TEST 2
ENTC 4307

TELECOMMUNICATIONS

(Individual Exams are due April 23, 2004, Group Explanations and Group Grade Sheets are due April 26, 2004)

(Each problem is worth 10 points.)
1. An RF input signal at 600 MHz is down-converted in a mixer to an IF frequency of 80 MHz.  What are the two possible LO frequencies and the corresponding image frequencies?

fRF = 600 MHz


fIF = 80 MHz


Two possible LO frequencies are:


fLO = fRF ( fIF  = 680 MHz & 520 MHz


The image frequency for fIM = fLO + fIF  = 680 MHz + 80 MHz = 760 MHz

The image frequency for fIM = fLO - fIF  = 520 MHz - 80 MHz = 440 MHz
2. Determine the gain (careful using dB), 1-dB compression point, and third-order intercept for the following low-noise amplifier.
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For an input of -60 dB, the output is approximately -37 dB.  Hence the gain is 

-37 dB – (- 60 dB) = +23 dB.

1 dB of compression occurs for an input of about -20 dBm.

The third order intercept is +30 dBm (1 W).
3. Find the Fourier transform of 

a. The pulse function defined as:
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By integration:
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By tables:


[image: image3.wmf]ï

î

ï

í

ì

£

=

otherwise

T

t

A

t

f

o

,

0

2

,

)

(


(

[image: image4.wmf]2

2

sin

2

o

o

T

T

AT

w

w




[image: image5.wmf]f

T

f

A

T

f

T

f

T

A

T

T

AT

o

o

o

o

o

o

p

p

p

p

w

w

2

2

sin

2

2

2

2

sin

2

2

2

2

sin

2

=

/

/

/

/

/

=


b. The impulse function, 3(t).

By integration:
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By tables:
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4. Determine the frequency for the following oscillator.  What type of oscillator is shown in the figure?  The capacitor associated with the transistor is incorporated with stray capacitance in the 30 pF)


[image: image9.png]






(Bias circuitry not shown)
The effective C for tuning:
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5. Given the following phase-locked loop, determine:

a. Determine the gain of the op amp.
b. With S1 open, determine the frequency at Vo assuming that fo, fi, and fo + fi are filtered out.

c. When the loop is closed and phase-locked, determine

1. the VCO output frequency

2. Vo 

d. Determine the maximum value of Vd.
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6. Using the following Smith Chart, determine the magnitude and angle of the reflection coefficient, , and the ZL.  Assume a characteristic impedance, ZO, of  50 
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7. For the previous problem, calculate the magnitude and angle of the reflection coefficient, , and the VSWR and compare the results obtained from the Smith Chart.
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8. Find the bit error probability for a BPSK system with a bit rate of 1 Mbits/sec.  The received waveform s1(t) = Acosot and  s2(t) = -Acosot, are coherently detected with a matched filter.  The value of A is 10 mV.  Assume that the single-sided noise power spectral density is No = 10-11 W/Hz and that the signal power and energy per bit are normalized relative to a 1- load.

Given:    
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9. For the QPSK modulator shown, construct the truth table, phasor diagram, and constellation diagram.
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For a binary data input of Q = 0 and I = 0, the two inputs to the I balanced modulator are
– 1 and sinct, and the two inputs to the Q balanced modulator are – 1 and cosct. Consequently, the outputs are:

I balanced modulator = (– 1)( sinct) = –sinct 

Q balanced modulator = (– 1)( cosct) = –cosct
and the output of the linear summer is


–cosct –sinct = 1.414 sin(ct – 135()
For the remaining dibit codes (01. 10, and  11), the procedure is the same. 
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10. A wireless local area network operating at 2.44 GHz transmits data at the rate of 1.15 Mbps, with a desired error rate of 10-5.  The transmitter and receiver each use a monopole antenna with a gain of 4.5 dB.  The transmit power is 0.5 W, and the receiver and receive antenna have a combined system noise temperature of 600 K.  Compare the maximum possible operating range for coherent FSK and noncoherent ASK modulation.
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From Table 9.2, Eb/no = 12.6 dB for coherent FSK with Pe = 10-5. 
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The wavelength is
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From equation 9.104:
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The Friis formula yields
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(coherent FSK).


For the case of noncoherent ASK, Eb/no = 16.4 dB for coherent FSK with Pe = 10-5. 
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(noncoherent ASK).

We see that the use of noncoherent ASK modulation leads to a reduction of about 25% in maximum range.










Phasor Diagram





Truth Table





Constellation Diagram





Phase-vs.-time Diagram
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d:  Max vd occurs at  .


� EMBED Equation.3  ���





c:  VCO output frequency equals fi:  100 kHz.
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b:  Open loop output frequency:
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a:  Non-inverting amplifier:
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Colpitt’s Oscillator





Note that the reactance of the 1500 pF is much less the resistance in the emitter circuit.  Thus, treat the capacitors as being in series.





Euler’s equation for a sine
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