
Frequency modulation

A signal may be carried by an AM or FM radio wave.

FM has better noise (RFI) rejection than AM, as shown in this
dramatic New York publicity demonstration by General Electric
in 1940. The radio has both AM and FM receivers. With a mil-
lion volt arc as a source of interference behind it, the AM receiver
produced only a roar of static, while the FM receiver clearly re-
produced a music program from Armstrong’s experimental FM
transmitter W2XMN in New Jersey.

In telecommunications and signal processing, frequency
modulation (FM) is the encoding of information in a
carrier wave by varying the instantaneous frequency of

the wave. This contrasts with amplitude modulation, in
which the amplitude of the carrier wave varies, while the
frequency remains constant.
In analog frequency modulation, such as FM radio broad-
casting of an audio signal representing voice or music,
the instantaneous frequency deviation, the difference be-
tween the frequency of the carrier and its center fre-
quency, is proportional to the modulating signal.
Digital data can be encoded and transmitted via FM by
shifting the carrier’s frequency among a predefined set
of frequencies representing digits - for example one fre-
quency can represent a binary 1 and a second can rep-
resent binary 0. This modulation technique is known
as frequency-shift keying (FSK). FSK is widely used in
modems and fax modems, and can also be used to send
Morse code.[1] Radioteletype also uses FSK.[2]

Frequency modulation is widely used for FM radio
broadcasting. It is also used in telemetry, radar, seis-
mic prospecting, and monitoring newborns for seizures
via EEG,[3] two-way radio systems, music synthe-
sis, magnetic tape-recording systems and some video-
transmission systems. In radio transmission, an advan-
tage of frequency modulation is that it has a larger signal-
to-noise ratio and therefore rejects radio frequency inter-
ference better than an equal power amplitude modulation
(AM) signal. For this reason, most music is broadcast
over FM radio.
Frequency modulation has a close relationship with phase
modulation; phase modulation is often used as an inter-
mediate step to achieve frequency modulation. Mathe-
matically both of these are considered a special case of
quadrature amplitude modulation (QAM).

1 Theory

If the information to be transmitted (i.e., the baseband
signal) is xm(t) and the sinusoidal carrier is xc(t) =
Ac cos(2πfct) , where fc is the carrier’s base frequency,
andAc is the carrier’s amplitude, the modulator combines
the carrier with the baseband data signal to get the trans-
mitted signal:
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2 1 THEORY

y(t) = Ac cos
(
2π

∫ t

0

f(τ)dτ

)
= Ac cos

(
2π

∫ t

0

[fc + f∆xm(τ)] dτ

)
= Ac cos

(
2πfct+ 2πf∆

∫ t

0

xm(τ)dτ

)
where f∆ = Kf Am , Kf being the sensitivity of the
frequency modulator and Am being the amplitude of the
modulating signal or baseband signal.
In this equation, f(τ) is the instantaneous frequency of
the oscillator and f∆ is the frequency deviation, which
represents the maximum shift away from fc in one direc-
tion, assuming xm(t) is limited to the range ±1.
While most of the energy of the signal is contained within
fc ± fΔ, it can be shown by Fourier analysis that a wider
range of frequencies is required to precisely represent an
FM signal. The frequency spectrum of an actual FM sig-
nal has components extending infinitely, although their
amplitude decreases and higher-order components are of-
ten neglected in practical design problems.[4]

1.1 Sinusoidal baseband signal

Mathematically, a baseband modulated signal may be ap-
proximated by a sinusoidal continuous wave signal with a
frequency fm.This method is also named as Single-tone
Modulation.The integral of such a signal is:

∫ t

0

xm(τ)dτ =
Am sin(2πfmt)

2πfm

In this case, the expression for y(t) above simplifies to:

y(t) = Ac cos
(
2πfct+

Amf∆
fm

sin (2πfmt)

)
where the amplitude Am of the modulating sinusoid is
represented by the peak deviation f∆ (see frequency de-
viation).
The harmonic distribution of a sine wave carrier modu-
lated by such a sinusoidal signal can be represented with
Bessel functions; this provides the basis for a mathemat-
ical understanding of frequency modulation in the fre-
quency domain.

