Wireless Communication

Equi pactmedn tl nstrument s

An oscilloscopea signalgenerator, ahCR-meter electroniccomponentgsee
the table below), a container for components, and a Stagteh

Component Electronic Photo Comments
Symbol

Values
1 kW-2 pcs

Resistor Ij 10kW -1 pc.

100kW -1 pc.

1MW —-1pc

Values
39 pF-1 pc

Capacitor 1000 pF2 pcs

—-

0,1nF-2pcs
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Inductor EE | 1pc
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Resistor A P
Potentiometer lj— 1pc.
Diode * 2 pcs
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Transistor @ transistors has m
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Headphones

Wire

Circuit Board

Jumpers
Multiple and fraction prefixes used in the assignment.
mega M 10° micro 10°
kilo k 10° nano 10°
milli m 10°° pico 107




In this assignment/ou will studythe principles of radio transmission ared r
ception andhen use them in practice t@nsmt and receiveadio wavesTo design
a radio electronic device, it is necessary to have a basic knowledge of alternatin
electric current. One also needs to have basic ideastlinear elements of electric
circuits (such as a resistor, capacitor, anatlictor) and about nonkgarones (such as
a diode and transistoryhe first part of the assignmeistdevoted to the study dtifie-
se two classes of elements.

PaXTheory

Chapterl. Alternating Current andRC-circuit.

An alternating currentfAC) is a current which amplitude varies with tintiean
alternating currenis periodic, with a period, it can be specified bthe frequency
n 4/T. A direct current(DC) can be considered as alternating current afero
frequency its magnitudedoes not vary The most frequent and simple case is of an
alternating current which time dependence is specified by a harmonic function

it)=1cos(w + ]. (1)

Herei(t) is an instantaneous value of the currdrig its amplitude (the maximum
value), w is the angular frequency related to the cyodguencyn asw =2 p. The
quantity] = w +is called the phase of the current, gnds the initial phase (the
phase at=0).

SupposanAC harmonic voltage,

u(t)=Ucos(w +,), (2)

is applied to a circuit. Heré(t) is an instantaneous value of the voltageis the
amplitude and | , is the initial phaself the circuit contains only the elements for

which the amplitudes oturrent and voltage are linearly related (such elements are
called linear), an alternagincurrent in the circuit also varies harmonically. These ci
cuits are also referred to as linear.

Any linear circuit with two terminals can be represented by glesiaquivalent
linear elementlLet thevoltage (2) be appléacross such an element, thieacurrent
(1) will flow through the element. The proportionality factor between the amplitudes
of voltage and current of the elemeéntalled thenagnitude of impedance Z

z==— (3)



The phase shifbetween the initial phases of voltage and current is called thalimpe
ance phase:

b =d 1 (4)

The simplest linear elements are a resiBoa capacitoC, and an inductok.
The magnitude and phase of the impedances of these elements are listed in the table

Time dependence of current

Element
and voltage

Resistor v v ! (i) R 0

_ Urt) 1
Capacitor @ — iy
wC 2
I(t)
U(t)
Inductor Iy wL %

In order to calculate characteristics of an AC cirasgembled of several linear
elementsit is necessary to know the rules of adding the impedances of the element
connected in series and in parallel. A circuit assembladdofidual elements can be
replaced by an equivalent element which impedance is calculated according to thes
rules

Let us evaluate the equivalent impedance of two elements connected in serie:
In this case the same current flows through the elementthanebltage across the
circuit equals the sum dfie voltages across each element. Let the initial phase of the
current be equal to zero. Then the curiearid the voltage across the equivalenk-e
ement are gen by the following equations:

i =1 cos W,

u=u Hu, Zlcos( tw H jZ,1eos(t W ®)
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whereu, , arevoltages across the first and the second elemenisare magnitudes

of the elementimpedancesand;j , , are initial phases of the voltages across tee el
ments.

