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ECE 4880 RF Systems Fall 2016 
Prelim Exam 1 

Please BOX your number answers to help with an accurate grading! 

 

We can thus define the load reflection coefficient L at the load as: 
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We can express the forward and reverse traveling waves by using the reflection coefficient L: 
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If we observe the impedance at position z, the impedance towards the load will be: 
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The Frii’s line-of-sight (LoS) law between a transmitter and receiver pair: 
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Name: ______________________________   Net ID: __________________________ 

 

1. (Radio history) When Edwin Armstrong proposed the superheterodyne radio architecture in 1918, 

which of the following element is NOT needed? (Only one correct answer) (5 pts) 

a) An RF antenna 

b) RF amplifiers 

c) Filters for band selection 

d) Mixer for frequency conversion 

e) Analog-to-digital data converter 

f) Local oscillator for frequency generation 

 

2. (LC Filter in the Signal Chain) A parallel LC network is inserted between two transmission lines 

with characteristic impedance of 50.  We have L = 1nH and C = 10pF.  We will define 
LC

1
0  . 

 
a) What is the ABCD matrix for the LC network as a function of frequency? (5 pts) 

 
 
 
 
 
 
 
 
 
 

b) What is the S matrix for the LC network as a function of frequency? (5 pts) 
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c) Plot the magnitude and phase of S21 across a broad frequency around 0. Briefly explain the 

asymptotic trends. (5 pts) 

 

 

 

 

 

 

 

 

 

 

 
 

d) Plot the magnitude and phase of S11 across a broad frequency around 0. Briefly explain the 

asymptotic trends. (5 pts) 
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e) What is the passband S21 ratio between 0 and 0 – 100MHz (in dB)? A number is required. (5 

pts) 

 

 

 

 

 

 

 

 

 

 

 

 

f) What is the value of Y11 at 0?  Explain the value in one sentence.  (5 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

3. (BJT Power Amplifier) A RF bipolar transistor amplifier within the voltage range of operation can 

be approximated by the  network shown below.  The dependent current source has magnitude of 

gmvin where vin is the voltage drop in rin.  The input and output have transmission line of impedance of 

Z0 = 50. 

 
a) Write down the Y matrix for the  network.  (5 pts) 
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b) We have rin = 200, which causes significant reflection.  We decide to add an impedance match 

network by a transmission line and then a series stub line.  Show the qualitative step in the 

simplified Smith chart below for the first step to transform the real part to 50.  Denote how the 

length of the transmission line should be determined. (5 pts) Which number below is closest to 

the transmission line length? 0, /10, /3, 4/5. Give one sentence to explain. (5 pts) 

 

 

 

 

 

 

 

 

 
 

c) At the second step of the impedance matching, we will add a series stub line.  Show the 

qualitative step in the Smith Chart above to determine the length of the series stub line. (5 pts)  

To minimize the length of the stub line, should we use an open-ended or short-ended stub line? (5 

pts) 
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Replica of Sputnik 1 

in DC Aerospace 

Museum 

4. (Sputnik Radio Transmitter) The first orbiting satellite is Sputnik 1 

by the Soviet Union in 1957.  The satellite orbits the earth in an 

ellipsoid of 1,450km and 223km axes.   The satellite is basically a 

radio transmitter and weighs 83.6kg.  The mission (in addition to the 

study of launching) is to transmit signals of 20MHz and 40MHz for 

0.3s each, with intermittent pauses of 0.3s.  This is a beacon signal that 

does not carry any data.  The antennas on Sputnik 1 are about 2 – 3 m, 

as shown in the picture.  Due to the battery limit (no solar cells on 

Sputnik 1), the transmitter is at 30 dBm.  The RF receivers on earth 

have a sensitivity of 100dBm and the antenna gain for both 

frequencies are at 30 dBi.  There are more than 3 receivers at different 

locations to trilaterate the satellite. 

(a)  If we have no control of the satellite orientation in space, what is 

the largest satellite antenna gain we can achieve? (5 pts) 

 

 

 

 

 

 

 

 

 

 

(b)  Assume there is only free-space loss between the satellite and the receiving station on earth.  How 

far can we listen to both frequencies at the line-of-sight?  The speed of light is 3108 m/s.  We 

will use the best possible antenna in (a). (5 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  The ion sphere will cause additional path loss (which we can use to study the composition of the 

ion sphere).  If the maximum loss can be 15dB, how far we can receive the 40MHz signal?  (5 pts) 
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(d)  Design the block diagram of the receiver that can output the beacon signal by two LED lights of 

different colors that can be activated by 3.2V.  (5 pts) What is the needed gain in dB in the 

receiver chain with the weakest signal?  Assume the receiver antenna has an impedance of 50 . 

(5 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. (Walkie-Talkie) You are a WWII communication officer.  Before you are dispatched, you need to 

put together a point-to-point radio link (similar to a walkie-talkie) from scratch to communicate with 

your base unit.  These are the components available to you (two of each to make two transceivers):  

 Oscillators at 100MHz with 0.1V voltage magnitude;  

 Antennas around 100MHz of 8 dBi;  

 Broadband mixers;  

 Microphones that can transduce voice to an electric signal of -10dBm and 4kHz bandwidth;  

 Speakers that can transduce an electric signal of 10dBm and 4kHz to an audible sound;  

 Amplifiers at the voice band (with little distortion);  

 Low-noise amplifiers at the 100MHz with high sensitivity and low noise;  

 Power amplifier at 100MHz with 20dB gain and maximum 30dBm output;  

 Bandpass filters around 100MHz; Lowpass filters around 8kHz; 

 Circulator at 100MHz with -60dB rejection. 

 

(a)  If you need an operation range of 10km at line of sight, what is your receiver sensitivity?  (5 pts) 
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(b)  Draw the transceiver block diagram, and denote the power or voltage at each stage (treat mixers 

with a fixed gain). (10 pts) 

 


