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Table of Bessel function

x Bessel-function order, n

-B Ia ) A /5 L /s /s J; Js s Jra Ji /i s 11 frs e
0.00 1.00 — — — — — — — — — — — — — — — —

0.25 | 098 | 012 — — — — — — — — — — — — _ _ _

0.5 094 | 0.24 | 003 — — — — — — — — — — — — _ _

1.0 Q77 | 044 [ 0.1 0.02 — — — — — — — — — — — _ _

1.5 0.51 0.56 | 0.23 | 0.05 | 0.01 — — — — — — — — — — — —

2.0 022 | 0.58 | 0.35 | 0.13 | 0.03 — — — — — — — — — — — —

24 1] 0.52 | 043 | .20 | 006 | 0.02 — — — — — — — — — — —

25 —05 | 0.50 | 045 | 0.22 | 0.07 | 0.02 | 0.01 — — — — — — — — — —
3.0 —26 | 0.34 | 049 | .31 013 | .04 | 0.01 — — — — — — — — — —
4.0 —40 | —07 [ 036 | 0.43 | 0.28 | 0.13 | 005 | Q.02 — — — — — — — — —
5.0 —18 | —.33 | 0,05 | 0.36 | 0.39 | 0.26 | 0.13 | 0.05 | 0.02 — — — — — — — —
5.53 a =34 | —13 | 0.25 [ 040 | 0.32 | 019 | 0.09 | 0.03 | 0.01 — — — — — — —
6.0 015 | —.28 | —.24 | 0.1 036 | 036 | 025 | 013 | 006 | 002 — — — — — — —
7.0 030 | 000 ( —30 [ 17 | 016 | 0.35 | 034 | 0.23 | 0.13 | Q06 | 0.02 — — — — — —
8.0 017 | 0.23 [ -1 —29 | =10 | 0.19 | 034 | 032 | 0.22 | 013 | 0.06 | 0.03 — — — — —

8.65 1] 0.27 | 006 | —24 | —.23 | 0.03 | 0.26 | .34 | 0.28 | 018 | 010 | 0.05 | 0.02 — — — —

2.0 —09 | 025 | 014 | 18 | —27 | —06 | 0.20 | 0.33 | 0.37 | .21 | 012 | 0,06 | 0.02 | 0.01 — — —
10.0 —25 | .04 | 025 | 006 | —22 | —23 | —01 | 0.22 | 0.32 | .29 | 0.27 | 0.12 | 0.06 | 0.03 | 0.0 — —
12.0 005 | -22 | -08 | .20 | 018 | —0F [ —24 | —17 | 0.05 | .23 | 0.30 | 0.27 | 0.20 | 012 | 0.07 | 0.03 | 0.01
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Ex. 5-3
A given FM transmitter is modulated with a single sinusoid. The output for no
modulation is 100 watt, into a 50 Q resistive load. If the power provided for the

first sideband is made zero, find:

a) Carrier power.
b) All sidebands power.

c) Average power in second order sidebands.

Solution:

Pp=0=/()*=0=/,(f)=0,~p=38
a) ;(8) =0atf =38
P, = A22(B) = PJ3(3.8) = 16 watt

b) P, =P, — P, = 100 — 16 = 84 watt
¢) P, =2[A42(p)| = 2 x 100 x J3(3.8) = 34 watt

H.W

A carrier signal given by 10 cos 2 X 108t volt is FM modulated by single tone

Hz

message 4 cos 2 X 103t volt if the modulation constant is 1000 ol

a) Compute max. frequency deviation and deviation ratio.
b) Write the equation of modulated wave.
c) Sketch the spectrum.

d) Calculate sidebands carrier and total power.
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Generation of Wideband FM signals

1- Indirect method (Armstrong Method)

In this method, a NBFM signal is first generated with small B (modulation

index) then increased using frequency multiplier (nonlinear device and BPF).

e;(t) = A cos(w.t + Bsinwy,t)
eo(t) = aef (t)
= aA?cos?(w.t + Bsinwy,t)
= (%)aAz[l + cos (2wt + 2Bsinw,,t] , where w.and B are doubled.

