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Figure 1: Signals h[n| and x[n]

a)
If y[n] is the ouput of the system, we get

k=—00

ylnl = 3" wlklhfn — K]

k=00

This gives us the following terms for the output

n y[n]'

1 2[0]h]~1] = 2

0 2[1h[-1] = 4

1 z[0]h[1] = 2

2 | z[1]h[1] + 2[3]h[—1] =
3 0

4 [3]h[1] = —2

Plotting this gives
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Figure 2: x[n] x h[n] = y[n]

b) The system here is a time invariant system hence on advancing/delaying the input, will give a

output advanced/delayed by the same amount.

¢) Since we know, x[n] * h[n] = h[n] * x[n], we can consider either of them(z or h) to be the impulse
response of the system. This gives us z[n + 2] * h[n] = x[n] x h[n + 2]. Hence the plot of this output and

the previous sections output will be the same, i.e, advanced by 2.
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Figure 3: z[n] x h[n + 2] = z[n + 2] % h[n] = y[n + 2]
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N R S e = (5" u(n—2)
£ s : ] T] I [T I]IT I and, h(n) = u(n+2)
1'; ' — Then, output y(n) is:
o 'r T ] y(n) = ST x(k)h(n — k)

= YIXh(k)a(n k)

Figure 4: Part of the signals z(n) and h(n)

Forn < 0O:
No overlap between the two signals. Therefore, y(n) =0
For n > 0:

The overlap is equal to the amount of shift. Say, the current shift = n.
yn) = Y5 (3) =1+ 3+ )+ G+ ()

Above is a geometric series, and sum is given by:

y(n) = ———
Substituting, a = 1 and r = %:
1—(1 ntl n+1 _
0, n <0
— y(n) - n+1
2 - L >0

Q3)

z (t) = 3+ V3cos(2t) + sin(2t) + Sin(?)t)—%cos(lit + %)

3 1 1
=3+2 ({605(215) + 2sin(2t)> + sin(3t)—cos(5t + g)
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Figure 5: Magnitude and Phase plots
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The time period of this signal will be 2ws. The following will be amplitudes and phase values at

various coefficients

Coefficient | Amplitude | Phase (deg)
0 3 0
2 1 -z
-2 1 5
; ;
3 :
; N
E : B

Q4)

(a) : Finding fourier series coefficients of saw tooth waveform (x(t)).

Time period of the given signal, T'=1S.



1
ap = A/ te Ikt gy
0

—t e—Tk(2m)t e—Jk(@2m)t L
= A : +
Jk(2m) k2(2m)? .

»
= o (for k#0)

A
al = 5 (for K£0)

Lap = w/2, (for k>0)

Lay = -—-m/2, (for k<0)

1
ayg = A/tdt
0
1

().

_ 4
2
A
lao| = 9
Z(Io =0
(2)
The magnitude and phase of the fourier series coefficients is shown in Fig.6a and 6b respectively.
(b) Finding fourier coefficients of y(t).
y(t) =x(—t—0.5)+ A
If aj, are the fourier coefficients of z(t), then the fourier coefficients of,
x(t—t,) — e IR/ T)to
x(—t) — a_g
(3)

Using these properties,
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Figure 6: Magnitude and phase of the fourier coefficients of Q4.(a)

z(t—05) — ape T

z(—t—05) — a_peltT
—Aj(=1)*
- T ork (for k#0)

(4)

y(t) has a DC shift of A compared to x(t). So, ag = A/2+ A. The magnitude and phase of the fourier

coefficients of y(t) is shown in Fig.7a and 7b respectively.
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Figure 7: Magnitude and phase of the fourier coefficients of Q4.(b)

Q5
a)

The fourier series coefficients, ay of a periodic signal x(t) whose fundamental period is Tj is given by, the

equation

1 —j2mkt

x(t)e To dt (5)

A = —
To J<1,>

where the integral is over one time period Ty. In the problem, the coefficients can be computed by,

1 d/2 —j2rkt
ag = — Ae To dt
To J a2
A . wkd
= Sm(TO) (6)



The above equation is true for k # 0. For k =0,

1 [
apg = / Adt

TO _Td
Ad

= —. 7
- 7)

Since the given signal is even, the fourier series coefficients are all purely real.
b)

Using 5, the coefficients for xs(t) is given by, Solving for k = 1
To/2 Ot —j2mt
ay = / Asin(l)e % dt.
0 T
A
=3 (8)

Solving for k = —1

T0/2 j27mt
a_1 = / Asin(@)e]TiOdt.
0

T
—A
=1 (9)
Solving for other values of k
1 2 t —j2mkt
ar = — A.sin(l)e T dt
TO <Tp> TO
A To/2 [ jort(1—k) —j2rt(1+k)
= — e o —e T dt
2jTo Jo [ ]
A | edm(1=k) _q e—Jm(l+k) _ 1
25 | j2n(1 —k) + j2m(1+ k)
A | 1= e dm(+k)  gim(l=k) _q
T 4r S R
0 k is odd
A .
—-— ks even
_ m(K2-1)
s - (10)
1 =
% k=-1
The fourier series coefficients are all real except for k=1 and k = —1.



