ELEC350 Assignment 4
Instructor: Prof. Peter F. Driessen Marker: Pengfei Zhang

Question 1: Consider a message signal m(f) containing frequency components at 300
and 3000 Hz. This signal is used to make an AM signal with carrier frequency 1 MHz.
The receiver has a frequency error of 100 Hz. Determine the frequency components
(spectrum) of the AM receiver output. State your assumptions. Repeat for DSB and SSB.

Solution:

Let f1 =300Hz, /2 = 3000Hz, ¢f= 100Hz, fc = IMHz

The message signal is: m(t) = 4, cos(27ft) + A, cos(2nf,t)
The AM signal is: Sy(t) = Ac(1 + kam(t)) cos(2xfct)

The receiver multiplies SAM(¢) with a local oscillator with frequency error Af. Thus the
signal becomes

r(t) = sAM(f) cos(2n(fc + Af)f)
= Ac(1 + m(¢)) cos(2zfct) cos(2n(fc + Af)t)

é" (1 + m(2))(cos(2n(2fc + Af)t) + cos(2mAft))

Assuming that the low pass filter would block all of the higher frequency signals, the 7(7)
becomes

é" (1 + m(?)) cos(2mAft)

Az" (1 + ka(A1 cos(2xfit) + A2 cos(2xrfrt))) cos(2mAft)

r(t) =

k A A
AZC cos(2mAft) + "T"lcos(27rf1t) cos(2mAft)

k A A
+"T"2 cos(2mfrt) cos(2mAft)

A A
= éc cos(2zAft) + % [cos(2z(fi + Af)f) + cos(2a(fi - Af)1)]
N k,A A,

a C

[cos(2z(fz + AN)E) + cosa(fa - Af)t)]

Therefore, the frequencies that would be output from the receiver would be

f=46 & fixAf &fo £Af
=]00Hz,200Hz,400Hz,2.9KHz,3. I KH=



For a DSB signal ,
Spsp(t) = Ak m(t) cos(2af.t)
The output frequecies would be

f=h+AN & fo £ Af
=200Hz,400Hz,2.9KHz, 3. 1 KHz

For a SSB signal,

k A
Sssa(t) = ”4 s

(4 cos2x(fy + fet)) + Az cosLa(f2 + fit)))

The output frequecies would be

f:ﬁ+Af & ﬁ+Af
=400Hz,3.1KHz

or

=& & f2-AF
=200Hz,2.9KH=

Question 2a: Draw a block diagram of the general I-Q receiver with input s(¢) and
outputs x(7),)(¢). Include both RF and IF stages. Assume s(¢) is an AM signal, and assume
a phase difference ¢ between the transmitted AM carrier and the receiver local oscillator
(LO). Show on the diagram how to obtain m(f) from x(), y(t). Show algebraically that the
receiver output is m(f) regardless of the value of ¢.

Optional: verify using Matlab.
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Figure 1: General I-Q Receiver
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The AM signal is:
Sam(t) = Ac(1 + km(2)) cos(2xf.t)

The received signal is:
s(t) = A(1 + k,m(%)) coszf.t + @)
= A (1 + kam(¢))(cos(2xf.t) cosp- sin(2xfct) sing)

And
x(t) = s(¢) cos(2zfct)
= A1 + k,m(f))(cos(2zfct) cos ¢ - sin(2zxfct) sin @) cos(2xfct)
4. (1 + k.m(2))[(cos(4nfct) + 1) cos ¢ - sin(4xfct) sin @]

2
After the signal passes through the low pass filter, the remaining component is

x(t) = I;C (1 + k,m(2)) cosp
Similarly,
y(t)=- Az‘ (1 + k,m(t)) sin ¢

Thus the output becomes,

() =x* () + y* (¢)

_\/(Ac(l‘FK”m(t))j (COSz(¢)+Sin2(¢))

2
A,(L+ K, m(1))

2
So, It shows that the receiver output is m () regardless of the value of ¢.

Question 2b: Draw a schematic diagram with analog components (diodes, resistors,
capacitors etc) that can be used to replace the I-Q receiver and still obtain m(?)..
Solution:

e T

e -

Figure 2: Either half of an I-0) receiver



Question 3: Repeat question 2a assuming a frequency error Af'(but the phase error ¢ = 0),
and show that the receiver output is still m(z).

The AM signal is :
Sam(t) = Ac(l + k,m(t)) cos(2nft)

x(t) = sam(t) cos2r(fc + Af)i)
= Ac(1 + kam(t)) cos(2nfct) cos(2n(fc + Af)t)

é" (1 + kam(t))[cos(2m(2fct + Af)) + cos(2mAfT)]

Passing the LPF, it becomes:

x(t) = Iic (1 + kam(t)) cos(2rAft)
Similarly,
y(t) = i" (1 + kam(?)) sin(2zAf?)

So,

r() =y/x* (1) + y*(0)
4,4 K, m(1))
2
So, by removing the DC component, the output is just a constant times (%)

Question 4: Repeat question 3 assuming s(¢) is an SSB signal. What is the receiver
output ?

Sssa(f) = éc (m(t) cos(2rfet) + ri(t) sin(2rfer))

Then,

x(f) = Sssp(f) cosRr(fc + Af)t)
- A (m(t) cos(Qmfct) + m (¢) sin(2znfet)) cos(2x(fc + Af)r)

2
_ A [m(f)(cos(2m(2fct + Af)f) + cos(2mAfT))

n

+m(t) (sin(2e(2fct + Af)f) - sin(2rAft))]

Passing the LPF



x(f) = ‘iﬂ (m(t) cosrAf) - 1 (£) sin(2xAf))

It shows that the message signal cannot be separated if there is a frequency error Af.



