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Frequency Modulation
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Frequency/phase Modulation

FM: S(t) = B cos[2πfct + fΔ/fm cos(2πfmt)]

1 / (fm) 

AM: S(t) = B [1+msin(2π fmt)] cos(2πfct)

x(t)=sin(2πfmt)
B = 1
fc = 20 kHz
D = fΔ / fm

fm =2 kHz
fΔ = 5 kHz
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Frequency/phase Modulation

S(t) = B cos[2π fct + fΔ/fm cos(2π fmt)]

= B cos[(t)]

(t) = 2π fct + fΔ/fm cos(2π fmt)

Instantaneous frequency:

f = d (t)/(2π dt) = fc+ (fm)*fΔ/fm sin(2π fmt)

f = fc+ fΔ sin(2π fmt);  [fc- fΔ ; fc+ fΔ]
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FM bandwidth

x(t)=sin(2πfmt)
B = 1
fc = 20 kHz
fm =2 kHz
fΔ = 5 kHz

BW ൎ 2(fΔ + fm) = 2(5kHz + 2kHz) = 14 kHz 
(Carson rule – approximation of the BW (~98%) for FM signal)

14 kHz 

fm

fcfc-fΔ-fm fc+fΔ+fm
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FM bandwidth

x(t)=sin(2πfmt)
B = 1
fc = 20 kHz
fm =500 Hz
fΔ = 5 kHz

BW ൎ 2(fΔ + fm) = 2(5kHz + 0.5kHz) = 11 kHz 

11 kHz 

fc
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FM Theory
𝑆 𝑡 ൌ  𝐵 𝑐𝑜𝑠 2𝜋𝑓௖𝑡 ൅

𝑓௱
𝑓௠

cosሺ2𝜋𝑓௠𝑡ቇ

Jn(x) is a Bessel Function of the first kind

𝑆ሺ𝑡ሻ ൌ 𝐴𝐽0ሺ𝑥ሻ𝑐𝑜𝑠ሺ2𝜋𝑓𝑐 𝑡ሻ

൅ 𝐴 ෍ 𝐽2𝑛 ሺ𝑥ሻ𝑠𝑖𝑛ሾ2𝜋ሺ𝑓𝑐 ൅ 2𝑛𝑓𝑚 ሻ𝑡ሿ
∞

𝑛ൌ1

൅ 𝐴 ෍ 𝐽2𝑛 ሺ𝑥ሻ𝑠𝑖𝑛ሾ2𝜋ሺ𝑓𝑐 െ 2𝑛𝑓𝑚 ሻ𝑡ሿ                   
∞

𝑛ൌ1

൅ 𝐴 ෍ 𝐽2𝑛െ1ሺ𝑥ሻ𝑐𝑜𝑠ሾ2𝜋ሺ𝑓𝑐 ൅ ሺ2𝑛 െ 1ሻ𝑓𝑚 ሻ𝑡ሿ
∞

𝑛ൌ1

൅ 𝐴 ෍ 𝐽2𝑛െ1ሺ𝑥ሻ𝑐𝑜𝑠ሾ2𝜋ሺ𝑓𝑐 െ ሺ2𝑛 െ 1ሻ𝑓𝑚 ሻ𝑡ሿ
∞

𝑛ൌ1
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Bandwidth defines channel spacing
Example
KBCO
fc = 97.3MHz
fm = 20 kHz
fΔ = 200 kHz

Music Bandwidth

Waterfall Chart

98.3MHz 99.1MHz97.4MHz

200kHz200kHz
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FM Receiver

Air variable capacitor used for tuning


