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Problem 1

1. (+gRw/ Trg,R
NN_

Method 2: Set voltage source to zero, mma an external voltage source at the output
iy Ry port
m»
. . v, . . . .
) e SR Ru=—=, [, =—(4 +g,4R). V,=—iR,
Figure P1.25 N i A i .
B 2 Ra=-———=39.840
&8 Y. 1+g.R
inrepresents the current when output circuit is
short
. . . Method 3: Set voltage source to zero, add an external current source at the output
§+g,(GR)=1i, : port
L=v,/R
i =—i+g iR), V.=—iR
=i =g Ry =8N, 2L, PTAEAR) TR
R 10kQ

x‘ = v, = iR - R
th . . N . .
i, —4+g4R) i+giR

=39.84(1

Ru represents the equivalent resistance present at the output terminals with all
independent sources set at zero.

There are three methods to solve Ru.

Problem?2:
Method 1: open circuit voltage divided by short circuit current

14
R,= NL%

3¢

1, is the output current when output circuit is short, same with 7,
V_.is the output voltage when output circuitis open.
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Figure P1.29



vi represents the equivalent voltage when output is open.

v=i R
=8 v=iR
=ik, =RR,8,i,

Rin represents the equivalent resistance when all independent sources are zero.
Three ways to solve R

Method 1: open circuit voltage divided by short circuit current

o Ve

th N.ﬂ.
Ve =vu=RRg,L

I, is the output current S:mz output circuit

& is m:on
R 2v T he="8V="8AR
i Ry =L RRe&h _ o1 5M0
| i I, iR

ii=0, v=0, gnuv=0 ix=i1-gmv=i1

B m / > i1=vx/Ra
1o AV * => Rm=vx/ix=11R2/i1=R2=1.5MQ

=

Method 3: set current source to zero, add an external current source at output

ﬁ L

§ =iR,

& ?-s\;-:?\:-a 1.5MQ
i

<

Problem 3

Expressions for Vi, Iz and I are given by:

Nominal values are:

o - 075V
I+———F+—)—
7 41
A+ Yoo 24
o 21207489 83708
30k

o 1207489 5o 83ua
3 11k )

According to the expression of Vi, the max and minimum values of V; are:

oo wx_.a Y

] i
Hikx0.9% Vokx0.9 24kx11

v = Mx 095 —— =067V

~+H
A:;:Jr 1 24kx0.9

Worst-case values of I2 and I3 are:

R™  30kx09

~_.=._u~\ yre_1-0.82 = 5.45ud

R 30kx1.1

R 11kx09
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Problem 4 Solution
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Transient Analysis
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a) The first step in finding the transfer function is to construct the s-domain

equivalent circuit. By definition, the transfer function is the ratio of % \which can be

N A
computed from a single node-voltage equation. Summing the currents away from
the upper node generates :

Vo—Vo Vo . Vos

1000 T 250 4 0,055 T 106 = °

Solve V,,
1000(s + 5000)V,

Yo = 52760005 + 25 x 10¢

Hence the transfer function is

H(sy < o 1000(s +5000)
S = Y, T 52+ 6000s + 25 x 10°

The poles of H(s) are the roots of the denominator polynomial. Therefore

~3000 — j4000
~3000 + j4000

P
P2

The zeros of H(s) are the roots of the numerator polynomial; thus
—z; = —5000
For the impulse response, let

v < 1000(s +5000) K N K
© = 52+ 6000s + 25 X 106 _ 5 + 3000 — j4000 ' s + 3000 + j4000
Ky = 500 — j250 = 559.017< — 26.57°

K =500+ j250 = 559.017£26.57°

Test the solutions with the zero of H(s)

H(~5000) = 500 — j250 N 500 + j250 3
~ —5000 + 3000 — j4000 = —5000 + 3000 + j4000

0

Then, transform back to time domain,
W)= h(t)=1118¢™" cos(4000t —26.57°Yu(t)

For the response of the input source, let

- 15000(s +5000) K, . K; . K3
° 7 s(s2+ 60005 +25x10%) s = s+ 3000 —j4000 ' s + 3000+ j4000
K;=3
K3 = —15-j0.75 = 1.6771¢ — 153.44°
K3 = ~1.5+ j0.75 = 1.67712153.44"

Test the root of zero

3 + -1.5-j0.75 + -1.5+/0.75 _
—5000 © —~5000 + 3000 — j4000 * —5000 + 3000 + j4000 -

0

Then the response due to the inputis

()=[3+3.35¢™ cos(4000—153.44°YJu(t)

We can see the response includes a DC which is 3 V and a fast decaying cosine wave.

b) Multisim simulation resuit is shown below:

Transient Analysis

Voltage (V)

00 5000p 10m 15m 20m 25m 30m
Time {(s)
Figure 1 Transient response to vc

The steady state voltage is 3V, consistent with solution in part a).

