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For the circuit shown, write three independent equations for the node voltages
V1, V2, and v3. The quantity iy must not appear in the equations.

(10 points)
Make a consistency check on your equations by setting one or more resistor

values to 0 or e and setting other sources and resistor to values for which vy,
v, and v3 are obvious.
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For the circuit shown, write three independent equations for the three mesh
currents i1, 12, and 13. The quantity v must not appear in the equations.

Make a consistency check on your equations by setting one or more sources to
zero and using convenient resistor and source values.
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We have a supernode, (dashed box on diagram, above), since v; and v, are
connected by a V source. Sum of currents out of both nodes =0 A:

vi —(vy = V. -
£+ 1 ( 3 Sl)+v2 V3—BiX=OA
R, Ry Rj

v and v; are related by V drop between them:

v2-Vvi=Vg

Now we need the node-V equation for v3:

(VR—VS])—V]+V’%—V’)

| R3

Now we eliminate ix by expressing it in terms of node voltages:

. (v3-Vg1)-v Lo , .
Iy = ( 3 RSl) L substitute into the first equation to get:
1

vi, vi - (v3-Vgp) LYy2-v3 |3[(V3 - Vg - Vl] ~
R7 Ry R3 R| B
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(b) Consistency checks. Choose convenient source and R values, and verify that
the equations are satisfied.

Check: R;=0Q = i, =0, iy =0, Vg disconnected

No current can
flow out of this
terminal
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We observe that ig flows around the entire loop. Therefore,

Vl = ‘ist
v2=v] + Vg2 =-isRy + Vg2

V3 = V2 —iSR3 = —iS(R2 + R3) + VSZ
Plug v's into our answer to (a):

1) Va-vi=-iR5 + Ve - (-i,B5)=Vs, Vv

2)

0

(vi=Vg)-vi vz—vs . (cig(Ry+R3)+ VszA’sO— (<igRp)

+ +ig = 4
R R3 e

, Zis(B0+ R3)+ ¥ - (i + YO)

R3

=;i&+is=OA v



3)
Vi vi=(va-Vs1) vo-v3 pl(v3-vg)-vi]
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B E—is(Rz +R3) +>f%'—0 Vs1)--isRo |

= -ig+ig=0A V

or Check: R3=0Q and Vg1=0Vand V=0V and ig=1A
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vi =ix(1 + B)R2 = (-1 A)(1 + B)R>
V) =V]
vz=v] +ixR1 =(-1 A)[(1 +B)R2 + Rq]

Plug v's into our equations from (a)

1) v2-vi=vi-vi=0=Vg v/

2)
(3-Vs)-vi, va-vy, . _([GABR2+RIJ1A) -0)- (LeprRaCTA)
R| R3 s = S
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3)

v vi=(v3=V§1) vo-v3_ Blva - Vsi)- vi |
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Note:
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It is probably easier to choose actual numerical values for all the
components. Where possible, you may wish to use values that are easy to
work with and can be uniquely associated with a component.

Ri=1Q, Ry=2Q,R3=3Q,ig=4A, Vg1 =5V, Vg =10V, for
example.

We might choose B =9 so we get 1 + 3 = 10, for convenience.

We might also choose to avoid multiplying numbers, and instead try to
cancel out terms as in the above solution.

I found an error in my solution to (a) from the consistency checks
performed above. It works!
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1. (d)

We have a supermesh where the ig source is located. We go around the outer
loop containing .

Vs1 —iiRy = (i —i3)Ry = (ip —i3)R3+pv; =0V

We observe that we have constraint equation vi = -ijRj. Substitute this
constraint into the first equation to eliminate vy:

Vg1 - iRy - (i; =i3)Ry = (i - i3)R3 - BijR] =0 V

We need one more constraint equation. It arises from the current source we left
out of the supermesh equation

ig=ij-1ip

For 13 mesh loop, we have:

Vg - (i3-ip)R3-(i3-iP)Ry =0V

Consistency checks.

Check: Vg1 =0 and Vgp=0 and =0 and Ri=1Q, Rp=1Q,R3=3Q
andig=5 A.

We may redraw the circuit Ry shorted by the wire on the right. When drawn
this way, 13 flows up on the right outside edge.

< 13 Since R is shorted by the

wire on the right side:

V1 Vl - i _
— AN + i _'\/\/ + s vi=-11IR1=0V
R s 11=0A
61 SRy C SRy (i1-i3)=-i3

Ois ! 63 Since i1=0 A,

O ? ip = —ig
<:i2 SRy (i2-i3)=-(is+i3)




Only i1 flows through Ry, and i; = 0. Therefore, we may remove Rj.

- 13
-izt 2Q§R2$ ~i3
5A
ig+izg 303 R3¥ - (ig+i3)

We have a current divider.

R; . 3Q
“Roeks V730530
2t R3 +

13 (-5A)=-3A

ihy=-ig=-5A, ij=0A
ii-ip=is ¥

Plug i's and R's into our answer to (c):

b
Vg - iR - (i1 —=i3)Rp - (ip —i3)R3 -BijR]
=0-01-(0--3)2-(-5--3)-3-0-0-1
—0-0-6+6=0V v
2)

Vg - (i3-in)R3-(i3-ip)Ry
=0-(-3--5)3-(-3-0)-2
—0-6+6=0V Vv

3) i =5A=0--5=i,-i, ¥



Or check: ii=0,R;=1 Q. Ry=2Q. R3=3Q.Vgy=-10V, Vg =5V,5=4

Bvy
4vy

10 V across R + R3 =5 Q

10V
fg=—— =2 A=ij-i
a 50 1=13
. . Vi
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1 2 Rl
But
[3V1+VSI+V1+V52=OV
Avi+5V+v +-10V =0V
or

S5vi=5V=v =1V

il=—%=—1A, iy=-1A

i3=ij-iy=-1-2=-3A

Plug into equations from (c)

1)
Vg1 - iR - (i1 —i3)Ry - (ip - i3)R3 - Bi|R]
=5—(=1)1=(=1-=3)-2=(=1- =3)-3-4-(=1)-1
—5+1-4-6+4=0V v



2)

3)

Note:

Vgy - (i3 —ip)R3 - (i3 —i1)R,
= 10— (=3==1)-3=(=3--1)-2
—10+6+4=0V

ii=0, ij-ip=-1--1=0=i

We have to be very careful about consistency checks that
change the circuit topology. One helpful fact is that if a mesh
loop has one side that is on the edge of the circuit diagram —so
only one mesh current flows in it—then we are safe in saying
the current in that component is equal to that mesh loop
current. Thus, we look for components on the perimeter of the
circuit when we do consistency checks.



