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2. iiteFeusuaziiila Waveform, Spectrum uazdnsINns Modulation w8 AM

3. LileponuuuLazds AM Tdusa

4. Welseuiwasinlaisnisin wasn1suiuraImadmeat (AM)

20.2. vanMsuasngefitneadas

o

= 14 ) Aa aa v & o '3 = ~ A
38‘U‘Uﬂ’]iﬁ@ﬁ’]ﬂiﬁ’]ﬂL‘LJ“LJVI‘L!EJ@JIUGU’JWUEN 157 AHUINSANIlAReUTNNTEAN8dtyey Ui

A

Tidndudesddansln szuunisdeansliansldusslevianauautfvesrdulni@saiuise
nIzanedygadilarsu 3sdesdnsziisussuunisdeansiianedianuisauntasdygyiu

[

AAUlNAUT Vice-Versa nsasuuuliavanusanvasdgarauliinlaznszaedygiu

ALY}

vesdygrallueinirinuaIeIna MAsuIzsUNnTEenuANeeauliiaIne N AN

o A

dl 1 d‘ o U d‘ ¥ L4 :’I I 1 dl 1 o U
NN UALULUAINDLUBDY LLazmaﬁgmmml@miﬁumu PN LLG]E“IQJJQJ}’]LE?EJQVII@J PAUNEHUNFIFINIU

[ «
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dmdunisdanuuldans lsudentuneuiii Modulation Tutlagiuiinis Modulation a1y
WUURA® Amplitude Modulation (AM), Frequency Modulation (FM), Phase Modulation
(PM) 1311dUs2lavin1s Modulation 31n8nsinisaenefiuand1sfulaswdsuluaiy
Amplitude, Frequency, Phase vaandulndln luuniiisnazifeuiieaiu Amplitude

Modulation (AM)

wqwﬁmmagmmwumuﬁgﬂ (The Theory of Amplitude Modulation)

Ty Amplitude Modulation (AM) 1571gUsElewivesdnINMsveedynainglunis
Modulate uazenadayqinmdrdieands snsn1svenedyaiaeinisdnsisuilaiu
dasnsvenednyanal Ingdegunduiuanmmgui 1 dyanaingdu was carrier signal

[ Ae ] q

Amplitude Modulation (AM) 37lan

X o (t)= |:ADC +A Cos(Zﬂfmt)] A cos(27Z'fCt)

=A, |:1 + mcos(Zﬂ'fmt):I A cos(27ZfCt)
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=AA |:1 + mcos(Zﬂfmt)]cos(Zﬂfct)

(1)
m = Am/ADC
Apc Aoszaudeyalnnszianss (DC signal level)
A, PRIUINURIAEYILENS (Amplitude of audio signal)
Ac ﬁammmaaé’ag@mﬂﬁawwﬁ (Amplitude of carrier signal)
fm ﬁam’ma%aﬂﬁmiyﬂmﬁm (Frequency of audio signal)
fe ﬁ’é)m’mﬁ%aﬁiyiy’lm%ﬁuwﬁ (Frequency of carrier signal)
m ﬁ’é)ﬁ%ﬁmima@l@m (Modulation index or depth of modulation)
vzlaaunisnu (2) 1y
1
X (t) = —ADCACm{(:osl:Zﬂ'(fC +f, )t:| +cos|:27Z'(fC —f, ):|}
2
+AA cos(27ZfCt) )

¥
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O.SH]-ADCAC O.SmADcAc

% £ Lir i

5UN 2 laUAnuanudvesdy g uuenanidaun

d1ULIN99ENN1T (2) 95U1edsdeyey1u Double Sideband wazdrunassasuleds

carrier signal 910 @UN1T (2) 191FNUTNBTUIBLAVAYYI1UVDI AM modulation 8E19AT19)

=

Fauanslugud 2 ilesanlsiamsoueaiiudygyiainglu Double Sideband uazn1sds
oy raulmeladl %@;ﬂaﬁ'u wiognelsiniu wwifmﬂwm'qsuaaé’mwmsmm?ﬂﬁm%’umeaﬁf
auiiusean3aimues n15ds AM modulation 9261131 Double Sideband Suppressed
Carrier (DSB-SC) modulation k& demodulation circuit 19 u299suuUdne ) Foyey e

modulated DSB-SC Mmaﬁmmﬁwmﬁﬂizﬂauﬁ’m Upper Sideband tay Lower Sideband

(%
Y 1A

FausAannsasdayeyas Double Sideband dduusandty “m” Tuaunns (1) WWusausdan

a1 a

v < . A v & o ) | . = &
AYUAIULVUVBI modulation UnaLal LumILNUans1dId modulation #iA N uLUU

audio signal amplitude A
m= X100% = —— X 100%
DC signal magnetude A (3)

DC

v A

Tngyalulddelunisiaainuninevesdygiu DC ognslsnmiusiaiuisainandail

modulation TugUuuudu

Emax B Em'n
m = —=——"% X 100%

Emax + Em'm (4)

TUNT £ U8E £y MUAAIIUTUN 1 ADANGIARYBINTIN (£ = Ac + A) WAZAIRNEATDS

a 1

Feyyaingeglu Double

o CRT]

