ENGR370 MODELING AND ANALYSIS OF LINEAR PHYSICAL
SYSTEMS - Test No.1 - Winter 2000

Time: One hour

1. Fig.1 shows the graph of a network.
(a) List all the trees of the network.
(b) Taking 24 as the tree and node(c) as the reference, write the matrices [A] and [B].
(c) Verify [A].[B]" = 0. (2 + 3 + 2 = 7 marks)

le

Fig.1
2. The following experimental data have been obtained in respect of two elements.
Identify each element and obtain its magnitude and units. Give reasons for your

answers. (3 + 3 = 6 marks)
Element A ‘ '
Torque N.cm Angular velocity
(radians/second)
50 1
100 2
150 “ 3
Element B i
Force, N Time, seconds Velocity, m/s
8 0 0
8 ' 1 3
8 2 6
8 3 9

3. Fig.3 shows an electrical network. Obtain the analogous mechanical (translational)
circuit. Also, write the circuit giving the impedances and other elements in the Laplace

transform domain.(Give reasons for your answers). (4 + 3 =7 marks)
a R, b c
4 A . L ¢
]\Ci Cz’[ §R 2
Fig.3.
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ENGR370 Modeling and Analysis of Linear Physical Systems Winter 2000

1. Fig.1 shows an R-C network, excited by a current source. The various
component values are: Rj =R;=R;=1Q,C=05Fand =1 A.

Fig.1.

(a) Taking R;R; to be the tree, write the corresponding [A] matrix.

(b) Obtain the node-admittance matrix [Y,] = [A].[Ys].[A].

(c) Hence, obtain vy(t). { Assume v,(0) = 0}.

[Note: L{e*} = ——1—]

s—a
(12 marks)

2. (a) Starting from the definition, obtain the ABCD-parameters of (i) the

series impedance Z;, shown in Fig.2(a), and (ii) the shunt admittance
Y,, shown in Fig.2(b).

02
17— —0 2 Yp
1o —0 2 1 o ¥
Fig.2(a) Fig.2(b)
(6 marks)
(b) Write the electrical equivalent circuit of the mechanical translational
system shown in Fig.2(c). (3 marks)
—»Vv., A
b
PSR o NS PN g W N E
Fig.2(c)
(continued on page 3)
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ENGR370 Modeling and Analysis of Linear Physical Systems Winter 2000

(c) Using the results of Figs.2(a) and (b), obtain the ABCD-parameters
of the circuit shown in Fig.2(c). {v, is the input and v, is the output)

(4 marks)
3. For the network shown in Fig.3,
(a) determine the y-parameters, starting from the definition.
(b) Hence, obtain the indefinite admittance matrix.
1o AWy 1'( : —0 2
l 1Q 1F
/l‘ 1F 1H 5Q
1'o 0 )’
Fig.3
(8 marks)
4. Fig.4 shows a fluid system.
C, C,
/\ Rl Pl. R3 ,L3 P.Z R4
{ ] ,
P q:
RZ
Fig.4

(a) Obtain the analogous electrical equivalent circuit in the Laplace-
transform domain.

(b) Write the nodal equations.
(c) Write a signal-flow graph representing these equations.
(d) Hence, obtain w

P(s)

(12 marks)
(continued on page 4)
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ENGR370 Modeling and Analysis of Linear Physical Systems Winter 2000

5. A ladder network is shown in Fig.5.

Fig.5.
(a) Obtain the state-equations in the matrix form.

(b) Hence, determine its characteristic equation.
() IfC;=C4y=CandR; =R, = Rs =R, show that the characteristic roots

are simple and lie on the negative real axis.
(10 marks)

6. (a) Determine the order of the Butterworth low-pass filter which meets the

following specifications:
(1)  The attenuation at 1000 Hz is 3 dB.
(i)  The attenuation at 1500 Hz is greater than 12 dB.

(b) Obtain the elemental values of a realization, when the te
resistance is 1000 Q.

rminating

(10 marks)
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ENGR370 - MODELING AND ANALYSIS OF LINEAR PHYSICAL SYSTEMS
- Test No.2 - Winter 2000
, Time: One hour
1. Fig.1 shows the graph of a system. Taking the tree to be the branches 1,3,4, obtain
the fundamental cut-set matrix.

