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in[-]:=  Module[ {nb = EvaluationNotebook[], size = 18, base, newSD},
base = Cell[StyleData[StyleDefinitions -» "Default.nb"]];
newSD = Notebook [ {base, Cell[StyleData["ItemNumbered"], FontSize - size]
(*Add bullets too,if desired:Cell[StyleData["Item"],FontSize-size]x)},
Visible -» False, Saveable - False];
SetOptions [nb, StyleDefinitions -» newSD] ;]

in[-]:=  ClearAll["Global™ %"]

EECS 361
Concept Question #11

1. Givenx(t) = rect(—;) - 0.5tri(t) find the Fourier transform of x(t), X(w).
oxy

1.05“”“”””‘
0.85
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0af
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t
mf-1:= X[t_] = (UnitBox[—] —G.S*UnitTr‘iangle[t]);
2

Plot[x[t], {t, -3, 3}, ExclusionsStyle - Automatic, GridLines - Automatic,
PlotLabel -» "x(t)", Frame - True, FrameLabel - {"Time-t", ""}]

Out[«]=

‘xt)‘ -

08 ]
06 4
04 4

0.2 =

Time-t

in[-]:=  X[w_] = FourierTransform[x[t], t, w, FourierParameters - {1, -1}]

Out[«]=
w

2
} +2Sinc[w]
2

—e.SSinc[
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EbookUtilitiesPalette[];

EECS 361
Concept Question #12

1. Givenx(t) = rect(o—tzs) cos(200t) find the Fourier transform of x(t), X(w).

Sketch X(w) on the grid below.
0.2f
01k
3
< 00
—0k
02k
-300 -200 -100 0 100 200 300
w

ol X[E_] = UnitBox[ ] % COS[200 % t];
.25

X[w_] = FourierTransform[x[t], t, w, FourierParameters - {1, -1}]

0.125 sinc(25. — 0.125 w) + 0.125 sinc(0.125 w + 25.)

out[2]=
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In[5]:= _

out[5]=
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In[«]:=

Visible -» False, Saveable - False];
SetOptions [nb, StyleDefinitions -» newSD] ;]

in[-]:=  ClearAll["Global™ %"]

EECS 361
Concept Question #13

1. Giveny(t) = rect(%z'oss) find the Fourier transform of y(t), Y(w).

2. Given x(t) = rect(—s) cos(200t) find the Fourier transform of x(t), X(w).

t
0.2

Sketch X(g)) on the gri‘d‘belp\‘/v.‘ ‘

0.2

0.1

-0.1

200 300

—op L L L
300 -200 -100
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mf-1:= X[t_] = UnitBox[ ] * Cos[200 t] ;
0.25
X[w_] = FourierTransform[x[t], t, w, FourierParameters - {1, -1}];

Plot [X[w], {w, -300, 300}, PlotRange -» A11l, Frame - True,

FrameLabel -» {"w", "X(w)"}, GridLines -» {Range[-300, 300, 25], Range[-.2, .5, 0.1]}]

Plot [X[w], {w, -300, 300}, PlotRange » {-0.2, .25}, Frame - True,

FrameLabel » {"w", "X(w)"}, GridLines -» {Range[-300, 300, 25], Range[-.2, .25, 0.1]},

PlotStyle -» None, GridLinesStyle - Directive[Black, Thickness[0.003]]]

Out[e]=
0.10 R
3 0051 g
X L
V/\V \/AVAVA AVAV/\V v/\v
7\ L L L L L L L L L L L L L L L L L L L L L L L L L L L L \7
-300 -200 -100 0 100 200 300
w
Out[e]=
0.2f
0.1
3
< 00
—0k
7Y% T S ) D A A O v
~300 -200 -100 0 100 200 300
w
t-0.05

inf-]:=  y[t_] =UnitBox[ .25 ];

Y[w_] = FourierTransform[y[t], t, w, FourierParameters -» {1, -1}]

Out[e]=
2.e@001)0gin[p.125w]

w
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Out[«]=
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EECS 361
Concept Question #14
1. Given a frequency response, H(w), shown below; the input to the system is x(t) =
é+%cos(0.5t)+;ll cos(t)+l—10 cos(3t) find the output signal y(t).