WS90 (Ep = Ac - A) 15138957017598718989 Modulation Mg
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(%
£ 1 v

luaunis (2) 151385y Double Sideband fladaduARYil Modulation faliuA6vil
Modulation Tnejann msadsdyarunlanid Usvdnsamdau Undnaldiaaail Modulation

l@nunusewiniy 1 81 Aeadl Modulation Tuajnatsisensiuin Over Modulation

The Theory of DSB/SSB Modulation

31ndUN1T (2) Li’li Double Sideband Suppressed Carrier (DSB-SC) modulation
wanedaviniugue egslsfanuduanunsavendsdyginuag Double Sideband 131@11130
T#usglovtians DSB-SC Modulator waglyf phase funnsnsiuseyrinsdaygaivguagnisas

dryeyrau 90 degree (DSB-SC), wag (DSB-SC) mwaunslu (5) way (6)

(DSB—SC), =2cos(fm)t><cos(fc)t
=cos2rt(f — f, )t +cos2m (£ — f, )t (5)

(0sB—sc), =2sin( £, )t xsin( £ )t
=cos27t(f — f, )t —cos2z (£ + f, )t ®

aun1s (5) uaz (6) wana (DSB-SC), waw (DSB-SC), dauaaniauss 15nawsaeduieduyao
USSB w3e LSSB #i O/P port

=(psgB—sc),+(bsB—sc),

XLSSB

=cosZ7Z'(fC—fm)t 7)

=(pss—sc),—(bsB—sc),

XLSSB

=cosZ7Z'(fC +fm)t ®8)

SUT 2 UaUFeU 1A NDVRY AM LSIENHNTALAU LOUFEIMANDEUUUURD fo — fin, f-

Y
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Modulation kUUH Power agldanunsaldaunualunisaaisifeuiunaansives Audio

Signal igeuaglu Double Sideband fatuAUKTIVBHaYaY 14 Double Sideband fdawuy

a

UsganSamazdnit 3ngUN 3 (1) wag 3 (A) Fyeyruaduiives SSB LS1EINITOAULAY

g}

o

dyeyraunudlu £ - £, w30 £ + fi, 087915ARI0SENIN9n15d 98 8y ey 164 Power

2]

o a0 oA

nagideluazidoundt DSB-SC Modulation 31n38A15AYARLII3RINSEeyIdedaLlaaf

'
a

LANFN9YD9N1S Modulation Y19@1LUY @D AM > DSB-SC > SSB 151491 1 1Junns

WIgUMEUTENING AM, DSB ay SSB modulation

Xan (D)} T

O5mMA LA 0. 5mA pee

I T > (Hz)

fo—fn f. o+ fim

n) frequency spectrum of DSB-SC

K..u.{[i—:l F 9

0. 5mAncA,

T — f (Hz)

f. —fu £ fe + 1

) frequency spectrum of SSB

Khh{':ﬂ F 9

O3mAped,

T »f (11z)

fl. _fll'. F-:. F-i + fm

A) frequency spectrum of SSB

gﬂﬁ 3 The frequency spectrum of DSB and SSB modulation
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mim‘iﬁ 1 The comparison between the AM, DSB and SSB modulation

Carrier Signal Audio Signal |Balanced Modulator| Power :
.| Modulation
Input Port Input Port Output Port Consumption

fe fin & Apc fe, fo + fm, fo = fn Large AM

f. fin fo + fin, fo + fin Medium DSB-SC
% fm & £,
h&L RS fo+ fmor o + fin Small SSB
(Phase Shift 90°)| (Phase Shift 90°)

The Implementation of the Modulation and Transmitter

g‘U‘f?i 4 n1elua995999 Balance Modulator 9 D1, R1, R2, R3, Q7 way Q8

USENBUMILLNAIDN8NTERA LT FI81U10918L5IPUNTERANTIAINSU Q5, Q6 LAY

U5ENaUMIENSHANNAUTLANANSIY TulAssas1anIaveneNnLanaanulae Q1, Q2, Q3, kay

Q4 Pin 1 4az Pin 4 1JuBunmaas audio signal Pin 8 and Pin 10 1udunnves carrier

signal AIUFTUNIUTENINT Pin 2 Uag Pin 3 ATUANLNAIIUBY Balance Modulator A1y

FAUNIUVDY Pin 5 92ANUAAIINAIINVDY bias current @1%15U amplifier

Output

Gain

Terminal

(12}
D_
2 O+
O ! Qa Qs Qs (6
Carrier (10} @
Signal - ©
Input +0Q
P ®) Qs Qs
4
Signal
Input +0O (2)
(N Qs —0O Adjustment
Bias /P P Qs
Adjustment (%
Terminal D,
. Rz R3
(14 =500 200 500
-V ©

gﬂﬁ 4 Internal circuit diagram of balanced modulator
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pu MC1496
Audio C
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1 Rz R R¢
10k 10k 300 Ik
Ry
VRy 90 -~ 68k

-5V

gﬂﬁ 5 Circuit diagram of amplitude modulation by utilizing balance modulator

a

5U7 5 1Jursasves Amplitude Modulation Lagiiuasny carrier signal Lag audio

Y
(%

signal Misdeysy1aduves Single Ended Input Bunmues carrier signal wag audio signal i
Antulunouinedo Pin 10 was Pin 1 Avuaauniisesislsiang RS Wuismununas
YBIRTHINUALAE RO a¥AIvun AINLN319Yes bias current A1151U%U VR1 iewdeuy
dunm amplitude w84 audio signal Liﬁﬁmmmmmu 9N TEINVBIN5VNY Modulation

signal g1

AM Transmitter

U7 6 uanslassaiieszuures AM Transmitter Tugufl 6 Usznaudne audio signal
generator, Balance Modulator, Power Amplifier, ke ¢ Antenna audio signal generator
a31980yey1au Sinusoidal Audio Signal LLazﬁmmﬁmﬁazgﬂmaﬁaimaiﬁ One Stage Amplifier
wé’amnﬁumsmmaé@ﬁmm%qLLaz modulated U carrier signal Tu Balance Modulator
LsﬂﬁmmsaLﬂﬁaué’mwmﬂmaLLazmmﬁﬂJaaé’@ﬁywmﬁmlﬁuu mmmmmguﬂ 1517
mmmLﬂﬁauﬁuwmmé’@ﬁgwm%wqﬁ MIC I/P VLaJIﬂﬂWu%LLiJmé’zyzyﬂmiwqLﬂugﬂﬂﬁu
wsaduiignuAd 100 Hz - 3 kHz

