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Homework # 8 Solution

Due: Never

1. [16 Points]. Exercise 13.6

Answer:

(a) [4 Points] Plot (2)

It looks capacitive at
resistive at high frequency.

low frequency, and

(b) [4 Points] Plot (4)

H = [V4(1/jwC)/(R+1/jwC) — V4R/(R+1/jwC))/V;
= (15jwCRY)/ (14jwCR)

=> |[H|=1

(c) [4 Points] Plot (8)
At low (or high) frequency, the capacitor (or
inductor) looks like an open circuit. Therefore,
Z(w=0) = Z(w==) =R
At resonance, the LC in series looks like a short
circuit. That is,
Z(w=wy) =0

(d) [4 Points] Plot (5)
At low frequency, the inductor looks like a short
circuit. Therefore,

Z(w=0) = R,
At high frequency, the inductor looks like an
open circuit. Therefore,

Z(()J=°°) = R1+R2
In between, it’s a first order system, so the slope
of Z(jw) is 1.

2. [20 Points]: Problem 13.4

Answer:
(a) [5 Points]:
_ R, + joL,
R +R+ jw(L +L)

(b) [20 Points].
H(w=0) = Ry/(R4+R) = 1/10
R = 9kQ

(c) [5 Points]:
H(w=~) = Ly/(Ly+L) = 1/10
L =90mH

(d) [5 Points].
H(jw) = 1/10
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3. [24 Points]. Problem 13.4

Answer:

(a) [5 Points]:
i(t) = lcos(wt)
i=1e"

J ZUC—i +l
@oL) R

Therefore,
v(t) = Vcos(wt+d)
V= d :
% + (afC - lj
R oL
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(b) [4 Points].
1
At 0 =—,
\ L
V=V, =IR
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(c) [5 Points]:

C

T Lot

Ci = 1/Lw,?
= 1/(365u*(2*3.14*540k)?
=2.38*10"°C
= 238 pF

Co = 1/Lw,?
= 1/(365u*(2*3.14*1600k)?
=2.71*10""'C
=27.1pF

Therefore, C must be able to vary from
27.1pF to 238pF.

(d) [5 Points].
V= IR =0.25IR
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Notice C = =
0
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R =\/E ZAZQ' _ \/E@'()L
oL 2AD
B V15 x(6.28 X 1M )* x365u
2X6.28 x5k

= 888k

(e) [5 Points]:

~ 1 oL
[wc_ 1 JR 2A0R
aL

_(6.28X1M)*x3654
2% 6.28 10k X 888k
=0.13

R 888k _ 18

O L T 628xIM x365u

4. [40 Points].

Answer:
(a) [5 Points]:
See the figure on the next page.

(b) [6 Points].

T =150us
Frequency:

f=1/T = 6.67 kHz
Time constant:

t=1/a =300 us
Amplitude at t=0+:

V =330 mV

These values are similar at the rising edge and
falling edge of the square wave.

(c) [5 Points]:
Viy = Ve + VoV,
Differentiate,
dv di 1, d’i
D —RE 4 it L—zl
dt dad C dt

(d) [5 Points]:

Ve VL VR | Vout | i di/dt

\ 0 0 | Vini | O 0

t=0-
T=0+ | Vint | Vine-Vine | O | Ving | O | (Vin2 -Ving)/L
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Temperature: unknown
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(e) [8 Points]. For the falling edge,
In steady state, vc = constant, therefore, Ving = 1V, Ve = -1V (nominal)
i(*) =0,

because there is no DC current through the
capacitor.

The general solution to a second order
differential equation is a linear combination of
two exponential functions, and if we know it's
oscillating, then it must have the following form,

it) = Isin(wt+d)e™

d’i Rdi 1 ., 1dv,
—St——t—it=——
dt> Ldt LC L dt

1) i(t=0+) = 0, therefore,
®=0

1 RY
2) o= |——| —
Lc \2L

3)a = R2L

di
dt

VINZ _VINI
L
V1N2 — VINl
L R’

cC 4

4) =l =

=0+

I =

(f) [6 Points]:
Vout=VIN — VR
= Vin2 — RIsin(wt+®)e™

For the rising edge,
Vint =-1V, Vinz = 1V (nominal)

[, w, ®, and a are calculated in part (e).
Remember, | is also a function of V|y; and Vine.

(9) [5 Points]:
From part (b),

RI = Ry =Vin)

oL
From the graph above,

=0.33v

Therefore,
wl/R =2.3/0.33=6.9
L/R = 1.6*10™ sec

which agrees with the measurement
1/a =2L/R =300 us
L/R = 1.510" sec

Substitute this into the equation of w,
1/LC = w?+(R/2L)% = 2.9*10% HZ?
LC = 2.5*10 sec®

However, we are not able to figure out the
resistor, capacitor, and inductor values from the
measurements of voltage transfer function (VTF).
As long as L/R and LC have the values specified
above, we will get the same VTF no matter what
absolute values of R, L, and C we have chosen.