1.2 Modulation index

As in other modulation systems, the modulation index
indicates by how much the modulated variable varies
around its unmodulated level. It relates to variations in
the carrier frequency:

h =
∆f

fm
=

f∆|xm(t)|
fm

where fm is the highest frequency component present
in the modulating signal xm(t), and ∆f is the peak
frequency-deviation—i.e. the maximum deviation of the
instantaneous frequency from the carrier frequency. For
a sine wave modulation, the modulation index is seen to
be the ratio of the peak frequency deviation of the carrier
wave to the frequency of the modulating sine wave.
Ifh ≪ 1 , themodulation is called narrowbandFM, and
its bandwidth is approximately 2fm . Sometimes modu-
lation index h<0.3 rad is considered as Narrowband FM
otherwise Wideband FM.
For digital modulation systems, for example Binary Fre-
quency Shift Keying (BFSK), where a binary signal mod-
ulates the carrier, the modulation index is given by:

h =
∆f

fm
=

∆f
1

2Ts

= 2∆fTs

where Ts is the symbol period, and fm = 1
2Ts

is used as
the highest frequency of the modulating binary waveform
by convention, even though it would be more accurate to
say it is the highest fundamental of the modulating binary
waveform. In the case of digital modulation, the carrier
fc is never transmitted. Rather, one of two frequencies
is transmitted, either fc+∆f or fc−∆f , depending on
the binary state 0 or 1 of the modulation signal.
If h ≫ 1 , the modulation is called wideband FM and
its bandwidth is approximately 2f∆ . While wideband
FM uses more bandwidth, it can improve the signal-to-
noise ratio significantly; for example, doubling the value
of ∆f , while keeping fm constant, results in an eight-
fold improvement in the signal-to-noise ratio.[5] (Com-
pare this with Chirp spread spectrum, which uses ex-
tremely wide frequency deviations to achieve process-
ing gains comparable to traditional, better-known spread-
spectrum modes).
With a tone-modulated FM wave, if the modulation fre-
quency is held constant and the modulation index is in-
creased, the (non-negligible) bandwidth of the FM sig-
nal increases but the spacing between spectra remains the
same; some spectral components decrease in strength as
others increase. If the frequency deviation is held con-
stant and the modulation frequency increased, the spacing
between spectra increases.
Frequency modulation can be classified as narrowband if
the change in the carrier frequency is about the same as
the signal frequency, or as wideband if the change in the
carrier frequency is much higher (modulation index >1)
than the signal frequency. [6] For example, narrowband
FM is used for two way radio systems such as Family
Radio Service, in which the carrier is allowed to devi-
ate only 2.5 kHz above and below the center frequency
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with speech signals of no more than 3.5 kHz bandwidth.
Wideband FM is used for FM broadcasting, in which mu-
sic and speech are transmitted with up to 75 kHz devia-
tion from the center frequency and carry audio with up to
a 20-kHz bandwidth.

1.3 Bessel functions

For the case of a carrier modulated by a single sine wave,
the resulting frequency spectrum can be calculated us-
ing Bessel functions of the first kind, as a function of
the sideband number and the modulation index. The car-
rier and sideband amplitudes are illustrated for different
modulation indices of FM signals. For particular values
of the modulation index, the carrier amplitude becomes
zero and all the signal power is in the sidebands.[4]

Since the sidebands are on both sides of the carrier, their
count is doubled, and then multiplied by the modulat-
ing frequency to find the bandwidth. For example, 3
kHz deviation modulated by a 2.2 kHz audio tone pro-
duces a modulation index of 1.36. Suppose that we
limit ourselves to only those sidebands that have a rel-
ative amplitude of at least 0.01. Then, examining the
chart shows this modulation index will produce three
sidebands. These three sidebands, when doubled, gives
us (6 * 2.2 kHz) or a 13.2 kHz required bandwidth.

1.4 Carson’s rule

Main article: Carson bandwidth rule

A rule of thumb, Carson’s rule states that nearly all (~98
percent) of the power of a frequency-modulated signal
lies within a bandwidth BT of:

BT = 2(∆f + fm)

= 2fm (β + 1)

where∆f , as defined above, is the peak deviation of the
instantaneous frequency f(t) from the center carrier fre-
quency fc ,β is the Modulation index which is the ratio
of frequency deviation to highest frequency in the modu-
lating signal and fm is the highest frequency in the mod-
ulating signal. Condition for application of Carson’s rule
is only sinusoidal signals.