RF Signal Generator GUsglowiuas Crystal Oscillator wag OP Amplifier dieruin
Fyeuras 1 MHz Sinewave #949nn13 carrier signal Ty Balance Modulator Tnanasld

Balance Modulator n15&4 carrier signal agtiinau nsazlasudyaa audio signal uag
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HeyyIu AM BENTUAYYINASNIUNIATENBUEE NTTAEATUNIULAIDINIG TEEZNNVOI
nsaNRzMuuAlag Output Power 189 Power Amplifier 1518731190 USU Modulation U84
dyeyrau AM uazinausdt Amplifier TuaaniAgafiusiaiunsaaiuay Output Power 489 AM

Output Waveform

AM

Modulation A

Amplifier Amplifier

RF QOscillator

g‘lﬁi 6 The system block diagram of AM transmitter

DSB-SC/SSB Transmitter

laen1sld Band Reject Filter 151a11150618 carrier signal Yasdyanaing AM uag
e DSB lesudyanaiiowinanesn lagld Bandpass Filter uUsdyaas upper sideband
way lower sideband a4yl AM seaniuazld SSB Signal #t O/P port gﬂﬁ 7180
2TV DSB_SC/SSB modulator

Ul 7 1Jumnudlaensavesdune audio signal firnunn Wisuiieudy Second
Stage Oscillator wazANuNNuaUAIAYeN Filter liiupuasiazanysainn sgslsfmud
131 modulated ﬁ@@ﬂmimamqﬁmzﬁﬂﬁlﬁ@é’mmwﬁmL‘ﬁauﬁl,mﬁwmwa%m TunrsuAtym

'
- =

1319%LA Balance Modulator tietdauanunlunisasdyyiad Fsaunsauntymves filter

5
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First Stage Second Stage DSB
Modulation Modulation BSF > o
Audio
Signal
Input -
- First Stage Second Stage HPF >
ol Amplifier Amplifier 0/

First Stage Second Stage
Oscillator Oscillator

gﬂﬁ 7 The circuit block diagram of DSB-SC/SSB modulator

20.3. gUn3aiMINAGaY
1. Uosa AM-6011 1 1309
2. Coaxial Cable 1 LA

20.4. YuRBUNTNAADS (Experiment Items)
Asneaasii 1 Measurement of AM Modulated Signal Waveform

1. dpun3ongunsal AM Transmitter augUil 6 Uosa AM-6011

2. duaindg SW1 and Sw2 TUit ON 1% J1, J5, J6 48w Short Circuit T JP 181 Open
Circuit UUAT Vay, Ve ﬁ]ﬂmfué"mwmiﬁummaqé’ﬁgmwmmﬁwm Audio Signal (TP4) A®
0.5 Vpp (Vop = 1 V) aig 1 kHz Sine wave Frequency

3, USUAIT Vis, Vag lunsvnaugn ntiuarld Maximum output power @M3UNNT

(Y o 3

dedfeyayad uaald Oscilloscope Tnadnya1anevinaiidsaand (TP6) uazliiuninguaduas
Tup3199 2
4. USUA Vg, 8915101508180 038 yy1ad Audio Signal Aia 1V wag 1.5 V auaiay
o g dl Y = U dl
MTuneun 3 uagly Tuiinuan1Tinaslunised 2
5. USUAIM gy, Vey 310TUTRTINITVE18 0098y 8010010719 0H Audio Signal (TP4) fia

1V (V,, = 2 V) 500 Hz, 1 kHz Uag 1.2 kHz Sine wave Frequency $Mud16iu vintunewul

= & Yo = o a'
@ﬂﬂi\'iLLa31‘1/“Uu%ﬂmﬁﬂ'ﬁ']@aﬂlu@'ﬁrmw 3
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n151AaBsdi 2 Measurement of AM Transmitter

1. dnun3engunsal AM Transmitter muguTl 6 Uasn AM-6011

2. duaind swi uar Sw2 lUfl ON 14 J1, J5, J6 uaz J12 1¥u Short Circuit 19 JP
1 Open Circuit USU A1l Vay 18uAud 1 kHz wasusuaiil Ve, Inilousufasle
Maximum output fiusn@an Distortion

3. 14 Oscilloscope Q& 10499101 Waveform voadyayed carrier signal
generator (TP1) uae Audio Signal (TP4) Wiufinnanisinaslumsne 4

4. VAT Vis, Vg lUN9912UG0 antiuld Oscilloscope Taadayey10ute1vin
Waveform 484 Modulator (TP6), Power Amplifier (TP8) Wag antenna (AM O/P) Tduiin
nansinadlumsed 4

