


















 

PH
1 False Discrete time sinusoids are periodic
only if the frequency f is a rational number

2 True Discreteness in time domain leads

to periodic replication of DT FT in the freq
domain with period 212 rad

sample
or Fs HZ

3 False Direct Form I implements the Zeros

first but Direct Form IT implements the poles
first and thus has a much higher chance
for internal overflow

4 False Zero padding increase the DFT

resolution but the sine like envelope on

those bins which determine the leakage
depends on the window type
51 True

Ken real valued X w XL W

seen even X w N W

X Cw X w Xlw is real valued
and thus has 0 or 180 phase

6 True Downsampling will cause aliasing
only if the signal has energy in ftp.te radySamp
freq range
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7 False Interpolation increases the sampling
rate and thus can never lead to any new

aliasing
8 True IDFT is the periodic extension of the

signal with period N so as long as the signal
length is EN its periodic extension will

not lead to any aliasing in the time domain

and hence it can be uniquely represented
with its N point DFT
9 False Zz

F E Ffg So technically our

sampling rate can be as low as 213 if Fff happens
to be an integer although even in that case

using 5 213 would be impractical as we will be

in those wedge corners and will have no

margin to avoid aliasing
so False We must have N N Nz I



P2
yen O ly n l 0.72 yen 21 5K Cn i

YC 21 1.25 y C l I

Nch L
n
UL n

5
a

chance Eg
72 0.17 0.72 7 0.9 1 0.8 0 7 0.9

92 0.8
Homogenous response has the following form

Yu n C 0.95 CzC O 8
n

b
stable since 17,2121

C yen TH n Typ n

Ypcn KC nun

Substituting back in LCCDE

h Z

K f much 0,1k t Uch Il o 72K t ceased

5 t Uch 1

Go for n 32

k 0.1 KC Is o 72k Ct
2
5 Cf

K o 5K 18k 25 K I 43

Yp n 1.43 f Much



Yen C C0.91 CzC 0.8 I 43 Is on 32

Let's now find out y.co yci1

ycoi o 1ycfiI o 7zycfIEs acfi3
oYlo 0.8

0.8

ycii o.ly oI o 7zyfiI s xo'i

Y l 4.36

C f Cz 1.43 0 8

009C 0.8 Cz 1043 15 4 36

C Cz 2.23 C 3.785

0.9C 0,84 4.65 Cz l 555

yin ypcn1tyµln

yen 3.785 0.9 1.555C 0.8 1.43 t
h o

d Sine co 9 is a system mode
an exponential input of the form 0.9Yuen
would make the 0.9 mode excited to the

2nd order hence resulting in a kn co 9 acm

term in our particular response



see example 2 4.9 in 121

E Yzi n C 0.9 CzC o 8

we have yl l I yl 27 1.25

C C0.95 t CzC o 85 I

C C0.952 Cz 0.81
2

1.25

Cl O C
2

0 8

Yz n Oo 8 C o 8
n

Notice how these particular initial conditions
have effectively eliminated one of the modes

in the system zero input response

h C Co 9 GC o 8 1.43 tf n 2

where we now have to assume zero initial
conditions yl 1 YC 21 0

0 0

yeol 0 ly to 72y Il 52

Ylo O
0 I

a

ycil o.ly oI o 72y Il 5x co

Yet 5



0 C Cz 1 43 O C yo Cz l 43

0.94 o 8Cz 1.43 Is 5 0.9C 0.84 5.286

C 3.78

Cz 2.35

Yz Cn 3.78 0.9 2.35C 0.8 1.43 Is nzo

Obviously Yen _Yz n iyzscnl Y.in typ n

f Transposed Direct Form In

a yen

5 0.1Nch 1 X

A

0.72
e



173 hen

4

I
10 12 n

4 7
Z

a yes because hen o for n Lo

b yes because hen is absolutely summable

then I ca
n

C

hen TI n 5 A h

77 21T n
51211

We know

TI Ya EET
Sin wcz

sin wz

IT e
Jw 5 Sin Ez

11 Sin wz

TI n e
Jw Since

since



As for the triangle we know that

A 4,1 IT ng Tichy

A Yg EET sin w
Sin Wz

Hence

A 7 e
Jwt Sin 3

Sin 2 wz

Hcwy e
w5S E ze

Io Sin 5014

Since Sin wz

e
jot Sin 3 1

sin 2 wz
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e Rcn I 5 C l Sin ten
From the fundamental property of LTI systems
we know

cos Iwon 181 Hca 1HWolf Los won It 4HCwa

5
steady state response

so to obtain the system steady state response
to the above input we simply need to evaluate

