THE
ECE= 1270 Homework #4 Solution b
1. Use the mesh-current method to find ij and iy, and 3.
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Procedure for solving for mesh-currents:

1. Label every mesh with a mesh current variable.

2. Label polarity on every R. If R is between 2 meshes, there will be polarities labeled for two mesh
currents.

3. If an outside branch contains a current source (dependent or independent), the mesh current is equal
to that current source value (+ if they are in the same direction or — if opposite directions).

4. If the circuit contains a dependent source, the dependent variable needs to be written in terms of the
mesh currents.

5. If a current source is located between two meshes, a supermesh equation is written. The supermesh
equation is the current source value equal to the two mesh currents going through it. (+ if the
same direction, - if opposite directions).

6. Avoltage loop is taken through pathways without current sources in them. The voltage loop

equation will contain two currents going through a resistor located between 2 meshes.

7. Simultaneous equations are solved to obtain the mesh current values. These mesh current values

can be used to determine any other unknown variable in the circuit.

Step 1 and 2 are shown in the figure above:

Step3: i; =24

Step 4: skip

Step 5: skip

Step 6(three voltage loops possible):
=5 (5k)+20—-4,(10k) +i,(10k) =0
+i,(10k) - i,(10k)-10=0
i (5k)+20-10=0

The last equation only has i; as an unknown, solving this gives:
—i,(5k)+20-10=0
KW(5k)=10 = {=2mAd
Using the second equation and this known value yields:
+i,(10k) = +4,(10k)~10
+i, =+i; —1m
+i, =2m~1m=1mA
i =2m4 i,=lmd i,=24
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2. a. Use the mesh-current method to find V,, V, must not be in equation. | 0.5A
b. Find power dissipated by the dependent source. Q
RNA
Step 1 and 2 are shown in the figure at the right: @ Vy
Step 3: i, =-50mA, i, =+0.54 - 5000t
Step 4: Vx s the voltage across the current source and the 500 ohm : VWV *
V, =(+1 —1,)500 = (+0.5-4,)500 = +250 - 1,500 2V @
Step 5: No supermesh - 1KO ¥ 2V,
Step 6{only one voltage loop possible): " A4 + —
2V, ~Llk+ilk+7+V, =0 .
. 50mA @
3 (+250 —1I, 500) -,k +50m(1k)+7=0
i,2.5k =807 =
i, =282.8mA
Plugging this value into the equation for Vx above gives:
V, =+250—(282.8m)500=108.6V
Power in the depenglept source:
P=1*) = ((\'-[)2)2(1/;) = 282.8m +(-50m))2(108.6) =72.3W
3.  Find the Thevenin equivalent circuit at terminals a-b. 50 0.6Q
ol A AAAY 0 a
Find V.. This is the open circuit voltage between points N =0 +
a-b: (Using mesh currents) - ‘ V.
i =54 5Q§ @ s$30 Yo
+20-45-,5-i3-i2+i,2=0 ¥ : ob
. . + -
20-415+i,2=0 20v Ci) ;29 6\1 C? sa
20-15+(-5)2=0 -+
. 2
L= 5
An equation for Vth is needed:
V,—0-i(3)=0
2
Va=30)=27
Rth is found by removing all the independent sources (20V becomes a wire, 5A becomes an open):
R,=0.6+3||(10+2)=0.6+ 1 1 1 =3Q
312
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4.  Find the Thevenin equivalent circuit at terminals a-b.
6Q Vi 6Q)
AV NN * 0 a
D > +
2Q
V
leg 40 th
ooy ()
41,
o . —o b

Using Node-Voltage Method — Procedure:

1.  a. Place a reference point (0V).

b. Label every essential node with a node-voltage.

2. Place all currents through every R.

3. If the circuit contains a dependent source, the dependent variable needs to be written in terms of the
node voltages.

5. If only a single voltage source is located in a branch, a supernode equation is written. The supernode
equation is the voltage source value equal to the two nodes on both sides of it. The voltage
difference is taken as + at the positive side and — at the negative sign.

6. A current summation is taken at all node voltage variables. Each current term is a positive on the +

side of the labeled current and — on the negative side of the labeled current.

