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This topic will cover

» Signal Classification
» Fourier representation of signals

» Spectrum, Bandwidth, Channel and Frequency allocation
» Power and Decibel
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Signals

Q:What is a Signal?
A signal is a function representing information or data.

x(1)

Examples:
Speech or music
Medical signals, such as EEG or ECG.
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Systems
Q:What is a System!?

A system is an entity that can process information to produce

another ‘form’ of information

h(t)

. Processed
Information —— Information
Input Output

Signal Signal

The System Processes the
Input signal to produce an output signal
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Size of Signals

Q: Can a signal that is varying with time be measured by
one number that indicates its “size’?

x(1)
- T\x(t)\zdt

| /2
P, =lim, , — j (1) dt
'y
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Signal Classification

Types of Signals:
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Continuous Time and Discrete Time

A signal is either:

4‘&'——-—’-

Continuous—time (CT) Discrete—time (D'T)

t

Example:
X[n]

4x(t)

— N il 1Y

4 -12-1 12
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Analogue and Digital

/

Analogue
Example:
7\
NS

the amplitude varies
between 0 and 1

v
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A signal is either:
—~

Digital

amplitude can take only
4 values between 0 and 1
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Periodic or Aperiodic

A signal is either
&«

Periodic

x(t) = x(t +T)
where T is called the
period of the signal
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Non Periodic
Aperiodic

x(t) = x(t +T)
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Periodicity in CT

In continuous time a periodic signal is one that repeats
itself every T seconds.

= Mathematically it satisfies the condition: x(t) = x(t+T)

for all t where T is a positive constant.

= Note that if T =T, satisfies the above equation then so does
T,=2T,T,=3T,,.......

=  The smallest constant T that satisfies the condition is called
the fundamental period of the periodic signal. In this case T,,.

"= The reciprocal f = (1/T,) is the fundamental frequency and it
defines the frequency at which x(t) repeats itself.

= The angular frequency in radians/ second is defined as w = 2xf

= A signal that does not satisfy the condition is called a non-
periodic or an aperiodic signal.
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Periodicity in DT

Q: Can a DT signal be periodic? Give an
example
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Periodicity in CT

= 7 2 L L L L T L
Exercise: Find the
period, and angular 15
frequency
]
0.5|-
%). n ERE
Z 0
:
0.5
1L
155
< T,=2T,
20 0.2 0.4 05 06 0.7 0.8 0.9
time (s)
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Energy Signal and Power Signal

A signal is either:

& —

Energy Signal Power Signal

o0 5 1 T2

j ‘x(f)‘ dt < oo 0<lim,_ — j (1) dt < o0
S T3,

2 A
_n t/2 |
x(t)=2e A / e )
R / K / 2
- | A measure
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Energy Signal and Power Signal

Exercise: Determine the suitable measure of
“size” for the signals on the previous slide.
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Deterministic Signal and Random Signal

A signal is either:

& —~—

Deterministic Signal Random Signal
physical description probabilistic
completely known description known

mathematical or mean or mean squared

Noise /

Message Signal

graphical
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Fourier Series
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Sinusoidal Signals

Q:What is Sinusoidal Signal?

Amplitude e

/ Phase Shift

x(t)=Acos(wt+ ¢y
\ Angular Frequency

/== w=2nf
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Sinusoidal Signals

Exercise:
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Amplitude Spectrum

Q:What is the amplitude spectrum of x(t) signal?

x(t)=...cos(...... t+...) =

|\/'6\/"‘\/'2\/ VAVAVAYA V-

Time Domain signal

f

Amplitude Spectrum

19 Topic 0: Signal Analysis  Dr. Sana Almansoori

Phase Spectrum
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Amplitude Spectrum

Q:What is the amplitude spectrum of x(t) signal?

x(t):...COS( ...... t‘|‘) :—[ej( """ t)_|_e_j( ------ f):l

NATRTATRTI VAT VA

X1
2
{ ! '
-0.5 0.5

Amplitude Spectrum
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Sinusoidal Signals

