. Consider first the 10
V source. Since this voltage source is between a non-reference essential
node (the node labeled v3) and the reference node, it establishes a
voltage of 10 V at the non-reference essential node. Thus, v3 = 10 V,
so there is no need to write a KCL equation at the node labeled vs.

Now consider the dependent voltage source. It, too, is between two
essential nodes, but now neither node is the reference node. Any time
a voltage source is between two non-reference essential nodes, it con-
strains the difference between the two voltages and forms a supernode.
To deal with the supernode, we write one KCL equation for the supern-
ode, and one constraint equation defining the relationship between the
two node voltages that comprise the supernode. The supernode is iden-
tified by the dashed area in Fig. 18.

Thus, in this step we write a KCL equation at each non-reference es-
sential node whose voltage is not known, and at each supernode. For
the circuit in Fig. 18, there is one known node voltage, two node volt-
ages that comprise the supernode, and one remaining unknown node
voltage. Thus we write two KCL equations, given below.

Vg — VU1 (%) Vg — 10

£ vs: — =
ab v 5 5T 10 0

— — 10
at supernode: —15+ U 5 L . X % — 0

. Write any supplemental equations. Since there is a dependent source in
the circuit, we know we will need at least one supplemental equation.
This equation defines the quantity used to control the dependent source,
ip in terms of the labeled node voltages. Thus, the equation is

. U1 — U2
Zg = 5

But we are not finished yet! Remember that the existence of a su-
pernode means that two of the essential nodes are constrained by the
voltage source in between these nodes. Therefore, every time we define
a supernode in a circuit, we should expect to write a supplemental,
or constraint, equation that relates the two essential nodes contained
by the supernode. In this circuit, the supernode contains the essential

30



|

| + 1
0B\, - _ _ T ________ — |
1 |
s i
l : SR 12 I I
i 20 e s - - -

+ [Tan 62 iSA
(1)152 Vo250 Chiov 30E
v

Figure 19: The circuit for Node Voltage Example 3, solved.

nodes labeled v; and v4, and the constraint equation defines the limita-
tion on the voltage difference between these two nodes. The constraint
equation is

3ig = v1 — vy

The two KCL equations and the two supplemental equations provide
the four independant equations needed to solve for our three unknown
essential node voltages (vi, ve, and vy — remember that v3 = 10 V
because of the independent voltage source between v3 and the reference
node) and our unknown controlling current (ig).

. Express the equations in standard form. This is shown below:

b vy: (3) + w(5+z+5) + w@  + 0
al U (%1 5 (%) 5 5 10 V4 3
1 1 1 .
at supernode: v <§> + U9 <—§> + <1 + §> + ig(0)
1 1 .
dep. source: vy <—§) + vy <§) + vy (0) + ig(1)
supernode: v (—=1)  + v2(0) + vy (1) + ig(3)

. Solve the equations and check your solution. When these equations are
input into a calculator, the solution is

v =30V, vy =20 V; vy, =15V, ig = SA.

The circuit is repeated in Fig. 19 with the values of the node voltages
labeled, and the currents through each of the branches labeled. Re-
member that we can calculate the current through each resistor using
Ohm’s law. Using the values in Fig. 19, we can calculate the power for
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each component:

pisa = —vi = —(15)(30) = —450 W:
pas. = vi = [B()(10) = 150 W;
pov = v = (6)(10) = 60 W;
po = R = (5P(2) = 50W
pso = R = (4°5) = 80W;
poe = R = (1)*(10) =  10W;
po = R = (5*(1) = 25W;
pso = R = (5?*@3) = TBW,

Thus,
Zp:—450+150+60+50+80+10+25—|—75:0W checks

The power balance verifies that we have the correct solution, so v, = 20
V.

Now try using the node voltage method as it applies to circuits with

voltage sources between essential nodes for each of the practice problems
below.
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Figure 20: The circuit for Node Voltage Practice Problem 11.

Node Voltage Practice Problem 11

Find 7, for the circuit in Fig. 20.
1. Identify the essential nodes by adding black dots to Fig. 20.
2. Choose a reference node by adding the ground symbol to Fig. 20.
3. Assign variable names to the non-reference essential nodes in Fig. 20.

4. Write a KCL equation at each non-reference essential node for which
the voltage is not already known, and at each supernode.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.
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6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate 1,.
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Figure 21: The circuit for Node Voltage Practice Problem 12.

