Assignment-1: 100 Marks

(10 Questions, 10 Marks each)

Problem-1:
Calculate the equivalent wa . 1Q d 10
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Solution:

The 3-Q) and 6-() resistors are in parallel because they are connected
to the same two nodes ¢ and b. Their combined resistance is

3 X6
3+6

3060 =

Similarly, the 12-Q) and 4-() resistors are in parallel since they are
connected to the same two nodes d and b. Hence

12 X 4

120]40Q =
12 + 4

=30 (2.10.2)
Also the 1-€) and 5-() resistors are in series; hence, their equivalent
resistance is

1Q+50=6Q (2.10.3)

With these three combinations, we can replace the circuit in Fig. 2.37 with
that in Fig. 2.38(a). In Fig. 2.38(a), 3-() in parallel with 6-€) gives 2-(},
as calculated in Eq. (2.10.1). This 2-() equivalent resistance is now in series
with the 1-£) resistance to give a combined resistance of 1 + 2 =3 (.
Thus, we replace the circuit in Fig. 2.38(a) with that in Fig. 2.38(b). In

Fig. 2.38(b), we combine the 2-{) and 3-() resistors in parallel to get

2% 3
2+3

2030=""%=120

This 1.2-) resistor is in series with the 10-{) resistor, so that

Rpy=10+12=1120Q

(2.10.1)
10Q .1 2a'
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Figure 2.38

Equivalent circuits for Example 2.10.
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Problem-2:
Calculate the equivalent resistance R, in
the circuit and then find the current i —=

Solution:

1. Define. The problem is clearly defined. Please note, this part
normally will deservedly take much more time.

2. Present. Clearly. when we remove the voltage source. we end
up with a purely resistive circuit. Since it is composed of deltas
and wyes, we have a more complex process of combining the
elements together. We can use wye-delta transformations as one
approach to find a solution. It is useful to locate the wyes (there
are two of them. one at n and the other at ¢) and the deltas
(there are three: can, abn, cnb).

3. Alternative. There are different approaches that can be used to
solve this problem. Since the focus of Sec. 2.7 is the wye-delta
transformation. this should be the technique to use. Another
approach would be to solve for the equivalent resistance by
injecting one amp into the circuit and finding the voltage
between a and b: we will learn about this approach in Chap. 4.

The approach we can apply here as a check would be to use
a wye-delta transformation as the first solution to the problem.
Later we can check the solution by starting with a delta-wye
transformation.

4. Attempt. In this circuit. there are two Y networks and three A
networks. Transforming just one of these will simplify the circuit.
If we convert the Y network comprising the 5-2, 10-{), and
20-A2 resistors, we may select

R, = 100, R = 200, R: =50

Thus from Egs. (2.53) to (2.55) we have
 RiR>; + R:R; + RaR, 10 X20+ 20X 5 +5x 10

Ra R, - 10
350
~T0 - B0
_ R\R, + RuRy + RyR, 350
R, = x =5 = 1750
R. = R\R;, + R,R; + R;R, _ 350 — 700
R: s
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Figure 2.53

Equivalent circuits to Fig. 2.52, with the voltage source removed.

With the Y converted to A, the equivalent circuit (with the
voltage source removed for now) is shown in Fig. 2.53(a).

Combining

the three pairs of resistors in parallel, we obtain

70 x 30
125 X 175
125175 = 75575 = 12920
15 %35
15135 = 55z = 1050

so that the equivalent circuit is shown in Fig. 2.53(b). Hence. we

find

R, =

Then

17.792 x 21

. + 10. = =9
(7.292 + 105) || 21 = =ooo— = 9632 02
o 120 L s
i=R, “o63;  12458A

We observe that we have successfully solved the problem.
Now we must evaluate the solution.
5. Evaluate. Now we must determine if the answer is correct and
then evaluate the final solution.
It is relatively easy to check the answer: we do this by

solving the

problem starting with a delta-wye transformation. Let

us transform the delta, can. into a wye.