Exercise:

\/-15\/ -11\/ -7 \/ -3 | \/ \/ 13\/ 17\/

Time Domain signal
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Amplitude Spectrum

Q:What is the amplitude spectrum of x(t) signal?

x(t):...COS( ...... t‘|‘) :—[ej( """ t)_|_e_j( ------ f):l

AN NN

15\ [-1\ [-7\ [-3\ /1 13\ /17
Mo/ VIVIVEVIVTY VY

1807

-180°

Amplitude Spectrum Phase Spectrum
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Amplitude Spectrum

Q:What is the amplitude spectrum of x(t) signal?

x(t):...COS( ...... t‘|‘) :—[ej( """ t)_|_e_j( ------ f):l

AN N

\/-15\/-11\/-7\/-3 -1\/ \/ \/13\/17\/

Time Domain signal

| X(D |

Amplitude Spectrum
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Sinusoidal Signals

Exercise:
x(t): COS( ...... [+ ) — [ef( ------ f)_|_e—1( ------ t)]
% (t) 2
| 1
-7

Time Domain signal
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Amplitude Spectrum

Q:What is the amplitude spectrum of x(t) signal?

x(t):...COS( ...... t‘|‘) :—[ej( """ t)_|_e_j( ------ f):l
(1) 2
1
| X(1) | -7 (I"fime Domain signal
1
1801
f : "
Amplitude Spectrum -180°

Phase Spectrum
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Amplitude Spectrum

Q:What is the amplitude spectrum of x(t) signal?

X(() =0 COS(orr b)) = el g g ]

VA

Time Domain signal

| X(D |

Amplitude Spectrum
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Amplitude Spectrum

Exercise:

x(t) =10cos(6x t)+7sm(8x t)—3sin(167 t)
x(t)=10cos(67 t)+7cos(8x t —/2)+3cos(167 t + 7/2)

[ XD

t ¢
1807

-----

Amplitude Spectrum
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Amplitude Spectrum

Exercise:

1(f)=5 [ o670 e—j(6zzft)] 133 \ pI8T2) e—j(877t—7[/2)] 415 [ plI6nts]2) | = j(6rt4a))

[ X(@) |

o

Amplitude Spectrum
3 ¢
1807

-180°
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Fourier Analysis

Q:What if a signal is not a sinusoidal function?
periodic

Fourier Series.

29 Topic 0: Signal Analysis  Dr. Sana Almansoori 16-Sep-17



Fourier Series

The Fourier Series Pair representation for a continuous time
signal x(t) is:

» This is referred to as the exponential form of the Fourier
Series pair.

x(1) = i)([k]ef"%f

x(1)

Time
Domain

X[k =~ | x(ye " at
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Fourier Series

Q: Can Fourier Series be expressed as cosines instead of
exponentials?

x(t)=A4, + Z A cos(nw, t)+ ZBn sin(nw, t)
n=1 n=l1

Amplitude
Phase Shift

x(t)=C, + ch cos(nw, t+0)

\

Fundamental angular frequency
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Fourier Series

where:
1 t+1
A =— | x(t)dt
=T tl (¢)
2 t+1 2 t+T,
A =— [ 1 )dt - 1
=7 j x(t) cos(na, 1) B.=7 j x(t)sin(na, t)dt

C, =4,

— B

— 2 2 6 :tan_l i
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Fourier Analysis

Q: How do we apply Fourier Analysis?

X(t)

‘ -2 -1 ) 1 2 3
=Ac

x(t) = 44 (cos(a)O t) —%008(30)0 t)+ ; cos(Sw, t)—..... j

Q:What does this mean?

