ENGR& 204 Spring 2009 Homework #4 Answer Key

P 4.6 Use the lower terminal of the 5 {2 resistor as the reference node.

Solving, v, =10V
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Solving, v, = =50 V; vy = —30V; =25V
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Calculate Zpdﬂ- because we don't know if the dependent sources are
developing or absorbing power. Likewise for the independent source.

Pai, = —2igth = —2(—0.65)(—50) = —65 W(dev)
Ps, = Bigiy = 5(—0.65)(1.15) = —3.7375 W(dev)
Py = —38.5(1.8) = —69.30 W(dev)

Y Py = 60.3 4 65 + 3.7375 = 138.0375 W
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= 138.037T5 W

U N Paer = _paw = 138.0375 W
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The two node voltage equations are:
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Place these equations in standard form:
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Solving, v; =34 V; vy =532 V.
Thus, v, =w, — 50 = 53.2 -50=32 V.
POWER CHECK:

ig — (50— 34)/80 + (50 — 53.2) /800 = 196 m A

peov = —(50)(0.196) = -98 W

pon = (50—34)%/80=32W

Papy = [5[' - 532)%3[!] =128 m W

pon = (53.2—34)%/40 =9.216 W

pon = 34%/50=2312 W

panan = 53.2%/200 = 14.1512 W

porsa = —(53.2)(0.75) = —39.9 W

Y Pune = 3.2 + 0128 + 9.216 + 23.12 + 14.1512 = 4.7 W = } "poa =
0.8+ 30.9 = 40.7

P 4.27 Place v, /5 inside a supernode and use the lower node as a reference. Then

m — Al vy v — va/5 N v —uafb
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0
134wy — Buy, = 3900, g = Bl —

Solving, 1 =30V; va=20V; v,=30—1a/5=30—-4=26V
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600 = 64iy — 40ig — 14d
—400 = —4(k; + 5liy — 23
=12=1iy
Solving, i, =29 A; dp=—616A; iz=-12A
[a] w124 = 2(12 — 6.16) + 14(12 +2.9)
= 220.28 V

pras = —12as = —12(220.28) = —2643.36 W

Therefore, the 12 A source delivers 2643.36 W.
[b] paov = 400(—6.16) = —2464 W
Progy = —B00i; = —600(2.9) = —1T40 W
Therefore, the total power delivered is 2643.36 + 2464 + 1740 = 6847.36 W
[€] 3 Presistors = (2.9)%(10) + (6.16)%(8) + (9.06)*(40) -+ (14.9)*(14) + (5.84)*(2)
Y Pue = 6847.36 W = 3" paa (CHECKS)



P 4.51 [a]

A0(iy — iy) + 10(is — iz) + 35(ig — i) + 150 = 0

35(ip — i4) + 10(iz — i) + 15ig =0

diy =d3 —iy; g =11 — i3

ig = 14; iy =30 A

Solving, i, =30 A; i =8A; i3 =24A; i;=6A
=3 —24=6A §=8—-2M=-16A; i =8-6=2A4;

tg =6 A: fe=1.+ig=064+2=8A

[b] v, = 40i, = 240 V; m, = 150 — 35i. =80 V

Psoa = —30v, = —30(240) = —7200 W (gen)
Pisiy = 15igie = 15(6)(8) = 720 W (diss)
Pag, = Fiamp = 3(6)(R0) = 1440 W (diss)
prsov = 150ig = 150(6) = 900 W (diss)

Paon = (6)7(40) = 1440 W (diss)

pron = (—16)%(10) = 2560 W (diss)

pasn = (2)%(35) = 140 W (diss)

S Pro = T200 W

S " Pij = 720 + 1440 + 900 + 1440 + 2560 + 140 = 7200 W



Although scientists continue to debate exactly why and how it works, the
process of utilizing electricity to aid in the repair and growth of bones—
which has heen mainly used with fractures—may soon be extended to an
array of other problems such as osteoarthritis, skin ulcers and spinal
fusions.

An electric current is applied to bone fractures that have not healed in the
normal period of time. The process seeks to imitate natural electrical forces
within the body. It only takes a small amount of electrical stimulation to
accelerate bone recovery. The direct current method uses an electrode that
is implanted at the bone. This method has a success rate approaching 80%.

The implant is shown in the figure below and the circuit model is shown as
well. Find the energy delivered to the cathode during a 24-hour period. The

bone fissure and cathode model is represented by the dependent voltage
source and the 100 kQ resistor,
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Solution:

We need to find the energy delivered to the cathode which is the dependent

voltage source and the 100 k2 resistor. To do that we first need the power
delivered to each of the components.

I'll solve this using Nodal Analysis (you could use another method), where v, is
the potential at the top node and the bottom node is the reference node:

Vi .. V=38 V=94 Tt
5ok 1ok 100k — 0 @M h=Tmrt

KCL at top node:



Substituting 44 into the KCL equation gives
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This reduces to  (16.0005), = 30.0015  orv, = 1875 v.

Plug this into the equation for iy on the previous page gives i1 = 112.5 utA. We
can get i», the current in the 100ke2 resistor from

3-v,

i 10 k )
- 100 k

source and the power in the 100k resistor:

v, — 5(
18.74 A . Now you can get the power in the dependent

Peii= (i2)(5i1) = (18 74 x 10°% A)(5 V/IA)112.5 x 10° A) = 10 541 nW
Piaok = (i2)*(100 kQ) = (18.74 x 10°° A)*(100,000 Q) = 35.12 uW

Since Energy = (Power)(time) and watts are in J/s we need 24 hours converted
to seconds: 24 hours = 86,400 s. So we get a total energy in these two devices to
be

Fiotal = (10,541 x 10°° J/3)(86.400 s5) + (35.12 x 10 J/s)(86.400 s) =/3.035 J

. The model of a BJT (Bipolar Junction Transistor) amplifier is shown below.

(a) Find the gain v,/v,

(b) Find the required value of g in order to obtain a gain v,/v,=-170 when R_ = 5kQ, R, = 100
Q, and R, =1 kQ.

a) Do KVL around each loop:

Left loop: -v4+i(R1+R,) =0 buti=v/R, so vi =V(R1+R,)/R,



Right loop: -gvR, —vy=0 so vy =-gvR,
Therefore the ratio is vo/v; = -gR.R,/(R1+R,)

b) Plugin numbers to the formula above: -170 volts = -g(5000 2)(1000 €2)/(100 Q + 1000 Q)
Solve for g gives g=0.0374