Hcw we obtained in part ca at the

frequencies of w o wz te and wz TI
Z

H o I l 2 5 32 10

H Te Z

H Ea 2

Ys h 10 10 C 1
n

2 Sin Een



P41
a we always have

beach Rcn k C n raze I

i e an autocorrelation sequence must always
have even symmetry
So Beach Uch U n Nl is not even symmetric
and cannot be a valid autocorrelation sequence

b ranch U Cn Nl Uch N l is centered
at zero and is even symmetric But we also

of sin wf4zknow
T1 L

2Nd Sin wz

and ruin F I Xcw 12

So the DTFT of a valid autocorrelation sequence
must always be positive And yet the DTFT
of the pulse above gets to be negative over

certain frequencies So razen above cannot
be a valid autocorrelation sequence
C ranch I A n_

214 1

This is even symmetic and its DTFT is

sin WII which is always positive So yes it
5in wz can be a valid autocorrelation Seg



d yen I NC n not

F friggin 1410112 I e
Jw

Xcw I I Xcwsf

ryyl.nl rzez.cn

i.e delaying a signal will not change its
autocorrelation properties

e yen
won

men

f friggin74 14 last I Xcw wolf

Taking the inverse DTFT i

ryy n et ranch

175 a We need to have more resolution

less leakage and higher processing gain
So we can try

I 7 Increase N

II Use a different window

For increasing N Since we have a tone
we can just use a larger number of samples
instead of just zero padding



As for the window since our two tones are

fairly close to each other we need to be
mindful of the main lobe width versus

the side lobe magnitude
b The plot below shows what happens if we

just use the Hana window but still with 64points

Clearly this is still not desirable

The plot below shows what happens if we just
Zeropad our 64 points to 8192 points clearly we

have better resolution but our envelop is still
dictated by the sine like response of the 64 point
window So we still suffer from large leakage



Now the plot below shows what happens if we
use 8192 Samples of our signal with either

rectangular or Hann window The two tones

can clearly be identified now The second

plot is just the Zoomed in version highlighting
the lower leakage with the Hann window





Pba alxiwy
813

i

813 B B 813 f HZ
2K TE I 2K

4 wcradlsa.pl
alxiwil
413

r i
813 413 B B 413 813 Feltz
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2B
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weradlsamlp
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2B

I I

GB 2B 2B SB Feltz
217 312 TE ER 212 wcradf.am
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yi i i

613 413 B B2B 413 613 f HZ
217 12 IT212

at wtf
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212 R 12212

143cal
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2B
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C 4
2 R Ch

a E E
cos ten

Zen x

4
s t z y Cn

E Iz a

CoscEn

PF N i

Zen e
IF kn

a X k i k o N I
0

N I

Kcn L
T
X K

EJ
2 kn

L i n 0 N I
N k o

where XCKI FFT Rcn

Rcn IF FT Xcel

Obviously when both multiplexers are set to
their top branch input or output Xia's
are obtained from Rcn Samples by the FFT

engine as expected

Now if the maxes are set to the bottom

path shown on the diagram we can write



FFT Elk X KI ESTE
kn

owned
kn

Natan

N Nch

Hence by running the same FFT process on

X k samples instead we do obtain Nx en and
thus after complex conjugation and scaling
we will have our inverse FFT samples Kent

b By adding cyclic prefix i e appending the
end of an OFDM symbol at its beginning
we will make the channel response which is

the linear convolution of the transmitted
OFDM symbol with the channel impulse response
h n appear as circular convolution This

will make the channel equalization i.e

canceling the effect of the channel much

simpler because we can now consider the

DFT spectrum of the received signal as simply
having been multiplied by the channel
D FT HC K



D8
a Fs 4096 H3 The highest freq to avoid

aliasing would be Tsz 2048 Hz

b 4947 1 HZ DFT bin resolution

c We have 401 DET bins in 100 EFE 500 Hz

range Direct N point DFT requires N

complex multiplications per bin Hence in this
case we need 401 4096 1,642,496

complex multiplications for the desired bins
in 100 IF I 500 Hz range

d MyLog N 2048 12 24756

Clearlymuch lower number for all bins compared
to what we had in part cc for only 401 bins

e DIF has the same exact numerical

complexity as DIT Radix 2 implementation
Hence we still need

Nzlog N 24756

f M N E NzbgzN Mma Iz Logan
N 4096 Mme 6 i.e if we need any more

than 6 bins we are better off using Radix 2 FFT