The formula foru can be reduced to

: . € aZsinj, +Z,sin j o
u=14z2 #Z? 2zZZ,cos(,j s dog t @wctg—1 2 - A
vz 2, TR gdzlcoq , tZ,c08 j 3

Thus, the magnitude and phasetaf element which isequivalent to two &-
ments connected in serjege

Z=1z2 422 2z,Z,co8( .| ),

42,sinj, +Z,sin j © (6)

9)

] =arct _ :
cZ.C0y , +Z,C0S | =+

Task1.1.1.

The diagram in Fig.1 shows thC-circuit assembled of a resistBrand an
ideal capacitorC. Derive and wite down analytical formulator the ratio of the input

and output voItageEsJUO—ut and for the phase shifietween the input and output vata

es.

-

0
T o

u]

Fig. 1. RC-circuit .



Here and below

91 the amplitude of AC signal at an oscilloscope channel is defined aise dif-
ference between the maximum and minimunof the signal. The corre-
sponding function on the oscilloscope nt er f g.6e i s ¢V

1 for those experimental dependencies which ARE NOT supposed to bé fi
ted with a linear function, it would be enough to obtain 12 experimental
points uniformly distributed over the range under study;

1 for those experimental dependenciesvhich ARE supposed to be fitted
with a linear function, it would be enough to obtain 7 experimental points
uniformly distributed over the range under study.

Taskl1.1.2.

Assemblethecircuit shown in Fig.2ysetwo 1 nF capacitort obtain the 2 nF
capacitance
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Fig. 2. Setup for the study of RGcircuit.

Connect the signal generator and the oscilloscope to the circuit according to the
di agr am., Do not forget to connect a g
oscilloscope probe to the circuit common poidte r ei naf t er |, «inp
arrows ona diagram correspond to the generator output and an oscilloscope channe
i nput, respectively. The oscill oscope

Set the input amplitude of the generator harmonic signal to 10V. Measure the

ratio % of amplitudes of the voltages across the first and the second oscilloscope

channels versus a generator frequenioythe range from 50 to 500 Hz. Measure the



ratio of the phasshift D j between the firstrad the second channel versus tre fr
guency in the same frequency range.

A possible experimentaketupfor the study oRC-circuit is shown in Fig.2a.

-

-

Fig. 2a A possible experimental setup for the study oRC-circuit.
Generator probes (1), probes of the oscilloscope first channel (2)
probes of the oscilloscope second channel (3).

Task1.1.3.

Using the formulae derived in 1.1.1, plot the dependencies obtained in 1.1.2 by

reducing them to linear form. Determine the valu&®@&fby using the dependence of
the ratio ofamplitudes onfrequency

Task1l.1.4.

The value ofRC, determined in 1.1.3 does not agree with the value calculated

from the values oR=1MW and C = 2 nF.Indicate the circuit element responsible
for this disagrement eitherin English, or in Russian, or hyrawinga simple di-
gram). Specify the value of the eleménthe appropriatenits. What instrument can
be used to verify your assumption?



Task1l.1.5.

Calculate theoretically the magnitudetbé equivalenimpedanceof a resistor
R and a capacito€ connected irparallel Sketch the dependence of the impedance
maghnitude on frequency. To which values the impedance magnitudeatesiusll(
f - 0)and afarge (f - =) frequencie®

Chapter2. LC-circuit.
Taskl1l.2.1

Evaluatea theoretical dependence thie impedance magnitude of an element
composed of an ideal capaciwrand an ideal conductdr connected in parallen
frequency. Sketch the obtained dependence. Indicate the fregiu@acyesponding
to a peakof this dependence. Letuscallhi s f r e cpsoeancé y etqhue nc y
the LC-circuit (inductor and capacitor connected in patpalle

A real inductor coil is different from an ideal inductor by the presence of a
nonzero internal resistance (the resistance to a DC current). An equivalent elemen
corresponding to a real inductooil can be represented by an ideal inductor ared a r
sistor, which resistance equals to the internal resistance of the coil, conneaed in s
ries.