BT = 2(∆f +W )

= 2W (D + 1)

where W is the highest frequency in the modulating sig-
nal but non-sinusoidal in nature and D is the Deviation
ratio which the ratio of frequency deviation to highest fre-
quency of modulating non-sinusoidal signal.

2 Noise reduction

FM provides improved Signal-to-noise ratio (SNR), as
compared for example with AM. Compared with an opti-
mum AM scheme, FM typically has poorer SNR below a
certain signal level called the noise threshold, but above a
higher level – the full improvement or full quieting thresh-
old – the SNR is much improved over AM. The improve-
ment depends onmodulation level and deviation. For typ-
ical voice communications channels, improvements are
typically 5-15 dB. FM broadcasting using wider deviation
can achieve even greater improvements. Additional tech-
niques, such as pre-emphasis of higher audio frequencies
with corresponding de-emphasis in the receiver, are gen-
erally used to improve overall SNR in FM circuits. Since
FM signals have constant amplitude, FM receivers nor-
mally have limiters that remove AM noise, further im-
proving SNR.[7][8]

3 Implementation

3.1 Modulation

FM signals can be generated using either direct or indirect
frequency modulation:

• Direct FM modulation can be achieved by directly
feeding the message into the input of a voltage-
controlled oscillator.

• For indirect FM modulation, the message signal
is integrated to generate a phase-modulated signal.
This is used to modulate a crystal-controlled oscil-
lator, and the result is passed through a frequency
multiplier to produce an FM signal. In this modula-
tion, narrow band FM is generated leading to wide
band FM later and hence the modulation is known
as indirect FM modulation.[9]

3.2 Demodulation

See also: Detectors

Many FM detector circuits exist. A common method
for recovering the information signal is through a Foster-
Seeley discriminator. A phase-locked loop can be used as
an FM demodulator. Slope detection demodulates an FM
signal by using a tuned circuit which has its resonant fre-
quency slightly offset from the carrier. As the frequency
rises and falls the tuned circuit provides a changing am-
plitude of response, converting FM to AM. AM receivers
may detect some FM transmissions by this means, al-
though it does not provide an efficient means of detection
for FM broadcasts.
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4 Applications

4.1 Magnetic tape storage

FM is also used at intermediate frequencies by analog
VCR systems (including VHS) to record the luminance
(black and white) portions of the video signal. Com-
monly, the chrominance component is recorded as a con-
ventional AM signal, using the higher-frequency FM sig-
nal as bias. FM is the only feasible method of recording
the luminance (“black and white”) component of video to
(and retrieving video from) magnetic tape without distor-
tion; video signals have a large range of frequency compo-
nents – from a few hertz to several megahertz, too wide
for equalizers to work with due to electronic noise be-
low −60 dB. FM also keeps the tape at saturation level,
acting as a form of noise reduction; a limiter can mask
variations in playback output, and the FM capture effect
removes print-through and pre-echo. A continuous pilot-
tone, if added to the signal – as was done on V2000 and
manyHi-band formats – can keepmechanical jitter under
control and assist timebase correction.
These FM systems are unusual, in that they have a ratio
of carrier to maximummodulation frequency of less than
two; contrast this with FM audio broadcasting, where the
ratio is around 10,000. Consider, for example, a 6-MHz
carrier modulated at a 3.5-MHz rate; by Bessel analysis,
the first sidebands are on 9.5 and 2.5 MHz and the second
sidebands are on 13 MHz and −1 MHz. The result is a
reversed-phase sideband on +1 MHz; on demodulation,
this results in unwanted output at 6−1 = 5 MHz. The
system must be designed so that this unwanted output is
reduced to an acceptable level.[10]

4.2 Sound

FM is also used at audio frequencies to synthesize sound.
This technique, known as FM synthesis, was popularized
by early digital synthesizers and became a standard fea-
ture in several generations of personal computer sound
cards.

