EE302 Problem Set 3
Complete the following problems from the textbook Principles of Electronic Communication Systems, 3rd ed. 
Chapter 9
Questions: 32, 33, 34, 35

Problems: 14

Chapter 9 Question 32

Thermal noise, also known as “white nose" or “Johnson noise."
Chapter 9 Question 33
Decibels.
Chapter 9 Question 34
Thermal noise increases with increasing temperature. This is evident from the equation 
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Chapter 9 Question 35
If bandwidth is reduced, then so is thermal noise. This is evident from the equation 
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Chapter 9 Problem 14
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Additional Problems

1.  An amplifier with a power gain of 3dB is to be characterized.  The test apparatus provides a SNR of 20dB at the input and measures a SNR of 15dB at the output.  Find the amplifier’s NF.
For a given system, NF = SNRdB,in – SNRdB,out = 20 dB – 15 dB = 5 dB
Doing the problem the “long” way requires converting the dB SNR values to power ratios, but it will confirm our answer:
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The shortcut given above (in yellow) always works because it is based on a property of the log function:
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Thus,
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This truly is a shortcut worth remembering and putting on an equation sheet.
Specifications for (2), (3), (4) and (5).
A system is comprised of three amplifiers.  The following specifications are given:
The SNR at the input to stage 1 is 30dB.

AP1 =   9.0dB, NF1 = 1.8dB

AP2 = 24.0dB, NF2 = 4.0dB

AP3 = 12.0dB, NF3 = 8.0dB

It is helpful to draw a sketch for use with the following problems:
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2.  Find the system power gain in dB and the system noise ratio using the Friis formula.  Hint:  to use the Friis formula, all quantities must be expressed as ratios (not in dB).

System gain in dB
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System noise ratio:
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Tip: Terms beyond the second one become very small and insignificant, so that

NRSys ≈ 1.514 + 0.190 = 1.704

If youre going to ignore terms beyond the second term on an exam, write down something explaining your thought process. Otherwise, the grader may be inclined to think you forgot part of the formula, or maybe you just ran out of time. Show that what you have done is deliberate so you can maximize

the credit your receive.
3.  Use the system NR from (4) to find the system noise figure (NF).
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4.  Use the system NR from (4) to find the final SNR after stage 3 as a ratio and in dB.
SNR after stage three is the system's SNRout because the output of stage three is the

output of the system. Also, SNRin for the system is SNRin for the first amplifier.
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In decibels, this is:
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Alternately, one can use the shortcut from Additional Problem 1:
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This can be converted to a ratio:
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5.   Suppose the amplifiers are cascaded in reverse order, namely, 3, 2, then 1.

(a) Does the overall system power gain change?

No. Multiplication is a commutative operation (i.e., a∙b = b∙a). In fact, so

is addition! Working in ratios or dB, you’ll still get the same result.
(b) Is this a good idea from a system NR perspective? Why, or why not?

This is a bad idea. The first and second terms of Frii’s formula are the terms that are most significant because the successive terms have increasingly large denominators. In Frii’s formula, the first term is the NR of the first amplifier NR1, and the second term is (NR2 - 1)/A1. The overall NR is driven primarily by NR1. NRSys = 1 is the ideal to which we aspire. The original order of the amplifiers yields an overall NRSys in the vicinity of NR1 = 1.514. The proposed new order will mean that the new NRSys is no less than NR3 = 6.310.
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