- Frequency Response Function-H(w) _

5,

-3 -2 -1 0 1 2 3

w-Rad/sec

2. Find the impulse for this system.
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W
il 7= H[W_] = 1%UnitBox[w] +4*UnitBox[—];
4

Plot[H[w], {w, -3, 3}, ExclusionsStyle - Automatic,
PlotLabel -» "Frequency Response Function-H(w)",
GridLines -» {Range[-3, 3, ©.5], Range[0, 12, 1]}, Frame - True,
FrameLabel - {"w-Rad/sec", ""}, GridLinesStyle -» Directive[Black, Thickness[0.002]]]

Out[e]=
. Frequency Response Function-H(w)
5
4h
3f
2
1,
o ]
-3 -2 -1 0 1 2 &
w-Rad/sec
0.2 xH[O]
0.2 %H[.5]
0.25 % H[1]
0.10 xH[3]
Out[«]=
1.
Out[«]=
1.
Out[e]=
1.
Out[e]=
Q.

1+1cos(0.5t)+1cos(t)+0cos(3t)
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in[-1:=  h[t_] = InverseFourierTransform[H[w], w, t, FourierParameters -» {1, -1}]
Out[«]=

Sinc[g} +16Sinc[2t]

271

in[-1:=  H1[W_] = UnitBox[w]
InverseFourierTransform[Hl[w], w, t, FourierParameters -» {1, -1}]

Out[«]=

UnitBox [w]

Out[«]=
. t
Sinc [ﬂ

27

il - H2[W_] =4 +UnitBox [w /4]
InverseFourierTransform[H2[w], w, t, FourierParameters - {1, -1}]

Out[«]=

W
4 UnitBox[f}
4

Out[«]=
8Sinc[2t]

s
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EECS 361
Concept Question #15
inclt .
1. Given asignal x(t) = Slnzcjgz] + 8 Sl”;[“] , find the bandwidth of x(t) in Hz.

2. Find the Nyquist rate (in samples/sec) for sampling x(t).

3. Setsample rate at 1.5 the Nyquist rate and sketch the spectrum of the sampled
signal.

4. For a sample rate at 1.5 the Nyquist rate how is x(t) recovered from the sampled
signal, xs(t).

1. B=2rad/sec = By, ==%.318 Hz
G =%r samples/sec

3.

4. LPF
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1)
nf 7= HL[w_] = 1%UnitBox[w] +4*UnitBox[—];
4

Plot[H1[w], {w, -3, 3}, ExclusionsStyle - Automatic,
PlotLabel -» "Frequency Response Function-H(w)",
GridLines -» {Range[-3, 3, ©.5], Range[0, 12, 1]}, Frame - True,
FrameLabel - {"w-Rad/sec", ""}, GridLinesStyle - Directive[Black, Thickness[0.002]] ]

Out[e]=

 Frequency Response Function-H(w) _

-3 -2 -1 0 1 2 3

w-Rad/sec

0.5rad/sec=0.79 Hz and B=2rad/sec =By, =iz.3l8 Hz
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. f . -F
- HLF_] = 1*Un1tBox[Z] +4*Un1tBox[I];
4% 1
Plot[H[f], {f, -1, 1}, ExclusionsStyle - Automatic,
PlotLabel -» "Frequency Response Function-H(w)",
GridLines » {Range[-1, 1, ©.5], Range[@, 12, 1]}, Frame - True,
FrameLabel - {"w-Rad/sec", ""}, GridLinesStyle - Directive[Black, Thickness[0.002]]];

2
fs= — x1.5;
T

3
Plot [ Z H[f-k=*fs], {f, -3, 3}, ExclusionsStyle - Automatic,
k=—3

PlotLabel -» "X (f) ", GridLines -» {Range[-3, 3, 0.5], Range[09, 12, 1]}, Frame - True,
FrameLabel - {"f", ""}, GridLinesStyle -» Directive[Black, Thickness[0.002] ] ]

Out[e]=




in[-]:= Get [FileNameJoin [ {NotebookDirectory[], "EbookUtilities.wl"}]];
EbookUtilitiesPalette[];

in[-]:=  Module[ {nb = EvaluationNotebook[], size = 18, base, newSD},
base = Cell[StyleData[StyleDefinitions -» "Default.nb"]];
newSD = Notebook [ {base, Cell[StyleData["ItemNumbered"], FontSize - size]

(*Add bullets too,if desired:Cell[StyleData["Item"],FontSize-size]x)},
Visible -» False, Saveable - False];