Prolujeme: ?drﬁh\.ﬁ €

Applying superposition, v, = V,p¢ + Voac: Vopc IS the response of the DC source vy,
and v, 4¢ is the response of the AC source v,.. Then in s-domain, we have

_1000(s + 5000)(V, + V1)

Vo=~ g000s + 25 x 105~ oac + Vonc
We have got V¢ in the last problem and
1000(s + 5000)V,

Yoac = 7 60005 + 25 x 10°




The frequency of the voltage source is 108 rad/s, hence we evaluate H(s) at

H(j10%): -
1000(j 108 + 5000)
i10%) = = Q. —-90°
H(j10%) (1057 + 600010 + 25 x 10¢ ~ 0014 =90
Then
Vpae = 0.005c0s(10%t — 60°)u(t)
Then

Vo = Voac + Voac
= [3 + 0.005c0s(105t — 60°)
+ 1.6771e 7390 c45(4000t — 153.44°)Ju(t)

The steady-state response is let time goes to infinity, thus the fast decaying cosine
wave can be ignored, then

Vo_steaay = [3 + 0.005c0s(10t — 60°)u(t)

b) Steady state output simulated by Multisim is shown below:

Transignt Analysis

a h-&
3003
Ueaor,
<300
EN izl
£ W
g | x2
> 2598 vz
ax
dy
dylox
299 1 =
2993 : :
4228m 5231m 3234m "4.236m 3235m 4.232m

Time (s)

M Vieowpu} mf.c-o

1 1
Frequency \u&n%u_.mm x10%, 27f ~10°

Central voltage level is (2.9951+3.0049/2x3 V
Amplitude is dy/2=9.8mV/2~5mV

To verify the phase value, the steady output waveform in red is compared with a
reference waveform of 3+0.005cos(106t-60°) in green. As can be seen, they are
completely overlapped in steady state.




Homework #0
Problem 5. b) solution

Using Multisim, put together the following circuit. | labeled the node vo for convenience:

" Inteia et simutation seriiigs
Mirdimedi hmutation seiting

jicl] Postprocessor. o e e
il groricalide it ngte freguuccy AC anshysis,
; < eface,

butisim - Tussty, Apihol, 2014, 31141 Phe

ess o, ] corporents T copperisyars | Sdatia |

0 configure transient inalisss.
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I set the stop time (TSTOP) to 10 mS, but you can pick whotever amount of time makes a
good-looking plot. | kept everything else set to default:

+ | ol | Acelysis optoes] Sammacy |

i - Irétlal conditivs

o ;
| st bt e e e
Paramelers. .
Stert time (TSTARTY: |0 i
Endtmz (TSTOP); (001 Ly

{¥f] Maximern tme 3tep settings (TMAX)

5 Minknooh rarbe of b potits: L0
£ Maimum time step (MAX) G ¢
8 Gerierale time steps automaticaly

HMore eptions

1) set vl tme step {TSTEP): {1005 . R .

i ;‘:fl';ll.".f.L.j.«I.'..jZ..‘....;j:ljl.‘....‘.‘....l;;.',Z.Z.‘f.......:

Next, | went to the Output tab and selected V(vo) so the graph will display the output voltage
we want for this problem:

| Variables in Gioti

fa'l,v,‘qu

Lo St seledied variablesl . e

[} Sty all deyice paramelers at gnd of smukation’n the aid trai




Last, hit the “Siniulate” button at the bottom of the Transient Analysis dialog, and a graph
" like this should appear showing the Transient Response at the node vo: ‘

prob5
Transient Analysis
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Solution is similar to Problem 5. b), but notice that the sinusoidal voltage input
for Multisim requires RMS voltage = Vamplitude/1.41 = 5/1.41 = 3.54 V, and 10°

- rad/sec frequency is converted to kHz.

Homework #0
Problem 6. b) solution

0om

75m

50m

Tima (s)

.......... |
R -
g gL
o mE T “E:
= > AR S ]
........ e e e e e e e e e FUNERSE e
...................... ﬁ \ll?)?\ll'\v}ll
...................... (3 <
...................... o4 T
...................... w 3 e
...................... s< e
...................... 8% =TT
k7] e
c e
s D
- e
-
f:ll
B
[ T
———
——
T
- I\O\Q\./..
T——— .
I
e
T
——
-
T
——
I...x\..rll.ll...\l\\.\llv
Sl
L
= s s
- L ~

a
-
(A) abrijop

e