Taskl.2.2

Sketch a dependence of the impedance magnituda lo€-circuit with a real
inductor on frequency.

We are not going to measure the impedance dfGuaircuit, rather we will
study a related phenomenon. A varying external magnetic field inducagadle
EMF in the coil of thefrequency equal to that of the external field. In this case, it is
said that the coil operates as a magnetic field antenna. Byecting a capacitor to
the coil one obtains a seleeé magnetic field antenna whichtise most sensitive to
the external magnetic field of the frequency to whichli@ecircuit is tuned to

Task1.2.3

Assemble a circuit according to the diagram shawhig.3. The coils must be
installed in adjacerdockets of the circuit board and jp&rallel to each other.



|
7 T

Fig. 3. Setup for the study ofLC-circuit with inductive coupling .

Turn the dial of the variable capacitall the way counterclockwisé&et the
amplitude of the signal generator approximately to 1V. The coil connected to the
generator will generate a magnetic figldhe space inside and outsitkelf. The coil
connected in parallel with the variable capaccwvill operate as a selective magnetic
field antenna.

Obtain the experimental dependence of the rati(amplitudes% at the
channels 2 and 1 of the oscilloscosusa frequencyf of thesignal generator. Plot
the dependence. Choosige frequency range anithe incremental step so that a ¢ha
acteristic width of the resonance peak were approximately a quarter of the frequenc
range and the peak were in the middle of the range.

Taskl1.2.4

Using theLCR-meterto measue the coil inductance and a capacitance of the
capacitor with its turning dial fixed. Calculate a theoretical value of the resonance
frequency f, . of the LC-circuit under study. Determine a real resonance frequency

fgraph
measured values are the same.

theor

from the diagram plotted in 1.2.3. Specify, whether the calculated and

Taskl.2.5

Measure the dependence of resonance frequiermey a capacitanc€ of the
variable capacitoiChoose a function for the resonamwvedue so that it would be I
arly depended on the capacitanee Write down an analytical expression for this
function. Plot thiunction Specify, by what amourthe plotis shifted along thea:
pacitance axis. Which circuit element has gapacitance (Write, either in English,
or in Rusg&n, or draw a simple diagram.)
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Taskl.2.6

Use theLCR-meter to measure thmapacitancef this elementAt what fre-
guency does theCR-meter measure this capacitance? (Treguencyis calledthe
operating frequency of tHeECR-meter.)

Chapter3. Nonlinear Elements

A rigorous definition of a nonlinear electronic element is complicated, so let us
describe the features of nonlinear elementsch are the most essentfal our pu-
pose,in termsof their functionality.

A nonlinear element is an element for which instantaneous values of current
and voltage are nonlinearly reflrmaeguwenc
range of AC currenWhat 1 s understood by a «I| ow
self-capacitancand inductance of an element. In our experimenséfiecapacitance
and inductance are so small that #tedied range of frequencies belongs to the low
frequency range, i.e. theigno lag between the instantanemadues of current and
voltage due to the proper capacitance iaddictance of a nonlineateenent. A fure-
tion relatinginstantaneous alues ofcurrent and voltage of maonlinear element is
called thecurrentvoltage characteristi@nl-V curve) of the element.

Thus,from the phase relation perspectigenonlinear element in an electrical
circuit behaves like a resistalthoughit has a nonlinar 1-V curve.

One of the most commonly used nonlinear elements is a semiconductor diode
Its main function is to pass electric current in one directionkdmeck the currenin
the opposite directiohe typical I-V curve of a diode is shown in Fig.4. &branch
corresponding to a negative voltage across the diode tends to a small current of
magnitudds. Thecurrentlgis called thesaturation current

IJL

A J

Fig. 4. Diode|-V-curve.
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A circuit combining linear and nonlinear elements can be described by an
equivalentcurrentvoltage characteristic.

