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Solutions for the Sample Practice Questions (Set 1)

Note:

To be consistent in the solutions, we will “generally” use the following notations:

(a) Lowercase letters to represent the time-domain signals (e.g.): v; = v;(t),

(b) Bold lowercase letters for the vectors of the time-dependent signals (e.g.): b = b(t) and x = x(t),
(c) Uppercase letters to represent the signals in frequency-domain (e.g.): V;,

(d) Bold uppercase letters for the vectors of the frequency-domain signals (e.g.): X and b.

MNA Matrix Equations

Question 5: For the following circuits, =& A

. . . . . *
(a) Write the MNA frequency-domain matrix equations in the form (G + sC) X = b.

(b) Write the MNA time-domain matrix equations.

Note: The entries that are complex numbers should be shown in “a + jb” format.

Il
C
1 ? 2
MWV
J1(0) = Rs 72 T
(SR MCIEE
cos(wt ) C R, 4
freq.: @
Figure 1: Circuit 5.1
Solution:
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frequency-domain:

GX +sCX =D (FD-equation)
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Jy = cos(wt+0°) 2 J =1

e
Jo = 142 = 1ed’ = cos(%) —|—jsin% = 0.7071 4 0.7071;
N N +1 | «_|w
—Jy —0.7071 — 0.7071; v,

Now, the above matrices G and C and the vectors X and b are substituting in the (FD-equation) to have the

complete form for the frequency-domain MNA equations, as

1 1 1
m R R ||V Cr+Cy —Co | | V] _ +1
11 Vs ~Cy Oy Vs —0.7071 — 0.7071§
R, Ry
time-domain:
d .
Gx(t) + Cax(t) = b(t) (TD-equation)
Jy = PAMNER Jo(t) = cos (wt + E)
4
AT +cos (wt)
b(t) = —Jlit; " | —cos (wt + z) ’
L 2 4
— ( ) p dU1<t)
U1 t
t) = d —x(t)=| ,d
x() va(t) ]’an < dus (1)
) dt

Now, the above matrices G and C and the vectors X and b are substituting in the (TD-equation) to have the

compelete form for the frequency-domain MNA equations, as

N dvy (1)
Rl Rg R2 U1 (t) Cl + 02 —CQ dt _ —+cos (w If) - -
_ B vo(t —Cy Cs dvs(t) —cos <wt - —)

Ry Ry dt 4
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Figure 2: Circuit 5.6
Solution:
£ —% 0 410 00 0 0 0
-5 5 +1 0 0 0 -C 0 0
G=1|4¢n —gn 0 0 0 C=|(0 -Cc C 0 0
0 +1 0 0 0 0 0 —L 0
| +1 0 0 0 0] | 0 0 0 0]

frequency-domain:

GX +sCX =b (FD-equation)
o0 0] B
0 0 Va
b = 0 = 0], X = Vs
0 0 1
L Vs ] | 2 | Ty |

Now, the above matrices G and C and the vectors X and b are substituting in the (FD-equation) to have the

complete form for the frequency-domain MNA equations. time-domain:

Gx(t) + C%x(t) = b(t) (TD-equation)

Ve, =240, f=1kHz — w = 2nf = 2km D, vs(t) = 2cos (wt)
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M d U1 (t) T
r . dt
(1) dvy(t)
Vo (1) dt
d dus(t
xt) = | wi [ e = | 18
1L, (t) d 1 L (t)
' dt
L dus(?) | dins(t)
L gt A
Now, the above matrices G and C and the vectors X and b are substituting in the (TD-equation) to have the
compelete form for the frequency-domain MNA equations. |
R;
R3 \AAJ
‘VA"V C2
11
"
I 1 Ri2] R 3 .
1 Rl 2 R2 VVv VVv ° Opamp
VWV VWV N V\ (l) — (‘D _4_ + io
V(1) = ® sin(12077) ¢ = G L O‘\
sin(12071) y J - C +
I L
o AV -V)e

Figure 3: Circuit 5.7
Figure 4: Circuit 5.7

Solution:

In this example, Opamp is modeled as a Voltage-Control-Voltage-Source (VCVS). The Opamp equation in the
above circuit is as follows:

Vour = Ax (VT = V™)

Vi =Ax((0-V;) = Vy+ AV3 =0

[ L — L 0O 0 01 (000 0 0 00
% Tt mtE —m —m 00 0 Cy 0 0 00

c_| o o A 0 00 c_ |00 & —Goo
0 o A0 10 00 —Cy, Cy 00

0 0 $107 1 0 0 00 0 0 00

1 0 0 0 00 (000 0 0 00

frequency-domain:
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GX +sCX =b (FD-equation)
vy(t) = sin (1207t) = cos (1207rt - g) LN 7 14% = cos (g) +jsin (g) —1j
e e T
0 0 Vs
0 0 %
b = — , X = 3
0 0 Vi
0 0 ]opamp
‘/:9 1.7 [Vs

Now, the above matrices G and C and the vectors X and b are substituting in the (FD-equation) to have the

complete form for the frequency-domain MNA equations.

time-domain:

Gx(t) + C %x(t) = b(t) (TD-equation)
[ d V1 (t) T
- - - - - - dt
0 0 (%1 (t) d (%) (t)
B 0 B 0 B v3(1) d _ dt
PO=1| ¢ | = 0 - XD = w() | ST I (0
0 0 Z'opmnp (t) d ZOPZZZPQ)
L os(t) | sin(120mt) | | dus(t) ; zglf(t)
L dt _

Now, the above matrices G and C and the vectors X and b are substituting in the (TD-equation) to have the

complete form for the frequency-domain MNA equations. |

Question 4: For the following Op-amp circuits, &0 A

. . . . . *
(a) Write the MNA frequency-domain matrix equations in the form (G + sC) X = b.

(b) Write the MNA time-domain matrix equations.

Solution:
In this example, Ideal-Opamp is modeled as a Voltage-Control-Voltage-Source (VCVS) with infinity gain (A =

00).
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Figure 5: Circuit 4.2

R_l 0 +1 C 00
G=|, L 4 C=1000
1z 000
+1 -1 0
frequency-domain:
GX +sCX =D (FD-equation)
0 Vi
b= |J|, X = Vo
0 Lopamp

Now, the above matrices G and C and the vectors X and b are substituting in the (FD-equation) to have the
complete form for the frequency-domain MNA equations.

time-domain:

Gx(t) + C%x(t) = b(t) (TD-equation)
dvl(t)
0 Ul(t> dt
b) = | ) |, X0 = | w() [ Tx =] 220
0 iom#tp@) d iomMp@)
dt

Now, the above matrices G and C and the vectors X and b are substituting in the (TD-equation) to have the

complete form for the frequency-domain MNA equations. |




