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Figure 1: phasors
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Figure 2: The Real and Imaginary Parts of the Spectrum

(b) (a) From the spectrum, there are two periodic components and one DC component:

at 0 Hz, amp. 11
at 50 Hz, amp. 7e 1 =8

at 175 Hz, amp. 4e 1 72

S0,

X(t) =11+ 14cos 100 t

111
B 7 2cos 502 )t =

3

1 4 2cos 175(2 )t >

_ +8cos 350 t —
3 cos 2

(b) A sum of periodic functions is also periodic. The period will be the least common

multiple of the two periods:

T, = 1=50 sec

T, = 1=175 sec

The least common multiple is 2/50 = 7/175 = 1/25, so the overall period is

T = 1=25 sec.
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Problem 3: Fourier Series

Determine the Fourier series for the following periodic signals of period Tg:
()
x(t)= t; 0 t<T,

(b)
.t 0 t<Tpe=2
XO= 4 122 t<T,

SOLUTION : Mathematica is your friend

Problem 3(a)

For k not equal to zero:

In[1]:= 2/ T*Integrate[t 2*Exp[-l *2*p*k*t/T], {t, 0, T}]
2' T3 a-2 kp(_ +2 k p+2 kZpZ)TSM
Out[1]= —2K° 4K p’

T
In[2]:= Sinplify[% El ement [k, I ntegers]]
1+ kp)T?
outpz1= ¢F kPT = pg’)
_(1+ik ) T?
Xk = K2 2
For k equal to zero:
In[3]:= 1/ T*Integrate[t 2, {t, 0, T}]
Out[3]= 3
T2
Xg= —
0773

il e s ety
T
In[5]:= Pl ot 1[num] :=Pl ot [Re[1/ 3 + Conpl exExpand[Ful | Si nplify[
Sum[Coeff1[k, 1] *Exp[2*p* | *k *x/ 1], {k, 1, nun}]11], {x, 0, 2}]

In[6]:= Show[G aphi csArray[{Pl ot 1[5], Pl ot 1[15]%} 11

In[4]:= Coeffl[k. T] := 2
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Plots of the First 5 and 15 Terms for 3(a)
Out[6]= -G aphi csArray-

In[7]:= Pl ot 1Err [num] :=
Pl ot [x *x - Re[1/ 3 + Conpl exExpand[Ful | Si npl i f y[Sum[Coef f 1[k, 1] * Exp[
2*p*| *k*x/1], {k, 1, num}111]1, {Xx, O, 1}, Pl ot Range fi Al | ]

In[8]:= Show[G aphi csArray[{Pl ot 1Err [5], Pl ot 1Err [15]1} 11

0. 4} 0.4
0.2 0.2

/\ ‘ ‘ PN ‘ ‘ [\/\ ‘ — s o~ N L.

. Y074 0.6 0.8\ / 1 vV Yo72 0.4 0.6 0.8 Y \/1
0.2 -0. 2
0.4 -0.4

Plots of the Error (true value - series value) for the First 5 and 15 Terms for 3(a)
Out[8]= -G aphi csArray-
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Problem 3(b)

For k not equal to zero:

In[9]:= 2/ T* (I ntegrate[t *Exp[-l *2*p*k*t/T], {t, 0, T/ 2}]+
Integrate[1*Exp[-l *2*p*k*t/T], {t, T/ 2, T}])

2 a- kpt a-2 kpT T2 a- kp 1+ kp)TZM
- 2K 2Kk - 22 752
Out[9]= P P 4k“p 4k” p

In[10]:= Si npl i fy[z/q El enment [k, | nt egekrs]] ;
out[10]= G1+CDHDTH kzpkgzpz_ 2D +CEDD

In[11]:= Expand[%]
C DY T CDRT . DT
Ot oo -k ke T 2Kk T 2kp

1+( DX T+ik 2 2( DX+ ( KT
Xk = K2 2
For k equal to zero:

In[12]:= 1/ T* (I ntegrate[t, {t, 0, T/2}]+ Integrate[l, {t, T/ 2, T}]1)

out[12]= %"T%
In[13]:= Sinpl i fy[%4
out[a]= 21T
8
4+T
Xo ="~
In[14]:= Coeff2[k_ T.J := T+ DT+ kzpkgzpz- 2 (-1)F + (-1 T)

In[15]:= Pl ot 2[num] := Pl ot [Re[5/ 8 + Conpl exExpand[Ful | Si nmpl i fy[
Sum[Coef f 2[k, 1] *Exp[2*p* | *k *x/ 1], {k, 1, nun}]1]11]1. {x. 0, 2}]
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In[16]:= Show[G aphi csArray[{Pl ot 2[5], Pl ot 2[15]1} 11
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0.2}
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Plots of the First 5 and 15 Terms for 3(b)

Out[16]= -G aphi csArray-
In[17]:= fun2[t ] :=If[t <0.5, t, 1]

In[18]:= Pl ot 2Err [num] :=Pl ot [

fun2[x] - Re[5/ 8 + Conpl exExpand[Ful | Si npli f y[Sum[Coef f 2[k, 1] *Exp[
2*p*| *k*x/ 1], {k, 1, num}]1111. {x, 0, 1}, Pl ot Range fi Al | ]

In[19]:= Show[G aphi csArray[{Pl ot 2Err [5], Pl ot 2Err [15]%} 11

/\

02 \/0.4w o6 0.8\ 1

0. 4;

0.2}

s

-0. 2§

~ AN
vV Y072 Kﬁf\lvo.e 0.8 vV \1

Plots of the Error (true value - series value) for the First 5 and 15 Terms for 3(b)

Out[19]= -G aphi csArray-
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The question we should have asked (keep the function contin-
uous over the interval)

For k not equal to zero

In[20]:= 2/ T* (I ntegrate[t *Exp[-| *2*p*k*t/T], {t, 0, T/ 2}]+
Integrate[T/2*Exp[-l *2*p*k*t/T], {t, T/ 2, T}])

2 a- kp 1+ k )T2 1 a- kpT a-2 kpT
201- T+ (A kD T° 4 L7 - + MM
out[20]= — R S

In[21]:= Sinplify[% El enment [k, | ntegers]]
_ L+ DR+ kpT
out[21]= 2K P2

_(1+( D+ k)T

Xk 2Kk2 2

For k equal to zero

In[22]:= 1/ T* (I ntegrate[t, {t, O, T/2}]+ Integrate[T/ 2, {t, T/ 2, T}])
3T
Out[22]= ?

Xo= g

.- LA DR k)T
In[23]:= Coeff3[k., T] := P

In[24]:= Pl ot 3[nhum.] := Pl ot [Re[3/ 8 + Conpl exExpand[Ful | Si mpl i fy[
Sum[Coef f 3[k, 1] *Exp[2*p*I| *k *x/ 1], {k, 1, nun}]]1]1], {x, 0, 2}]

In[25]:= Show[G aphi csArray[{Pl ot 3[5], Pl ot 3[15]} 11

Plots of the First 5 and 15 Terms for 3(b-alt)
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