518 Topic 0: Signal Analysis  Dr. Sana Almansoori 16-Sep-17



Fourier Analysis

42 (t)
e
-A —

N\ A A
- -4 - - - 5
+
4A /3
t
5 - = Y B ) T g
y T
4A/5m ¢
5 - = 4 = 0 —T— 7 z —
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Amplitude and Phase Spectrum

Exercise°

1 1 1
x(t)=— cos(a)o )—5008(30)0 t)+— - cos(Sw, )—7008(7a)0 t).....

fo Is the fundamental frequency of the square wave

+
X o
90
f
f >
>
: -90°
Amplitude Spectrum Phase Spectrum
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Amplitude and Phase Spectrum

Exercise°

1 1
x(t) = (cos(a)o t)— % cos(3w, 1)+ — - cos(Sw, t) — = cos(7w, ?).....

| X(®) |
f
Amplitude Spectrum
4 ¢
1807
f
-180°
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Amplitude and Phase Spectrum

Q:What is the Amplitude Spectrum of a signal?

relative amplitude
frequency (cosine)
contained

Q:What is the Phase Spectrum of a signal?

Phase
frequency (cosine) contained

37 Topic 0: Signal Analysis  Dr. Sana Almansoori 16-Sep-17



Fourier Analysis

Q: Can we use Fourier Analysis if x(t) is not periodic!?

x(t) . 1X()|

“ M

NN N

\

Time Domain signal
Amplitude Spectrum
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Voice Signal and Spectrum

Spectrum of a voice signal (15 seconds)

voice waveform example
T T T T 70
60 a

»

&

(%]

=
-0.5 i L ' 1 L L ' 1}
9 95 10 105 1 115

seconds hertz

Amplitude Spectrum

Time Domain signal
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40

Fourier Transform
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Fourier Representation of Non Periodic
Signals

Q:Is it possible? /\)/\/

xﬂ_/\/\,\ e s NS - NS

VARV
ANAANN
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Fourier Transform

The Fourier Transform Pair representation for a continuous time
signal x(t) is:

x()= | X (e df

x(t)
g?rr?ain \

X(f)= [x(e*"dr
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Fourier Transform

Exercise: Find the Fourier representation of the
rectangular pulse defined as:

Answer: (1) = l, -T,<t<T,
0, [>T,
€9 . Ty 2t T,
X(f)= Jx(t)e‘fmdt _ fera - e’
—00 T _]27# .
X(f) Tldt X(f)= g /27N _ 727N /27 _ pmi27T
E oo
3 I . ~ sin24T,)
X(f)=1", =21, X()= ety =
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=27, sinc( 21T, )
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Duality
Q:What is the duality property of the FT?

Frequency
Rectangular Sinc
Sinc Rectangular
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Fourier Transform

Exercise: Find the Fourier Transform of unit impulse

5(t). x(t)=0(t)

Answer:
X(f)= T5(t)e‘f2’ﬁdt
D (0 2 1T
X0)=6(1) e———  x(f)=1
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Duality
Q:What is the duality property of the FT?

Frequency
Impulse Constant
7'\
constant Impulse
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Fourier Transform

Exercise: Find the Fourier Transform of a shifted unit
impulse x(H)=06(t-t))
Answer:

X(f)= T&t—to)e‘ﬂ@"dt
X [mtpea
X(f)y=e " ]250 —t,)dt =& 2"

FT _
x()=6(1-t,) +——— X(®)=e ™

47 Topic 0: Signal Analysis  Dr. Sana Almansoori | 6-Sep-17



Fourier Transform

Exercise: Find the Inverse Fourier Transform of a
shifted impulse spectrum X(f)=46(f-f;)

Answer:

x(t) = [8(f = fy)e*"df
x(t) = [8(f = fy)e’* " df
X0y = [S(f ~ fy)df ="

W)= e T X(N)=5(f- 1)
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Fourier Transform

Exercise: Find the Fourier Transform of a cosine
function  x(¢) = cos(27ft)

Answer: O Lo i
x(t) =cos(2rf t) = > :5(61 o 4 o 7;fot)

Using the previous slide:
XN =280 = 1) +8( + 1]

Draw the spectrum of the cosine function.
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Fourier Transform