7. Simultaneous equations are solved to obtain the node voltage values. These node voltage values can

be used to determine any other unknown variable in the circuit.

In this case, the reference point is placed at b. The dependent variable is written in terms of V.
__h _n
*o(6+4) 10
There are no supernodes for this circuit, so a current summation is written:
"
V, - 68 (V ~4 1 ) Y,
(1 )+ 1 (10) +(1)=O
6 2 10
1 68
p(L 1,1, 1)_(68)
6 5 2 10 6

1 =@-(—@):2OV
6 \17

. Using this solution for v,:

X

10 10
Using ohm’s law: ‘
g N = Tx (LD = Q—(LD
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4, Find the Thevenin equivalent circuit at terminals a-b.
6Q Vi 6Q
—AAN; AVAVAY * O a
4___ .

-+ e
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5.  Determine the power in the dependent source ifRp =2kQQ .
v, 4KO 20001,

MY + =
1 | T 1
2
pon)@éoooTQ"'L g 60 A A
"
15v Ci) ®
Vs
(V,~15) \L WV -2000( ¢+ 0
3 " ok Gy 2k
\S
2 ). 2000 _ =
V(6 “ow ¥ 3 waokﬂ = 3k

% Ll (Y 30(6\&)/&,2‘\1

— ° = 2 K_
v’k ~
\y

-2000( ;. )
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For the circuit shown, write three independent equations for the node voltages

1)

b.

Ry 2 Vs R3 Is

Ry
vz VY ‘?

r—

Ix

Vi, v2, and v3. The quantity ix must not appear in the equations.

Make a consistency check on your equations for part 1(a) by setting resistors
and sources to values for which the values of 'vl, v2, and v3 are obvious. State
the values of resistors, sources, and node voltages for your consistency check,
and show that your equations for problem 1(a) are satisfied for these values. (In-

other words, plug the values into your equations for problem 1(a) and show that
the left side and the right side of each equation are equal.)

soln; Define ix in iermg of pede V's;
bx = OV— V3 = -—ZE
Rz Rz

Now we write three egns  for
the node V's. We have a
Buperpode  for v, and vy, So we
sum +the currentsd ocut oFf
bubble around v, and vy that
<witains Tthe vy source:

t 4

AR I ﬂ.tx,"f't




The Sum of currents out o:F..-H\e
bubble  has —Ewo. terms +that eancel oit:

1 !
or

4 : X,
y (~—- —-. = OA )
3 R Rz)

We also qet a voltage eg 'n for the
SMPEF noede :
V, - V3 = Vs (2)

Oour third 33';4 Cortes from nede vg:

~ (- n) $ v2 + iy =0A @)
Rz R3

Mqr\)/ A ferent c,onsLs-!:ency checks are
possible.  One example (s given here.

Lek =0, yg =12V, Ls=24A

VWi=RV Vy=—ig-30 < ~72V

in Vs 3 <\V LS

lzv 2.5 24A
VWL
Va <
Lo =
3¢ =0
- ov+

We must hare x =0 or we will
accumulate Charge on -tphe left side
of the <§;i“(!ul;ﬁ.f 771115, va = OV. -




Since +he vy sourde connects vx oy,
we have ¥, = va + Vs = OV+I2V = 12V,

On the r‘(ZjAﬁ- scde, is FTlows arounol  the
Loo;;} jiW:”j Vo = = £5 -3 = -2%YA-3Q =~V

V,:)ZV) sz'-pl// = o)

Va,

Now we plug these values inte our 3
egas . From part (a):

z

ov(__L - O ) O0A )
282 252
o o A :— oA v
lzv~ oy g 2V v (2)
*.*o(~13){)+—721/ + 244 £ 04
2.0 3
2
o  —2%A + 244 =0A vV (3)

The egﬁu are all s«ﬁ'sfiealj cam,o/e"/:inj
the consistency  chedk.
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For the circuit shown, write three independent equations for the three mesh
currents i1, iz, and i3. The quantity vx must not appear in the equations.

sln: @)  The lesps for &, and 1 share a
current source, wVx, meaning Th
form a supcr—mesh. Fer 4he voH:age
leop around the outside of the ¢,
and i Lloops, we have the -Fa!low'mg
problem: e ¢, loop wnefudes
current soarde tLg. Thus, we must
abandon the outer veltage Leop.