5. 196® Microphone 191 MIC I/P 983 Audio Signal nduld Oscilloscope 799

Fruy1ue1vinmuad AM Transmitter (TP8) Tiduiinuanisinadlunsnd 4

Asneaasii 3 Measurement of DSB-SC Modulated Signal Waveform

1. daus3ougunsal DSB-SC Transmitter AugUfl 7 Uosn AM-6011

2. &uaind SW1 and SW2 TUfl ON T J3, 4, J7, J8 wag J10 18w Short Circuit 14 JP
\Ju Open Circuit Uusnfi VR1, VR2 mﬂﬁ?ué’msﬂmwmaﬁuaqé’igigmumﬁwm Audio Signal
(TP5) #18 0.5 V wazAud 1 kHz Sine wave Frequency

3, USUAT Vs ﬁ]’]ﬂﬁ;uUpper wag Lower U04dayay1aue1ving First Stage Mixer (TP9)
szaunanuly Oscilloscope Tnadya1nitanving Waveform vaedyy1aue19ineg Audio
Signal (TP5), First Stage Carrier Signal Generator (TP7) wag First Stage Mixer (TP9) T4
Tuiinuanisinadhumsnsd 5

'
=

4. 14 Oscilloscope fﬂ@gﬂﬂau Aryey1ad Second Stage Carrier Signal Generator Wag
Second Stage Mixer L@ Winmfidseandl (TP6) uazdnyqy e vinm band reject filter (DSB
O/P) USUAT Vs, Vig TSIz aud DSB O/P Sulgldudinuanisinaslumisnsil 5

5. 14 Spectrum Analyzer Jnguaunwives TP8 way DSB O/P Witufinanisinas
Tusngnedl 5

6. USUAT Ve, Vi NSRRI Yey10ukeYINe Audio Signal (TP5) fie 1

V 182500 Hz Sine wave Frequency aia16u vintusaui 3 8 5 dnassuazlviudinuanis

T9a9lUn15199 6
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n15nnaasdi 4 Measurement of SSB Modulated Signal Waveform

1. Saws3eugunsal SSB Transmitter AUl 7 uasn AM-6011

2. &ueind SW1 and Sw2 Uit ON 9 J3, 14, J7, J8 wae J11 1 Short Circuit T JP
Yy Open Circuit USUAIT Vay, szﬁ]'1ﬂﬁ?ué’m']mﬁmmmaaé’mﬁyﬂmmﬁwm Audio Signal
(TP5) fi0 0.5 V waza1ud 1 kHz Sine wave Frequency

3. USUAT Vs 270100 Upper 4ag Lower ¥03dtyay1adteving First Stage Mixer

o

(TP9) azaunafiuly Oscilloscope Inadtyay1a4ta1ine Waveform voadaygy1a4t019ne

Audio Signal (TP5), First Stage Carrier Signal Generator (TP7) W& & First Stage Mixer

(TPY) Tdudinnan1sinaslumisnan 7

A o

4. 19 Oscilloscope "'meag‘ﬂﬂa deyeuned Second Stage Carrier Signal Generator
(TP3) wag Second Stage Mixer Lmﬁwmﬁdqaaﬂﬁ (TP6) wazdayayaueving band reject filter
(SSB O/P) USUA Vis , Vi TS miaumanzandl SSB O/ SuUldliduiinnanisTaaslumsng
77

5. 14 Spectrum Analyzer Jnguauanuives TP8 uay SSB O/P lsuiinuanisinas
Tumnsnadi 7

6. USUAT! Vay, Ve f\]1ﬂﬁ?ué’msﬂmwmmaqé’zgigmmﬁwm Audio Signal (TP5) fp 1
V uaz 500 Hz Sine wave Frequency vhiumauil 3 81 5 8nadwazliiuiinnanisinaly

AN5199 8
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JuiinNammnasg
#5197 2 Observe on the variation of the amplitude modulation signal by changing

the amplitude of the audio signal

Audi
udio Modulation
Signal Output Signal Waveform Output Signal Frequency Spectrum
Percentage
Amplitude
Emax =
Em'm =
m =
0.2V
Emax =
Em'm =
m =
05V
Emax =
Em'm =
m =
0.7V
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61'1‘5’1\117; 4 Measured result of AM transmitter

Test Test
. Output Signal Waveform ) Output Signal Waveform
Points Points
TP1 TP4
TP6 TP8
TP8
AM
(MIC
O/P
I/P)
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15197 5 Measured result of DSB-SC modulated signal waveform (Freq. 1 kHz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP3 TP5
TP6 TP7

TP9
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15197 5 Measured result of DSB-SC modulated signal waveform (Freq. 1 kHz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
P8 P8
Oscillo Spectrum
scope Analyzer
DSB
DSB O/P
Oo/P
Spectrum
Oscillo
Analyzer

scope




A15197 6 Measured result of DSB-SC modulated signal waveform (Freq. 500 Hz)
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP3 TP5
TP6 TP7

TP9
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A15197 6 Measured result of DSB-SC modulated signal waveform (Freq. 500 Hz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP8
TP8
Spectrum
Oscilloscope
Analyzer
DSB O/P
DSB O/P
Spectrum
Oscilloscope

Analyzer
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15197 7 Measured result of SSB modulated signal waveform (Freq. 1 kHz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP3 TP5
TP6 TP7

TP9
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13197 7 Measured result of SSB modulated signal waveform (Freq. 1 kHz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP8
TP8
Spectrum
Oscilloscope
Analyzer
DSB O/P
DSB O/P
Spectrum
Oscilloscope

Analyzer
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15197 8 Measured result of SSB modulated signal waveform (Freq. 500 Hz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP3 TP5
TP6 TP7

TP9
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15197 8 Measured result of SSB modulated signal waveform (Freq. 500 Hz)

Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP8
TP8
Spectru
Oscillosc
m
ope
Analyzer
DSB O/P DSB O/P
Oscillosco Spectrum
pe Analyzer
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\A3995U AM/DSB/SSB
20.6. IngUszaIAluNINAGaY

1. edsuduazdilalulaseadiaiugiu uagniniinisdiaiuees Amplitude
Modulation (AM) wagn153UdayayIad Receiver

2. LﬁaﬁauiLLazL%’flﬁ] Diode Detection Amplitude Demodulator

3. LﬁaL%au@mzvffﬂamaﬁwmmaa Detection Amplitude Demodulator

4. Welseuskastinlan1svinnuves MATU AM Receiver

20.7. nénmsuaznguiiieadas

Wmnevesnasuasdenauiaennia fesdudyaamteveedugosiu avdes
mamqumeﬁiwé’igﬁgwmﬁ%%’u Tngunfudinasuanuisowtseanduaesdu Jede
Super Heterodyne ez Direct Conversion LAS9a319U89 Super Heterodyne Usznauaay
RF Amplifier, Mixer, IF Amplifier wag Detector RF Amplifier v818dey ay1eu i 5U21n4a1
91017 wagld Mixer wasdeyeyrad RF Signal Tu Intermediate-Frequency (IF) ndaanniiy
Tyl IF azgnvenelay IF Amplifier #yey10dags1usidu Detector ﬁﬂiamqmmdaf\iw

Fuynal WasHuviUsEnoumeanveas uwadanulilun1ssu nmsidentaznisasi aeainil

=

nseenuuunasuldlaglassasisdmsunisiudsunlainss nsue1edygia RF uagas

detector agladeyaad Baseband lassas1eilidunvuirewatuladienaziaul msden
= A a [y 1 13 [y N o9 v 1% QA' k4

wseAnuAstuaReIiu egelsinumesusuuilildauud sUn 1 uandasasieves

Super Heterodyne Receiver. Usznausiggasiiasanuddsaiunsanlasdeyeyia RF U

(%
C Y]

U Fixed IF Signal #asaniudayunaaznu Filter, Amplifier way detector ABUEUBS
] & =
usiaz993Ldunuil
1. Input Circuit: 29958 dudundnAldd1mSu Impedance matching 81314
awenAuag RF Amplifier lsnaunsadongiuanuanaglalaeusuinnasmse Filter
2. Radio Frequency Amplifier: Amplifier #ldlun1svensninsunaziiudyyiu

Signal to Noise Ratio (S/N) Fetununefen1ulireen1asuasinduaie 29950199 4

#1013V UUTINMINOUALDIANUDATY e mualag FULUUATILD

= I

3. Mixer: #1u1911anv09199 51 dun1sulasnnud Faldnaudyuiunninsu RF

v}

a o a

Signal Audgyayauain LO Oscillator astusiuanunsanLiadyaiuaudnuanseny

A7)
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Ereqtency Conrter
Antenma P :

Input

Bandpass .
Eohir _'D‘_, Dutesiar —)DE[U

P '
' i
¥ 3
i i
Circuit 1 :
RF |} i IF Aundio ==
Amplifier 3 : Amplifier Power
E i Amplifier
i H
H i
i RS
i Oscillator §

;a"dﬁ 1 Block diagram of super heterodyne receiver

Tngunfinanud IF d1ndiaaud RF luaiaduadud IF azwanaeiuaaud RF was LO
Frequency

4. Local Oscillator (LO): LO \Hunsuandeyaynes Carrier Signal #1150 Mixer @au
ﬁ’]ﬁzymamqmﬁﬁammmﬁmmé’ﬁgﬁym Oscillator nMsienANuAvesfinasuIzySuUasy
muaudves LO deldlunisadlivesnnud IF 3o Fixed IF Frequency Tulaseadnsil LO
uaz Mixer sagosaauiianansaiondn Frequency Converter

5. Bandpass Filter: TngUssasAvas Bandpass Filter ldlunisifiuvsoannau

o o

1uAND LO uag High Tiwiuew wel dridyaraenudaiunsangalla Filter 1 IF

<

Y
Thedaaa Noise annnswlasmnuiuasfinuvdedyaio IF U%q‘wé

6. Intermediate Frequency Amplifier: ’Nﬁ]i‘ﬁiﬁé’fﬁmumﬂm%%amﬂ%LLazLﬁUﬂﬂi
HOUAUDIINITVYIUFYYIUVDINIATY Imsﬂﬂam%Lﬁmq%mimuamﬁmhﬁa Automatic
Gain Control (AGO) T IF Amplifier Snguszasdiietosiunisvensiiu deazsilviAa
Fyaurudusuag distortion

7. Detector: IngUszasAved Detector Aim demodulation Feanunsasudmaasine

v o

audio source signal U99nN1Tasd Y QYIUNITNTUNNS NV IEITUR YU Low Distortion Tu

o

UNILTIENATITIEaLBEANENNITUDY AM detector
8. Audio Frequency Amplifier: fmqﬂixaﬂﬁmaﬂ Audio Frequency Amplifier 1Ju

N5V Y1INg audio signal ¥es detector AUNTENY Power YD Y IULNEIND

[

dusuduanlng BanintudsdAyves Audio Frequency Amplifier A Low distortion

[

NUNTNWAT 15139ndy o AM TdUseleydad1undneves Audio Signal tite

- d‘

modulate N15ddYIANDAET pg1alsfnullalTSUdyg I AM 1516IN15Y0ULTY

audio signal gﬂﬁ 2 Wunguives Amplitude Modulation lngunflaiesnsiadudayaio
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a1u1sndudyurfiuuady Synchronous wag Asynchronous 1519¥RA15UINGNNNS

v}

ponwuulselevinazludulsylovivessinsiaduisasswuuluuni

AM s ' [\ [\
Demodulator j U K

Amplitude Modulated Signal Audio Signal

gﬂﬁ 2 Theory diagram of amplitude demodulator

Diode Detector (Asynchronous Detector)

