Homework 1

P10.1.5 Determine the 8 nF
10 kQ
response
ponse —WW—] | .
Vo(jw) Vsre(j@),

: + .
both in magnitude Vsre (10) <_> 4 nF 4 nF Vo(i)
and phase, the _

°

passband gain, and _

Figure P10.1.5
the corner frequency
in Figure P10.1.5.

Solution P10.1.5 The impedance of

0.125 8 nF

o AVAVAY, |
kQ, where wis in Mrad/s.

Hence, Vsre (@) Ct) 8nF ___ Vy(jw)

. Vy(j@ 0.12Y ]
H(Jw)=VO(J_) _ o
srdjo)  10+0.25/ jo

the 8 nF capacitor is

0.5 . 0.5 . _
=—— It follows that H(jo| = —="—, ZH(jw)=—-tan*(40w). The
1+]40w | ] V1+ (400)?

response is lowpass; the passband gain, when o — 0 is 0.5; the corner

frequency is when 40, = 1, or wy = 25 krad/s.



P10.1.7 Determine the

response

10315 (jo) V

VO(ja))/ISRC(ja))a +
both in magnitude ) | .

g Isre (jo) T> 2kQ — Vo(jo)
and phase, the

passband gain, and
the corner Figure P10.1.7
frequency in Figure P10.1.7.

Solution P10.1.7 The impedance of the capacitor is 1;;0 kQ, where wis in krad/s. The
j3w

dependent source of voltage 10°1,(jw) , where I5(jw), is the current through

10%1,(jo)

) =1 kQ. Hence,
lo(jw)

the source, is equivalent to a resistance of

)= Vo(j®)  100x10° y 2 2x10°

—— = - - = - V/A. It follows that
lsre (@) j3w 3+100/j3w 1+ j0.09w

H(ja)

3
|H(ja)l ___ 2107 VIA, Z/H(jw) = —tan™(0.09®) . The response is

{1+ (0.090)?

lowpass; the passband gain, when @ — 0 is 2x10°%; the corner frequency is

when 0.09wy = 1, or @ = 100/9 krad/s.



P10.1.10 Determine the

response /]\./k\i)\/ . /2\/k\£/)\/
Vo(j@)/Vepe(j), +

+ _— .
both in magnitude ~ Vgge (j@) <_> 50 nF__ Vy(jo) i 0.5V(jo)

and phase, the -
®

Figure P10.1.10

passband gain,

and the corner

frequency in Figure P10.1.10.
Solution P10.1.10 Let the current in the capacitor be lo(jw). Then Vo(jw) = lo(je)/jaC.

0.5V, (jw)
000

The current in the 2 kQ resistor is , and the total current is lo(jw) +

—0'52\600((;0)) = Vo(ja))[ja)C +1/ 4000)]. It is seen that a 4 kQ resistor appears in

parallel with the capacitor. TEC as seen by the capacitor will have
. 4 . . 4
Vi (jo) = gVSRC(Ja)) =0.8Vgpe(j@); Rm = 5" 0.8kQ.

TEC could have been derived directly. Thus, on open circuit, the current is

Vo (jo) - 0.5V, (jo)
2

MA, 50 that Vene (jo) = Vg (jo) Q@, so that
V. ( jw):%VSRC( j@) = 0.8Vgue (jo) . ON short circuit, 1. ( jw):\@%“w) mA.

Hence, R, = \M =0.8kQ.

sC

The impedance of the capacitor is 2 kQ, where wis in krad/s. Hence,
jo

Vo(j©) _ 20/jw
0.8Vene(jo) 0.8+20/jw’

Vo(jo) 0.8

—— = — . It follows that
Vgre(j@) 1+0.04jw

or H(jw) =

H(jeo) = 08 ZH(jw) = —tan™(0.04w) . The response is lowpass;

J1+(0.040)>

the passband gain, when o — 0 is 0.8. The corner frequency is when

0.04w, =1, or wy = 25 krad/s.



P10.1.12 Determine the response 100 nF

Vo (j) Vage (), both YN |
in magnitude and - ° ° +
phase, the passband Vare (10) _> % % 10 ng Vo()
gain, and the corner -
frequency in Figure 12
Figure P10.1.12

P10.1.12.

Solution P10.1.12 The impedance . 100 nE
of the capacitor is A A A I I
; E]_'_O kO, n ° ° +
j@100 x107° jo Vere (j) > % E 10 kgg Vo (jo)
where wis in krad/s. -

When the source and 2 1:2

kQ resistor are reflected to the secondary side, they become a source of

Vo(jo) 10

2Vsre(jw) in series with 8 kQ. Hence, <= —, or
Ngpe(jo) 18+10/ jo

Vo(jo) 20 2w
Vere(j@) 18+10/jo 1+ j1.8w

H(jow) = . It follows that

H(jo) = 20
J1+(1.80)?

highpass; the passband gain, when @« — « is 10/9 = 0.915 dB; the corner

, ZH(jw) =90° —tan™(1.8w) . The response is

frequency is wy = g krad/s = 88.4 Hz



P10.2.2 Determine R, L, and
C in Figure P10.2.2

such that: 0.1 mA <T> R L C " Vy(9)

(a) the maximum -

response of Vo(s) is 1
V; (b) the bandwidth is
4 krad/s; and (c) the center frequency is 100 krad/s.

Figure P10.2.2

Solution P10.2.2 Maximum response, which occurs at ax, is RI; hence R=10kQ. Q =
Q 25

wp IBW = 100/4 = 25; it follows that C = =— + =25nF, and L =
o,R  10°x10
R 104
= 0 - =4mH.
@,Q 25x10

2
P10.2.3  Given the transfer function H(s) = 4s” +1000s + 100 . Determine the

5s2 +500s +125

maximum response in dB.

Solution P10.2.3. H(s) = %

s? +250s + 25 s?+25 250s
=0.8 +

s2+100s+25|  |s2+100s+25 s2+100s+25]|

The first term is a bandstop response of magnitude 0.8 at low and high
frequencies and zero at w = 5 rad/ s. The second term is a bandpass
response of zero at low and high frequencies and magnitude of 2 at @ =5
rad/ s. The sum will have a maximum magnitude of 2, or 20log,02 = 6 dB, at

=5 rad/s.



