
Accompanying text for the 

slides in this lesson can be 

found on pages 59 through 

80 in the textbook: 

Lesson 12: 

Doppler Principles 

 

This lesson contains 50 slides 

plus 26 multiple-choice 

questions. 



DOPPLER 

PRINCIPLES  

DOPPLER 



DOPPLER 

During Doppler operation, the reflected sound has the same frequency as the 

transmitted sound if the blood is stationary.  

SAME 

FREQUENCY 

TRANSDUCER 



DOPPLER 

During Doppler operation, the reflected sound has a lower frequency if the 

blood is moving away from the sound source. 

LOWER 

FREQUENCY 

TRANSDUCER 



DOPPLER 

During Doppler operation, the reflected sound has a higher frequency if the 

blood is moving toward the sound source. 

HIGHER 

FREQUENCY 

TRANSDUCER 



Df 

DOPPLER SHIFT 



DOPPLER SHIFT FORMULA 



BLOOD VELOCITY FORMULA 



DOPPLER RELATIONSHIPS 

TRANSMITTED 

FREQUENCY 

fo 

DOPPLER ANGLE 

q   
BLOOD 

VELOCITY 

V 

DOPPLER SHIFT 

Df 

Increase ðððð ðððð Increase 

Decrease ðððð ðððð Decrease 

ðððð Increase ðððð Decrease 

ðððð Decrease ðððð Increase 

ðððð ðððð Increase Increase 

ðððð ðððð Decrease Decrease 



  q              cos q  fo = 2.5 MHz        fo = 5.0 MHz

  
 

  0  ̄     1     3226 Hz  6452 Hz 

30  ̄     0.867         2794 Hz  5588 Hz 

45  ̄     0.707        2281 Hz  4562 Hz 

60  ̄     0.5     1613 Hz  3226 Hz 

75  ̄      0.259             835 Hz  1670 Hz 

90  ̄     0           0 Hz        0 Hz 

Doppler shifts (Df)  for 

V = 100 cm per second 

c = 1550 meters per second 

DOPPLER CALCULATIONS 



DOPPLER SHIFT EXAMPLE 

TRANSMITTED 

FREQUENCY 

RECEIVED 

FREQUENCY 

DOPPLER SHIFT 

Df 
DIRECTION OF 

FLOW TO SOUND 

5 MHz 4.995 MHz 5 kHz Away 

5 MHz 5.005 MHz 5 kHz Toward 



SPECTRAL DOPPLER 

FFT DISPLAY: 

POSITIVE DOPPLER SHIFT 

WITHOUT SPECTRAL BROADENING 

FFT DISPLAY: 

POSITIVE DOPPLER SHIFT 

WITH SPECTRAL BROADENING 

FREQUENCY 

SCALES 



NON-IMAGING CW B-MODE IMAGING AND CW 

CW SPECTRAL DOPPLER 



NON-IMAGING CARDIAC CW DOPPLER TRANSDUCER 

CW SPECTRAL DOPPLER 



CW DOPPLER DETECTING SHIFTS FROM MORE THAN ONE VESSEL 

CW SPECTRAL DOPPLER 



B-MODE AND CW DOPPLER WITH SPECTRUM ANALYZER DISPLAY 

CW SPECTRAL DOPPLER 



PW TRANSMITTING PW RECEIVING 

PW SPECTRAL DOPPLER 



NON-IMAGING PW B-MODE IMAGING AND PW 

PW SPECTRAL DOPPLER 



PW SPECTRAL DOPPLER 



NORMAL SAMPLE VOLUME WITH 

NO SPECTRAL BROADENING 

LARGER THAN NORMAL SAMPLE 

VOLUME WITH SPECTRAL BROADENING  

PW SPECTRAL DOPPLER 



WRAP-AROUND INDICATES ALIASING 

  

PW - ALIASING 



POSITIVE DOPPLER SHIFT WITH THE NYQUIST LIMIT (N.L)   

EXCEEDED AS A RESULT OF HIGH VELOCITY FLOW 

 

Example:  The PRF is 4 

kHz, the Nyquist Limit is 2 

kHz.  The Doppler shift 

exceeds the Nyquist 

Limit. 

PW - ALIASING 



ALIASING: 

NYQUIST LIMIT EXCEEDED 

SAME DOPPLER SHIFT BUT ALIASING 

ELIMINATED 

  

SCALE ADJUSTED TO INCREASE THE 

PULSE DOPPLER PRF AND RAISE THE 

NYQUIST LIMIT   

  

 

 

Example:  The PRF is 

8 kHz, the Nyquist 

Limit is 4 kHz.  The 

Doppler shift does not 

exceed the Nyquist 

Limit. 

PW - ALIASING 



SAME DOPPLER SHIFT BUT ALIASING 

ELIMINATED 

  

BASE LINE LOWERED TO INCREASE 

THE PULSE DOPPLER PRF AND RAISE 

THE NYQUIST LIMIT   

  

ALIASING: 

NYQUIST LIMIT EXCEEDED 

 

 

Example:  The PRF is 8 

kHz, the Nyquist Limit is 

4 kHz.  The Doppler shift 

does not exceed the 

Nyquist Limit. 

PW - ALIASING 



ALIASING ELIMINATED 

DOPPLER ANGLE INCREASED 

SCALE, BASELINE, AND PRF UNCHANGED 

ALIASING: 

NYQUIST LIMIT EXCEEDED 

 

Example:  The PRF is 

still 4 kHz, the Nyquist 

Limit is still 2 kHz.  The 

cursor was adjusted to 

increase the Doppler 

angle, which reduced the 

Doppler shift to a value 

below the Nyquist Limit. 

PW - ALIASING 



ALIASING: 

NYQUIST LIMIT EXCEEDED 

PW - ALIASING 

 

Example:  The PRF is still 

4 kHz, the Nyquist Limit is 

still 2 kHz.  The 

transducer frequency was 

changed from 10 MHz to 

5 MHz, which reduced the 

Doppler shift to a value 

below the Nyquist Limit. 

ALIASING ELIMINATED 

TRANSDUCER FREQUENCY DECREASED 

SCALE, BASELINE, AND PRF UNCHANGED 



NO WRAP-AROUND BUT ALIASING STILL PRESENT 

 THE BASE LINE WAS MOST LIKELY LOWERED TO ELIMINATE WRAP-

AROUND BUT THE DOPPLER SHIFT STILL EXCEEDS THE NYQUIST LIMIT  

 

Example:  The PRF is 

5 kHz, the Nyquist 

Limit is 2.5 kHz.  The 

Doppler shift exceeds 

the Nyquist Limit. 

PW - ALIASING 



THE NYQUIST LIMIT 

 

IS EQUAL TO 

 

THE DOPPLER PRF 

 

DIVIDED BY 

 

2 

NYQUIST LIMIT 



NYQUIST LIMITS 

(PRF · 2)  

 

        PRF                      N.L.   

        1 kHz (1000 Hz)  500 Hz  

 2 kHz (2000 Hz)  1000 Hz 

 3 kHz (3000 Hz)  1500 Hz 

 4 kHz (4000 Hz)  2000 Hz 

 5 kHz (5000 Hz)  2500 Hz 

 6 kHz (6000 Hz)  3000 Hz 

NYQUIST LIMIT 




