Tutorial exercise in Theory of Electrical Engineering. Two-port networks analysis.
Author: Assoc. Prof. Dr. Boris Evstatiev, University of Ruse Angel Kanchev.

TWO-PORT NETWORKS ANALYSIS
Problem 1. Obtain the hybrid (H) parameters of the two-port.
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The system with the H parameters is:

U=H,I,+H,U,
I,=H, I,+H,U,

In order to obtain them we need to analyze the circuit once for I,=0 and once for
U,=0
For I,=0 the system of H equations becomes:

U=H,1,+H,U, |
I,=H,I,+H,U,

U,=0+H,,U,
1,=0+H,,U,

Then two of the hybrid parameters are:

Ul IZ
Hy,=—H,=7-
U, U,
For U,=0 the system becomes:

U=H,I,+H,U,
I,=H,I1,+H,U,

U=H,I+0
I,=H,I,+0

and the other two parameters are:

Yy L
I,

21_I
1

H,=

Let us first examine the two port with an open circuit at the input ( I,=0 ), and power its
output with a voltage source U, . The equivalent circuit is:

RZ
=0 1,40 I
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Weneedtoobtain U, and I, ( U, isalready known). R, and R, are connected

in series, so their equivalent resistance is:

R,=R,+R,=4+4=8[Q)]

R,, isconnected in parallel to the ideal source U, so the current I, would be:

LU Us
* R, 8

Since U, is the voltage dropon R, we have:
U1:R113:413:4%=0,5U2

The equivalent resistance of all resistors is:

_ R,,.R, 88 _

37 R +R, 8+8 =4/Q]

Then the current I, is:

U
I,=—2=0,25U,

123

Now we can obtain two of the hybrid parameters:
_U,_05U,_ o I, 025U,
U, U U, U

=0,

25(S|

Next we’ll analyze the two-port with a short circuit at the output ( U,=0 ):

The voltage U, is known and we need to obtain I,
shunted by the short circuit, so in the circuit remain only R,
following KVL equation:

U=-R,I, - U=—4I, - IZ:_T1 U,=-0,25
The equivalent resistance seen from the voltage source is:
R,.R
R, =———==2(Q
R,+R,

According to Ohm’s law the current I, is:
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and I, . The resistor R, is
and R, . We can write the

U,
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_Ui_1.

I, =—==-U,=0,5U,

Then the other two hybrid parameters are:

H U, U —2QlH I, —025U, 0.5
"I 05U, 271, 05U,

and the H parameters of the two-port are:

_|2[@] 05
—-0,5 0,25|S]

Problem 2. Obtain the Z parameters of the two-port.
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The system with the Z parameters is:

U1:ZH II+ZIZI2
Uy=2,1,+Zy1,
So we need to solve the system for I,=0 andfor 1,=0

For I,=0 from the system with the Z parameters we obtain two of them:

U,

U=2,1+2,1,=0+Z,I, - Z12:I_
2

U,

Uy=2,1,+2,1,=0+Z,,1, - ZzzzI_
2

For 1,=0 we obtain the other two parameters:

U
u=2,1,+2,1,=2,,1,+0 - Zn:I_l
1
U,
Uy=2,1,+72,1,=72, 1,+0 - ZZI=I_
1

Let’s first examine the two-port with an open circuit at the output (  I,=0 ) when the input is
powered by a current source I,
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Rl R3
I 2Q 80 1,=0

LQDlL

Py

We need to obtain U, and U, . Theresistors R, and R, are connected in series
and then in parallel to R, , so their equivalent resistance is:
_R,.(Rs+R,)
234 R2+R3+R4

The voltage dropon  R,,, is:

Rz-(R3+R4)

Ups=I1,Ryp=1, R +R.+R
T IGT Ry

and the currents I, and I, are:

_U234_ RZ'(R3+R ) 1 —T 8+4
"R, 'R, +R +R, R, '12+8+4
_ Upy (R3+R4) 1 _7 12
“R+R, ! R2+R3+R4 "(R+R,) '12+8+4
To obtain the voltages U, and U, we write two KVL equations:
U, =R I,+R,[,=21 +121,=21,+12.0,51,=81,
U,=R,1,=41,=4.0,51,=21,
Then two of the Z parameters are:
11:U1 il 8[9} Zz1:E:£
I, I, I, I
Next we’ll analyze the circuit for open circuit at the input (  I,=0 ) with a current source
I, atthe output:

=0,51,

=051,

=2[Q)]

R, R,
=0 2Q 8 Q L
R
U, A I
o o
Again we need to obtain U, and U, but this time we’ll write a system of equations:

IL=1,+1,
0=(8+12)I,—41I,

->

I 1
I, 20

e
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The determinants are:

a=| 1 1 l=—4-20=-24
20 —4
1, 1
A=|"2 =—4]
3 0 _4l 2
(11
A,= 2l=—20]
120 0 ’
And the currents are:
P o WP
A 24 T2
e <Y,
A —24 0 T2

Toobtain U, and U, we write 2 KVL equations:
U =R, 1,+R,1,=21,+121,=0+12.0,16671,=21,
U,=R,1,=41,=4.0,83331,=3,331,

Now we can obtain the other two Z parameters:

U, 21, _U, 3331,
mpeedel 2= eaaa)
To summer, the Z parameters of the two-port are:
7|2 Zyp_[8lQ]  2[Q]
Z, Zy 2[Q] 3,33[Q]

Problem 3. Obtain the current and power of the load R, , if the two-port is defined with its

hybrid parameters: H= 100[9} 0,01
10 200[mS|
R,
30 L
+ +
O N

First we write a system of equations using Kirchoff’s laws:

6=31,+U,
0=U,+101,
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We know that the system of hybrid equations is:

U,=1001,+0,01U,

U=H,I,+H,U,
. ) 1,=101,+0,200U,

I,=H,I,+H,U,

We substitute the last equations in our system and obtain:

6=31,+U, 6=31,+1001,+0,01U, _ |6=1031,+0,01U,

0=U,+101I, 0=U,+10(101,+0,2U,| 0=3U,+1001,
In matrix form:

I,]/103 0,01|_|6

U,[l100 3 0

The determinants are:

=103 0.00)_193.3-100.0,01=308
100 3
103 6
= =0-6.100=—600
o [100 0
Then the load voltage is:
A, _-600
U,=-—"=——=-1,95[V
* A 308 ’ [ }
Finally the current and power of the load are:
_—U, —(-1,95)

0=U,2+10I, - I, =195/mA]

R, 10
P =U,(—1,)=[-1,95.(~195.10*)=0,38[ W]

Problem 4. Obtain the current and power of the load R, , if the two-port is defined with its

Z parameters: Z= 8le] -3[Q]
—4[Q] 9(Q]
R,
30
[ —>
L +
I, A) R, U |
2A<A 40 ! Z

First we are going to write a system of equations:
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2=1+1,
U,=-81I,
U,=41,-31,

The system of Z equations is:

u,=2,1+72,1, |U,=81-31I,
. . . — 4T +
U,=2,1,+Z1, Vomm a9l
Then our system of Kirchoff’s laws equations becomes:
2=1+1, 2=1+I, 2=1,+1,
u,=-81, ~—|—-41,+91,=-81, —| 0=41,-17I,
U=41,-31, |(81,—-31,=41,—-31, |0=31,+41,—111,

In matrix form:

I~

N

I

|

—

~

o

[l
co N

The determinants are:

1 0 1]

A=| 4 -17 0[=-68+12-187=-234
-1 3 4
1 21
A=l 4 0 0|=-32
~11 0 4

Then the load current is:

A, -
,="2="32 0 14/A],
A —234

and the power dissipated by the load is:
Py =I;R;=0,14°.8=0,15W |
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