Exercise: Find the Fourier Transform of a sine function

x(t) =sin(27f t)
Answer:
gt _ g |
x(t) =sm2naf.t) = _ o/ _ 2
(O =sinCf)=—— 2,-( )
Using the previous inde'

X(f)=— [5(f 1) =8Cf + f)]

Draw the spectrum of the sine function.
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Properties of Fourier Transform
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Convolution

Q:When we convolve signals in the time domain, what
happens in the frequency domain!?

y(t)=h(t)*x(t) = Th(r)x(t —-7)dt

—0o0

0= ) [ X0y

| —0

y(0)= j (NX(f)e " df = j Y(f)e df

(O =x@) )= Y(f)=X(/)H(f)
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Convolution

Exercise: Find y(t)=x(t)*h(t) if:
x(t) = 1 sin(7zt) =sinc(t) h(t) = 1 sin(27t) = 2sin ¢(2t)

Answer: & &

We know that: L |f]<1/2

0, |f]>1/2

Using the convolution property:

Y(f)=X(f)H(f)={

L, |f]<1

H(f)={0’ 1

X(f)={

L, |f]<1/2
0, |f]>1/2

Doing the Inverse FT : |
= y(t) = —sm(x
P =— sl
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Convolution

Exercise: Find x(t) if: X(f)=4sinc*(2f)
Answer:

X(f)=2sinc(2f)e2smc(2f)=Z(f)*Z(})

Z2(f)=2sinc@f)  yp=tn M
LO, t>1
= x(¢) = z(¢) * z(¢) = triangular  waveform
x(1)
z(1) 2
l /\
—i Or 1 ' -2 0 2 t
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Convolution

Exercise: Find the output of the following system y(t) if
x(¢) =cos(27t)+2 cos(67t)

and h(t) = 2sin c(4t)

x(t) y(t)
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Convolution

Answer:

x(¢) =cos(27)+2cos(6t)

X(f)=%5(f—1)+%5(f+1)+5(f—3)+5(f+3)

s
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Convolution
Answer:

h(t) =2sinc(4t)

1/2 |f]<2

H(f)={ 0 |f]>2

[Hf)
1/2

-2 2
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Convolution N N

. X(f
Answer: 1/2 X
Y(f)=X(HH(f) —I__I_f
-3 -1 ‘L*H(]J) X 3
1 1 1/2
=200 =N 200 =1 f
-2 2
To get the output y(t): _
y(O)=IFTY(f); 1 Y(f)
i | 1/4
= y(t) = —cos(27t) I R
2 -1 1
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Multiplication

Q:When we multiply two signals in the time domain, what
happens in the frequency domain!?

If y@)=x()h(t) then Y(f)=X(f)*H(f)
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Multiplication
Exercise: Find z(t) where x(¢)=2sinc(2¢) and y(t) = cos(2nt)

x(t) > 2(t)

y(t)

60 Topic 0: Signal Analysis  Dr. Sana Almansoori |6-Sep-17



Multiplication

Answer:Let us first draw the functions

Time Domain

VYV VY

1/2 1/2
2= ?
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Multiplication

Answer: Let us first draw the functions

Time Domain

Frequency Domain

1/2
ANANA,
<f-- : :t I _f
1| i, 1
RN 1 .
. t FT 1 5
: T - 1 _
/2 1/2 1 =
IFT | 12
— <
z(t)y= ? > i 5
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Cosine Modulation

Q:When we multiply a signal x(t) in the time domain with
a cosine, what happens in the frequency domain?