Using a nonlinear device with I/O c/cs:
eo(t) = ay + a,e;(t) + a,e?(t) + -+ + a,e™(t)
Then we will have nfg, i.e. WBFM,

But we also have nw,.. Therefore we use frequency convertor to control the
value of w,.

Non Liner
Input —r——> Device | BPF —§->Output
Frequency Multiplier

Input

BPF |—»Output

Cosw t

Frequency Converter
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The frequency deviation is given by: Af =nynyAfy ...(5-27)

And the carrier frequency is: fe = (ifi £ fo)n,

...(5-28)

Practically the value of Af; is 25 Hz, in order to maintain § <« 1 (as required

in NBFM), the balanced spectrum range from 50 Hz to 15 kHz (audio frequencies).

Af

25
g =—,atf, =15kHz= f = — = 0.00167

m 15k

at f,, =50Hz = [ = g = 0.5, Worse possible case

The two values of carrier frequency due to positive and negative signs are

compared with the FM band [88 MHz to 108 MHz], so we choose the value which

lies in that range.

The values n1 & n2 are chosen such that they can be generated using doublers

and triplers I cascaded more easier practically
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(ex. 64 =2%2*2*2*D*D 48=2HQHFQ*FQ*3 ... )

Ex 5-4
Consider the signal 2 cos(2m X 10°¢ + 0.1sin2m X 103t) is used to generate
WBFM with Af no more than 77 kHz, and f, of 100 MHz.

a) Design a circuit of Armstrong transmitter.

b) Determine an estimate of BW of both signals.

Solution
£,=100 kHz =1 ?? MH:
6F,=100Hz A=TTIHz
=76.8 MHz
Frequency Frequency
_pl  Multiplier | | Frequency i_, Multiplier [ ¥y
_ Converter _
"nl i *n2
Local osc.
Coswat
]
]
g =01 2 4 770
[]
fn=10°= 1kHz | /3‘%/
2 1 384
Afi=Bfm =0.1*%10° =100 Hz '
2 Y 192
L
"=100Hz 2
]
n =283 =768 2 . 8
2 v 24
Say n;=2°=32 '
; 2, 12
=2°%3=24 '
" 2 16
=76.8 kHz Vol
]
(]
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fo=(ufit fn,
Since nyn, f;=768 *100 k=76.8 MHz which is less than f. (100 MHz).
The sign in above equation is +, i.e:
fe = (ify + o),
100*10°=(32*100*10°+f>)*24
£,=33.2 MHz.
a) BWnerm=2fn=2 kHz
BWwerm=2Af=153.6 kHz

2- Direct Method

Using simple LC oscillator by varying either C or L, depending on the

message signal, the frequency generated is .. e.g. Hartly oscillator.

W, = \/%_c L=L+ Ls
c=c, +kf(t) L,
1
Wy = —— C
° Lco[1+%§)]
L Varicap
1 1 kf(t) kf(t)
w, = = 1+ , when — K 1
0 JE[H%S)]I/Z JLC, [ 2C, Co
Using binomial (1 4+ x)" =1+ nx forx <1
Kf(t) 1
@o = e [1 + f] 'Y = TG,
wy = we + kef(t) ....(5-29)
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. _ wck
T 2,

... (5-30)

Demodulation of FM Signals

1- Direct method (Discrimination)

Using differentiator and envelope detector

oru(t) = Accos [wct + kg ft f(a)da]

d"”;—ﬂ;(” = Ac[w + kef(D)]sin [wct +h [ f(a)da] .(5-31)
t 1 1

Const. Const Const

If kef(t) < w, then envelope of @gy,'(t) is Ac[we + ke f(T)]

_____________________________________________

Envelope : -
detector :

............................................

Discriminator
o \\//\

In fact, the discriminator changes

the FM signal into AM with only Prevr ¥
the slight difference that the new
carrier frequency has some frequency .

Drrr (D

variation.

Envelope of
Dras (1) v
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