SetOptions [nb, StyleDefinitions -» newSD] ;]

in[-]:=  ClearAll["Global™ %"]

EECS 361
Concept Question #16

1. Given y[n] =x[n+2] +2x[n+1]+3x[n]+2x[n-1]+x[n-1] Find the impulse response, h[n].

2. Is this system BIBO stable?

3. Isthe system causal?

1. h[n]= 6[n+2] +26[n+1]+36[n]+28[n-1]+S[n-1]
2.Yes
3.No
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EECS 361
Concept Question #17
1. Given H(z) = 22+202.81 place the poles and zeros on the z-plane below.
Hint: 22+0.81= (z— 0.9 ej_;)(z— 0.9 e*)
Z-Plane

7 - 5

2r 12 12 s
) 3

2. Is this system BIBO stable?

3. Isthis system a,
i. LPF ii. BPF iii. BRF iv. HPF Answer:___

4. What is the corresponding difference equation, i.e., implementation.

5. Draw a system block diagram.

1.
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in[-]:= simplify[complexExpand[(z = .9*Exp[I* ;]] * (z— .9*Exp[—I*7—2T])]]

out[e]=

(0.81+0. i) + z?
il 1~ Roots[z®+0.81 =0, z]
Out[«]=

z==0.+0.91||z2=0.-0.91

Zeros=0 . Poles=X

57T - 37T
FR )
3 I
4 4
n n
8 8
T
om
8
5n
4 1n
8
2.YES
Magnitude Response
5
_ 4
o]
3.BPF =
=2
1

00 05 1.0 15 20 25 3.0
Q (rad/sample)

4.y[n]=x[n]-0.81y[n-2]
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In[]:=

EbookUtilitiesPalette[];

In[«]:=

Get [FileNameJoin [ {NotebookDirectory[], "EbookUtilities.wl"}]];

Module [ {nb = EvaluationNotebook[], size = 18, base, newSD},

base = Cell[StyleData[StyleDefinitions -» "Default.nb"]];
newSD = Notebook [ {base, Cell[StyleData["ItemNumbered"], FontSize - size]
(*Add bullets too,if desired:Cell[StyleData["Item"],FontSize-size]x)},
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ClearAll["Global %"]

EECS 361

Concept Question #18

1. Given h[n]={0, 1, 1}, find H(z) as a ratio of two polynomials with positive exponents.

2. Given x[n] ={1, 2, 3}, find the system output y[n]=x[n]*h[n]

: _ 2z
3. GivenH(z) = Y
1. Hz)=%5
2.

In[«]:=

Out[«]=

{0, 1, 3, 5, 3}

3. 4 a"uln

4b na" uln

0.9z

(2-0.9)2

ListConvolve[ {0, 1, 1}, {1, 2, 3},

Z

Z—a
az

(z — a)"'

h[n]=2(0.5)" u[n] + n(0.9)"u[n]

Find h[n]. Hint: Use z-Transform table.

{1: '1}: Q]
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EECS 361
Concept Question #20

1. Adiscrete time system is given by y[n] = x[n] + 3x[n-1] + x[n-2].
a. Find H(z) as a ratio of polynomials in z with positive exponents.
b. An analog signal x(t) = cos(27r1000t) is sampled at a rate of 2000 samples/sec to
create an input signal. What is the system output, y[n]?
c. ADC gain of 1 is required, modify the difference equation accordingly.

1+3%2+2°
in[-1:= H[z_] = ———————

ZZ

Out[«]=

1+3z+ 22
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in[-1:- Plot[Abs[H[Exp[I*xQ]1]], {Q, O, 7w}, GridLines - Automatic]

Out[«]=

T T T T T T TS N S S T Y S L

0.5 1.0 1.5 2.0 25 3.0

imi-= Roots[1. +3z+2% =0, z]

Out[e]=
z==-2.61803 || z == -0.381966
b.
2 x 7T » 1000
Info]:=  ———
2000
Out[e]=
7T

x[n] = cos(rm)

in[-]:= H[EXp[I*7]]

Out[e]=

y[n]=-cos(rm)

c. 0.2x[n] +0.6x[n-1] + 0.2x[n-2].

in[-]:= H[EXp[I*©]]

Out[«]=
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In[«]:=

out[-]=

In[«]:=

Out[«]=
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EECS 361
Concept Question #19

1. H(z) has the pole/zero diagram given below.

Zeros=0 Poles=X

st 3m
DI  n
4 4
7n n
8 8
JT
on
8

5m

4 1

8

Is this system a,
i. LPF ii. BPF iii. BRF iv. HPF Answer:___
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2. Assignal x(t) = cos(2711000t) is sampled at a rate of 8000 samples/sec to create x[n].
The discrete time signal x[n] is input to the filter given above. What is the system
output.

