(CH 5) Angle Modulation By Dr. Hikmat Al-Shamary & Dr. Tariq M. Salman

Bandwidth of the Angle modulation waves:

FM
Drm(t) = A, cos [ wct + kfj f(x)d oc]

Leta(t) = [°_f(e)d

Q)FM (t) = Re{AC ej[wct-l_kfa(t)]}

. ke’ k" .
Prm(t) = Re{A; |1 — jkea(t) — 7a2(t) + - +1"7a"(t) el @ct
2
cosw.t — kra(t)sinw,t — %az(t)coswct]
k.3
—%a%t)sinwct + .-

It yields infinite number of sidebands, for practical purposes, an angle-
modulating signal can be considered band limited.

If the BW of f(t) is B Hz, then

Dey (t) = A

The BW of a(t) is B Hz,
The BW of a?(t) is 2B Hz,
The BW of a™(t) is nB Hz.
Since n — oo, then the BW of FM and PM is infinite, but most of the modulated

signal power resides in a finite bandwidth.

Narrow Band FM (NBFM)

If |kfa(t)| « 1 in the equation then we could write,

Onpru (t) = Ac[coswct — kfa(t)sina)ct]

...(5-9)
This is a linear modulation similar to AM/(DSB-LC)
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BWnprn = 2B

...(5-10) similarly for PM

Onppm (t) = Ac[coswct — kpa(t)sinwct]

.(5-11)

H.W
Write relation of sideband power, carrier power and total power for narrowband

FM &PM modulation.

Generation of NBFM, NBPM Signals

f(t) ——| [dt X >k >( > » Onpru(t)
+
90° |
cos Wt
f(t) k, ;?—* Onpem(t)
+
90° |«
cos Wt

NBFM and NBPM Generators

Wideband FM (WBFM):

If the condition |kfa(t)| <« 1 is not satisfied, many sidebands would occur

and increasing the BW.
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The instantaneous frequency is w;(t) = w, + k¢f(t), it varies in the range
(we — kffp) to (w, + kffp)a where fp = f®)lmin = If () lmax

Then, the BW of WBFM would be 2ksf,, ksf, is called the maximum

deviation of w, (Af)

\i
=Ll Hz L (5-12)

BW =241 | yy oo (5-13)

Carson’s Rule

It is a general rule to compute the BW of FM (and PM) signal regardless of

it is narrowband or wideband.

BWpy = 2(Af +B) | | (5-14)

If |kfa(t)| & 1,then Af <« B, then, BWpg), = 2B [narrowband case]

If |kfa(t)| not « 1, then Af > B, then, BWg), = 2Af [wideband case]

Therefore, we define deviation ratio,

g = Af if B « 1(usually f < 0.2) — NBFM
B .
if B > 1(usually B > 5) — WBFM .... (5-15)
g = ki fp
B Unit less ... (5-16)
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For PM

The instantaneous frequency depends on the derivative of f(t), i.e,

Af = ;‘_Z . L (5-17)
kpfo rad (5-18)
Bpm = B

Since Bpy, have unit “Rad”, sometimes it’s called phase deviation in PM

AG = f .. (5-19)

Ex 5-2:

A 10 MHz carrier is frequency modulated by a sinusoidal signal such that the peak
frequency deviation is 50 kHz, determine the BW of FM signal if the frequency of
modulating sinusoid is (a) 500 kHz (b) 500Hz (c) 10 KHz.

Solution:

_ Y _ A _ 50 _ 1 “NBFM”
a) p === =01"NBFM

BW=2B=2f=1 MHz

b) £ =100 “WBFM”, BW= 2Af = 100 kHz
c) B =5 “using Carson’s rule”, BW= 2(Af + f,,) =120 kHz

Single Tone FM:

f(t) = A, ,cosw,,t

a(t) = ft fla)d < = A—msina)mt
—oo fm
NBFM:
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(CH 5) Angle Modulation
Dnprm/sT(t) = AC[Coswct — kfaf(t)sina)ct]

keA
[om Sinwy,t Sinwct]

=A [cosw t—
C c wm
Aw | _
= A, [coswct — —Ssinwy,t smwct]
wm
Dnprmst(t) = Aclcosw .t — Bsinwpyt sinwt] ...(5-20)
ST-Single Tone
[ is the modulation index of FM
_bw _of o
B Wm B fm A/2 AJ/2
BW=2f,, Hz B AJ4 T T BA/A B Ac/4T [
3 3 ' 2*f ]
>

WBFM: Standard FM
t
Qry(t) = A, cos [ Wt + kff f()d oc]

kpAm

Wm

Sinw,,t ]

= A.cos [wct +

By st(t) = Ac cos[wet + fsinwy,t]
.. (5-21)

Drmsr(t) = Ref{A elloctthsinomt]]

— Re{ACe]wcte}Bsmwmt}

F.S expansion
elBsinomt — z I (ﬁ)ejnwmt

n=—oo
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Where J,,(f)is the Bessel function of first kind and nth order.
@FM/ST (t) = Re {AC 2 In (ﬁ)ej(wct+nwmt)}

n=—oo

Brmysr(t) = Ac Z Jn (B)cos (we + nwm)t .. (5-21)

n=—0o

= AcJo(B)cos (we)t + AcJ1(B)cos (we + wp)t + AJ-1(B)cos (w, — wpy)t
+ A.J>(B)cos (w. + 2w,)t + AJ_o(B)cos (w, + 2w,)t

(Coefficient of series for Bessel function)

\\'\' D 09 FM/ST o o
% ¢ o @e\ O e Y
) ) N N
S 8 8 N&
v v » w
Z T T T T T T T T N
. R A
- 1 1 1 + +
° ® X 3 3TN W
3 3 3 3
Af : Af
< > < >
1]

BW = 2Af = 2keAr | .. .(5-23)
for PM,BW = 2Af = 2k,Apwpn,

Or

BW = 2nf,, ...(5-24)

Where n is the number of significant sidebands (depend on the value of ).
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Properties of Bessel function:

1-,,(B) Are real valued function.
2-I.(B)=]_n(B), for n even.
3-J0(B) = —J-n(B), for n odd.
4-Yrwln (B) =1

Average Power in the Single Tone FM:

Total power

AZ
Py = 7C Watt, if R=1Q from eqn. (5-21)
A% o 2 Ag :
P, = 72,1:_00 Jn (B) = - watt from equation (5-22)
sideband power carrier power
Ag AZ
By =2 [7]%(3)] P, = 7015 (B)

...(5-2%) ...(5-26)

The value of B is chosen such that the power is minimized at any desired
component (carrier or sidebands), [carrier term J,(f) can be made zero for

B=2.405, 5.52, 8.65,....].
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