Node Voltage Practice Problem 12

Find v, for the circuit in Fig. 21.
1. Identify the essential nodes by adding black dots to Fig. 21.
2. Choose a reference node by adding the ground symbol to Fig. 21.
3. Assign variable names to the non-reference essential nodes in Fig. 21.

4. Write a KCL equation at each non-reference essential node for which
the voltage is not already known, and at each supernode.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.
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6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.
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Figure 22: The circuit for Node Voltage Practice Problem 13.

Node Voltage Practice Problem 13

Find v, for the circuit in Fig. 22.
1. Identify the essential nodes by adding black dots to Fig. 22.
2. Choose a reference node by adding the ground symbol to Fig. 22.
3. Assign variable names to the non-reference essential nodes in Fig. 22.

4. Write a KCL equation at each non-reference essential node for which
the voltage is not already known, and at each supernode.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.
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6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.
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Figure 23: The circuit for Node Voltage Practice Problem 14.

Node Voltage Practice Problem 14

Find the power delivered to the circuit in Fig. 23.
1. Identify the essential nodes by adding black dots to Fig. 23.
2. Choose a reference node by adding the ground symbol to Fig. 23.
3. Assign variable names to the non-reference essential nodes in Fig. 23.

4. Write a KCL equation at each non-reference essential node for which
the voltage is not already known, and at each supernode.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.
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6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate the power delivered to the circuit.
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Figure 24: The circuit for Node Voltage Practice Problem 15.

Node Voltage Practice Problem 15

Find v, for the circuit in Fig. 24.
1. Identify the essential nodes by adding black dots to Fig. 24.
2. Choose a reference node by adding the ground symbol to Fig. 24.
3. Assign variable names to the non-reference essential nodes in Fig. 24.

4. Write a KCL equation at each non-reference essential node for which
the voltage is not already known, and at each supernode.

5. Are any supplemental equations required? If not, why not? If so, write
them in the space below.
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6. Express all of the equations in standard form.

7. Solve the equations, using a calculator, a computer tool, or Cramer’s
method.

Check your solution by calculating the power for each element and
summing the power for all elements.

Calculate v,,.
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— Section 3.4 — supernodes
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Additional Problems
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- 3.2—313
- 3.16 — 3.23
- 3.25

e in FElectric Circuits, sixth edition:

42413

— 416 — 4.18

— 420 — 4.96
Solutions

e Node Voltage Practice Problem 1 — with the lower node chosen as the
reference node, the node voltages are 70V, 82V, and 7V and v, = 7V.

e Node Voltage Practice Problem 2 — with the lower node chosen as the
reference node, the node voltages are 38V, 65V, and 14V and i, = 3A.

e Node Voltage Practice Problem 3 — with the lower node chosen as the
reference node, the node voltages are 20V, 12V, and 50V and v, = 12V.
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Node Voltage Practice Problem 4 — with the lower node chosen as the
reference node, the node voltages are 30V, 20V, and 12V and i, = 1A.

Node Voltage Practice Problem 5 — with the lower node chosen as the
reference node, the node voltages are 36V, 50V, and 40V and p,0€) =
10W.

Node Voltage Practice Problem 6 — with the lower node chosen as the
reference node, the node voltages are 36V, 24V, and 16V and i, = 2A.

Node Voltage Practice Problem 7 — with the lower node chosen as the
reference node, the node voltages are 18V, 8V, and —7V and v, = —7V.

Node Voltage Practice Problem 8 — with the lower node chosen as the
reference node, the node voltages are 64V, 40V, and 24V and pgelivered =
1000W.

Node Voltage Practice Problem 9 — with the lower node chosen as the
reference node, the node voltages are 30V and 48V and i, = 6A.

Node Voltage Practice Problem 10 — with the lower node chosen as
the reference node, the node voltages are 20V and 10V and v, = 20V.

Node Voltage Practice Problem 11 — with the lower node chosen as
the reference node, the node voltages are 25V and 50V and i, = HA.

Node Voltage Practice Problem 12 — with the lower node chosen as the
reference node, the node voltages are 80V, 20V, and 60V and v, = 60V.

Node Voltage Practice Problem 13 — with the lower node chosen as
the reference node, the node voltages are 20V, 40V, 52V, and 100V and
v, = —48V.

Node Voltage Practice Problem 14 — with the lower node chosen as
the reference node, the node voltages are —40V, 20V, and 60V and
Pdelivered = 2500V.

Node Voltage Practice Problem 15 — with the lower node chosen as the
reference node, the node voltages are 25V, 15V, and 40V and v, = 40V.
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