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Solution Problem Set # 3 (by Farinaz Koushanfar)
3.1 Capacitance.
a) Charge accumulation rate x time = Q(t) = (9x10°m/hr)(1/3600 s/hr)(10""e/m)(-1.6x10"
PCle)t=4t C.
b) V(t) =(1/CpLane)Q(t) = 10°x4t =4.0 x 10°t V.
c) 100KV/(4.0x10°V/s)= 255
d) (1/2)CV*=(1/2)(10%)(10°)* = 5.0 MJ
3.2 Capacitance and voltage versus time.
a) From 0 to 2 us, v(t) = V(t=0) + (1/C)i(t)t = 0 + (1/107?)(1x10°)t = 0 +1t (V)
From 2 to 4 ps, v(t) = V(t=2) + (1/C)i(t)(t-2us) = 2 + (1/10"3)(2x10) (t - 2ps)
=242 (t-2us) (V)
From 4 to 7 ps, v(t) = V(t=4) + (1/C)i(t)(t-4us) = 6 + (1/10"%)(-4x10°) (t - 2us) = 6 —4(t—
4ps) (V)
If v(t)=0 = 6 —4(t— 4us) = 0 = 22-4t=0 = t = 5.5ps

V= VFina] 1

b) E= [Cvdy =%cvw2 2 Vi ? = (112)x10™x(4-0) = 2 p
V= vInitial
V= Veina 1 2 1 2 12442 12422
c) E= [Cvdv =ECVFinal —Ecvlmﬁal =-(1/2)(1075)2° + (1/2)( 10796 =16 pJ
V= Vinital
d) E= %C(VFmal ~Vpa)> = (1/2)( 1072)(6-2)? = 8 pJ which is NOT correct! A
Since (Vinal — Vlnmal)z is not the solution to the integral R. =
=
o0 NI B
E = [i(t(.v(t).dt ®ls +
0 R, = R, = Vour
3.3 Equivalent Circuits. o = ¢ lour
a) For Voyr= 1.2V, we know from last weeks HW that this is the
open circuit voltage and so Ioyr = 0. This means that there is Iss = ImA, R, ;l k%é I§2 =2kQ,R; =3kQ
ig. P3.

really no external element and the circuit to the left of Voyr can
be analyzed by itself. Issx R2||R3= 1.2V as expected.
For Vour = 0.6V the current through R1 plus through R2 is:
(0.6V/2kQ) + (0.6V/3kQ) = 0.3 mA+ 0.2 mA= 0.5mA = Iour =1 mA — 0.5 mA = 0.5mA.
For Vour = 0V there is no voltage drop on R2 or R3 = there is no current through them.
This greatly simplifies the circuit to the left by removing R1 and R2 and Ioyr = 1.0 mA.

b) The short circuit case Vouyr = 0V was easiest followed by the open circuit case Voyr = 1.2V.
The solution technique for Vour = 0.6V is completely general and could be used for any
output voltage.
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C) IOUT = lmA - VOUT/(R2||R3) = (1'VOUT /(12KQ))

lout (A) %107
1

0.8- B

0.4- B

OO 012 O‘.4 016 018 i 1.2 1.4
Vout (V)
d) Slope =107/1.2 (A/V). The inverse of the slope gives 1.2kQ2 and the voltage is 1.2V.
e) Show that RT = 'VOC/ISC = —(12V/ —lmA) =1.2kQ.
f) This value is Ry||R3. Turning the current source to zero makes Iss= 0 and there is no current
path through Igs. Thus only R, and Rj are in the circuit in this case.

3.4 Equivalent Circuits and Ideal Supplies.

a) Voc = Vaa =1V as there is no current through R,. Vaa =1V, Iss =ImA, R, =1kQ, R, = 2kQ

b) In the book Isc flows into the output. Isc. = (-Vaa/Rz) = (-1V/2kQ) = —0.5 mA. R, R,

¢) Iy=-Isc=0.5mA. Ry =Ry = -(Voc/Isc) = -( 1V/(-0.5mA)) = 2kQ. 8 n f

d) Vss=IssxR;+Vya=1mA x 1kQ + 1V =2V, D Iss V..  Your
e) Iapn = Iss - Current through R, = 1mA - VAA/R2 _r__ .

= ImA - 1V/2kQ = 0.5 mA.
3.5 Nonlinear Load and Power. Use a graphical method to find the solution for the following
loads when attached to Voyr in Fig. P3.3. For a) The answer is around 0.9V and 0.225 mA with
0.20 mW into the load. For b) it is about 0.7V, 0.4mA and 0.28mW. For ¢) it is at about 1.35V, -
0.2mA and 0.3mW.

Fig. P3.4
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