Q6)

1 ,
Dy = — / f(t)e Imeotdt
To J1,
1 1 A L
Dp=— ([ te/moldt+ / e Ity
27T A 0 A
1 1 te— j?’Lwot e—jnwot A e—jnwot ™
Tor\A —jnwo |, (—jnwo)? 0 + —jnwo | 4
1 1 Ae~ jnwoA 6 —jnwoA __ 1 e—jnwow - e—jnw()A
T om (A { —jnwo n2w3 } * —jnwo )
1 —]nA -1 e —jnm
T or ( An?2  jn >
1 (e M4 -1  (=1)"
= — — f 0
27 ( An? jn orn 7
1 /1 (A A
Dy=—1|— tdt | = —
07 o <A~/O > 4ar

n=oo n=oo
, 1
y(t) — Z (_1>n CneJZﬂnt — Z (ejﬂ' Cn e]QTmt Z n ej27rnt+]n7r _ Z Cn e]27rn t+ (t+ 2)

—00 —00

Q8)

Given Amplitude=100V, R= 1k, wg = 1007 and C:%MF The transfer function of half wave rectifier is
Vo o T
= 1
Vs R+ 55
Vo_ 1
Ve 14 jwRC
1

1+ 42




First we find the exponential series representation of half wave rectified output

Calculating the coefficient ¢

T/2
/ 100sin(1007t) dt
T/2

T/2
=100 x 50 / sin(1007t) dt
0

-1 T/2
=1 1
00 x 50 100~ cos(1007t)

100
T

T/2 .
/ 100sin(1007t) e 7100kmt gy
T/2

T/2 1007t _ _—351007t
— 50 x 100 / T e T ookt gy
0 27

T/2 ) ‘
= —50] X 50/ eleOﬂ'(l—k‘)t _ e—]1007r(1+k:)t dt
0

1 1
100 e—J(k+1)100mt 100

J(1 = k1007 | T 30+ 1)100m .

i (1—k)100t
= —505 x 50

W for even k

cp =
0 for odd k
For k=1
T/2 .
= / 100sin(1007t) e 7100kmt gy
T/2
T/2 _j100mt _ _—5100mt ‘
1 = 50 x 100 / ¢ ¢ e—I1007t gy
0 27
T/2 1— efj20071't
=50 x 100 / - dt
0 2j

T/2 ‘
=50 x —50j/ (1 — e 7200m) gt
0

o—32007t
— 50 x 505 (t—
J ( —j2007r)

T/2

— —25j

10



Similarly for k = —1, c.1 = 25j.
As v,(t) has only first harmonic in the odd harmonics, it can be written as

00
Vg = CO_1_016]1007#_‘_6716—]1007@_1_ § : CkejIOO(Qm)Trt

m=—0oQ

100

[e.e]
, . 100 ;
o ,.j100mt . _j100mt 100(2m)mt
=— + (—25j)e’ + 2557 4 E 0= @m?) e REmIT

- (2m)?)

m=—00

If H(w) is the transfer function, response for the input e/*? is
et — H(w) x e/t

Response to the input 12—0 is % as H(0) = 1

Response to the input —255 x e/1007 ig

—255e/100m . H(1007) x —25; /1007

1 .
_25 leOﬂ't
— <1 +j5> X ] €

. 25(—5 —j) « d100mt
26

Response to the input 255 x e~71007¢ jg

25je 10T — H(—1007) x 255 ¢ 710

1 .
251 —71007t
— (1 _]5> X ] €
(=5 4) o o—i100mt
26

: 100 5100kt
Response to the input -k X €

100 j100mt
(1 —k2)

1 100
7100k7t
— <1+j5k:) k) ©

100(L—j5K) \ jiook
7(1— k2)(1 + 25k2)

/100t s H(100k7) x

Fourier’s series representation of Vy(t) with & = 2m

. 100 25(5 — j) 1007t = 100<1 - .710m) 7200mmt
T T T m:zoo 71— 4m2)(1 + 100m2) €

Magnitude of the 1% harmonic is magnitude of /1007 s
25(5 — )
26

25
V26

Magnitude of the 2"¢ harmonic is magnitude of e/190%7 when k = 2
100(1 — j5k) 100
(1 —k2)(1+25k2)| 37101

Magnitude of the 3¢ harmonic is 0

11



Q9)

