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What is the Doppler Effect?

» We may experience the Doppler effect frequently in our daily
life but we tend not to notice it. For example, when an
ambulance rushes by, we hear the siren in a higher pitch than
actual as it approaches us. And the moment the ambulance
passes us, the sound suddenly turns into a lower pitch. This
phenomenon is referred to as the Doppler effect.

sounds higher sounds lower

-

This change in pitch results from the relative motion of the
ource of the sound (ambulance) and the observer (you).
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#8 NENUFE (Doppler effect)
- &8 bEnfRHE

- # h#E
- BEERE

« X B NENEEIR (Color Doppler display)
« &8 NENSEEEREIN (Doppler spectrum display)
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Doppler effect

Transmitter moving
away from the receiver

Transmitter moving
toward the receiver

| The The
| frequency frequency

1 becomes higher becomes lower

FE>F0 FE<F0

Positive Negatiye
Doppler shift Doppler shift
b
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Doppler effect Doppler Effect in the Body

. : : : » The Doppler effect is a change in the frequency of wave. In

A phenpmenon In Wh'Ch ar_‘ appa(ent che}nge in the frequency of ultrasound system, it is the probe that picks up the sound as well as

sound is observed if there is relative motion between the source produces the sound signal. Movement of red cells towards the probe

of the sound and the receiver. will cause the reflected frequency to be higher than the original,

X ) movement away from the trans- ducer will cause a lower frequency.
o EBEIRE - In medicine, Doppler US is used to detect and measure blood flow,
- IER R AL R STEE MRS BN S| IR R (DR B )M & - and the major reflector is the red blood cell

- BRIBPNE  EREIRGIERES) BSEERSO0EE
HHhLENAEURBRASNZRIA +-?/?E. °

+ EB hENSIETVOIEYED g QBL{TE’H—JE g - @R Frequency increase

(B
| | W e Stationary reflective object

BRMEE - BENEKE - BENREEEE B va
= WA e FE) y

2 fTV COS 9 ; i :Frcqucncy' decrease .
= e e - Moving away form probe

agpler effectn the oy (5 802D ROAL 157 5.3
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f, (KH2) = o (KH2) — £, (KH2) = f,(kHz) x L2/ S)]

&8 NENUIE-EB D 2N 1R #2(Doppler shift)
c(cm/s) .« SRR

wave Sound
[2xv(cm/s)]
Original frequency fo —_——

| m— = c(cm/s)

i (kHz) = T, (kH2) - f. (kH2) = f, (kH) %

Transmit T
5 .
Direction of blood flow & hEnfmis o
- BUNBYBE RS, -BIRAVSE RS,
Received frequency - Chv'E = 1E BRAB 48 TP OB 3% =1540m/s
. frequency shift & f R gl - EE"ASERE" R AR IR RO F A" E
i e
=z;535 > o> S = °
i Received wave f hanged due to blood ol b 1hT
: eceived wave frequency changed due to blood flow :
167572 R
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&8 M ENUIE-EB D EN{mA2(Doppler shn‘t)
JRE R S5MHz - RS B2 iR B A50cm/s B

Ex : —&)&

EQ:IE’ME% R [E 4%51540m/s

f_(kH2) = f. (kHz)—

[2xv(cm/s)]

f(kHz) = f,(kHz)x o/

fp=6MHz X (2x%0.5m/s)/1540m/s
=5000kHz % (1/1540)=3.2kHz

AR ERARIR - & bERBR/LE - FRLURIE]
H 52 59 88 28 755.0032MHz(SMHZ+3.2kHz)

SRH SRR - BUER hENRB AR
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&8 SN FE-EB S &) A (Doppler angle)

Doppler equation

BEEEN GO E MRS [ R E
5 NENRABEURISED 81 A (Doppler angle) BY &R 5%

(cosine)

2f.vcosd

=f,—f = .
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&3 DEN U FE-EL 2 A (Doppler angle)
fo=f —f = w
#f N ENRA ()18 N> (A2 F L RVEIS BS R E (V)

e -

B ESE( 0, ) 8
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Doppler angle &8 hEIE-AE R

=90
10 MHz, 200 cm/s I{’m D{:ppler Ehiﬁ:] . 2 fTV COS 9

Relative 100% 740/

7 MHz, 200 cm/s
~ error

) |

10 MHz, 100 crm/s 2 .

C 9= : -
2 o » i

5 MHz, 100 cm/s

0 =09, cosB=1, Fd,,,
0 =90°, cosd =0,Fd =0

30 40 50 60

Fig. 8.4

Doppler Angle (degree)

vessel angle of 0° —
CoS 600 :05 e angle approaches
hould be angled no

8 > 60°, (error occur) ter A Doppler anle

d in cm/s from AF

1
FEE [ B B S i B e 201 O A B R HE RS T 1B S ‘ i HhEE R BRI

=iRERER

& - (g
& b EIE-AmEEE T & b E-mEEE
» FIEENAEE60E - BT +5ERNEREB5E) - . EEAIK . %FH#?(QD%F)L&E’J 0 = Ay A
E/%§ZE§QE155% |:|-|_ E/J ﬁgn;“ 18 3% %EE?E j( %};ﬂb:?z/u\