3. What is the DC gain of this filter.

Zeros=0 Poles=X

st T 3p H[z] in complex plane
O 2 S
3 . 8 n
4 4
n I
8 8
T 0
0 0.5 1.
[<Bis 15 1T
8 8
s n
1. HPF foun o s 4
8 7 8
Magnitude Response Phase Response
6L [ [ [ [ [ 3
5¢ — 2
o 3 g 0
L 2 2 1}
o
1F 2t
Ot 3 -3
00 05 10 15 20 25 3.0 00 05 10 15 20 25 3.0
Q (rad/sample) Q (rad/sample)
2.
in[-1:=  f1 = 1000;
fs = 8000;
2x7wxfl
digf = ——
fs
Out[~]=
Tt
4

H(e"g): 0 output y[n]=0
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(z—Exp[I*f 1) (z—Exp[-I*j—; 1)

(z—0.5~1\rExp[I~k3—47r ]) (z—O.S*Exp[—I~k3'—4’r ])

In[«]:= H[Z_] =

Out[~]=
i

7e77+z) —es +2

((0.353553 - ©.353553 i) +2z) ((0.353553 +0.3535531) +2)

Tt
In[-]:= H[Exp[I*Z ]]

Out[e]=

0. +0. 1

in[-]:=  AbS[H[EXp[I*©.]1]1]

Out[«]=
0.299312
In[«]:=
2-+2z+1
Hl[z_] =2 —————§
2+ 25,1
2 4
Abs [H1[Exp[I*©.]1]]
Out[e]=

0.299312
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Zeros=O Poles=X
n
Sn. 7 3¢

an 8 8
! 4 727 cm -
7 T . _
= = Find [H (e/F)] Q=0 3=
n 2/5.12= j0 i
5.1cm - . 2.7%5.12=0.28 |H(e’ )| |H (614)| =0
1. =~ 0.28 (Measured)
on 157 =0.299 (true value) Thisa HPF
8 8
5_7'( T S
4 iz -z
"Tn in T H(z)= (z—e 4 )(z—e 4 ) _ 222 z41
2 z j3m WELS T o2 1
. Froquency Response (z—O.Se 4 )(Z—O.Se 4 ) ZT+—— 247
6
5
le Difference Equation
; y(n) =1.x(n-2)- 141478 x(n - 1) + x(n) - 0.25 y(n - 2) - 0.706969 y(n - 1)

o 05 1 15 2 25 3 35
9 (rad)
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EECS 361
Concept Question #20

1. Adiscrete time system is given by y[n] = x[n] + 3x[n-1] + x[n-2].
a. Find H(z) as a ratio of polynomials in z with positive exponents.
b. An analog signal x(t) = cos(27r1000t) is sampled at a rate of 2000 samples/sec to
create an input signal. What is the system output, y[n]?
c. ADC gain of 1 is required, modify the difference equation accordingly.

1+3%2+2°
in[-1:= H[z_] = ———————

ZZ

Out[«]=

1+3z+ 22



2 | 20-Concept-Spring-2026-Solution.nb

in[-1:- Plot[Abs[H[Exp[I*xQ]1]], {Q, O, 7w}, GridLines - Automatic]

Out[«]=

T T T T T T TS N S S T Y S L

0.5 1.0 1.5 2.0 25 3.0

imi-= Roots[1. +3z+2% =0, z]

Out[e]=
z==-2.61803 || z == -0.381966
b.
2 x 7T » 1000
Info]:=  ———
2000
Out[e]=
7T

x[n] = cos(rm)

in[-]:= H[EXp[I*7]]

Out[e]=

y[n]=-cos(rm)

c. 0.2x[n] +0.6x[n-1] + 0.2x[n-2].

in[-]:= H[EXp[I*©]]

Out[«]=
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In[«]:=

out[-]=

In[«]:=

Out[«]=





