Design Problems

DP 17-1
R] R‘I
a ao AN | a
14 Q 10 Q
(1400 Ry, -R, +R,+ (R,+2) || (R.+20)
R 14+10«R 7
AN =16.6 Q
HR b
2Q 20Q 14+10+}? - b {10)R _

b 14+10+R ¢

20 Q
bo

We will need to find R and R, by trial and error. A Mathcad spreadsheet will help with
the calculations. Given the restrictions R <10 Q and R, <10 Q we will start with
R=10Qand R, =10 Q:

R1:=10 R:=10
141 14R .
a:= —0 Rb=—— Rc:= —R 10
14+ 10+ R 14+ 10+ R 14+ 10+ R

(Rb + 2)-(Rc + 20)
Rb+ 2+ Rc+ 20

Rin = 18.947

Rin:=R1+ Ra+

The specifications can be satisfied by reducing R;:

R1:=7.653 R:=10
a::& Rb:L Rc::R.—lO
14+ 10+ R 14+ 10+ R 14+ 10+ R
Rin:=R1+ Ra+ {0+ 9-(Re+ 20) Rin = 16.6

Rb+2+Rc+ 20

One solution is R=7.653 Q and R, =10 Q3.
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DP 17-2

Need V, +V, for balance
R,V R,V
Ror RaR O
v <+) 1 3 2 4
- R,V R,V @
R,+R, R,+R,
o : R, R,
Dividing (1) by (2) yields: —=—=.
R, R,

DP 17-3
Vl = h11 I1 + h12\/2
and V.=-IL,R, = L =h,I.-h R, I
|2=h21|1+h22V2 2 2 I\ 2 a7l Rl
Next
| 1 | | 1
|_2:h21 1 = Ai:_L:__2 21
1 +h, R, I, I 1+h,, R,
We require

1 79 R,
79=80| ——— | = —|1+ ~|=1 = R_=1.013kQ=1kQ
1+h,R, 80\~ 80x10

Next

\V/
Iz =_R_2= h21 |1+h22V2 = Vz (hzz +1/ RL) :_h21 |1

L
Substituting this expression into the second hybrid equation gives:

1+ hh12(_h21) Il
(h+ Fo)

The input resistance can be approximated as

V,=h,,l

Rin &hy —h, R hy  (since hy, << }/R )
L

Finally
R, =45-(5x107)(10%)(80)=5Q < 10Q
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DP 17-4

211:2+4(12) =5Q and 2222@249
4412 8+8
Nooa 40 iz -0 . y
V,=8 ———1I. |=2l, = Z, =-% =20
2 [4+12 1} ! 2

Similarly Z,, =2 Q

Thevenin: Z, =Z,, =4 Q so for maximum If T T T T T iy
power transfer, use R, =4 Q

3]
P, =2/ _893W=V =378V
4

Two-port network

DP 17-5
The circuit consists of 4 cascaded stages. Represent each stage by a transmission matrix
using:

T2 T:[l Z(s)}
5)

O
+

1 O
ne || v Tl

+0
—¢

V4(s) Va 01
] i S W
o o
y L‘]S
o o
S %\ N 1 1 : : L L,s
il T,=| GC.s T,=| LC,s+1
Vq(s) Cys Vyl(s) 0 1
B _ Vils) a1 V) 0 1
& O Czs
o o
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T=T, T, T.T,=

LR
L~
- %
Ty
-
™~ +0
(N

C 4 O

+ +
1 0 1
T= Cys 1| Vil §RL Vo) Te=| L
L,C,s*+1 RL

o > o

L,(C,+C,)s*+1 L,C,s?+R,Cys+1 L,(C,+C,)s?+1]

(|_1c:2s2+1)c:1s>< R, (L,Cys°+1)
L,C,s*+R,C,s+1
R, (L,Cys°+1)

(L,C,s°+1)C;s

1

0

1
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