Task1.3.1

Let us employ one of the classical methods of measurement of the equivalen
currentvoltage characteristic of a nonlinear elemand a resistor connected ie-s
ries. To do this, assemble the circuit shown in Fig.5. Set the frequency of the signa
generator to 1 kHz and the amplitude approximately to 1.5V. Set both oscilloscope
channel s to the «[Xikannel svedpso tratialsesavdral as t
nal cycleson the display. Sketch the signalghe first and the second channels (time
dependence dhevoltagesU,(t) andU,(t)).

p> > 1

> 2
100k Q

Fig. 5. Setup for measurement of the equivalenturr ent-voltage characteristic of diode
and resistor connected in series.

I n the «Display» tab, set t he Wsci
across the resistor will be displayed on the vertical axis, it is proportional torthe cu
rent flowing thraugh the resistor and the diodgne voltageU; across the wseries
connection of diode and resistor will be displayed on the horizontal axis. Thus, the
V curve of the irseries connection dhe diode and resistor will be displayed on the
oscilloscope screen. Sketch the displayed dependend#ldf). Determinethe satl-
ration current of the diode

Taskl1l.3.2

Switch the oscilloscope display mode to YT.

The circuit shown in Fig.5 allows the curteéa flow only in one direction.n-
crease gradually the frequency of thgnsil generator to the maximur@hange the
oscilloscope time sweep so that several cycles of the signal were dispéayetime
Sketch two typical waveforms (the dependencie®)obn t) at the maximum &-
guency of the signal generator and at a frequency less than the maximum by two o
ders of magnitude (the amplitude of the input signal at these two frequencies must b
the same). Notice the ratio of the variable and constant compohthe signal.

12



The observed pattern of the output signal at a large frequency is related to th
oscilloscope capacitance. The typical type of discharge of the oscilloscope channe
capacitor via a resistor of 100Mat large frequenciesignificantlyexceedshe period
of agenerator signalThus, at large frequencies the circuit operatesrastdier, i.e.
converts AC current to DC current.

Task1l.3.3

Connecin parallela capacitor of 1 nF to the resistor. How does this change the
typical frequecy at which the signal begins to recti&®Pthe frequency 0600kHz,
measure the dependencetbé DC (rectified) voltage ¥,> at the second oscdt
scope channel on the amplitude of AC voltage of the signal generator. Sketch the
dependence of the quuit voltageof the rectifieron the amplitude othe rectifier in-
put voltage and determine the angular slope of this function.

Since the constantoltage at the circuit outputal the second oscilloscope
channel) variesvith the voltage amplitude supplidd the signal generator, therci
cuit can be regarded as athehmplitade bbo AG |
signal to the magnitude ofl2C one. Let us apply a higliequency signal varying at
a low frequency (amplitude modulated signal) to sucir@uit. Theamplitude vaia-
tion frequencyof the amplitudeof a highfrequency signais called the modulation
frequency At the circuit output oa obtains a signatith the frequency equal tihe
modulation frequency. Such a process is called detection in radio engineering (se
Fig.6).

—

Fig. 6. Detection of amplitudemodulated signal.

The next nonlinear el emeneaf fteoc thet rca
(hereinafter, transistor). This element has three terminals (see Fig.7) called drain (D
source (S), and gate (G).
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Fig. 7. Transistor: DT drain, ST source G gate

The currenvoltage characteristicl U) between the drain and the souree d
pends on a voltagd ; between the gate and the drain. A form of thécurvedoes
not change under variation bf; but the sturation current of the transistor dosee
Fig.8).

gamESEEEEEEEEEEEEEE} U > 0
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Fig. 8. Transistor |-V curves versus a voltage across the gate and theurce

A transistor carbe used to build a voltage amplifier. Amplifier is an element
which serves to enhance the amplitude of a signal. To design a transistor based amp
fier, let us find out firsthevoltage across a transistor connected in series withsa resi
tor to a DC soure. To do this, notice that the net voltage across the transistand

the resistonR equals a constant voltage, of thesource
U +IR 3. (7)
Therefore, the transistor voltage can be calculated as

U,=U, -IR. 8)

14



The mosbvious solution of this equation is provided by the graphical method
(see Fig.9).