{4 marks)
a b
1 5
c d
Fig.1.
2. Fig.2 shows a T-network. Starting from the definitions, obtain its y-parameters.
(10 marks)
1 o —0 2
Zl Z3
ZZ
"o 2
Fig.2.

3. The z-parameters of a network obtained after experimental measurements are given
below:

2s+1 1
- s S
l2]= 1 4si+1
s s
Obtain the equivalent T-network. Identify the various components and give their

values.
(6 marks)




ENGR370 Modeling and Avnalysis of Linear Physical Systems Winter 2000

1. Fig.1 shows an R-C network, excited by a current source. The various
component values are: R; =Ry, =R3;=1Q,C=05Fand =1 A.

a b
& ‘.’_’\N\'
i . R, i J’
1 3
Is Rl C=

i—e

Fig.1.
(a) Taking R4R; to be the tree, write the corresponding [A] matrix.
(b) Obtain the node-admittance matrix [Y,] = [AL[Ys).[ATS
(c) Hence, obtain vy(t). { Assume v,(0) = 0}.

[Note: L{e"} = ——1——]
s—a

(12 marks)
2. (a) Starting from the definition, obtain the ABCD-parameters of (i) the
series impedance Z,, shown in Fig.2(a), and (ii) the shunt admittance

Y,, shown in Fig.2(b). i J

\ g i

il .
o 1 o— 02 A
\(u\ s {\{
zZ, 7 A
1 O 2
YP
1o —0 7 1 o 072
Fig.2(a) Fig.2(b)
(6 marks)
(b) Write the electrical equivalent circuit of the mechanical translational
system shown in Fig.2(c). (3 marks)
—> v, —>V.,
b

R

e (continued on page 3)




ENGR370 Modeling and Analysis of Linear Physical Systems Winter 2000

(c) Using the results of Figs.2(a) and (b), obtain the ABCD-parameters
of the circuit shown in Fig.2(c). {v, is the input and v, is the output)

(4 marks)
3. For the network shown in Fig.3,
(a) determine the y-parameters, starting from the definition.
(b) Hence, obtain the indefinite admittance matrix.
1o SAA als —0 9
1Q 1F
T 1F 1H 05Q
I' & —0 2’
Fig.3.
(8 marks)
4. Fig.4 shows a fluid system.
C, C,
—~_ R, P, R,,L, P, R,
| I .
N/ I
p(®) q,
RZ
Fig4

(a) Obtain the analogous electrical equivalent circuit in the Laplace-
transform domain.

(b) Write the nodal equations.

(c) Write a signal-flow graph representing these equations.

(d) Hence, obtain A0) :
P(s)

(12 marks)

(continued on page 4)
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ENGR370 Modeling and Analysis of Linear Physical Systems : Winter 2000

5. A ladder network is shown in Fig.5.

Fig.5.
(a) Obtain the state-equations in the matrix form.
(b) Hence, determine its characteristic equation.
(IfCy=C,=C and Ri=R;=Rs= R, show that the characteristic roots
are simple and lie on the negative real axis.

(10 marks)

6. (2) Determine the order of the Butterworth low-pass filter which meets the
following specifications:
()  The attenuation at 1000 Hz is 3 dB.
(i) The attenuation at 1500 Hy is greater than 12 dB,
(b) Obtain the elementa] values of a realization, when the terminating
resistance is 1000 Q.

(10 marks)
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ENGR370 - Modeling and Analysis of Linear Physical Systems Summer 2000

1. Fig. 1 shows an R — L network, excited by a voltage source. The various
component valuesare: Ry =R;=R3;=1Q,L=1Hand v,=1 volt.

Fig.1

(a) Taking Ry, Ry, Rj to be the tree, write the corresponding matrix [B].
(b) Obtain the mesh-impedance matrix [Z,] = [B] . [Zg] . [B]".
(c) Hence, obtain i (t). {Assume i;(0) = 0}

[Note: L{e*} = S—i—g].