4.3 Radio

Main article: FM broadcasting

Edwin Howard Armstrong (1890–1954) was an Ameri-
can electrical engineer who invented wideband frequency
modulation (FM) radio.[11] He patented the regenerative
circuit in 1914, the superheterodyne receiver in 1918 and
the super-regenerative circuit in 1922.[12] Armstrong pre-
sented his paper, “AMethod of ReducingDisturbances in
Radio Signaling by a System of Frequency Modulation”,
(which first described FM radio) before the New York
section of the Institute of Radio Engineers on November

An American FM radio transmitter in Buffalo, NY at WEDG

6, 1935. The paper was published in 1936.[13]

As the name implies, wideband FM (WFM) requires a
wider signal bandwidth than amplitude modulation by
an equivalent modulating signal; this also makes the sig-
nal more robust against noise and interference. Fre-
quency modulation is also more robust against signal-
amplitude-fading phenomena. As a result, FM was cho-
sen as the modulation standard for high frequency, high
fidelity radio transmission, hence the term "FM radio"
(although for many years the BBC called it “VHF ra-
dio” because commercial FM broadcasting uses part of
the VHF band—the FM broadcast band). FM receivers
employ a special detector for FM signals and exhibit a
phenomenon known as the capture effect, in which the
tuner “captures” the stronger of two stations on the same
frequency while rejecting the other (compare this with a
similar situation on an AM receiver, where both stations
can be heard simultaneously). However, frequency drift
or a lack of selectivity may cause one station to be over-
taken by another on an adjacent channel. Frequency drift
was a problem in early (or inexpensive) receivers; inade-
quate selectivity may affect any tuner.
An FM signal can also be used to carry a stereo signal;
this is done with multiplexing and demultiplexing before
and after the FM process. The FM modulation and de-
modulation process is identical in stereo and monaural
processes. A high-efficiency radio-frequency switching
amplifier can be used to transmit FM signals (and other
constant-amplitude signals). For a given signal strength
(measured at the receiver antenna), switching amplifiers
use less battery power and typically cost less than a linear
amplifier. This gives FM another advantage over other
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modulation methods requiring linear amplifiers, such as
AM and QAM.
FM is commonly used at VHF radio frequencies for
high-fidelity broadcasts of music and speech. Analog
TV sound is also broadcast using FM. Narrowband FM
is used for voice communications in commercial and
amateur radio settings. In broadcast services, where au-
dio fidelity is important, wideband FM is generally used.
In two-way radio, narrowband FM (NBFM) is used to
conserve bandwidth for land mobile, marine mobile and
other radio services.

5 See also
• Amplitude modulation

• Continuous-wave frequency-modulated radar

• Chirp

• FM broadcasting

• FM stereo

• FM-UWB (FM and Ultra Wideband)

• History of radio

• Modulation, for a list of other modulation tech-
niques

6 References
[1] Stan Gibilisco (2002). Teach yourself electricity and elec-

tronics. McGraw-Hill Professional. p. 477. ISBN 978-0-
07-137730-0.

[2] David B. Rutledge (1999). The Electronics of Radio.
Cambridge University Press. p. 310. ISBN 978-0-521-
64645-1.

[3] B. Boashash, editor, “Time-Frequency Signal Analysis
and Processing – A Comprehensive Reference”, Elsevier
Science, Oxford, 2003; ISBN 0-08-044335-4

[4] T.G. Thomas, S. C. Sekhar Communication Theory, Tata-
McGraw Hill 2005, ISBN 0-07-059091-5 page 136

[5] Der, Lawrence, Ph.D., Frequency Modulation (FM) Tu-
torial, http://www.silabs.com/Marcom%20Documents/
Resources/FMTutorial.pdf, Silicon Laboratories, Inc.,
accessed 2013 February 24, p. 5

[6] B. P. Lathi, Communication Systems, John Wiley and
Sons, 1968 ISBN 0-471-51832-8, p, 214–217

[7] H. P. Westman, ed. (1970). Reference Data for Radio
Engineers (Fifth ed.). Howard W. Sams & Co. p. 21-11.

[8] Alan Bloom (2010). “Chapter 8. Modulation”. In H.
Ward Silver and Mark J. Wilson (Eds). The ARRL Hand-
book for Radio Communications. American Radio Relay
League. p. 8.7. ISBN 978-0-87259-146-2.

[9] “Communication Systems” 4th Ed, Simon Haykin, 2001

[10] “FM Systems Of Exceptional Bandwidth”
Proc. IEEE vol 112, no. 9, p. 1664, Septem-
ber 1965

[11] A. Michael Noll (2001). Principles of modern communi-
cations technology. Artech House. p. 104. ISBN 978-1-
58053-284-6.

