EECS/CSE 70A Network Analysis |

Homework #6
Solution Key
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Problem 1 (30pts.)

The Bode plots show the magnitude and phase of the transfer function of a circuit. The
input voltage v;,(t) = 1 mV cos([2n-10Hz]t). Find the output voltage v, ().

1 Vin — Vin =1mV

N \ to phasor
) Vot = H (0 = 27-10HZ)V;,
e \ From the graphs :

i —— |H(w=27-10Hz)| , =-15dB,
L O ¥ (w=27-10Hz) =10"'%° ~ 0.18

arg| H (o = 27 -10Hz) | = -360° = 0° = 0 rad

i H (@ =27-10Hz) ~ 0.18¢1° = 0.18

Egg _— Vout =0.18 MV = vy (t) = Re{voutej(zﬂ-lo)t}

Frequency (Hz)

Vout (t) = 0.18¢0s ([ @ = 277 -10Hz|t) mV



Problem 2 (35pts.)
Find the transfer function H(w) in terms of R, R,, L, and L,. And simplify |H(w)| at @ =0

and as w — oo. V,
H(w)=—
By voltage division
V, =V, Relljol,
R, B (Rell jooly )+(Ry Il jeol)
5 R, || joL,
V o H(w)= : :

° @ + (@) (Rell joly)+(Ry |l jooLy)

L, R, V, JoLyR, L,R;

1 R2 + JG)LZ _ Rz + ja)L2
© JoLiRy N joLLR, LR LRy

Rl + Ja)l_l R2 + JQ)LZ Rl + JC()L]_ R2 + JCOLZ



Problem 2 (35pts.) cont’d - LZI_Q(Z)L
_n\l = 2 T JUL
‘H (0) — O)‘ o LlRl N L2 Rz
R +J0L R, + jOL,
Let us make an J;?Igebraic manipulation as
— LR,
Jo LR,
: R
.i(Rz-i—JCOLZ) __2_|_|_2
Jo Jo
1 1 LR L,R,
-—LlRl .—L2R2 R -+ R
1 b L 4L
L Rtjol) E(Ry+jol,) 19 Coje
LRy
. L R
lim |H (@)|= 0+L _ R
D=0 LRy + LRy | R +R, .
0+L, 0+L, increases.

L+l

The answers are expected since the inductors approach
to: (i) short circuit, i.e. lowest impedance path, as the
frequency decreases; and (ii) open circuit as frequency



Problem 3 (35pts.)
Find the transfer function H(w) in terms of Ry, R,, C, and C,. And simplify |H(w)| at @ =0

and as w — . V,
H (@)= vy Similarly asin Problem 2
S
1
Ry || G
_ 2
R, C, H (o) (R|| 1 :j [R ” 1 }
- 1 11— | Roll =
V, @ o I[2@] C,
- + R,
C2 RZ Vo Ja)CZ
5 R, + L R,
_ JC() 2 _ 1+ JG)C2R2
R R R LR
jC()CZ 4 JC()C]_ 1+ ja)ClRl 1+ jC()CzRZ
R, + L Ry +- L

JoC, JoCy



Problem 3 (35pts.) cont’d

H(0=0)-

Let us make an algebraic manipulation as

Ry R,

N Ri+R,
1+ jOCR; 1+ JOC,R,

1R
Jo R2
—(1‘|‘ Ja)Csz) _i‘|‘C2R2
H J Jo
(@)=— 1 "7 R R
—Rl -—RZ 1 4 ; 2
10 7 J® —+C R —+GCR,
J—(1+ Ja)ClRl) J—(1+ Ja)Csz) Jo Jo
@
R, 1 The answers are expected since the capacitors
_ 0+C,R, C—2 approach to: (i) open circuit as frequency
a!inoo‘H (a))‘ = R, R, =1 1 decreases; and (ii) short circuit, i.e. lowest
0+CR 0+C.R.| C e impedance path, as the frequency increases.
1M 212 1“2