As seen, the straight line defined for a certain resistor value by Eq. (B) inte
sects the transistdfV curve in the current saturation domain. The saturation current
depends on the voltage across the gate ansidinee Therefore, the currefiowing
through the resistor and the voltage acrossiy under a variation of the gatelt-
age.Given a correctly chosen resistor, the change of resistor voltage can exceed th
change of gate voltage. Let us illustrate this statei(seet Fig.10).

3

Us/R

Fig. 9. Graphical solution of Eq. (8).

Uout

:' ':

Uin

Fig. 10. Operation of voltage amplifier.
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Taskl1l.3.4

Assemble the circuit shown in Fig.11. Set the voltafgine signal generator to
50 mV and the frequency to 500 kHz. By varying a resistance of the variable resistor
obtainthe maximum amplitude of th&C signal at the second oscilloscope channel
Measure and write down the range of resistances of the variable resistor catrespon
ing to the maximum voltage at the amplifier output.

|

LT

1 —»

)

T o

+

%

Fig. 11. Circuit diagram of amplifier .

Measure a dependence of the voltageplitudeU, at the second oscilloscope
channel on the voltagemplitudeU, at the signal generator. Plot this dependenee. D
termine the amplifier gain, i.e. the ratio of theplitude ofoutput voltage tdhe an-
plitude of input voltage on the linear part of the plot. Starting with what amplitude of
the input signal the output signal becomes-hamonic (the amplifier goes into mo
linear mode)?

In the taskl.3.4.we considered the simplest amplifier which was not sgkect
in the signal frequency. However, in some cases it is convenient to use the amplifie
which amplifies only a signal o€ertain frequency. Such an amplifier is called the
resonance amplifierTo this endpnereplacesa resistorin the drain circuit wih an
LC-circuit and installs aesistor in the source circuit to protect the transistor from
overheating.

Taskl1l.3.5

Assemble the circuit shown in Fig.12. Use the resistor of\W{0onnect two
resistors of 1 Wto obtain the required value). Set the amplitafithe input voltage
of the amplifier to 50 mVdt the signal generator). Turn the dial of the varialae c
pacitor all the wayclockwise. Determine the frequency corresponding to tha-max

16



mum amplifier gainWhat is the phase shift between the input and output signal of
the amplifier at the resonance frequency?

I+

Fig. 12. Circuit diagram of resonance amplifier.

Taskl1.3.6.

Measure the dependence of the amplitude of output signal of the resonanc:
amplifier on the amplitude of input signal at the maximum gain. Plot this dependence
Determine the angular slope of tindial linear part of the plot. Compare the value of
the slge with that one determined in 1.3.4. (do not write on the answer .shieet)
measured value will be used in the next task

The input voltage is applied to the amplifier by the signal generator. However,
one can induce aBMF of induction in the coil oL.C-circuit by placing another coil
nearby, so the input voltagan be applied by means of this coil without using the
signal generatotJsing his simplemethod one can build his/her own generatera
device, in which an ACcurrent is autonomously gemed (without an external
agenj. Hereinafter we refer tdhe built generator agshe «HF oscillatoré (high-
frequencyoscillatol).

Task1.3.7

Wind several turns of wire around the coill@®-circuit. In so doingyou have
made a transformer witthe secondarywinding consisting of several turns. Measure
the voltage across the winding by means of the oscilloscope with the signal generatc
turned on. Choose the number of turns of the secondary winding so that the ratio c
the voltage amplitude acrodsetprimary winding ot C-circuit to the voltage ampl
tude across the secondary windwere approximately two thirds ofhe amplifier
gain measured in 1.3.6. Write the chosen number of turns on the answer sheet. Co
nect the secondary winding instead of signal generator to the circuit (see Fig.13).