Given h(t) = e~ *u(t)

Formula: H(jw) = [ h(t)e “!dt
H(jw) = 1555

Given z(t) = sin(4nt) 4 cos(6mt + F)

eJdmt _ o—jdmt eJ(6mt+m/4) + e—J(6mt+m/4)
x(t) = ( 2] > +

j4mt . .
for x(t) = ¢’ — y(t) — weﬁlﬂ — # jamt _ i jamt
2] 2j 2(4 + ja) 8(1+2)
_p—jémt _H(—i4 ‘ 1 ‘ s ‘
for (1) = F y(t) = Me_ﬂ’rt — T et T IT
2j 2j 2(4 — j4r) 8(1 4 72)
jm/4 567t i /4 . ) ]
for z(t) = M —y(t) = Meﬂiﬂt - Lej&rt _ (2+3m)+42— 37r)ej6ﬂt
2 2 2(4 + j6m) 4v/2(4 + 972)
—jm/4 ,—j6mt —jr/4 . in/d )
for z(t) = el y(t) = < PH(=§6m) jom _ 7% _jom _ (2437) = §(2=37) _jom
2 2 2(4 — j6m) 4/2(4 + 972)

Complete Fourier series expansion of y(t) for 2(t) = sin(4nt) + cos(6mt + F) :

1—ym

, —1—jr _. (24 37m) +75(2—3m) (2+37) —j(2—3m) _.
1) = e]47'(t + e jamt + ej67|’t + e j6mt
y() 8(1+ 72) 8(1 + m2) 44/2(4 + 972) 4v/2(4 4 972)
Q10)
1 |w| < 27.500 rad/s
Hj(w) =

0 otherwise

a)

x(t) = cos(2n750t) 4 sin(2w1500t)

x(t) comprises of two frequences 750Hz and 1500Hz which are greater than the cut off frequency(500Hz).

Hence the response will be 0.

12



b) z(t) is a square wave oscillating between +1V and -1V with period 4.5ms and 50% duty cycle.

Using the fourier series expansion, x(t) can be written as

T

where w, = 2% = 27222.22 rad/s.

(t) =) Creltet
k

1 3T/4
Co = — T t)dt =
T ) 74
1 3T/4 ]
Cp = = x(t)e Ihwetdt
T J_ 74
T/4 37/4
= % e Ikwolqy 4 % —e dhwolqy
~T/4 T/4
1 ejk:wOT/4 o e—jkon/4 e—jkwo3T/4 o e—jkon/4
T Jkw, Jkwe

ejkTr/Q _ e—jkﬂ/Z

e—jk37r/2 _ e—jk‘ﬂ'/?

jk2m

Jk2m

ejk:7r/2 _ e—jkﬂ'/Q 2

jkm

= sin(km/2)

x(t) contains only odd harmonics. Frequency of third harmonic of z(t) = 666.67Hz. As the cutoff

frequency is 500Hz, only the first harmonic remains on filtering. The response of the filter will be

2 . 2 .
£ mi2m222.22x¢t | j2m222.22x¢

y(t) = - -

4
= —cos(27222.22 x t)
s

Q11)

x(t) = cos (3mt) + 3

13



By Eigen function property

ejnwot _ H(nwo)ejnwot

1, . )
COS(37Tt) = 5 (eJSﬂ't + e*]37rt)
€j37rt N H(Bﬂ)ej37rt
— ]'377(63'37#
1+ 437
e_j37rt _ H(—37T)e_37rt
., I3 sm
1—43m
1 13 . —i3 )
COS(37Tt) - Z ]7:‘- 6]37rt+]7.776,j3m€
2 \1+j3m 1— j3m
3
z(t) — Tgﬂz(?mcos(i%ﬂt) — sin(37t))
®) T (37 cos(3mt) — sin(3r))
= ———= (3mcos(3nt) — smn(37m
Y 1+ 972
b
o0
z(t)= > &(t—nT)
n=-—o00
T = 17 Wo = 271'
ad .
z(t) = Z cpe kot
k=—o00
T/2
1 .
C = T / 5(t)e—]kwotdt
—T/2
= 5=
- jkw
t) = I jkwt
— =2 1+ jhw ©
k=—o00
- i L
1+ jk2r
=—00
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wt) = Y (~1)"5(t - 2m), w:%”
T L
1

— / S (—1)6(t — 2n)eTRetdr

efjkwx(] _ efjkwx2

4
1— e—jlmr
=
0, kiseven
Cp =
0.5, kisodd
. Jw
H pu—
(je) 14+ jw
> Jkw
_— t) = Jkwt
y(t) kZOOCk 71+jkw €

As ¢, is 0 for even k,

- JCm+Dm/4 omitymy2
=2 g +i@m+ 2"

m=—0Q
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