A trick mesh-current situation

When using the node-voltage method, we usually try to choose the
ground connection so that it is at one side of a voltage. We also saw
that if a voltage source was not connected to ground, then we needed
to modify the node-voltage approach to account for the current through
the “ungrounded” source. We needed to use an “auxiliary” equation
account for the unknown source current or we needed to use the
“supernode” method to avoid the source current altogether.

A similar problem crops up in the mesh-current method when a current
source is located in two meshes simultaneously, i.e. it is not in an
outside branch of a mesh. In that case, the voltage across the current
source would show up on the KVL equations. The voltage across the
current source becomes another unknown in the set of mesh-current
equations.
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Example

EE 201

To see the problem and how to
handle it, consider the circuit at

right.

There are clearly two meshes
and so we define two mesh

currents.
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Define the voltages for the

+ |
components around each mesh v, <+> ] l <A> o, 1; C_I_) V.,

and write KVL equations. | S

a: Vs — or1 — vis — vr2 = 0.

b: Vs» — vr3 — v1s — vrs = 0.

Use Ohm’s law to write the resistor voltages in terms of currents and
then write the mesh-current equations.

UrR1 = R11;  Or2=Rots  UrR3 = R31p URs = Ra1p
a: Vo1 — Rii; — v1s — Roi, = 0. Now we see the problem. The voltage
across the current source gives us a third
b: Vs2 — Rsip — v1s — Reip = 0. unknown.
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Find an auxiliary equation

d. Vsz — R1 ia — OIS — Rzia = ().
b: Voo — R31p — v1s — Ry 1p = 0.

Having three unknowns but only two equations suggests that we need a
third equation. The current source provides the third (auxiliary)
equation. In looking at the circuit, we see that Is is related to i, and i:

e = _(ia n lb)

Using this third equation together with the mesh equations, we can use
whatever algebraic gymnastics we like to solve the equations. One
approach is use the first two equations to eliminate v;s and then use the

resulting equation together with the auxiliary equation to solve for iy and .

a: Vs1—Ri1;—vis —Ro1;, =0. — vis=Vs1 — Ry 1,— Roi,

/

b: Vsz — R3 ib — (V51 'E R1 ig_ Rzia) o R4 ib =L({)
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—(R1+ Ry) i+ (R3+ Ry) ip = Vgr— Vg (equation b re-arranged)

R = el (auxiliary equation)

—~(R1+ R2) iy + (R3+ Ry)(—Is —iy)= Vso— Vi

—(R1+ Ry+ R3+ Ry) i = Vsy— Vs1+ (R3+ Rye)(Is)

HMsol = Wsi (R 1+ Ry s
Ri+ Ry + R3 + Rs

l;, —

15V -5V + (50 +4Q) (0.5 A)

m 10Q + 8Q + 5Q + 4Q SEeLEE LR

and then i, = +0.037 A
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Use a “super mesh”

An alternative approach is to use a larger mesh that does not include
the interior current source. The basic idea is go clear around the current
source and avoid vys entirely. In this example, the only other mesh is
the big one that includes the two voltage sources, as indicated by the
blue highlight below. Using KVL around the super mesh gives
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Vsi —0r1 + Ur3 — V5o + Ura — Ur2 = 0.

+
Insert the currents. Ve C)

Vsi—Rit,+ R31y— Vsp + Ratp —Rp1, = 0.

Use the relationship between the current source and the two mesh
currents.

These are the exact same equations that we solved on the previous page.
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