LAB 2

1. Amm

Investigate binary modulation and demodulation techniques.

2. METHODOLOGY

The signals apparatus, has 3 main components, connected by carriers.

The oscilloscope is use to view and measure the signal at given stages in the
signals transformation process.

In the modulation sections of a the experiments, a signal is generated in the
signal generator,

and it passed though the modulator.

The generated, and modulated signals are observed with the oscilloscope.

In the demodulation section, it is passed onwards through the demodulator,

and that output is also observed.

We also experiment with adding noise.

This is done for Amplitude Shift King, and Phase Shift keying.

3. REsuLTS

3.1. PRN and Spectum of Baseband Binary Signals. PRN is pseudo random
noise

3.1.1. A). 10kHz Rectangular singal has period: T =
From page 481 of text book:
10kHz PRN single has period:

T. = % = 10"*seconds per pulse

= 10~ *seconds
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m = 15, So maximum period is N = 2 — 1 = 32767 pulses
T, = NT. = 3.2767 seconds before it repeats itself.
Explain the effect the period of the PRN has on the spectrum. The period is how
many bits the PRN can output before it repeats itself.
Explain the effect the period of the Rectangular has on the spectrum. m(t) =
1 k+0<t<k+Z 1 0<t-k<Z
Lea 0 k+§§t<k+T‘Zk€Z 0 T<t—k<T
. 1 FL<t-k<®
or equivelently: m(t) =3, {0 %4§ ke 37T4 =Y wenrect(gir — k)

By the Linearity of the Forfier tranfrom M (27 f) = 3, ., Lsinc(LF)e 927 /*

Tsin2nfE) _; sin(2rfL) _. sin(2rfL)
M(27rf) = kez 5?%46 jerfk ZkeZ T4e jenfk _ Zkez 746 jomfk

_ Sin(?ﬂ'f%) —j2rfk _ ej(%*zﬂf%)+ej(%+27rf%) —jonfk
M@2rf) =2 kez —7f € =2 kez e

Fi(emin i . 2]
using sin(x) = g = (e - @8 Dpe
M@2nf) = Zkez 8§J(1ffT;T+r;§J<1+fT> o—i2mfk _ Zkez ei‘](l—zlkf,ng):;?J(174kf+fT)
M@2rf) = Z eZI(—f(AR+T)) 4 (Fj(1—f(4k=T))
2 f

keZ
Changing the Period dilates the frequency spectrum.

3.1.2. b. —2V to 2V, 100kH z PRN binary polar basebane signal.

Sketch specturm:

0 to 4V, 100kH z PRN binary unipolar baseban signal.

Sketch specturm:
What differences observed between spectrum? We can’t see difference because of a
flaw in the hardware, but there should be a DC component at zero frequency for
polar.

3.2. Binary Amplitude Shift Keying (ASK).

3.2.1. A) Generate ASK signal. Modulating Signal 10kHz 1V,,_,unipolar periodic
rectangular signal

Carrier 100kHz 2V,,_,sinusoid

Case) a Zero is modulated = 1

Case) a One is modulated = 2cos(2710°¢)
Explain form of spectrum. The spectrum of the output ASK signal: Y (2nf) =
M(@2rf)* C(2rf)

since the Carrier single is just a Cosine, C(2rf) = §(f — 10%) + §(f + 1077)

So by the replication property of the Dirac Deltat:

Y(2rf) =M (2n(f —10°)) + M (27(f + 10°))

y(t) = m(t) - 2cos(2w105¢t)
correlate the powers in the carrier and first sideband with that predicted by theory.
Measured:

C(f = 100kH z Carrier) = 297.4mV

C(sideband) = 203.5mV

Calculated:

Carrier Y (2rx10°%) = 3", 7 55207 (sinc(ﬁ)e‘j%mo + smc(gﬁgi )e—j%k(2x1075))
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Bipolar PRN Signal (Yellow)
and It’s frequency spectum (pink)

47

Y (2 x 10) = .y e (1 + sime(10)e™ 165

3.2.2. B). modulating with 10kH 21V,,_, unipolar PRN.
Using filter 25Hz
Explain form of spectrum. as before Y (27 f) = M (2x(f — 10%)) + M (2r(f + 10%))
where M this time is a PRN signal.
It is symmetrical like before, as that is a product of the modulation.
Basically we see the Frequency shift and sum of the PRN spectrum.

3.2.3. C). Modulating 1kHz 2 V,,_,unipolar periodic retangualr rignal;
3.2.4. D) Eye diagram. modulating signal to a 1 kHz 1Vp-p unipolar PRN sequence

3.2.5. E) Fye diagram. Add 5v noise
We can see that the signal becoem more shaky

3.3. Binary Phase Shift Keying (BPSK).
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Unipolar PRN Signal (Yellow)
and It’s frequency spectum (pink)

3.3.1. a. Generate a binary PSK signal by using a 100kHz 2Vp-p sinusoidal carrier
and a 10 kHz 1Vp-p polar periodic rectangular signal.

Determine the phase that a logic 1 (0.5V) and a logic 0 (-0.5V) are encoded with
using the oscilloscope.

so(t) = cos(10* x 27t — 0.5)

s1(t) = cos(10* x 27t + 0.5)

3.3.2. B). The Specturm of the BPSK signal is basically the same as the ASK
signal, except for the carrier impuse.

This is because they output the same signal if the modulating a One.

Whereas when modulating a Zero, the BPSK outputs a phase shifted signal
(which has roughly the same frequency spectrum as a unphase-shifted signal), but
the ASK outputs just 0 (thus the Carrier Impulse).

3.3.3. C). The Costas PLL can successfully demodulate a BPSK signal

4. CONCLUSION

This experiment confirmed the expected behavior of our binary modulation tech-
niques.
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FI1GURE 3.3.

We also saw that that the binary signals, can be recovered very will even with
noise.

ASK, works by either passing the carrier, or passing no signal, depending on the
input signal.

BPSK, works by shifting the carrier phase, in proportion to the modulating
signal.
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(Note: they are the same amplitude - the oscilloscopes scales were set different)