(12 marks)
2. A bridge network is shown in Fig.2.
1 Oo—
Z, Zc
2 2
e [@ Sum—
Z
b Z4
I'o
Fig.2
(a) Starting from the definitions, obtain its y-parameters.
(b) Given [y] = [z], obtain its Z-parameters.
(10 marks)




ENGR370 - Modeling and Analysis of Linear Physical Systems Summer 2000

3. For the network shown in Fig.3,

R Ll L2

@)
ol

Fig.3

(a) Determine the z-parameters, starting from the definitions.
(b) Obtain its y-parameters.
(c) Hence, obtain the indefinite admittance matrix.

(11 marks)

4. Fig.4 shows a thermal system.

R, R, R,
A A A
N N N SOSNNN

N N N
N G 1INV = DINEEY = §
s / \RIZ 6 N R'zs § 90
N 4 N N &N
\aal NI
N N SN\
59 &
Fig.4

(a) Obtain the analogous electrical equivalent circuit in the Laplace-
Transform domain.

(b) Write the nodal equations.

(c) Write a signal-flow graph representing these equatlons

(d) Hence, obtain 6;(s), Go(s) and 63(5)

[ 9 . (12 marks)




ENGR370 - Modeling and Analysis of Linear Physical Systems Summer 2000

5. Fig. 5 shows a mechanical system.

m m
_P’}Zlyl_ 1 annal 2 6]
'k
0O 2 O 0
ST 777

SONOMVNNNNNN

Fig.5

(a) Obtain its electrical equivalent circuit.
(b) Write the state-equations in the matrix form.
(c) Hence, determine its characteristic equation.
(10 marks)

6. (a) Determine the order of the Butterworth low-pass filter which meets the
following specifications:
(1) The attenuation at w, = 4000 radians/second is 3 dB.
(i) The attenuation at @, = 6000 radians/second is 14 dB.
(b) Obtain the elemental values of a realization, when the terminating
resistance is 75 ohms.

- (10 marks)

n




ENGR370 - Modeling and Analysis of Physical Systems Summer 1999

1. Fig.1 shows the graph of a network.

Fig.1.

Choose the branches 1,2 and 3 as the tree and d as the reference node.
(a) Write the node-branch incidence matrix [As]. ‘
~ (b) Write the mesh-branch incidence matrix [Bs]. (Choose appropriate meshes)
(¢) Write the fundamental cut-set matrix [Cs]. (Choose appropriate cutsets)
(d) Compute [A;].[B3]".
(e) Compute [B3].[C5]".
. (13 marks)

2. Fig.2 shows a mechanical System.

R

f) f,
4_
g m L
v ] v,
b, b,
Fig.2.

This can be considered as a two-port network.
(a) Obtain the corresponding electrical equivalent network in the Laplace-transform
domain.
(b) Determine its [z] parameters.
(c) Determine its [y] parameters.
(12 marks)

/o




ENGR370 - Modeling and Analysis of Physical Systems Summer 1999

3. Fig.3 shows a model of 5 field-effect transistor (FET).

ey o)
g (gate) , C d (drain)
J [
V ;[ gm VI G

ls (source)

+

Fig.3

(a) Obtain the admittance matrix, when node s is taken as the reference.
(b) Obrain its indefinite adnnttance matrix (IAM)
(c) Hence, obtain the admittance matrix, when g is taken as the reference.

(10 marks)
4. Fig.4 shows a fluid system.
Py
q(t) G C,
‘ R —»q, (t)
Fig 4.
(a) Obtain the equivalent electrical system in the Laplace transform domain,.
(b) Write the nodal equations.
(c) Write a signal-flow graph corresponding to these equations.
(d) Hence, determine % as a function of s.
(10 marks)




ENGR370 - Modeling and Analysis of Physical Svstems

5. Fig.5 shows a thermal system.

Q

RA R

V
/] Cl<

AN

Ay,
o— % R2
o— g ARG %/ 19;,_‘)(:

& C = outside temperature

Fig.5.

(a) Write the analogous electrical equivalent circuit.

(b) Write the state equations of the system in the matrix form.
(C) Assume C1 = Cz = C, R1 = Rz = Rlp_.
has distinct, negative-real axis roots,

6. It is required to obtain a Butterworth low-pass fi

of atleast 12dBatQ =15 radians/second.

(a) Determine the minimum order of the tr

(b) For this transfer function, obtain a realization.