Let R,

=104, R, = 511, and R, = 12.5 (). This will lead

to (let d represent the middle of the wye):

Rai

Rea

R.R, _10x 125
" R,+R.+R, 5+10+125 -4
R,R, 5x125
T 215 2115 EEETES
R.R. 5x10
=25 - 75 - 1818202
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This now leads to the circuit shown in Figure 2.53(c). Looking
at the resistance between d and b, we have two series
combination in parallel, giving us

(2273 + 15)1.8182 + 20)  376.9
2273+ 15+ 18182 + 20 39.09
This is in series with the 4.545-() resistor, both of which are in
parallel with the 30-( resistor. This then gives us the equivalent
resistance of the circuit.

(9.642 + 4545)30  425.6
9.642 + 4545 + 30  44.19

This now leads to

Ras = 0642102

‘?ab = = 0.631 (2

We note that using two varations on the wye-delta transformation
leads to the same results. This represents a very good check.

6. Satisfactory? Since we have found the desired answer by
determining the equivalent resistance of the circuit first and the
answer checks, then we clearly have a satisfactory solution. This
represents what can be presented to the individual assigning the
problem.
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Problem-3:
Calculate the equivalent resistance R, 60 Q

and then find the current i,. 0 VI
WM
f_250 60
WSy W S 800
%,
sv () é]iﬂ gmn\
[~

Solution:

20//80 = 80x20/100 =16. 6/12=6x12/18=4
The circuit 1s reduced to that shown below.

250 40
/N AVAVANEEEE.

E 15Q §l6Q
|—>

|
Reg

N

(4 + 16)//60 = 20x60/80 =15

1,=35/10=35A.
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Problem-4:

An SFU student has been hired as a co-op
student by BC Hydro to design the circuit
shown to control the speed of a motor such
that the motor draws currents 5A, 3A, and 1A,
when the switch is at high, medium, and low
positions, respectively.

The motor can be modeled as a load resistance
of 20 mQ, while the 10A fuse has very low

resistance 0.01-Q.

Determine the series dropping resistances
Ry, R, and Rs.

Solution:

With the switch in high position.

6=(001+R;+002)x5— R:=117Q

At the medium position,

* [ ow =
3 R
Lih-A, (] -0} fuse
. -ift'l\’_p- 4 .
Medinm
Hich =
= <~ R
\ =
fV = xx
L —

Y
=

6=(001+R;+R;+002)x3—» R, +R;=1097

orR;=197-117=08Q

At the low position,

6= (001+Ri+R2+R3+0.02)x 1"

R1=597-197=4Q

Ri+Ra+R3=507
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Textbook questions:
2.24,2.28, 3.58, 4.21, 4.39, 4.93.

Problem: 2.24:

P 224

ig=60/12 =5A; therefore, v.g = 60 + 18(5) = 150V
—240 + vye + veg = 0;  therefore, vy, = 240 — 150 =90V
ip = Uae/45 = 90/45 = 2A;  therefore, i, =ig — 1, =5 —2=3A
vpd = 10ic + veg = 10(3) + 150 = 180 V;
therefore, 1, = vpg/180 = 180/180 = 1A
te =1, +1.=1+3=4A
—240 4+ vy, + vpg = 0 therefore, vy, = 240 — 180 =60V
R=uvy/i. =60/4 =150

CHECK: iy =ip+ie=2+4=6A
Paer = (240)(6) = 1440 W
3 Pua = 13(180) + 42(15) + 32(10) + 52(12) + 52(18) + 22(45)
~ 1440 W (CHECKS)
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P 2.28

P 3.58

First note that we know the current through all elements in the circuit except
the 2002 resistor (the current in the three elements to the left of the 20002
resistor 1s ig; the current in the three elements to the right of the 2002
resistor 1s 29i5). To find the current in the 200 resistor, write a KCL
equation at the top node:

15+ 29ig = 19000 :zznhg

We can then use Ohm'’s law to find the voltages across each resistor in terms
of 1. The results are shown in the figure below:

+ 10,0001 ,— 203 - 14,5001, +
ke OBV T 500
Y u - yer
—>i —>§ N 29IB<—
g & 4 -V, +
152v Q. 6000i; % 2000 Chasv
o - .
1 130 29i,]

[a] To find is, write a KVL equation around the left-hand loop, summing
voltages in a clockwise direction starting below the 15.2V source:

