MAE140 - Linear Circuits - Winter 19

Midterm, February 7
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Figure 1: Circuit for all questions.

1. Node voltage analysis
Part I: [5 points] Formulate node-voltage equations for the circuit in Figure 1. Use the node labels provided in
the figure. Clearly indicate how you handle the presence of a voltage source (if you have more than one
choice to deal with it, use the simplest). The final equations must depend only on unknown node voltages.
Do not modify the circuit or the labels. No need to solve any equations!

Solution: Part I: There are five nodes in this circuit. The ground node has already been chosen for us.
Fortunately, with this choice, the ground node is directly connected to the voltage source, so we can use

method 2 to take care of it. This readily tells us that vy = 5V. (+ 1 point)
To write KCL for the other nodes, we proceed by inspection (making sure of not writing KCL for node
A),
0 H+& -+ 0 :}’g 1
-+ L L4l o | = -1 (+ 3 points)
-5 0 0 = 0.5
UD

Substituting the value of v4, we can write a system of 3 equations in 3 unknowns vg, v¢, vp,

% —31—10 0 VB 1
-+ % 0] |ve]=[-075 (+ 1 point)
0 0 L VD 1

1
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Part II: [3 points] Provide expressions for the mesh currents iy, iz, and i3 in terms of the node voltages.

Solution: Part II: The mesh currents can be expressed in terms of the node voltages by using Ohm’s
law. For instance, ¢; is the current passing through the 10(2 resistor at the top. Likewise, i5 is the current
passing through the 2052 resistor (and also through the 1052 resistor on the left). And finally, i3 is the



current passing through the 10{2 resistor at the bottom right. Therefore,

i1 = 1—10(113 — o) (+ 1 point)
; 1 .

i9g = Q—O(vc—vA) = 1—0(0—1)3) (+ 1 point)
ig = %(UA—UD) (+1P0int)

Part III: [2 points] Provide expressions for the voltage v, and the current i, in terms of node voltages.
Solution: In terms of the node voltages, we have
Uy = Vo — UB (+ 1 point)

iz = —(vp —0) (+ 1 point)

2. Mesh current analysis

Part I: [6 points] Formulate mesh-current equations for the circuit in Figure 1. Use the mesh currents shown in
the figure and clearly indicate how you handle the presence of the two current sources. The final equations
should only depend on the unknown mesh currents. Do not modify the circuit or the labels (meaning
source transformation or circuit re-drawing are not allowed). No need to solve any equations!

Solution: Part I: There are three meshes in this circuit. The current source at the bottom belongs to a
single mesh, so we can use method 2 to determine

i3 = —0.5 (+ 1 point)

The current source at the top belongs to two meshes. It is in parallel with the top resistor, so we could use
source transformation. However, the problem statement explicitly rules this out. So we are forced to use
a supermesh.

(+ 1 point)
Consequently, we set
i1 —ia=1 (+ 2 points)
And we write KVL for the supermesh as
10i; 4 20i + 5 + 10ix = 0 (+ 2 points)

This gives us a total of 2 equations in the 2 mesh current unknowns i1, 4. In matrix form, we can write

this as
1 -1\ [(in (1
10 30 ia)  \—=b

Part II: [2 points] A former student of MAE140 said that, if the value of the bottom right resistor was 52 (instead
of 1092), then (a) the value of the mesh currents would not change and (b) the power delivered by the 0.54
current source would be the same. Determine the validity of each assertion, justifying your answer.

Solution: Part II: Assertion (a) is correct. The value of the mesh currents would not change because we
know that, from the point of view of the rest of the circuit, a current source in series with a resistor is
equivalent to a current source by itself.
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(+ 1 point)
However, the presence of the resistor matters for the amount of power delivered by the source (having to
provide more power with larger resistance). This means that assertion (b) is incorrect.

(+ 1 point)

Part III: [2 points] If you could modify the circuit instead (meaning circuit re-drawing and source transforma-
tions were allowed), how many other methods could you have used to deal with the 1 A current source?

Solution: Two other methods. We could use source transformation (method 1) to make the current source
disappear.

(+ 1 point)
We could also have simply redrawn the circuit, interchanging the places of the current source and the

1042 resistor at the top. This would have the current source only belonging to one mesh, and to deal with
this we could use method 2.

(+ 1 point)

3. Equivalent circuits

Part I: [4 points] Turn off all the sources in the circuit of Figure 1 and find the equivalent resistance as seen from
terminals (C) and (D).

Solution: Part I: We start by switching off the sources.

We substitute the voltage source by a short circuit,
and the current sources by open circuits. Then, we

get the circuit on the right Son Swo
o]
(+ 1 point)
100

We combine the two 100hms resistors in series to get 200 20

the circuit

(+ 1 point) 100

We combine now the two 200hms resistors in paral- o

lel to get the circuit

(+ 1 pOil’lt) 100
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Part II: [2 points] If you solved for the node voltages in Problem 1, you would find that vg = 3.75V, v¢ =
—2.5V, and vp = 10V. Use this information to find the open-circuit voltage vy.

Part III: [2 points] Use your answers to Parts I and II to determine the Thévenin equivalent of the circuit as seen
from terminals (C) and (D).

Part IV: [2 points] If we short-circuit terminals © and @, what would be the value of the short-circuit current?
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