[12] US 1342885

[13] Armstrong, E. H. (May 1936). “A Method of Reducing
Disturbances in Radio Signaling by a System of Frequency
Modulation”. Proceedings of the IRE. IRE. 24 (5): 689–
740. doi:10.1109/JRPROC.1936.227383.

7 External links
• Frequency modulation tutorial video with example
waveforms and FM transmitter circuit.

8 Further reading
• A. Bruce Carlson. Communication Systems, 4th
edition. McGraw-Hill Science/Engineering/Math.
2001. ISBN 0-07-011127-8, ISBN 978-0-07-
011127-1.

• Gary L. Frost. Early FM Radio: Incremental Tech-
nology in Twentieth-Century America. Baltimore:
Johns Hopkins University Press, 2010. ISBN 0-
8018-9440-9, ISBN 978-0-8018-9440-4.

• Ken Seymour, AT&T Wireless (Mobility). Fre-
quency Modulation, The Electronics Handbook, pp
1188-1200, 1st Edition, 1996. 2nd Edition, 2005
CRC Press, Inc., ISBN 0-8493-8345-5 (1st Edi-
tion).

https://en.wikipedia.org/wiki/Quadrature_amplitude_modulation
https://en.wikipedia.org/wiki/VHF
https://en.wikipedia.org/wiki/Radio_frequencies
https://en.wikipedia.org/wiki/High-fidelity
https://en.wikipedia.org/wiki/Radio_broadcasting
https://en.wikipedia.org/wiki/Speech_communication
https://en.wikipedia.org/wiki/Amateur_radio
https://en.wikipedia.org/wiki/Two-way_radio
https://en.wikipedia.org/wiki/Amplitude_modulation
https://en.wikipedia.org/wiki/Continuous-wave_frequency-modulated_radar
https://en.wikipedia.org/wiki/Chirp
https://en.wikipedia.org/wiki/FM_broadcasting
https://en.wikipedia.org/wiki/FM_stereo
https://en.wikipedia.org/wiki/FM-UWB
https://en.wikipedia.org/wiki/History_of_radio
https://en.wikipedia.org/wiki/Modulation
https://books.google.com/?id=-Q6SBAKsmXkC&pg=PA477&dq=morse-code+frequency-shift-keying+sent-using-fsk
https://books.google.com/?id=-Q6SBAKsmXkC&pg=PA477&dq=morse-code+frequency-shift-keying+sent-using-fsk
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-07-137730-0
https://en.wikipedia.org/wiki/Special:BookSources/978-0-07-137730-0
https://books.google.com/?id=ZvJYLhk4N64C&pg=RA2-PA310&dq=radio-teletype+fsk
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-521-64645-1
https://en.wikipedia.org/wiki/Special:BookSources/978-0-521-64645-1
https://en.wikipedia.org/wiki/Special:BookSources/0080443354
https://en.wikipedia.org/wiki/Special:BookSources/0070590915
http://www.silabs.com/Marcom%2520Documents/Resources/FMTutorial.pdf
http://www.silabs.com/Marcom%2520Documents/Resources/FMTutorial.pdf
https://en.wikipedia.org/wiki/Special:BookSources/0471518328
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-87259-146-2
https://books.google.com/books?id=6tDEZlwiMK0C&pg=PA104
https://books.google.com/books?id=6tDEZlwiMK0C&pg=PA104
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-58053-284-6
https://en.wikipedia.org/wiki/Special:BookSources/978-1-58053-284-6
https://worldwide.espacenet.com/textdoc?DB=EPODOC&IDX=US1342885
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1109%252FJRPROC.1936.227383
http://www.afrotechmods.com/tutorials/2016/08/09/frequency-modulation-tutorial-and-fm-radio-transmitter-circuit/
http://www.afrotechmods.com/tutorials/2016/08/09/frequency-modulation-tutorial-and-fm-radio-transmitter-circuit/
https://en.wikipedia.org/wiki/Special:BookSources/0070111278
https://en.wikipedia.org/wiki/Special:BookSources/9780070111271
https://en.wikipedia.org/wiki/Special:BookSources/9780070111271
https://en.wikipedia.org/wiki/Special:BookSources/0801894409
https://en.wikipedia.org/wiki/Special:BookSources/0801894409
https://en.wikipedia.org/wiki/Special:BookSources/9780801894404
https://en.wikipedia.org/wiki/Special:BookSources/0849383455