Fonnday i AM19Usyleadiiie modulate carrier signal anunedanas
Waruwlasvas Carrier Signal Amplitude Julumunisidsuuiasaes Audio Signal
Amplitude. fstiutnnUszasduas Amplitude Demodulator AoAuMIATMLANGIDEATN
Faygyras Amplitude Modulation U7 3 10ulaseaiiaves diode detector 299550y
Asynchronous detector ffuagUsuusadayaios AM uazagladayayias Positive Half Wave
Mé’qmﬂﬁ?uﬁ'mmﬂmﬁmhu Low-pass Filter uaz@umdnyaawes de dioldsufiazudnoen
uazdgyey1ad Audio Signal AznauLIDN

gﬂ‘ﬁ a4 Julnsead199092995 diode detector @slu R1, R2, R3, R4, U1, U2 91n@04
nauveINsaduT Amplifier iievenedyaaduns D1 WunsUuUss diode Faanansavin

[

dtuty1nd Amplitude Modulation ﬂﬁﬂﬂLﬁHﬁ@@ﬂMU?ﬂM‘%@ positive half wave; C2, C3, R5

57184 low-pass filter kazden1TAURIFYQ MY 18 Audio Signal FsUsznoUMLILAU

dc WioTnguszasdaes C4 \uudeaszau dc wasisamnsasudyaaivglafiening

W% Rectifier =] LPF = B}Enicd Bl R 4

Amplitude Modulated Audio Signal

Signal m’]\fm}mﬂ’nln‘}m AV

gﬂﬁ 3 Block diagram of diode detector
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AM
Signal AM
Inrut Lemodulated
Signal Output

Amplifier Diode Detector

gﬂﬁ 4 Circuit diagram of diode detector

Product Detector (Synchronous Detector)

Amplitude Demodulator g@unsavinlidnialalaglduselovu Balance Modulator
134580113 modulator LLUU‘ﬁT’j’l Synchronous detector %#3® product detector ;J‘tJ‘ﬁ 5 10y
299308luves Balance Modulator 81983Uninga 1F Xt fie Amplitude Modulated

signal X, (t) \unsasdayaynes Carrier

x,, )= A, 34' mcos (2pfmt)‘é%\c cos(2prt)E (1)

x (t)= A cos (2pfct) (2)
diaesdyqrudunaluasinesniisiaiuves Balance Modulator Wl Balance Modulator
vinadyaandunsil aun1si (3)

x, @)= @) x,, @)
= KA A g+ mcos(2[:)fmt)}:‘=}:os2 (2pfct) (3)
_KALAL KA A

2
oc’C 4 c’'c mcos(prmt)'l‘
2 2

kAD

Al . .
— g+ 2 2pfit )M
, g mcos( pfmt)%os%( pft
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(12)
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Signal ~©
Input +O
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;s‘lj‘ﬁ 5 Internal circuit diagram of balanced modulator

dle k iminfiunuinausives Balance Modulator Tuaunasd (3) dauusmdu
Fyarau de signal druiaeadudygyining Audio Signal wazdaudiaruiu second
harmonic UB3d g0 AM 5’1mmm5mmdau‘1‘7iLﬁuﬁcgzgﬂm‘iwq Audio Signal 8803910
Xour (0 ilotiusnalédeyaias Amplitude Demodulated videdyaaing Audio Signal 7
gnABaiuEN
5Uf1 6 1n5983199992395 detector VR1 A1UAY Input Magnitude w83 AM seantiu
Output Signal ¥89 Balance Modulator ﬁwaéjwfgu‘ﬁ' Pin 12. C7, C9, R9 Us¢naumae
low-pass filter Fsausadedyqraiilifesnisdruiiainaesaunis (3) drufiaes
harmonic adaayias AM dayeynes DC Adauiiniavesaunisi (3) anunsaudenalas C10

aglsimuagladyaaieinanese

KA A

o mcos(prmt) (4)
2

x . @)=

aun1s7 (a) Wunsvimthflunudayia Audio Signal w3e Amplitude Modulated Signal

F9a1115091me3S Product Detector
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Carrier 6
Signal Tnput
AM Signal m j Dimced: | oges
Input " Modulator
d Rq III’
ZIVR: 12 We—t-—2
I _=L.— AM
, 4 ¢ Demodulated
] - + Signal Qutput
0 el R P
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;s‘lj‘ﬁ 6 Circuit diagram of product detector

Detector ﬁ’j\iaa\‘iLLUUﬁ“i’JjaaLLaﬂaﬁ vquzdi diode detector 1y Asynchronous detector Ju
19359199 unuszansnwlidfni Product Detector agnalsiniud msu Product Detector
Fudu Synchronous detector suiluszandamaumduicasiisinazdilounnda diode
detector N13 Synchronous A®4n1T carrier signal ag amplitude modulated signal i
danBndae (mufimioutunasamioutu) fastutuardsnadonuninyes Output