If
y(1) = cos(2,)  x(1)

Then

Y(f)= [X(f )+ X(f+,)]
Q: Can you verlfy this in the previous example!?
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Cosine Modulation

Proof:

1, - 1 1
y(t) — cos(27y”0t)x(t) _ 5 (8—127z7’ot P )x(t) _ 58—127;7’0tx(t) n E e+127zfotx(t)

Using the frequency shift property:
If,

x(t)(ix)((f)

Then,
V()= X = ) XU+ f) = (X = )+ X+ )
This is called the cosine modulation property.
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Cosine Modulation

Exercise: If x(t) has the spectrum shown in the figure below,
find (by plotting) Y(f) given:

y(o)=cos(6m)oxt) 4 | XD
f
-1 1 |
Answer: Since f,=3, then Y(f) =
1 1 Y(f)
f
-3 3 V
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Bandwidth

Q:What is the Bandwidth of a communication system!?

can transmit

Q:What is the Bandwidth of a Signal?

contained in a
signal.
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Bandwidth

Q:What is the BW of a signal or system with finite Maximum
frequency?
For a signal with a maximum frequency in the Fourier Presentation,

t A [X(o)]
0.707A

t1

The BW is either:

I.  the maximum frequency ®,

2. the frequency at which the power is !> of the maximum.That is
1/N2 the amplitude. This is referred to as the 3dB BW.
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Bandwidth

Q:What is the BW of a signal or system with infinite
Maximum frequency

It is the 3dB BW

3dB BW = g
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Bandwidth

Q:What is the BWV of a sinc function?
There are several approximations for the BWV:

.
2.

the range of frequencies from DC to the first null.

the range of frequencies from the DC to the frequency
which has 2 of the power at the origin. |/ %2 the amplitude.
This is referred to as the 3dB BW.

[ 1X(w)]

0.707A

A

v

0‘)3dB E—;P
Onul
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Bandwidth

Example:
y [ X@) + |[H®]
‘\ ]
8KHz 10KHz
Amplitude Spectrum Amplitude Spectrum
Signal BW=......... System BW=........
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Bandwidth

Example:
y [ X@) + |[H®]
A
12KHz 10KH 2 ]
Amplitude Spectrum Amplitude Spectrum
Signal BW=......... System BW=........
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Bandwidth

Example:
y [ X@) + |[H®]
? ®
®
[T1r o« |
2 4 o6 8 10 12 5KHz
Amplitude Spectrum Amplitude Spectrum
Signal BW=......... System BW=........
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Bandwidth

Example:
y [ X@) + |[H®]
? ®
®
[T1r o« |
2 4 o6 8 10 12 3KHz 9KHz
Amplitude Spectrum Amplitude Spectrum
Signal BW=......... System BW=f, — f,=........
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Bandwidth

Example:
y [ X@) + |HO]
f
PKHz  8KHz 3KHz  9KHz '
Amplitude Spectrum Amplitude Spectrum
Signal BW=f; -, = ......... System BW= f, — f,=........
£ = e £ = eeiiiinnns
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Energy and Power
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Energy in the Frequency domain
Parseval Theorem

Q:What is the total energy in a signal?

E = ]O\x(t)\zdt = T\X ()| af

This means that the energy of the signal in the time domain
is equal to the energy in the frequency domain

We can calculate the energy in a signal in any of the two
domains depending on which is simpler.
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Parseval Theorem

Exercise: Find the energy of the signal

x(t) = 4sin c(41)

Answer: In the time domain:

0

= [|x(o)]dt = [|4sinc(40) d:

This is very difficult to evaluate, try it in the frequency

domain 1, <2
X(f)={ / ‘>2

=T\X(f)\2df j IFdf = j ldf =4
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Parseval Theorem

Q:What is the average power in a periodic signal?

We look at the average power since the signal x(t) is
periodic

For the Exponential Form, the average Power is:
1% 2 . 2
Py =—[l@f'de = 3 |xTk]
0 k=—o0

For the Trigonometric Form:

n 5 2 ~—( 1 > 1 2
Pm,% j x(0)|"dr =|X10] +;(5\A[k1\ +5\B[k1\j
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Parseval Theorem

Exercise: Find the average power of the following signal.