17



Respect polarity, i.e. the phase shift of the signals on the secondary and first winding
must correspond to the phase shift measured in 1.3.5. Attach the secondary windin
to the coil with the Scotch tape.

+
e N —
éii N
1 2 1
«“— t+—>» \
+]
500Q —
T
L

Fig. 13. Circuit diagram of HF oscillator.

The designedF oscillatorcreates th secalled carrier frequency athich a
radio signal will be transmitted. However, to transmit a spuind necessary tore
sure the amplitude modulation of the carrier frequencyiaudio frequency (see
Fig.6, onthe left).

To achievethe modulation it is necessary to vary a parameter of Hteosci-
lator at a desired frequency. In the case at hand, the working point éfRIescilla-

tor will be varied, i.e. a voltagd ; across the gate and the source.

Task1.3.8

An average voltage #he gate of thélF oscillatorshown in Fig.13 ecals OV
(relative to the ground). However, by adding a voltage divider and a tapati
0,1nF to the circuit, it is possible to vary the average gate voltage in a certain range
(see Fig.14).

Assemble the circuit shown in Fig.14. Measure and plot the dependence of the
amplitude at the output ¢dF oscillatoron the average voltage thie transistor gate.
At what average voltage #te gae does the generation disappear

18
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Fig. 14. HF oscillator with tunable working point.

Task1.3.9

Seta voltageat the transistor gate (the working point) equal to one half of the
voltage at which thélF oscillatorstops working (it was found in 1.3.8.). Connect the
signal generator to one of the capacitor plates as shown in Feglthe frequency
of signal generator to 1 kHAdjust the signal amplitude to achieve the maximum of
modulation amplitudevhile makingsure that the generation remains stable

Sketch the signal waveform at the transistor gate and at the outputl9Fthe
oscillator.

1
[}___ — — \
»10,11
500Q =
=
<

Fig. 15. HF oscillator with amplitude modulation.

Chapter4. Dividing Elements

It is evident from 1.3.4that the signal at the amplifier output consists both of
an AC and DCcomponers, i.e. it contains a component of zero frequency. After the
amplifier, a signal can be further processed by various circuits, but oriCtlvem-
ponent should be applied to their inputs. To get rid oXBecomponent, it is nece
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sary to use aRCHfilter which operation principle was studied in 1.1ri addition to
the DC component of a signal, theercould be a 50 Hz pickup from tlie@usehold
electrical wiring, so the parametersR&-filter are chosen tpass a useful signal and
to blocka signal at a frguency below 50 Hz.

Taskl1l.4.1.

Use a resistor of 10\ anda capacitor from the given set to assenthé&eRG
filter that would reduce a signal amplitude at 5Q &izleast, by factor of 10and at
the same time would pass a signal at a frequency ofkbl20as best as possible.
Write down the capacitor value

Assemble th&rRCHilter using the chosen capacitor. Apply a 50 Hz signal from
the signal generator to the filter input. Shift the average value at the signal generatc
output by pulling and turninghte k n odf f«sDeCt » . Make sure
pass thddC component of a signal and reduces the 50 Hz signal (do not forget to sef
the «DC» measurement mode of t lgeneraos ci
frequencyto 500 kHz. Make sure theltBr passes the signal at this frequency and
keeps cutting out thBC component.

Task1.4.2.

Assemble the circuit shown in Fig.16. Apply a 500 kHz signal with aniampl
tude of 5V from the signal generator to the circuit in@kietchthe signal waveforms
at the circuit input and output (the second signal shows how the diode voltage varies)
The sketch must make clear a difference between the signals. Notice the aygrage si
nal at the output (do not write on the answer sheet). Does the output signal of this c
cuit depend on the average signal at the input (at the signal generator)? To change t
average signal on t heOgk3ET»a.t oDg mwtl |f
the knob into the initial position after completing the task.