Summer 1999

Q,

Show that the characteristic equation |sI- A |
{ Tis the unit matrix},

(10 marks)

Iter which should have an attenuation

ansfer function required.

(The table of Butterworth transfer function is enclosed herewith).

1

(10 marks)
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ENGR370 ~ Modeling and Analysis of Linear Physical Systems

Fall 2000 - Final

Fig.1 shows the directed graph of a network Taking 2,4,6 as the tree,
(a) Write [B].
(b) Write [C].
(c) verify [BL.[C]" =
(d) Hence, obtain the total number of trees that exist for this graph.
(e) List all the trees.

(12 marks)
1
3 5
c >6 d
7
Fig.1.

Fig.2 shows two two-port networks N, and Ny, connected 1n series.
The z-parameters are given as:

e =10 2] a b 50 25
Na =125 100 N_b 25 100

(a) Determine [z)rop. (26 |+ \wl Vi

(b)If], =3 mA and I, = 4 mA, determme \/TmaJ atPort 1-17 (00 [
(c) What is the input power? ¢, = Ve- I

. R (11 marks)
—— 1 —
+ + i + +
Vla Na 3 L\_JZa
Vi Vs
+ +
V.
Y| N 2
O _ _ O
Fig.2. .3/-




ENGR370 - Modeling and Analysis of Linear Physical Systems Fall 2000 - Final

3

J/

Fig.3 shows the passive portion of an electrical network. iz
(a) Obtain [A] without taking any node as the reference.
(b) Write the branch-admittance matrix [Yg].
(c) Hence, determine its indefinite admittance matrix given by
[AL[Ys].[AT"
(11 marks)

o— y

Fig.4 shows a mechanical (rotational) system.
(a) Obtain its equivalent electrical network.
(b) Write the set of nodal equations.
(¢) Write a signal-flow graph corresponding to the nodal equations.
@

(d) Hence, determine —2 .
T(s)
(12 marks)
A X
\ C, I(E éo B Q
/ N
ey | I
i Fig.4
.4/-

Cos

L




ENGR370 ~ Modeling and Analysis of Linear Physical Systems

5. Fig.5 shows a fluid system,

(a) Obtain its electrical equivalent network.
(b) Write the state-variable equations. :
(¢) Using the state-equations, determine the conditions under

amped, (ii) critically damped, and

which the system is (i) over-d

(iii) under-damped.

J c

)
p(th R

Fig.s.

6. For a medical device, we need a filter

=

q®)

signals by at least 20 dB that have a frequency

Design a Butterworth filter to accomp

Hz and the terminating resistance is 75 ohms.

Fall 2000 - Final

(12 marks)

—

//\/

:Rz
5

that will attenuate all input

of 60 Hz or higher.

lish this, if the passband is 20

(12 marks)




Order

1
n:

n=2

1= =1
— ]

G2=g=1

a1=1414214

=
L=8 ag = o

az=a;=2.‘

e P
8:=a;=2613216
a:;=3.414214

? 8 =gy =]
& = 2a;=3.236068
8 = 2; = 5236068

8s = g, =3.863703
& =2,=7464102 .
28;=0141620

i
i

i
i

& =2;=4.493059
as = 2, =10,097835
&=25=14.591794

a7=a1=5,125831.
3 =23 =21.84615]




ENGR370 - MODELING AND ANALYSIS OF LINEAR PHYSICAL SYSTEMS
Test No.1 - Summer 1999 s

Time: One hour

1. List all the trees of the graph shown in Fig.1.
' (7 marks)

Fig.1.

2. Identify the following components and obtain their magnitudes and units. Give the
analogous electrical component. Give reasons for your answer.

(6 marks)
(a) The deflections of a cantilever beam are found as below:
N Deflection. ¢cm
0 0
1 1.5
2 , 3.0
3 4.5

(b) A fluid is flowing into a container at a constant rate of 1.5 ¢cm*/second. The pressure
in the container is found as follows:

Time, seconds Presssure. N/cm?
0 0
1 3
2 6
3 9
3. Fig.3 shows a fluid system. :
(7 marks)
..... C | <
LR, R,.L,
1 I - °
A P, P
Fig.3.

(a) Obtain the analogous electrical system.
(b) Obtain the equivalent circuit in the Laplace transform domain.
Give reasons for your answer.

/3
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