6 9 TEXT AND IMAGE SOURCES, CONTRIBUTORS, AND LICENSES

9 Text and image sources, contributors, and licenses

9.1 Text
• Frequency modulation Source: https://en.wikipedia.org/wiki/Frequency_modulation?oldid=756189267 Contributors: Mav, The Anome,

Hannes Hirzel, Waveguy, Ram-Man, Michael Hardy, Pit~enwiki, Nixdorf, Karada, Stw, Ahoerstemeier, Stevenj, Docu, Glenn, Lee M,
Smack, Bemoeial, Radiojon, Furrykef, Saltine, Omegatron, Phoebe, Olathe, Robbot, Pibwl, Blainster, Giftlite, DavidCary, BenFrantz-
Dale, Lee J Haywood, Ssd, Siroxo, Albany45, Matt Crypto, Stevietheman, Antandrus, Rdsmith4, Sonett72, Jakro64, CALR, Rich
Farmbrough, Liflon, Ibagli, Bender235, MBisanz, Jarfil, Cacophony, Simon South, Bobo192, Ntmatter, Rbj, Cohesion, Sparkgap, An-
drewpmk, Fritz Saalfeld, Chivalry, Atomicthumbs, Wtmitchell, Wtshymanski, Paul1337, Cburnett, RainbowOfLight, DV8 2XL, Red-
vers, Ringbang, TomTheHand, Hdante, Zilog Jones, Eyreland, Junes, Graham87, BD2412, Eteq, Zoz, MZMcBride, Vegaswikian, Ho-
quocthai, MapsMan, Titoxd, FlaBot, RexNL, Lmatt, Srleffler, Chobot, Jpkotta, YurikBot, Borgx, RussBot, Splash, Akamad, Dogcow,
Sangwine, Joelhalbert, Brandon, Mikeblas, Tachs, Happyharris, Plamka, Daniel C, Pb30, SmackBot, TalezShin, Eskimbot, Comman-
der Keane bot, Yamaguchi , Phillipbeynon, Skizzik, Oli Filth, EncMstr, Bob K, Harumphy, JonHarder, Kukini, Ysoldak, Soumyasch,
MonsieurET, Magicmat, Makyen, JustinSmith, Rogerbrent, Dicklyon, Larrymcp, Kvng, Tawkerbot2, Chetvorno, SkyWalker, CmdrObot,
JohnCD, Lark ascending, Casper2k3, Necrat, Mblumber, Scissorhands1203, Quibik, Thijs!bot, N5iln, Gerry Ashton, Brichcja, Magicscott,
KrakatoaKatie, Luna Santin, HyperDrive, JAnDbot, Harryzilber, CosineKitty, Quentar~enwiki, Magioladitis, KyleAndMelissa22, VoABot
II, Email4mobile, Kaifeng, Phmonopoly, Tercer, Kayau, Hemidemisemiquaver, MartinBot, Haffner, Wa3frp, FreshBreeze, Reedy Bot,
McSly, Samtheboy, KylieTastic, Ampsys, David.lecomte, Funandtrvl, VolkovBot, Wikipedita, Alinja, TXiKiBoT, Vsarank, Serrano24,
LeaveSleaves, Cuddlyable3, Robert1947, Spinningspark, Daviddoria, AlleborgoBot, ConnTorrodon, Renxa, Vladimir Stalin, SieBot, In-
terselector, YourEyesOnly, Smsarmad, Flyer22 Reborn, Justinperkins, Berserkerus, Miniapolis, Lisatwo, BlackOrestes, Svick, Joelster,
ElectronicsEnthusiast, Dp67, ClueBot, Binksternet, Muhandes, Umair ajmal01, Johnuniq, BodhisattvaBot, SilvonenBot, DOI bot, Chamal
N, AndersBot, CodySupermarketSweep, Tassedethe, Romanskolduns, Snaily, Legobot, आशीष भटनागर, Luckas-bot, Yobot, Ptbotgourou,
DemocraticLuntz, Ciudadano001, Mofelix2, LilHelpa, Xqbot, Jhbdel, Nedim Ardoğa, Chase.chapman, Prari, Citation bot 1, Pinethicket,
MondalorBot, Gehilfen, Vrenator, Inferior Olive, Reaper Eternal, Suffusion of Yellow, Paulipu, Minimac, Cryptochromatologist, Ripchip
Bot, Becritical, EmausBot, Hhhippo, ZéroBot, Chanli44, Caspertheghost, Boashash, Burhem, ChuispastonBot, Mjean-njitwill, ClueBot
NG, MelbourneStar, Raghith, Engradio, Helpful Pixie Bot, Vagobot, Northamerica1000, Collins20V2, Zedshort, Frogging101, Lorien-
drew, ChrisGualtieri, Pradku2, The.ever.kid, Lugia2453, ASJoshi, Neerajguptanew, EG16, MitchRandall, Lgunther1, Kavya l, Rijoan and
Anonymous: 253