Fig. 16. Dividing capacitor with diode.
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Taskl1l.4.3.

Connect the detector circuit from 1.3.3. to the output of the circuit considered
in the previais task(seethe diagram in Fig.1)7 Set the signal generator frequenay
500 kHz.

L .
I T
1nF * 1nF+ Ijlo()k 0
J__ !
Fig. 17. Detector with two diodes.

Measure and plot the dependence of a constant voltdgeat the circuit ots
put (the voltage across the resistor) on the amplitude of a valtagethe circuit m-
put. Plot the average voltage at the circuit output versus the amplitude of the voltag
at the detector input and determine the angular slope of this function. Determine th
ratio of the slope measured in this task to the slope measuiegl 3.

Paz2zRractice.

Chapterl. Construction of Receiver

In this part of the assignment yaull assemble and adjust a direct ampdific
tion receiverlt is designed for reception, detection, and conversion into sound of an
amplitudemodulated (AM) signal of high frequency. Théock diagram of such a
receiver is shown in Fig.18.

Of all radio signals and noise th€-circuit of the receivel «s edHFct s
signal of a certain frequency. Thelectedsignal is applied to the higinequency m-
plifier 2, processed by the detector 3, amdplified by the low frequency amplifier 4.
The amplified low frequency signal is applied to a speakdreadphoné which
makes the radio transmitted message audible.

P MMM@MMM 3 VWY b \/\/\/ [H Y

Fig. 18. Block diagram of direct amplification receiver.
receiver LC-circuit (1); high frequency amplifier (2); detector 3);
low frequency amplifier (4); speaker ).
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To assemble the receiver, two rectangular circuit boards are required. Arrange
them so that their short sides touch each other. Install two battery compartments o
the edge of the right board. Conndoeé compartmentwith a switch by respecting
the polarity. Install two contact buses along the long sides of the boards and conne
them to the positive and negative terminals of the battery (see Fig.19). Thenbus co
nected to the negative terminal WI|| be used to connect to tkossope ground

‘_‘_‘__.’_)__‘ )___)_-,__’;li?_‘:’_a__ DD . Diim ,' =

Fig. 19. Preliminary arrangement of two circuit boards for receiver assemblage.
Task2.1.1

Set the frequency ofthe HF oscillator (assembled accorohg to Fig.15) to
the minimum. Set to zero the amplitude of theutput signal of the signal gepra-
tor, thereby switching off modulation of the signal of theHF oscillator.

Assemble a parallélC-circuit on the prepared doubled circuit board and place
it near theHF oscillator(see Fig.20). By changing the capacitance inLiGecircuit,
set the resonance frequency of ti&circuit equal to the frequency of tié- osci-
lator. Use the oscilloscope to measuredh®litude of the signahitheL C-circuit.

If the signal level atite oscilloscope input is too low to enstine stable mest
uremens, try to placethe HF oscillatorso that the HF inductor and that of th€-
circuit were closer to each other.

|||I+
"1

||||+ o
N

L
Fig. 20. Setting up LC-circuit.
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Task2.1.2

A HF signal coming from theC-circuit is too weak to be amplified by a single
amplifier considered in 1.3.4. Hence, we will connect the arepdifin seriesEach of
the amplifiers will be referred to as an amplificatgiage(or stage, for short)

Connet theLC-circuit to the first amplificatiorstage(see Fig.21). By varying
a resistance of the variable resistor, adjust the maximum gain of thetdystMeas-
ure the gain of the firgtage Use both oscilloscope channels for simultaneousmea
urementbf the signal at the input and outmitthe amplifier.

Iy

PR S
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-
Fig. 21. Setting up the first amplification stage
Task2.1.3

Set the low frequency filter at the output of the first amplificastege(see
Fig.22). Choose the capacitor value according to the results obtained in 1.4.1.

