
This is Episode 7 in the ECE Topics series. We cover a wide range of topics including how and why logarithmic scales 
are often used in frequency response graphs, and the related topics of dB and dBm.  The physical world involves a 
wide range of frequencies and sound levels, and the processes involved result in the need to deal with orders of 
magnitude ranges in values. While essentially this is exponential in nature, we use logs to deal with it. Examples in the 
audio and radio/microwave fields are presented together with history and theory.

ECE Topic #7 – Frequencies, Amplitudes, Log Scales,
dB and dBm

Slides downloaded from: https://ecefiles.org/ece-topics/

Companion video at: https://www.youtube.com/watch?v=Lg_zDBm1wa0

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/
https://www.youtube.com/watch?v=Lg_zDBm1wa0
https://ecefiles.org/
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Frequencies, Amplitudes, 

Log Scales, dB and dBm

dB = 20 log (|H(f)|)

SPL

in Pascals

and dB

-110 dBm

100W

8 GHz

From

Wikipedia
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Audio Signal Processing
From  ECE Topics - Episode 4 – Understanding Circuits

http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf
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Frequency Response Plots
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From  Episode 6 – Complex Numbers, Phasors, …
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Linear vs Log Scaling
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Log
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Using this scale …
• 20 kHz is way off the page 

• 2 GHz is in the next country !!

Audio 

(20Hz – 20 kHz)

Speech 

(300Hz – 4 kHz)

Radio Microwaves THzmmWave
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Amplitudes and dB in Audio
• Sound pressure level (SPL) is measured in Pascals ( 1 𝑃𝑎 = 1

𝑁

𝑚2 )

• In audio, SPL is often expressed in ”dB”
• 10 dB increase in SPL is perceived to be twice as loud

• SPL decreases about 6 dB for each doubling of distance

• Speakers typically rated at 1 meter from source at 1W

https://en.wikipedia.org/wiki/Decibel

https://en.wikipedia.org/wiki/Decibel
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Example Speaker Datasheets
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Sound Pressure Levels in dB

101

102

103

104

100

105

10-6

10-5

10-4

10-3

10-2

10-1 Range for 

human hearing 

at 1 kHz *

SPL (Pa) dB
(Actually,   𝒅𝑩𝑺𝑷𝑳 )
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* CAUTION/DANGER:  
Levels above 120 dB at ear can 

cause immediate hearing loss !!)
Long-term exposure above 80 or 85 dB can 

also cause damage

20 𝜇𝑃𝑎 https://www.cdc.gov/nceh/hearing_loss/what

_noises_cause_hearing_loss.html
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https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html
https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html
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References …

https://en.wikipedia.org/wiki/Decibel

https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html

https://en.wikipedia.org/wiki/Decibel
https://www.cdc.gov/nceh/hearing_loss/what_noises_cause_hearing_loss.html
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Lowpass Filter 
Magnitude vs Log Frequency
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Axis Scaling Choices

Linear Scales Semi-log Log-log Semi-log with dB

*Single-pole 1 kHz Lowpass Filter shown

dB = 20 log (|H(f)|)

-20 dB/decade

or -6 dB/octave*
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Examples at Radio Frequencies
From  Radio Design 101 – Episode 1

100 MHz Bandpass Filter
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Received Levels and dB in Radio

Received signal levels are usually expressed in dBm or dBuV 

     𝑑𝐵𝑚 = 10 𝑙𝑜𝑔
𝑅𝑐𝑣𝑑 𝑃𝑜𝑤𝑒𝑟

1 𝑚𝑊
       𝑑𝐵𝜇𝑉 = 20 𝑙𝑜𝑔

𝑉𝑟𝑐𝑣𝑑

1𝜇𝑉

From:   Antenna Briefs Series

2 for free-space

3 to 5 for terrestrial

Use 10 when converting Power ratio to dB scale Use 20 when converting Voltage ratio to dB scale

From  Antenna Briefs #3 – Maximizing Range



Credit: NASA

Credit: NASA

Example 1 --  Deep-Space

𝐏𝒓  =  𝑷𝒕  
𝑮𝒕

𝟒 𝝅 𝒅𝟐 𝑨𝒆𝒇𝒇−𝒓𝒙𝑨𝒏𝒕 

Pt = 100 W

Gt=50,000  (@ 70% aperture efficiency)

dmax=378E9 m

Aeff=3800 m^2

𝐏𝒓 =

Downlink frequency 8.4 GHz

Transmit dish diameter: 3 m

Receiver dish diameter: 70 m

Earth-Mars distance (max): 378 M km

1.1E-14 W   

(-110 dBm)

Rough estimates based on web search results:

𝜆 = 0.036 𝑚

Goldstone 70m DSN dish

Mars Global Surveyor
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From:  “Propagation comparisons at VHF and UHF frequencies,” 2009 IEEE Radio and Wireless Symposium

dmax = 2 km

dmax = 200 m 

Example 2 --  Terrestrial Links (Measured)

n = 3 to 5 !

𝐏𝒓  =  𝑷𝒕  𝑮𝒕
𝟏

𝟒 𝝅 𝒅𝒏 𝑨𝒆𝒇𝒇

Pt = 10 mW   (+10 dBm) 

Gt = 1.6 to 10  (Gt and Aeff depend on antenna) 
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Cell Phones  ☺

CAUTION:  Some apps may be inaccurate

Especially with loud sounds…
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Thanks for Watching !
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