Signal

The Operation Theory of AM Receiver

1AT9831998301A5U AM ﬁLLamﬂugﬂﬁ 7 @enel (TL1) anansosudyaimainud
Faust 500 kHz — 2 MHz Tagld TC1 USuguanudvesdaana: RF 1fu 550 Hz - 1605 kHz
GiamﬂﬁummmmLﬁaﬂﬂimé’zyzgmmmﬁlﬁulmuma%ﬁmﬁu Hua1u150U5U output
frequency ¥4 local oscillator LanunsaLdenteanissutiuanedls
IngUszasAvas Mixer Circuit JrademnuaTiLAnEIusEn I dy ey LO
Signal Fadudtysyios IF ATl 7 455 kHz imszaziuaes IF Seesnsnisvenedyaauas
filter Wilpd1faunuARTHUAUAIYDS 455 kHz wazlidpadsunnuddunaildain

d1ga1nfA
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15 Demodulation uaz Amplifier 9zvenedaIuANLATILaNA1aTY aedlsfny
iseglddyaaifgauazdsiuluiaiosmsaadu detector 91013 demodulation wagidia
Fumouluzud 7 13 14lassadrenes diode detector vngiiiA3aans29dy detector 184
receiver 7 D1 i@ half-wave rectifier %an’lsaﬁnzqﬁhuﬁmfyﬂm Positive Signal ¢ a3y
audio Amplifier azvenedayauias Audio Signal aunsevisaunsadudilng Tz

dryeyrau Audio Signal 7L51dBINITODNAIING

&

Audiol
or

g‘U‘ﬁ 7 Block diagram of AM receiver

The Operation Theory of DSB/SSB Detector

13 modulated &gyeayaue1vinnvas DSB/SSB mmsmqmgqmidqé’igimm carrier
signal ag9lsAmuiuasiredimiunisimIounishuninasiiieldniunissldauves
Asynchronous detector 191§Un15 Synchronous detector 1515 W udoafia Local
Oscillator wagRasaIANULANAYRWE Serinsdsdanu og1elsiniu Asynchronous
detector ﬁ]zlﬂiwuﬂﬁymﬁiﬂaw Asynchronous detector @1%15U demodulation 151A72%

[

Ayfosdsdy g1 DSB 13e SSB lUlu detector hasa1niu detector 9% Demodulated

[ £ a

Uy ULAEATOUAANA Y NAUIUY AUTI8ALLBUATILEAI9A5VRY detector Tugull 4
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20.8. 9UnIainInAaag

1. UosANAaBs ETEK AM-6011 1 usin
2. UDIANAADY ETEK AM-6022 1 usin
3. dlauIndygu 1 iA3ed
4. unassnal 1 A%eq

20.9. TUABUNTNARDS (Experiment Items)
Experiment 1: Measurement of AM Modulated Signal Waveform

1. #3831 AM Transmitter mufiuandlusy 1.6 w3e ETEK uasa AM-6011 duaind
SW1 and Sw2 Ui ON 14 J1, J5, J6 war J12 10w Short Circuit 155 JP 181 Open Circuit
USUAIT VR1 wag VR2 mmﬁ?ué’mwmmmmmﬁ'mwzgwmmﬁwm audio (TP4) 1w 0.5 v
(V,p = 1 V) uay A1008 1 kHz Sine wave flo1nHuUsu VR3 uag VRE TUn19w11augn
ﬁ]’mﬁ?ué’zgigmmﬁwmmmﬁﬁd (AM) 2zgeanlagus1man distortion

2. faun3ongunsal AM Receiver mugUTl 7 Uadn AM-6012 §uaind SW1 and SW2
U7l ON USuidenvesdygravesniaiuludl 1 MHz uagu3u VR1 ludreanauld Output

(% o L3

Volume iwanzay Tasld Oscilloscope Tndyay1adie19inm (Audio O/P) v84 Audio
Signal Amplifier USuidendesdagrmveiniadusaiiiosaunsesia Output Signal 18y
Sinwave liduiinuanisinadlumsnad 1

3. USundl VR2 vesniadauden Amplitude 184 Audio Signal lUfi 1 V uas 1.5V
Ftunouiidednade warduiinnansinaslumsned 1

4. USuail VR1 ve3nndaudsy Amplitude i O/P (TP4) va4 Audio Signal
Generator 1U7 1V way a27ud 500 Hz way 1 kHz Sine wave ﬁﬂﬁﬁzumauﬁaaﬁﬁﬂﬂ%gﬂ e
Jufinnanisinadlusnsied 2

5. USuAfl VR2 way VR3 GuaqmﬂfsiqLU?aué’mﬂmiﬁumaﬁuméfﬁgﬁywmmﬁwm (TP4)
393 Audio Signal Generator U 1 V uazau@ 1 kHz Sine wave ¥duneufiasdnasold

Oscilloscope ﬁ’mﬁﬁgmest point TP4, TP6, TP8 U84 Receiver wartuiinnansinaslumsnsii 3
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Experiment 2: Measurement of Tunable Broadcast Signal
1. dmm3eugunsal AM Receiver magUil 7uesa AM-6012 duaing Swiand SW21ufi
ON

2. U3u VR1 lumegeaugaaula Output Volume Mvnnzanysuidantdesdayayiol

'
Y [

YDINIATUIUNTEYIN deyeyau AM Broadcast AT

3. 14 Oscilloscope ’?@Iﬁﬁ;ﬂ Test point TPL, TP4, TP6, g TP8 Uuiinuani1sinaclumisig

Experiment 3: Measurement of AM Wireless Transceiver

1. faw3ongunsal AM Receiver augUTl 1.6 Uosn AM-6011 duaind Swi and
sw2 lufi ON T J1, J5, J6 waz J12 vfu Short Circuit T JP 18w Open Circuit Usuandi
VR1 uag VR2 mﬂﬁ?ué’miﬂmimmmaﬁ@mmmﬁwm audio (TP4) 181 0.5 V (V,, = 1V)
uaz A3 1 kHz Sine wave Al991ntuUSu VR3 uay VRG Tunswauan mmﬁ?ué’mﬁyﬂm
L MNAYDINIAGS (AM O/P) AxgegalagUs1eann distortion

