ENGR&204 Spring 2009 Homework#2 Key

Let me know if you want any of these explained.

P 2.6

The interconnection is invalid. The voliage drop between the top terminal and
the bottom terminal on the left hand side is due to the 6§ V and 8 V sources,
giving a total voltage drop between these terminals of 14 V. But the voltage
drop between the top terminal and the bottom terminal on the right hand side
is due to the 4 V and 12 V sources, giving a total voltage drop between these
two terminals of 16 V. The voltage drop between any two terminals in a valid
circuit must be the same, so the interconnection is invalid.

P 2.14 [a] Plot the v—i characteristic:

vi ()
T T

From the plot:

éﬁ (420 — 100)
Ai (16 —0)
When i; = 0, v; = 100 V; therefore the ideal current source must have a
current of 100/20 =5 A

R= = 2002
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[b] We attach a 5 resistor to the device model developed in part (a):
P’

vh

Write a KCL equation at the top node:
B4 =4

Write a KVL equation for the right loop, in the direction of the two
currents, using Ohm’s law:

2'}&1 + El'i"-!_ = {}
Combining the two equations and solving,
2005 + ;) + Hiy =0 S0 25i; = —=100; thus gy = —4 A

Now calculate the power dissipated by the resistor:
psn = bif = 5(—4)* = 80W



P 223

240

ig =60/12=5A; therefore, vq = 60 + 18(5) = 150V
=240 4+ vy + Vg = 0;  therefore, v, = 240 — 150 =90V
ih = Uao/45 =90/45 =2 A;  therefore, i, =ig— i, =5 —2=3A
g = 108 + veq = 10(3) + 150 = 180V

therefore, i, = v,4/180 = 180/180 = 1 A
g=iati.=1+3=4A
—240 4+ va, + e = 0 therefore, vy, = 240 — 180 = 60V
R=wv,/i.=60/4=150

CHECK: i;=i,+1.=24+4=6A
Paev = (240)(6) = 1440 W
> Pae = 12(180) + 42(15) + 32(10) + 52(12) + 5%(18) + 22(45)
= 1440 W (CHECKS)
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[a]

B2

BOwv

120 1002

vy = 80 4+ 4(12) = 128 V; v =128 — (8 4+1244)(2) =80V

w80 _
T+ 10 16

vy = vy + 2413 = 80 4+ 24(3) = 152V

5A; i3=i; —2=5-2=3A

ta=2+4=06A

Ig=—f4—t3=—-6-3=-0A

[b] Calculate power using the formula p = Ri®:

Psa = (8)(2)" = 32W; prza = (12)(2)? = 48 W

Pan = (4)(2)° = 16W; pag = (4)(6)* = 144 W

paq = (24)(3)° = 216 W; poa = (6)(5)2 = 150 W

Piog = (10)(5)° = 250 W; Pz = (12)(4) = 192 W
[c] v, =152V

[d] Sum the power dissipated by the resistors:

Y Daiss = 32 + 48 + 16 + 144 + 216 + 150 + 250 + 192 = 1048 W
The power associated with the sources is

Prolt—souree = (80)(4) = 320 W

Peurr—source = —Vgiy = —(152)(9) = —1368 W

Thus the total power dissipated is 1048 + 320 = 1368 W and the total
power developed is 1368 W, so the power balances.



P2.28 First note that we know the current through all elements in the circuit except
the 20002 resistor (the current in the three elements to the left of the 2009
resistor is ig; the current in the three elements to the right of the 2000
resistor is 20i5). To find the current in the 2002 resistor, write a KCL
equation at the top node:

I'l,g + Qg‘iﬂ = tognn = E[h:ﬁ

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

+10,000i 5~ 29 - 14,5001, +
k0 08V o 5900
N NS 29ie
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15.2v @:}i 6000ig = 2000 (a2sv
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[a] To find ig, write a KVL equation around the left-hand loop, summing
voltages in a clockwise direction starting below the 15.2V source:

