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EECS 16A Designing Information Devices and Systems I
Fall 2021 Discussion 5A

1. Label the circuit

In the circuit shown below, label all the nodes, and show one possible way of labeling all the element
voltages and currents following the passive sign convention.

Solution/Answer: There are seven nodes.

Figure 1: Labeled Nodes

Here is an example of the element voltages and currents. Note that this is not a unique solution, and any
labeling following the passive sign convention is correct.
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Figure 2: Labeled element voltages and currents

2. A Simple Circuit
For the circuit shown below, find the voltages across all the elements and the currents through all the ele-
ments.

−
+VS R1

(a) In the above circuit, pick a ground node. Does your choice of ground affect the voltage across and the
current through elements?
Solution/Answer:
There are two nodes in this circuit and thus two choices for the ground node. The choice of ground
does not matter. We will use the ground node shown below:

−
+VS R1

(b) With your choice of ground, label the node potentials for every node in the circuit.
Solution/Answer:
Since this circuit only has two nodes, there will only be one additional node potential.

−
+VS R1

u1
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(c) Label all of the branch currents. Does the direction you pick matter?
Solution/Answer:
When labeling the currents through branches, the direction you pick does not matter.

−
+VS

I0

R1

I1

u1

(d) Draw the +/− labels on every element. What convention must you follow?
Answer:
When drawing the +/− labels, you must follow the passive sign convention. That is, current flows
into the + terminal of every element.

+

−

V0−
+VS

I0

R1

−

+

V1

I1

u1

(e) Use KCL to find an equation for the unknown currents.
Solution/Answer:
KCL gives us one equation for the node at the top, namely that I0− I1 = 0.

(f) Use KVL and Ohm’s law to find two equations for the unknown node potentials and currents.
Solution/Answer:
We know that the difference in potentials across the voltage source must be the voltage on the voltage
source, i.e.

−V0 =VS (1)

We also know that the voltage across the resistor is equal to the current times the resistance, i.e.

V1 = I1R1 (2)

Writing the equations for node potentials we have:

0−u1 =V0

u1−0 =V1
(3)

Substituting expressions from Equations (1) and (2) into Equation (3), we have:

−u1 =−VS =⇒ u1 =VS

V1 = I1R1 =⇒ −I1R1 +u1 = 0
(4)
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(g) Solve the system of equations if VS = 5V and R1 = 5Ω.
Solution/Answer:
By plugging the given values into the system of equations, we get: I0 = 1 A, I1 = 1 A, u1 = 5 V.

3. A Slightly More Complicated Circuit

For the circuit shown below, find the voltages across all the elements and the currents through all the ele-
ments.

IS R1 R2

(a) In the above circuit, pick a ground node. Does your choice of ground matter?
Solution/Answer:
There are two nodes in this circuit and thus two choices for the ground node. The choice of ground
does not matter. We will use the ground node shown below:

IS R1 R2

(b) With your choice of ground, label the node potentials for every node in the circuit.
Solution/Answer:
Since this circuit only has two nodes, there will only be one additional node potential.

IS R1

u1

R2

(c) Label all of the branch currents. Does the direction you pick matter?
Solution/Answer:
When labeling the currents through branches, the direction you pick does not matter.

IS

I0

R1

I1

u1

R2

I2
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(d) Draw the +/− labels on every element. What convention must you follow?
Solution/Answer:
When drawing the +/− labels, you must follow the passive sign convention. That is, current flows
into the + terminal of every element.

+

−

V0IS

I0

R1

+

−

V1

I1

u1

R2

+

−

V2

I2

(e) Set up a matrix equation in the form A~x =~b to solve for the unknown node potentials and currents.
What are the dimensions of the matrix A? Hint: you don’t need to fill out the elements of A or~b in
this part of the question.
Solution/Answer: 

? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?




I0
I1
I2
u1

=


?
?
?
?


A will be a 4×4 matrix since there are four unknowns in the circuit, the currents I0, I1, and I2 and the
one potential u1.

(f) Use KCL to find as many equations as you can for the matrix.
Solution/Answer:
KCL gives us one equation for the node at the top, namely that I0− I1− I2 = 0. Thus, so far our matrix
is as follows: 

1 −1 −1 0
? ? ? ?
? ? ? ?
? ? ? ?




I0
I1
I2
u1

=


0
?
?
?


(g) Use KVL and Ohm’s law to find the remaining equations for the matrix.

Solution/Answer: We know that the current through the current source must be the value of the
current source, i.e.

I0 = IS (5)

We also know that the voltage across the resistor is equal to the current times the resistance, i.e.

V1 = I1R1

V2 = I2R2
(6)

Writing the equations for node potentials we have:

0−u1 =V0

u1−0 =V1

u1−0 =V2

(7)
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Using Equation (5) and substituting expressions from Equation (6) into Equation (7), we have:

I0 = IS

V1 = I1R1 =⇒ −I1R1 +u1 = 0

V2 = I2R2 =⇒ −I2R2 +u1 = 0

(8)

Our matrix is then: 
1 −1 −1 0
1 0 0 0
0 −R1 0 1
0 0 −R2 1




I0
I1
I2
u1

=


0
IS

0
0


(h) Solve the system of equations if IS = 5A, R1 = 5Ω, and R2 = 10Ω.

Solution/Answer:
By plugging in the values into the system of equations, we get:

I0
I1
I2
u1

=


5

3.33
1.67
16.67


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