X(t) |7

1

Answer:

mpnj

1

17 <
Po= [l dr =Y | xTk]’
0 k=—00

This is easier to do in the time domain

P, = l?\x(t)\zdt =
avy T )
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Parseval Theorem

Exercise: Find the average power in the first 3 non zero
FS components of the following signal

0 I O O

Exponential Form |7 , o ,
Pu= [lx@f ar =" |x1k]
0

k=—00

In the first 3 non zero components of the FS:

5
})av_lst 3 #0 comp — Z‘X[k]‘z
k=-5

= |X[-51] +| X[=3] +|X[-1]" +|x0] +| X131 +| X151

81 Topic 0: Signal Analysis  Dr. Sana Almansoori |6-Sep-17




B

Parseval Theorem

Exercise: Find the average power in the first 3 non zero
For a square function:

FS components of the following signa
Answer:

Using trigonometric form
17 (1 1
== [ @[ at =|x10] +Z(5|A[k]|2 +E|B[k]|2j
0 k=1
In the first 3 non zero components of the FS:

5
1
})av_lst 3 #0 comp — ZE‘A[k:”z
k=1
1

= any sy +aisy)
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—, k odd
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Average of a Sinusoidal signal

Q:What is the Average (X,,) of a sinusoidal signal?
The Average is the DC part of the signal and is equal to:

 x(t)

AN N AN N NN NN

VVVVVUVVVVV

1
Xo= [x(0)de =0

T
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Average of a Sinusoidal signal

Q: Does the Average (X)) of a sinusoidal signal give an

indication of the size of the signal? Xav —()

ANA_NA_NAAINNN AAA AN

VAR VAR VAL VAR V/ I VAR VAR VAR VAR VA

T x(t)
10 1

O | L Y | S | |

VY VA VARV L VAV VI VA
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RMS of a Sinusoidal signal

Q:What is the Root mean square (Xyys) of a sinusoidal
signal?
The RMS is:

 x(t)

AN N AN N NN NN

VVVVVUVVVVV

A
X = |= dt ====0.7074
RMS \‘Tl‘x(t)‘ ! /—2
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Average Power of a Sinusoidal signal

Q:What is the total Average Power (P,) of a sinusoidal
signal?
The average power is:

 x(t)

AN N AN N NN NN

VVVVVUVVVVV

! A

2 p) A :
})av:?.ﬂx(t)‘ dt = (X s ) = ) _(\Ej

T
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Sinusoidal signals

Exercise:

4y X (t)

/\5 AN AN N

\/15\/ 11\/ \/ -3 \/ \/13\/ 17\/
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Sinusoidal signals

Exercise: What is the X, Xgms and P,, of the following signal?

A AN A A AN NN

A

\/-.1!\/ -.1\/ -.7\/ - _5.1\/ .5\/ .9\/ .1v .11\/

It is the same because the period and the frequency do not
effect the average power
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DC signal

Exercise:

A
A Vi

ay
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Sum of Sinusoidal signals

Exercise:

x(t)=cos(7xt)—4sin(2rx t)
It is a periodic signal: f,=0.5

1 <
P =— @l de =3 | X1kl
0 k=—o0

4 2 X[k]A
1 0.5 1 K
8 -7 -6 -5 -4 -3 -2 -l | 2 3 4 5 6 7 8
P =(0.5°+05)"+(2) " +(2) =.coeeeu, 74
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Sum of Sinusoidal signals

Exercise:

x(t)=cos(7xt)—4sm(2x t)
It is a periodic signal: £ =0.5

14 2 = | > 1 2
P, == ! x(2)|"dt =|X[0] +;(§\A[k]\ +5\B[k]\ j

L 1xm
|
{ » k
| 2 3 4 5 6 7 8
2 2
Pav=1+4: ............. w
2 2
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DC and Sinusoidal signals

Exercise:

X(t)

-15

11 -7

WM/\N\/\

-15

AN NN

11 -7 -3

1 5 9 13 17

7/\/\/\/\/\

vV VYV,

92
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Sum of Sinusoidal signals