I

|10k @

il

=

Fig. 22. Setting up low frequency filter.
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Task2.1.4

Connect the second amplificatistageto the output othelow frequency filter
as shown in Fig.23Jse a capacitor of 39 b create anegative feedback of thes
condstagein order to avoid seléxcitation of the resulted amplifieAdjust the gain
of the second stage to the maximuynvarying a resistance of thanable resistor.

Ho b =

2 39p|:

=D -<E®
A H}lOk Q

Fig. 23. Setting up the second amplification stage
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Measure the negainK of the twastage amplifier, i.e. measure the ratio of the
signal amplitude at the second stage output to the signal amplitude on-theWw€
Use two oscilloscope channels tbe simultaneous measurement of the signals at the
input of the first stagand at the amplifier output.

Write down an equation relating the net gEimand the gain&; andK, of the
stages. Evaluate the gdn of the second stage of the amplifier.

Task2.1.5

Set the amplitude of the signal generator so that the modulation amplitude
was at the maximum while the generation remained stable.

Connecthedetector with two diodes studied in 1.4t&reinafter, the detector)
to the output of the second stage, sepZ4i. Set the frequency of amplitude madul
tion of theHF oscillatorto 1 kHz. Sketch 3l cycles of the signal measured by the
oscilloscope at the detector output. Set the frequency of amplitude modulation of the
HF oscillatorto 5 kHz. Sketch 3l cycles 6 the signal measured by the oscilloscope
at the detector dput. Try to emphasize a differenicethesesignals.

24



|||I+
N

1
—— >

2 1"F== Tl100k ©

| IfF—

=

Fig. 24. Setting up detector with two diodes.

Task2.1.6.

Insert the headphones the corresponding socket. Measure their resistance
with theLCR-meter

Connect the low frequendy.F) amplifier to the detector output as shown in
Fig.25. Sketch a waveform of the signal at the output of LF amplifier. Discotimeect
0,1nF capacitor in the circuit of the transistor drain of the LF amplifier and sketch
the obtained waveform of the signal at the output of LF amplifieonwStiearly the
difference n the signals on the drawing. Calculate the magnitude of the impedanc
the headphone and the capacitor mtaaidio frequency of 1 kHz and at 500 kHz

(close to the carrier frequency).
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Fig. 25. Setting up low frequency amplifier and headphones of the receiver.
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Chapter2. Reception of Broadcasted Signal

Now you have to receive the signal of thedio station working iryour clas-
room. The carrier frequency of the station exceeds 2 MHzreceive a signal from
the station, it is necessary to change the ramgehich a resonant frequency of the
LC-circuit can be adjusted

Task2.2.1.

In a few English words doy means of simple drawing, explain how tlze-
justmentrange of the resonant frequency of tl@-circuit can be change&pecify,
what should bexactlydone to the elements of th€-circuit.

Task2.2.2

The household wiring in this room and the electrical appliances connected to
the wiring make a good antema for the broadcasted signal. Connect oscilloscope
probes to the C-circuit to increase the signal at the receiver input circuit. Measure
the carrier frequency of the broadcasted sigmal its audidrequency (the modat
tion frequency).

Task2.2.3

Thebroadcastedudio signal is a single wotchnsmittedn Morse codelt is a
special language consisting of short and long sigmhlsh allow one to transmitr
dio messages. Each symbolkriglishalphabeis represented by a sequemndeshort
andlongginal s calsl eand htedr ex dcodta s h

The correspondence between the letters of English alphabet and the signals «
Morse code is shown in Fig. 26. Every
interval of silence (no sound. silence interval ishort inside a letter, it is longeeb
tween letters, and the longest interval is between words.

Write the broadcasteshessagel si ng t he «dots» amd t
swer sheet. Decipher timessagand writethe wordin English letters.
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Fig. 26. Morse code.
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