9.2 Images
• File:Amfm3-en-de.gif Source: https://upload.wikimedia.org/wikipedia/commons/a/a4/Amfm3-en-de.gif License: CC BY-SA 2.5 Con-
tributors: Own work Original artist: Berserkerus

• File:FM_Broadcast_Transmitter_High_Power.jpg Source: https://upload.wikimedia.org/wikipedia/commons/f/fd/FM_Broadcast_
Transmitter_High_Power.jpg License: CC BY-SA 3.0 Contributors: Transferred from en.wikipedia to Commons. Original artist: Necrat

• File:Folder_Hexagonal_Icon.svg Source: https://upload.wikimedia.org/wikipedia/en/4/48/Folder_Hexagonal_Icon.svg License: Cc-by-
sa-3.0 Contributors: ? Original artist: ?

• File:GE_FM_radio_antistatic_demonstration_1940.jpg Source: https://upload.wikimedia.org/wikipedia/commons/f/f0/GE_FM_
radio_antistatic_demonstration_1940.jpg License: Public domain Contributors: Retrieved October 3, 2015 from <a data-x-rel='nofollow'
class='external text' href='https://books.google.com/books?id=gycDAAAAMBAJ,<span>,&,</span>,pg=PA70'>E. W. Murtfeldt, “What
are the facts about FM?" in Popular Science magazine, Popular Science Publishing Co., New York, Vol. 137, No. 5, November 1940, p.
70</a> on Google Books Original artist: E. W. Murtfeldt

• File:Portal-puzzle.svg Source: https://upload.wikimedia.org/wikipedia/en/f/fd/Portal-puzzle.svg License: Public domain Contributors: ?
Original artist: ?

• File:Telecom-icon.svg Source: https://upload.wikimedia.org/wikipedia/commons/4/4e/Telecom-icon.svg License: Public domain Con-
tributors: Vectorized by User:Booyabazooka from original small PD raster image File:Telecom-icon.jpg Original artist: Vectorized by
User:Booyabazooka from original small PD raster image File:Telecom-icon.jpg

9.3 Content license
• Creative Commons Attribution-Share Alike 3.0

https://en.wikipedia.org/wiki/Frequency_modulation?oldid=756189267
https://upload.wikimedia.org/wikipedia/commons/a/a4/Amfm3-en-de.gif
https://ru.wikipedia.org/wiki/User:Berserkerus
https://upload.wikimedia.org/wikipedia/commons/f/fd/FM_Broadcast_Transmitter_High_Power.jpg
https://upload.wikimedia.org/wikipedia/commons/f/fd/FM_Broadcast_Transmitter_High_Power.jpg
//en.wikipedia.org
https://en.wikipedia.org/wiki/User:Necrat
https://upload.wikimedia.org/wikipedia/en/4/48/Folder_Hexagonal_Icon.svg
https://upload.wikimedia.org/wikipedia/commons/f/f0/GE_FM_radio_antistatic_demonstration_1940.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f0/GE_FM_radio_antistatic_demonstration_1940.jpg
https://upload.wikimedia.org/wikipedia/en/f/fd/Portal-puzzle.svg
https://upload.wikimedia.org/wikipedia/commons/4/4e/Telecom-icon.svg
//commons.wikimedia.org/wiki/File:Telecom-icon.jpg
//commons.wikimedia.org/wiki/File:Telecom-icon.jpg
https://creativecommons.org/licenses/by-sa/3.0/

	Theory
	Sinusoidal baseband signal
	Modulation index
	Bessel functions
	Carson’s rule

	Noise reduction
	Implementation
	Modulation
	Demodulation

	Applications
	Magnetic tape storage
	Sound
	Radio

	See also
	References
	External links
	Further reading
	Text and image sources, contributors, and licenses
	Text
	Images
	Content license