—15.2V + 10,0008, — 0.8V + 6000iz = 0

Solving for ig

10,0005 + 6000ig = 16V so  16,000i5 = 16V
Thus,

S 16
77 16,000
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 — 14,5006 + 25V — 6000i5 = 0

Thus,

v, = 26V — 20,5005 = 25V — 20,500(107%) = 25V — 20.5V =45V

= I mA
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P 3.10

Always work from the side of the circuit furthest from the source. Remember
that the current in all series-connected circuits is the same, and that the
voltage drop across all parallel-connected resistors is the same.

[a] Ruq = 12[120[|[18 + (28]121)] = 12[|20]|(18 + 12) = 12[|20[30 = 62
[b] Req = 4+ (9]18) + [5]130]|(20 + 40)} = 4 + 6 + (5/[30]|60) = 4+ 6 + 4 = 1402
[c] Req = (100 k|30 k) + (75 k||50 k[|150 k) + 25 k =75 k + 25 k + 25 k = 125 k2

Rug = 6[|30]|20 = 40
vaga = wn = (30 A)(402) =120 V

Therefore, since the three original resistors are in parallel with the current
source:

Tapn = UspA = 120 V

p2 1202
Thus, paon = —50* = 35

=480 W



100k,
R+ Ry

P315 [a] v,= 20 so Ry=4Ry

Ry Ry,

) £ Ry =
Let R, Rj” L Ryt R

. _ 100R,
" Ri+Re

—16 so R, =52R,

5.25(48Rs)
48 + Ry

Thus, Ry =15 kQ and R, = 4(15 k) = 60 k2

Then, 4Ry = 5.25R, =

[b] The resistor that must dissipate the most power is Ry, as it has the largest
resistance and carries the same current as the parallel combination of R
and the load resistor. The power dissipated in R; will be maximum when
the voltage across R; is maximum. This will occur when the voltage
divider has a resistive load. Thus,

vg, = 100 — 16 = 84 V

2
PRy = %2 1176 m W

Thus the minimum power rating for all resistors should be 1/8 W.

(18)(15 k)
40 k

P 326 k= = 6.7 mA

iak =18 m—6.75m = 11.25 mA
Mo = —-—{12 l{)(llgﬁ [[1} =135V

ve = —101.25 — (—135) = 33.75 V



P 3.31 The measured value is  60[|30.5 = 20.22 ().

) 180 - . 60
= ——_— = . - [ . B — .
ig 2022 5 10) 596 A; T mens (5.96) =3.95 A

90.5
The true value is  60(|30 = 204.

130 60
g = 7m—— = 6 A; oo = —(6) =4 A
W= Gor10) 0 boue = 5 ()
Y%error = [?— ] x 100 = —1.28%
800V

P 342 Ruster = R + Ruovement = 7—— = 800 kQ

Vmeas = (300 k2600 k2|800 k§2)(3.5 mA) = (160 kQ)(3.5 mA) = 560 V

Virwe = (300 k€|600 k)(3.5 mA) = (200 k2)(3.5 mA) = 700 V

560
% error = (ﬁ — 1) 100 = —20%



P 3.50 Note the bridge structure is balanced, that is 10 x 18 = 30 x 6, hence there is
no current in the 502 resistor. It follows that the equivalent resistance of the
circuit is

Req =3+ (10+6)[|(30 + 18) = 3+ 12 = 150

The source current is 300/15 = 20 A.
The current down through the branch containing the 302 and 182 resistors is

12

i1g = m{%) =5 A

. Pig = 18(5)2 =450 W

P 356 8+12=200Q

20/|60 = 15
15+ 20 = 3592
35140 = 28 Q
28 + 22 = 50102
50]|75 = 3092
304+ 10 =400

ig = 240/40 = 6 A
ip = (6)(50)/125 = 2.4 A

pron = (0.72)%(140) = 72.576 W