2. §anTengunsal AM Receiver amguTl 7 UaSAAM-6012 duaing SW1 and SW2
U7l ON USuidendesdygiuvesnaiuludl 1 MHz uagu3u VR1 ludreanauld Output

(% L3

Volume fisanzaslagld Oscilloscope odaanewing (Audio O/P) 389 Audio Signal

Amplifier Ufuidendesdyganesnaiuseiiiesaunseiis Output Signal iy Sinwave

3. 14 Microphone Giaﬁﬁuwm Audio Signal U§U VR2 w@4 Transmitter siaiiieq
UNTZIN Frygyrauevinm Output Audio Signal Guaqmﬂ%’uﬁlﬁfﬁmwuﬁqm
Experiment 4: Measurement of DSB-SC Signal Detector

1. #3831 AM Transmitter mufiuanslugud 1.6 w3e ETEK uasa AM-6011 duaind
SW1 and SW2 1Ufi ON W J3, Ja, J5, waz J10 Ju Short Circuit T JP 1w Open Circuit
USUA7 VR1 waz VR2 mmfué’mwmiﬁummaqé’cgagwmLmﬁwm audio (TP5) 1Ju 0.5 V
(V,, = 1V) uaz A1NUA 1 kHz Sine wave #a91ntuUfu VR3 way VRE antudnyyio
1@1INmYeY bandpass filter (DSB O/P) AggegalagUsmain distortion

2. §awn3engunsal AM Detector augURl 4 muuasa AM-6012 duaing SW1 and
sw2 Uil ON Té&ayaaudousie line connect 71 DSB O/P 484 Transmitter wagdunmmnasn
DSB O/P 983 Receiver

3. 19 Oscilloscope Tngdayay10uves Detector (Audio 2 O/P) USuani VRa auld

A dad
UPAUNANER
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4. 14 Oscilloscope $agsunauves TP5, TP7, TPY, uaz Audio 2 O/P Tufinnanisia
adlunnsnad 5

5. USuenil VR1 ween1adaldey Amplitude YRIFeY ey 10Ut 1MINem Audio Signal
buffer (TP5) TU# 1 V wazaawd 1.2 kHz Sine wave ¥indunauil 3 uaz ¢ 3nadwuazli

JuinuanisInadlunisen 6

Experiment 5: Measurement of SSB Signal Detector

1. 1383 AM Transmitter anudiuandlusudl 1.6 w3e ETEK uasn AM-6011 duaind
SW1 and SW2 Tuit ON W J3, Ja, J7, wae J11 18u Short Circuit T JP 18u Open Circuit
USuedl VR1 waz VR2 fmﬂﬁ?ué’mwmwmmaqe"i’mmmmﬁwm Audio Signal buffer (TP5)
Ju 0.5V (V,, = 1V) was A28 1 kHz Sine wave AeantuUsu VR3 waz VRE 2101y
Foyaynaueinmves high-pass filter (SSB O/P) avasanlagusmain distortion

2. §awn3onguUnsal AM Detector AUl 4 muuasa AM-6012 duaing SW1 and
sw2 Uit ON THdryaraudionsie line connect i SSB O/P w4 Transmitter wagdummmatn
SSB O/P w84 Receiver

3. 1% Oscilloscope Fngdayay1ad O/P port ¥4 Detector (Audio 2 O/P) USudd VR4
lgUnduiianian

4. 14 Oscilloscope "’Jfﬂ@gﬂﬂﬁ%@q TP5, TP7, TPY, way Audio 2 O/P Juiinnanisin
adlumsnedi 7

5. USuAndl VR veen1adaldsn Amplitude YoIdey Y10t MNe Audio Signal
buffer (TP5) TU# 1 V waga1ud 1.2 kHz Sine wave ¥dunauil 3 waz 4 Snaswuarli

U = U ¢NI
Yunnuan1sinaslumisnei 8
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the frequency of the audio signal
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#1513f 2 Observe on the variation of the amplitude modulation signal by changing

Audio
Signal

frequency

Output Signal Waveform

Output Signal Frequency Spectrum

500 Hz

1 kHz

1.2 kHz




M15199 3 Measured result of AM receiver
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP1 TP2
TP3 TP4
TP6 TP8
Audio 1
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15197 4 Measured result of AM broadcasting received signal
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP1 TP2
TP3 TP4
TP6 TP8
Audio 1

O/P




15197 5 Measured result of DSB-SC detector audio freq. 1 kHz
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP5 TP7
Audio
TP9 2

orp




15197 6 Measured result of DSB-SC detector audio freq. 1.2 kHz
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP5 TP7
Audio
TP9 2

orp




15197 7 Measured result of SSB detector audio freq. 1 kHz
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP5 TP7
Audio
TP9 2

or/p




13197 8 Measured result of SSB detector audio freq. 1.2 kHz
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Test Test
Output Signal Waveform Output Signal Waveform
Points Points
TP5 TP7
Audio
TP9 2
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20.10. d@3Unan1vaaeg

20.11. A0IUTINBNITNARDY

1. TS u18undnNN1TYINUTDLATIIEILUU AM B8N9asLden
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3. WeBuneTounnineseninamegian AM WUU SSB uazwuy DSB-SC Tofuartaiduatiels