Tnstead, we have ['E.,.-: Lal, Bince sre
tg t8 on the outside edge of the
cirecutt. We rneed -fwo eg?ts For the
two (oopd, and the other egh L3

+he agual curreat gseurce 85‘51 for

+the wv, Source cn terpas of ¢ anet i

D{-Vx = L; "'iaz_

We must write yx in terms sf mesh
durrents, howevess

Vx = [La - E»z) R,




Using +this expression for vx, we olstain
a second e_ﬁuad:Lon For the super- mesh:

[L3~Ll.) Rz = I,~ L,_\

The voltage loop for c3 gives the
third and Final eﬂuq—tlon:

L"'Lg,Rl‘. “13R2+L,R2 +V5 =0ﬂ

No‘tg: L, may be rep(aceA by ig in
the pr\ece’aﬁnj two eg hs.
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Find the Thevenin equivalent circuit at terminals a and b. ix must not appear in your
solution. Note: o> 0.

soln: Uy = ¥, with nothing copnected across
dterminals @ and b, We dan use the

ncvie-VoFéqge method to Find Vg .
a

dix
; +

i
isﬁ‘b R;%
T [ .-

we have one node:r v,. Afker defining
tx tn terms of v, we Sum the
aurrents out of the v, node. For
LX'! homevel', the on[y Egln we cah
weite ts the -Fo!tou)inﬂ:

-

Ly = =iy where, &« >0
‘or

:'.x (I—I-gz.) = OA
or

Z‘X:‘OA



3o no current 4lowsd in either R,
or  the olepenole_n'\: Source. Thus,

our pode-voltage eg'n For v, i3
as Follows:

OA

il

—-13 + vV

—

R=

- or

Sinee Ly=0, -the vol-kaﬂe dro
acrogs R, 13 =ero. It Follows that

One way +to find Ry, is +o short

a + b, find +he current, iga,

-f—[owLng in the ghort, and compute

, ' t3c
oLy

._ig$ o

:‘X
!
1

; éov b

We use +he node—voH;qje_ mt'(:hocl 43‘(11\.

NS

\Y




Ly defined in terms of V,I 3
. /
tx = — VY,
Ri
The summation ofF currents out of +the
V,I'nadé t3 as Follows:

R~ Ry |
or
v;l <_\_t;'9. + L \) = lg
R, R=
oY p
v, = [ . RiR=2
L R\ Rz
or Ry R=2
V' = .bﬁ R,R2
U+x) Ry + Ry
and ,
ixz“V, = —-Ls Ra
R, (l+2) R, + R,

‘We Find Lg by summing currents
out of +the <+op node.

et LX + ‘Lx + LSC! = OA
oY
leg = ~Q+at)ix = () L3R
- Qo) R+ R,y
Thu.s, R’T}) = V—rh = L—E’% = Q'\”DC) R‘L+_R)
tse Q) igRs VAo

Q) Rzt Ry
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Calculate the power consumed (i.e., dissipated) by the ix/2 dependent source. Note:

If a source supplies power, the power it consumes is negative.
Soln: An y methed of soln is AcCce P‘i:q ble.
Here, the 3oln empleys the mesh-

aurreat method.
Wiz 3&31

zk—'ﬂ.
iy Leop : 12V — ~lk.ﬁ_ ZHY ~ 1- 2k = OV

‘Solvi:nj for iy, we have

L' = 248V - 2V :—E_\f_ =-l mA
ke y2ka2 2.

‘We have (,x ..o“ g the [oo,o 2urrent
i, 3 ix/2=1t/2. (Note that £, LS
the same a3 the current in the
dAependent src¢, which 7s on the
aaz'&swle edge of the circuit.)

E',z =23 l:,_‘x_ = ﬂ =2 A
2 2
To Find the voliage Am‘p across the
a{e;,oe;y{egi: Saurce, WE USC a Uof'f:q_gc
toop on the right side.




