SOLUTIONS TUT. SHEET # 10

Q1l.
Solution Let }ls;f)nsider ‘hf{ two corner voltages V, and V,” that appear on the positive side of the wave-
form indicated in F18. 2.8, This waveform represents the response of the high-pass filter when RC is very
tarie compared to 7. We can write that

V,” = Ve T2kRC
Vz' = vze—'ch
V-V, =V
V-V,=V s
We can write another two equations due to the symmetry of the waveform.
V,=-V, and V,"=-V,
Vi-V, =V
Substituting for V,’, we have
Vi<W e TIRC _ v

V] _(V]’ ~ V)e—TfZRC= v
VI . (Vl e—TIZRC o V)e*—Tﬂ.RC =V

V(1 - 7R = (1 - £ 7RG
When x < 1, we can write ¢ = (1 —x) and (1 —x)™' = (1 + x). This relationship can be used when T/2RC <«

We can write
V (1-e-T/2RC
Vi= ( T/RC - j:"fz RC <
1-eT/RCy  (1+e )
Similarly we can also obtain that
-T/2RC
Ve T/ o Vv Q)

V' = Ve TRRC = =
1 1 (I + e—T}2 RC) (1 4 e+T,-"2 RC)

nur



Q2.
() V'=V,e I/RC = y,e 0102 = 0,606V,

Vo=V’ =V=V,"-1=0.606V, - |
Vy =V, e RIRC = v,e 02022 0,367V,

Vl = Vzr + V= Vz’ + ] =0.367V2 + 1
We obtain the following values by solving the four equations.
V,=0.816V, V,"=0.496V, V,=-0.504 Vand V," =-0.184 V.

(b) Let positive area be A, and negative area be A,.

0.1
A = [0.816¢7°%dr=(~0.816(0.2)e™/*2)01 = 0,06 V-s
0

0.2
Ay= [ (=0.504)e77%%dr =(0.504(0.2)¢™/02)02 = _,06 V-g
1]

A, +A,=0.06+(-0.06)=0
is obviously zero. This means that the se_ribs capacitor blocks the dc component of the inpy

-

The net area’
waveform.

Q3.
Solution  The peak-to-peak amplitude of the symmetrical square-wave Vis given as 2 V. We know that for

asymmetrical square-wave, the average value is zero,
The waveform is transmitted through an RC low-pass filter, The rising portion of the output waveform is

- givenby Eq. (2.52).
; Voilf) = V' + (V- V)e?RE (1)
We are dealing with a symmetrical square-wave with zero average value. We are given that V' =-V" = V.
' Ls;.us assume that Ty = T, = t,,. Substituting this in Eq. (1), we have
V14 (-1-ve '/
Vel+(-1-WVel=1-(1+V)(0.368)

1.2368V = 0.632
v= 09632 _gae3V
1.3638
Peak-to-peak voltage of the output is 2V that is equal to
v (peak) = 2V =2 x 0.463 = 0926 V



Q4.

Solution Inthe case of a s).mmc"-ical square w:fvcfnrm. we hawe_Tl =T,=TRand V' = _y” v )
observe that V; ==V, due to symmetry. Substituting these values in Egs (2.52) and (2.53), we ¢

v V) -T/2RC
VZ = 34.[‘,‘1 --5]0
Since we know that Vv, =-V,, we can write

V) -1/2rC
V2=%+(-Vz—-i-)e /

-We g,
an wrig,

Vil + £ = L (1= TRC)

v (1 _e--T,"ZRC)
e ST T
T T
Multiplying the numerator and denominator in the above equation with e, we have

v (eT;'Z RC _ 1))

e ;(emac +1)
If we introduce x = T/4RC, the above equation assumes a simple form as

e vV (*-1)
27 2 (e +1)
(ef -€*)

S e
(e*+e*) .

v
2

(6‘24"")!2 = v sinh x
(e*+e™*)/2 2 cosh x

V
V2='E

V= -Y—tanhx
o
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Q6. & Q7 These are theoretical questions (Given in the Book Milliman & Taub)



