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(a.)
M:=8 M
N := 2 N =256 k :=0.,..N-1 T := 40
T
dc := - t := kdt - 10
N k
w :=&fc - 1.0] - ¢ft - 5.0 WAVEFORM
k k k
1.5
w =0 dt = 0.156 w
0 fa := 4 k n
-0.5
n:=0 ..N-1 o t 10
[ "
W := dt N| icffr(w) MAGNITUDE SPECTRUM out to 4th null
n 1 4
£f := - fs = —
n T dc
W
W = 31.906 fg = 6.4 I nl
0
E = 0.025 f4 = 4
1 0
0 f 1
n
(b.) v :=2.0
k MAGNITUDE SPECTRUM out to 4th null
[ ) 80
vV := 4t ﬁ icffr(v)
"
n
vV = 80
0
]
0 1
n

NOTE: The FFT cannot

ive the correct amplitude value for a delta functiocn

since the delta functicn has an infinite amplitude. However the area under
the FFT result that approximates the delta function will be approximr.elﬁ
the correct weight for the delta function. The value for the weight of the
delta function may be calculated directily via the FFT by using (2-187).
This is shown below.

1 3
V := — icftt[v)
f I
n
V =2 <--Weight of &
0
0
-0.25 f 1
(c.) n
x:=0.2t[¢[t‘.]-¢t-5 - [e - 10 [@t-S-Ot-lO
k k k. k k k k

X = dt [,I'ﬁ icEfE (x) 1.5
MAGNITUDE SPECTRUM out to S5th null x N

5 k M N

-0.5
Ix | -5 t 15
n k
\ X =5
0 R 0
0 £ 1
n
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(a) t :=0,0.05 ..15

-0.1 t -t
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=10-t

v (t) := 0.1-e v (t) :i= e v (t) = 10-e

1 2 3

v o (B),v (t),v (b)
1 2 3

O \ﬂqﬁ—
0 t 15
(b) f :=0,0.001 ..2
0.1 1 10

Vv (f) := v (f) 1= ——————— ¥V (f) :=

1 1+3 -20m¢£ 2 1+3 27f 3 1+ 302w €
v (0) = 0.1 Vv (0) =1 Vv (0) = 10

1 2 3
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M = 5 M ”
N := 2 N = 32 k:=0..N~1 T i 2
T
dt i= ; t cm k'dt
w o= ife - -
k [ Kk <1,-2 [tk 0-5]-2 [tk - 1.5]]
% ° 1 dt = 0.063 WAVEFORM
N
w
k
(a.) Find the complex Fourier series. -1 0 "
2
k
n:=0..N-2 n 1
f = - fo := -
n T T

From analytical computation,

4

c := iflmod(n,2) ¥ 0,———,0

n 2
(n w)

Alternately, computing FS using the FFT via (2-187),

Cc

1 n n )
ce := |—|-icffr(w) 0 0 0}
1 0.405 0.407
In 2 0 0
EN 0.045 0.046
4 0 0
5 0.016 cc = |0.018
6 0 0
7 0.008 0.01

(b)
SR i
N > I(F-nks)
(e) ana (@ [V :_:ZIC:-J S‘G-'—h{) ’ k)= % 1 °

Voltage Spectrum Power Spectral Densitcy

P = 0.333

0.5 0.25

[eal]° [Icn”z'o
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2-G4-,
M := 5 M
N:=2 N=32 k:=0..N-1 T := 1
T n
dtc := — t := k dt sin(x) wo ;= 2 —
N k Sa(x) := 1f|x # 0, ;1 T
x
v o= if ||: - 0.57T] < 0.25 T,0,10 cos[wo t
k k k
v = 10 dc = 0.031 WAVEFORM
0 10
v
k
-1
0 t T
k
Find the complex Fourier series.
n:=0..N-1 n 1
£ := = fo := -
n T T
From analytical computation,
c := 2.5 (Sa(0.5 (mn + 1) m) + Sa(0.5 (n - 1) =)
n

Alternately, computing FS

1 n
ce = |—| dicfft(v)
L
In 3

3

4 -0.212 1.203 10

S 0 __ cc =

6 0.091 -14

7 0 6.336 10

8 -0.051

9 0 -12

10 0.032 -2.175 10

11 0

12 -0,022 ~14

13 0 2.705 10

14 0.016

15 0 ~-14

16 -0.012 1.767 10

17 0

18 0.01 -15

19 0 9.774 10

20 ~0.008 |

21 '] =13

22 0.007 -5.456 10

23 0

24 -0.00 =15

25 0 -3.22:10
* 1]
~ .
. -

23

+

3.173]
2.5
1.071
-14
10 i
-0.223
-14
10 i
0.102
-12
10 i
-0.062
-14
10 i
0.045
-14
10 i
-0.036
-14
10 i
0.032
-12
0 i
-0.031
-14

3.216

3.226

1.086

3.207

3.256

3.232

1.634

3.235 10
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PO =z 1cl™§ (F-nk)

Power Spectral Density
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—ey

2"76- R | Q.%M D
CR 3 2 B s ST 2R

v we & -0

(5

R
> Hif) = r+.swc =

R+ RtR "}JWRIR;C
l+,‘r we,C
3 3 -9
R1 = 7.5 10 R2 := 15-10 C = 100 10
f := 10,20 ..10000 j o= J-_l - R2
"Rl + R2
Rz
H(f) := Hm = 0.667
(R1 + R2) + §- 27 £ R1-R2:C
[H{£) ] 180]
daB(f) := 20 log O(f) := |—| arg(H(£f))
1- B
0 0
["“*\
~lo = AN
dB(f) \ e(f) \
- T M
p LY S b0 <
-30 -90" \'“'“'=-
10 00 ¢ 1098 505000 10 I ¢ Jo®® 3p0p0
R1 + R2
£3dp 1= ————— £34B = 31B.31
2:m Rl R2-C
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)= Z c, e it

hsp
Wheve 251h (W
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/3-('“: Ds t Z Dy W(hwu{"f?sn)
h=1
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= [ [LHlc =’ﬂ{ﬁ*"{%@) y = 0dd
= %H): f D, COJ(”““%)

n=|
h= Ddd

The -ﬁ:.”omﬂ Math D proghas,  plots Hhis y),

fo := 300 f1 := 1500 n:= 1,3 ., 11

4 L :=0,0.00005 .0.004

2

nwTi|l+ |n—
f1
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2-T9 Cont’d.

w

1 - gin|n -
2 fo
$ = ®w |——————| - atan|n —
f1

n 2

y(t) := Z bn cos[n 2wfot + ¢n]
n
()

fo = 300
2
y(t)
-2
] L 0.004
fo = 500
2
] P anan
y(t)
-2
0 t 0.004
©) 3
fo =110
1
yit)
-1
0 c 0.004
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|
=
<
§
%

(6} A/ - Ifct.

—
M := 6 M
N := 2 N = 64 k :=0 ..N -1 Tl := 10 T := 1
Tl
dac := — rt := k dt
N k

NOTE: In FFT time domain, points for negative time are the same as those
measured from the end of the data span-length T1 for positive time.

t - (T1 - T)
-1 k
w = if(t <« T,|— t -T],D]+ift > {TM -7, —0
k k T k k T
WAVEFORM
1
w
w =1 dt = 0.156 k
0
0
n:=~o0.N-1 0 t Tl
k
W := dt [ﬁ] icfft (w)
MAGNITUDE SPECTRUM out to fs
n 1 1
£ = - fs = —
n Tl dc
W
"l
f =0.1 fs = 6.4
1
o P
0 £ 5
n
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