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Basic Definitions
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• Parts from Chapter 2, but mostly own material.

• Time and Frequency
• dB conversion
• Power and dBm
• Filter Basics 
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Time Domain 
�3

• The real world happens in the time domain!
• The independent variable is time, denoted by ”t”
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Frequency Domain
�4

What is the 
unit of 

frequency?

• Signals may be represented by frequency 
components

• Independent variable is frequency ”f”
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Time domain vs. Frequency domain
�5

Questions:
What instrument should you use for 
measuring the signal in the time domain or 
the frequency domain?
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Time domain vs. Frequency domain
�6

Questions:
What instrument should you use for 
measuring the signal in the time domain or 
the frequency domain?

a)  Oscilloscope               time domain
b)  Spectrum Analyzer     frequency domain
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Oscilloscope:  
time domain

Spectrum analyzer:  
frequency domain
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Time domain vs. Frequency domain
�8

• The two representations are related through 
Fourier transformation and both contain the same 
information 

• Remember that by changing the signal in one 
domain, its representation in the other domain 
changes as well

x(t)   X(f)Fourier
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Ted's history corner �9
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Square wave and its harmonics
�10

• Ideal square waves consist of odd harmonics. 
Using Fourier expansion with cycle frequency f over 
time t, an ideal square wave with an amplitude of 1 
can be represented as an infinite sum of sinusoidal 
waves:
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Example – effect of filtering
�11

Smoother and wider in time domain
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Negative Frequency
�12

All real signals have this negative 
frequency components as well. It is 

called the image.

A sinusoidal signal is often called a single-tone 
because its frequency domain representation 

contains only one frequency
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Basic Definitions
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• Time and Frequency
• dB conversion
• Power and dBm
• Filter Basics 
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dB (deci Bell)

�14

• In order to make calculations and comparisons easier, RF system 
designers commonly use logarithmic scale

• dB is logarithm base-10 and times 10

• Calculations become easier if you can quickly convert any 
number into its logarithm!

log (1/x) = - log x
log (x x y) = log x + log y

(y x x)dB = 10 log (xy)

dB= 10  log10 (X)
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dB Calculations
�15

Three important dB-numbers you have to remember
(10)dB = 10 log10 10

10 dB is the same as 10 times

(0)dB = 10 log10 1
0 dB is the same as the same

(3)dB = 10 log10 2
3 dB is the same as 2 times
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(0)dB = 10 log10 1

(3)dB = 10 log10 2

(10)dB = 10 log10 10

(4)dB = 10 log10 2.5

(7)dB = 10 log10 5

(2)dB = 10 log10 π/2 (1.57)

(6)dB = 10 log10 4

(8)dB = 10 log10 2π (6.28)

(9)dB = 10 log10 8

(1)dB =10 log10 1.25

(5)dB = 10 log10 π (3.14)

�16
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dB Calculations: example
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Ted's history corner �18
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Basic Definitions
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• Time and Frequency
• dB conversion
• Power and dBm
• Filter Basics 
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Why Power? 

�20

• It is very difficult to accurately measure 
voltage or current signals at high frequencies.

• Real signals are random in nature. So it is a 
lot more useful to record the average and 
standard deviation instead of large data base 
of instantaneous amplitudes.
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Power
�21

• Measuring power is relatively easy, even at 
extremely high frequencies

• It can be done by dissipating the signal in a 
resistor and measuring the temperature
– power conservation law

• We need to agree on a  
resistor value! 
– How about 50 Ohm?
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Why 50 Ohm? �22

• Lloyd Espenscheid and Herman Affel, 
working for Bell Labs in 1929.

• They were going to send RF signals (4 
MHz) for hundred of miles carrying a 
thousand telephone calls. They needed a 
cable that would carry high voltage and 
high power. In the graph, you can see the 
ideal rating for each. For high voltage, the 
perfect impedance is 60 ohms. For high 
power, the perfect impedance is 30 ohms.

• This means, clearly, that there is NO 
perfect impedance to do both. What they 
ended up with was a compromise number, 
and that number was 50 ohms.

Ted's history corner
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Power in dBm

�23

• Due to simplicity in calculations, we like to express 
power in logarithm scale!

• Power is not a ratio, so how can we do this?

• Calculate the ratio of the power to 1 mW and 
express that in dB! We call this dBm.

• 0 dBm = 1 mW. 
• 1 W = X dBm?
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Power in dBm
�24

Wikipedia
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dBu and dBW

�25

• Sometimes you may also see units such as 
"dBu" and "dBW".

• dBu = power relative to 1 uW
• dBW = power relative to 1 W

• What is the relationship between dBm and 
dBu?

• And dBm and dBW? 
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dBm and dB
�26

• Do not mix up dB and dBm!
• When X dBm power is amplified by Y dB gain,  

the final power is (X+Y) dBm!

X [dBm] + Y [dB] => X+Y [dBm]
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Calculating Power - Ex 2.1
�27
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Calculating Power 
�28

• Often power (dBm) is used between parts in a 
radio system to describe signals propagation.

• But we are not measuring the power in our 
design calculations.

• We are assuming that the signal is connected 
to a 50 Ω resistor and we are measuring the 
power.

• dBm can be used at interfaces that do not 
necessarily entail power transfer.
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What is the output power of this LNA?
�29

• We mentally attach an ideal voltage buffer to node X 
and drive a 50-Ω load. We then say that the signal at 
node X has a level of 0 dBm, meaning that if this signal 
were applied to a 50-Ω load, then it would deliver A mW 
or B dBm.
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Voltage gain, power gain

�30

• If the input and output loads are equal:

• Voltage gain:

• Power gain: 
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