Exercise:

x(t)=5+10cos(6x t)+7sm(8x t)—3sin(167 t)
[ X1k =

» k

-8 -7 6 5 -4 -3 -2 -l | 2 3 4 5 6 7 8

P —

ayv
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Power Spectrum

Q:What is the Power Spectrum of a signal?

average power

A

P

av

» k

8 -7 6 5 4 -3 -2 -l | 2 3 4 5 6 7 8
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Power Spectrum

Exercise:

x(t)=cos(7xt)—4smn(2x t)

A

P

av

» k

95

8 7 6 -5 4 -3 2 -
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2

3 4 5 6 7 8
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Power Spectrum
Exercise:

x(t)=5+10cos(6x t)+ 7sin(8x t)—3sin(167 ¢)

A

P

av

» k)

8 -7 6 5 4 -3 -2 -l | 2 3 4 5 6 7 8
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Power Spectrum in Decibel (dBm)

Q:What is the Power Spectrum in dBm of a signal?

average power

av dBm

» k

8 -7 6 5 4 -3 -2 -l | 2 3 4 5 6 7 8
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Power in Decibel (dBm)

Q:What is the Power in dBm?

reference power |mW

Pv dBm — IOIOg(})av(m W))

a

P, i, =1010g(1000x P, (7))

a
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Power in Decibel (dBm)
Exercise:
x(t)=cos(7mrt)—4sin(2r t)

s P

av dBm

» k

99 Topic 0: Signal Analysis  Dr. Sana Almansoori

16-Sep-17



Power in Decibel (dBm)

Exercise:

x(t)=5+10cos(6x t)+7sm(8x t)—3sin(167 ¢t)

4 Pav dBm

» k
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Power in dBm

Q: Why represent power in dBm?

Because using the decibel makes the calculation of loss and gain in
different components in a communication system easier

Q: How?

Assume we have: P, —> GainG — P,

The output power 1n Watts is equal to:

But the output power in dBm is equal to:

— (Bn )dBm T (G)dB

N . out
So we covert a multiplication to an addcﬁﬁqon
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Why dB?

Q: What is the total gain G for this cascade of systems?

P, A
P

In normal units:

In dB:
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Waves
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Frequency

Q:What is the frequency of a signal?

a certain
point | sec

NAWAWAL /\/\/\/\/\

VAAVAAVAY, \/\/\/\/\/

1 sec

1 —— —) — —

f — F =4hz 1 cycle
’ T, =0.25sec
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Electromagnetic Waves

Q:What is the Electromagnetic Waves!?

Electromagnetic Waves are electronic signals that radiate in
space. They consist of Electrical and magnetic Signals.

They are also called Radio Frequency (RF) waves.

\//\/\/\f/\/\/\f\/

N A
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Electromagnetic Spectrum

Q:What is the Electromagnetic Spectrum?

The Electromagnetic Spectrum is the range of frequencies used in

communication systems. Frequency, Hz
10 10¢ 10% 10* 10° 10'° 10*¢ 10 10 10 10%° 10%¢ 10°* 10°%®
A 2 | 1 | 2 | 2 | 1 | 2 | 2 | 1 | 2 | 2 | 1 | 2 | 2 I=>
| | | 1
1Hz 1 KHz 1 MHz 1 GHz

. X ravs
Microwaves

aM E e

Visible light

FrM, TV Gamma rays
Radio waves _
Ultraviolet
Infrared
1 pm 1nm
1 km 1m 1cm (micrometer] (nanometer)

| | | | |

| . | ! | . | . | ! | . | . | ! | . | . | ! | . |
10° 10* 1w* 102 10 10°¢ 1w0? 10% 1w0® 10 10 10¢ 107M®
Wavelength, m
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Wavelength

Q:What is the wavelength of a signal?

distance one period

C A/\/\/\/\/\ d

/127 LV VV VYV

A

c = 300,000,000 m/s = 3 X 108 m/s
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Wavelength

Exercise:

x(t) =10cos(67f t)
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