—15.2V + 10,000:; — 0.8V + 6000ig = 0

Replace the upper and lower deltas with the equivalent wyes:

L (10)(50) Lo, (30)(40) o (10)(40)
Ryy = ~—go— = 50 Ray = <200 = 200 Ray = -0 0= = 49
~(10)(60) . ~(60)(30) . ~(10)(30)
Ry, = oo = 69 Ry, = 55— = 180 Ry, = ~—oo= = 30

The resulting circuit is shown below:

a2a

20q

Now make series and parallel combinations of the resistors:

(4+ 6)]/(20 + 32 + 20 + 18) = 10|90 = 9Q

Ryp=334+54+9+3+40=900Q
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Solving for 15
10,0004 5 + 6000i5 = 16 V S0 16,000:5 = 16V

Thus,

: 16

“= Teoo0 ™A

Now that we have the value of ig, we can calculate the voltage for each
component except the dependent source. Then we can write a KVL
equation for the right-hand loop to find the voltage v, of the dependent
source. Sum the voltages in the clockwise direction, starting to the left of
the dependent source:

—Uy — 14.,500ip + 25V — 600053 =0
Thus,
vy = 250V —20,500i5 =25V — 20,500(1073) =25V — 205V = 4.5V

[b] We now know the values of voltage and current for every circuit element.
Let's construct a power table:

Element | Current | Voltage | Power | Power
(mA) (V) Equation | (mW)

152V 1 152 p=—uvi -15.2
10kQ2 1 10| p= Ri® 10
0.8V 1 08| p=—vi -0.8
2000 30 6| p=Ri® 180
Dep. source 29 15 p=wi 130.5
5000 29 145| p= Ri? 120.5
25V 29 25| p=—vi —725

The total power generated in the circuit is the sum of the negative power
values in the power table:

—152mW + —0.8mW + -725mW = —741 mW

Thus, the total power generated in the circuit 1s 741 mW. The total
power absorbed in the circuit 1s the sum of the positive power values in
the power table:

I0mW + 180 mW + 130.5mW + 420.5mW = 741mW

Thus, the total power absorbed in the circuit i1s 741 mW and the power in
the circuit balances.
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P 4.21

20V G)

vy vy —vg v — 20 .
—0 990y — Bug — 300

30,000 5000 2000 s hm
v9 vo—vy  wva—20

1000 © 5000 | 5000

0 s0 —vy+ Tvg =20

Solving, vy = 15 V; =5V

. vy — 19
Th by —— =2 mA
15t = TE000
P 4.39
50
D Fren
o0 Ty L
J i, ¥250
201<+\ . 13 |
-/ \‘%;2 Tsoo
660 = 30iy — 1025 — 1545
2014 = — 1041 + 6029 — 50ig
0 = —15i; — 504da + 90ig
ig = iy — i
Solving, iy = 42 A; 19 =2TA; i3 =22 A; ig=05A
2064 = 100 V
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pai, = —100i3 = —100(27) = —2700 W
. pwi, (developed) = 2700 W
CHECK:

pesov = —660(42) = 27,720 W (dev)

" Y P, = 27,720+ 2700 = 30,420 W
Y Pa. = (42)%(5) + (22)*(25) + (20)*(15) + (5)*(50)+
(15)2(10)
~ 30,420 W
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P 4.93 240 V source acting alone:

5Q 401
— 1 AN

200

vy — ——25___940) — 60 V

5+ 7+ 205

84 V source acting alone:

50 4
AVAVAV AM_
+ -
Y2 § 200 SL
TQ 102
AvAvAv A'\n
20112
U2 = —84) = -504V
Sl +20||12( )
16 A current source acting alone:
5@, 40
“‘ 2 A'AVAV
+
va3§ 200
T2 102

Vt-—m——w,—-v3
164,
PR
oy

v —vy Uy
——-16=10
5 +7

vg—vp v U3 — U3
. =10
5 20 4

vg — vy U
—+16=0
1 +l+

Solving, vg = 18.4 V = v,3. Therefore,

Up = Upt + VU2 + Vg =60 —504+ 184 =28V
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