
This episode of Radio Design 201 (Microwave Circuits and Antennas) focuses on fundamentals of 

communication links, including how to calculate received signal level, and the role of noise in a system's 

ability to detect and demodulate the signal. At microwave frequencies, the antennas used often have 

high directivity and gain, allowing for very long-range communication. Signal path-loss is considered 

and the use and effects of path-loss exponents from 2 to 5 is explained. The video concludes with 

demonstrations of spectrum analyzers, including a TinySA Ultra and a comparison of the TinySA to an 

older high-performance Hewlett Packard unit.

Radio Design 201 Microwave Circuits and Antennas

Episode 5 - Gain, Path Loss, Spectrums, and Noise
Slides downloaded from: https://ecefiles.org/

Companion videos at:   https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx 

This material is provided by ecefiles.org for educational use .
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Why Use “Microwaves” ?

• Massive Amounts of Spectrum Available

• Highly Directional Antennas Possible

• Very Long Range (for line-of-sight paths)
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Announcements
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Today’s Episode in Context

In Episode 3
(p/o 4-part introduction)

This Episode
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Transmit & Receive Power Levels

Problem:

Consider at transmitter TX with output power  Pt  Watts

And a RX with antenna area (“effective aperture”) Ae  m2

Find the received power Pr at distance d

RXTX Voice / DataVoice / Data

d PrPt

Ae



Solution (basic / simplified)

Assume    TX antenna is “isotropic” (non-directional)

    RX antenna and feedline is well matched to RX input impedance

    Propagation medium is free-space (no obstructions/reflections)

Then          Power density Pdensity at distance d is:

And received power Pr is:

RXTX Voice / DataVoice / Data

d
PrPt

Ae

𝑷𝒅𝒆𝒏𝒔𝒊𝒕𝒚 =
𝑷𝒕

𝟒𝝅𝒅𝟐
 𝑾𝒂𝒕𝒕𝒔/𝒎𝟐

𝑃𝑟 = 𝐏𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝑨𝒆𝒇𝒇

Surface area of a sphere of

radius d surrounding “isotropic”

TX antenna



Antenna Gains and Path Loss Exponent

Real TX antennas have directivity and associated “gain”  ( Gt )

(and so do RX antennas …) 

RXTX Voice / DataVoice / Data

d PrPt

Ae

𝑷𝒓 =
𝑷𝒕𝑮𝒕

𝟒𝝅𝒅𝒏
𝑨𝒆

Terrestrial propagation paths may have obstructions / 

reflections, so “path loss exponent” in denominator is often 

approximated as n = 2 to 5

     And  𝑷𝒓 formula becomes:

Gt

See:  Antenna Briefs, Episode 7

https://www.youtube.com/watch?v=gKNsVSUiS9I&list=PL9Ox3wpnB0kqNLnCdCtWcjGq7nRVHYxKA&index=8


Important Notes:

RXTX Voice / DataVoice / Data

d PrPt

Ae

Basic (half-wave) dipole antennas have gain of 

  G ≈ 1.6 (2 dBi),  and  Ae ≈
1

𝜋

𝜆

2

2

Dish antennas can have large effective apertures 

and very large gain at microwave frequencies 

   Aeff ≈ 𝜋
𝐷

2

2
 and  G = 

𝐴𝑒𝑓𝑓

𝐴𝑒𝑖
=

4𝜋𝐴𝑒𝑓𝑓

𝜆2

Gt

D



Example / Demo

𝑃𝑡 =
𝑉𝑡

2

𝑅𝑎𝑛𝑡
    Watts

Example:   1 Vrms, 50 Ohms

         => Pt = 20 mW

d

𝐏𝒅𝒆𝒏𝒔𝒊𝒕𝒚 =
𝑷𝒕𝑮𝒕

𝟒𝝅𝒅𝒏
 𝑾𝒂𝒕𝒕𝒔/𝒎𝟐

𝑃𝑟 = 𝐏𝒅𝒆𝒏𝒔𝒊𝒕𝒚 𝑨𝒆𝒇𝒇    Watts

Example:   Gt = 1.6, d = 0.5m 

         =>  Pdensity = 10 mW/m2

               Then with Aeff    1/3.14 (0.34m)2

                Pr     0.4 mW
NOTE:  NanoVNA actually 

               puts out less …

≈

≈
(About 10 log(0.4/20) = 17 dB less than Pt)

𝑛 ≈ 2 ℎ𝑒𝑟𝑒?
       Why?

=>
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Power in dBm units

• Received power Pr is usually orders of magnitude lower than Pt

• If d varies from 1m to 10 km  (about 6 miles),   Pr decreases by a factor 

of 108 !  (e.g. from 0.1mW to 1 pW,  for n=2. Much worse for n=4)

• So Pr often expressed in dB relative to 1mW, or “dBm”

ȁ𝑃𝑟 dBm ≜ 10𝑙𝑜𝑔
𝑃𝑟

1𝑚𝑊

Power dBm

1 Watt +30

1 mW 0

1 uW -30

1 nW -60

1 pW -90

1 fW -120

1 aW -150

☺







Minimum Discernable Signals

• Weakest power receivable often taken as the level of incoming noise

• Called the Minimum Discernable Signal level, or MDS

• Actual minimum depends on receiver design, modulation, coding, …



Overall Receiver Sensitivity

Pn  =  -174 dBm + 10 log(B)

Pn=kTB
Ps

Pi1

Pi2

RFI

Ps_min =  Pn + NFrcvr + S/Nmin

See Radio Design 401, Episode 2 for details

Example:     TinySA Ultra spectrum analyzer with B=100 kHz, NF = 3 dB, 

                      =>   Pn = -174 dBm + 10 log(1E5) dB + 3 dB = -121 dBm                                            

Circuit

Noise

𝑃𝑛 𝑑𝐵𝑚 = 10𝑙𝑜𝑔
𝑘𝑇𝐵

0.001

             = 10𝑙𝑜𝑔
𝑘𝑇

0.001
+ 10𝑙𝑜𝑔 𝐵

-174 dBm @ T=290K



Spectrum Analyzer Noise Floor

Pn = -174 dBm + 10 log(B) + NFrcvr

TinySA Ultra spectrum analyzer with   RBW = 100 kHz,  Preamp ON, (NF = 3 dB) 

              Pn = -174 dBm + 10 log(1E5) dB + 3 dB = -121 dBm  
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Spectrum Analyzer Demos



Thanks For 

Watching !
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