
TEST 3 "RANDOM SIGNALS & NOISE", APRIL 3: 8:45-9:45H 1 

• This test consists of one problem, with a maximum score of 100 points. 

• During the test you can consult the book "Introduction to Random Signals and 
Noise" by W. van Etten. This test covers the Chapters 1-6. 

• Prints of the lecture slides, personal notes, tutorial material, and old exams and 
their solutions cannot be used! 

• Please write in blue or black, using a pen. Do not use a pencil. 

• You may use your pocket calculator to calculate numerical answers. Laptop 
computers, PDAs, mobile phones, or any other communication devices are not 
allowed on your table. 

• Do not leave during the test. 

Problem: Wireless receiver system 

Consider an FM receiver system consisting of an antenna, an amplifier, a cable, and a 
tuner. 

(a) Give two reasons why the amplifier should be put between the antenna and the 
cable, rather than between the cable and the tuner. Give a physical explanation, 
i.e. do not refer to formulas. 

The system is used to receive radio waves in a small frequency band around a center 
frequency of 100 MHz. In that band the antenna has a complex source impedance 
Zs = Rs+j X5 , with source resistance Rs = 75 ohms and source reactance Xs = 10 ohms. 
The amplifier can be modeled as an ideal current amplifier, with an amplification 
factor A= 100, and (real) input and output impedances of 75 ohms. 

(b) Show that the power that is delivered to the amplifier can be maximized using a 
matching series capacitor, and calculate the required capacitance. 

(c) Show that the available gain of the amplifier with the capacitor is equal to 34 dB. 

Now suppose that a signal power of -100 dBm is available at the output terminals of 
the antenna, and that the antenna has a source temperature of 130 K. The amplifier 
has a standard noise figure of 1.5 dB. The cable has an impedance of 75 ohms and a 
loss of 30 dB, and can be assumed to be at room temperature. The input impedance 
of the tuner is also 75 ohms. The tuner has a standard noise figure of 3 dB, and an 
equivalent noise bandwidth of 150 kHz. The bandwidths of all other components in 
the receiver can be assumed larger than that. Furthermore it can be assumed that the 
transfers of all components in the system are fiat in the signal frequency band. 

(d) Calculate the signal-to-noise ratio in the tuner. 

THE END 