TEFUMG, £
Oath of Medical Radiation Technologist

TEFUMG, £
Oath of Medical Radiation Technologist

1] =ltREAER
_@" Taipei Veterans General Hospital
TEANNNER B AEPe

BERE2ENSEMEB ZHRZEGTERENRE . BEAKA . BZEAU) |}Q1E‘ﬁ/%“ﬁa/]§ﬁﬁim“‘ K HR60
BEENAE ERZRR = (%) RERZE(%) J*E’J/EJEE@&KT% o oo
+2E +5E +2E +58
0 -0.1 -04 +0.1 +04
10 -0.7 -19 +0.7 +2.0 |
20 -1.3 -3.6 +1.3 +3.7
30 -2.1 -54 +2.1 +5.7
= —= — = 23 | R ce—
50 D 108 +4.4 NN " |
60 T 155 +6.5 +18.3
70 -9.6 -24.3 +10.7 +32.1
80, -199 -49.8 +24.8 +99.2 : :
; RIS RS 8 0O R EE T ch 2 e B 5 6 20195 S T




PSS ——————
TET UG, 48 v =R TET UG, 48 v =1EERRERRMR
Oath of Medical Radiation Technologist RGOS T,ipei Veterans General Hospital Oath of Medical Radiation Technologist RO 1. 0ei Veterans General Hospital
S EO B - R S EOME W - P —RERDA

X &0 NEhEA R (Color Doppler display) L eEl NN
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¥ EH R R What's the meaning of “Colors”?
- XEHl begg (ﬁﬁ_ﬁﬁ%\\,/@ml/”'-.(COIOFﬂOW What do 2D Colors Doppler represents?

imaging) ) Colors indicates basic characteristics of blood flow.
E%E/]B modeﬂDJ:%B |\ E}J 'ﬂ?ﬂ %77 E/\J f;g@ . The colors do not appear when there is no blood movement.
- BB ILAS &R [E| = WA H B 7RTE gray scale 1% indicates the color indicates the
}EE ?E’]@E.Sﬁi% e rERRIELNSZSRENESREMm blood flow toward probe. blood flow away from
 BBREXOERELE - B As a velocity increases, BlObE:
L@E’J@%*ﬁﬁ?—*ﬂ)\%ﬂj*ﬂ RRELERENY) the color gradually As a velocity increases,
ﬁﬁ*&@] AmELEE MR - dh becomes to yellow the color gradually be-

comes to sky-blue

- IRIBED PENRIBRY IE R BIR E 1T Sl = B IR GA (1R BESR)

-W@%hﬁéﬁmhﬁfﬁi WHOE - e £
YABT B [ o A BRI E - n
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Color Doppler ¥ el N ER-RE
. . @RIREE - MEFTHEE>EERENTE>ERA

~rowarD' 7515 157510 B 04 B (cos 90°=0)> 8 MNED RS
>HEABRERE -
flow - BRI, : AL ) B S IR A (A
S i o e et venes %%EQ/THEZOOQSteermg)

Saturation increases from zero to maximum,
Hue is blue Luminance increases from zero to maximum.

Steerlng angle
ame < A control permits
e———— == avoidance of 90°.
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M HIPES] (Phased Arrays)
m

Saturation increases from zero to maximum
Hue is red Luminance increases from zero to maximum

Color Doppler

« When a linear array transducer is used, changing the angle
of the Doppler waves by can cause the
same vascular to be encoded in red or blue.

* Angling the color box can correct for an unfavorable beam-
vessel angle.

Fg. 9. Fig. 9.5b
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« BYESIEE

1823 (gain)> EAMKPE[E] - ZaETFTHRERIEN SR Te b s 22 -

- XEEEWindow)/ & - EEHEXRE - B4t HE steering
angle)

- BX ¥ (color inversion)
[&] 12 (color map selection)

- REHE[AEHEEZPRF)]

- SER K =s(wallfilter) -

— 53R (priority ~ Threshold)
(ensemble length)

H 2 (72 (baseline shift) ~ &

ZMENBURE
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Color box steering (better?? )
right? Left?

‘Angle1A 77deg]
Angle2 A 103deg
Angle1 B 6odeg\ o4
Angle2 B 1200eg‘

n

oot = 2f,vcosd
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— AWF=50Hz

ol EILEEREEE
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- g};g:z\gVFﬂOOHz(i)‘% FREE
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(RIB MRHIRIE) -'
— D:WF=50Hz(8 1K) “

— E:WF=200Hz(8275)
- REHEIEEER

PRF] c

- F:WF=34Hz -~ PRF=0.6
- FEHZEFETIZE (scale) 2K
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KA BN EER-ER
NEIKEEEZTN

- REENEEALANZEIRR
BE
- BFECT)
- BEFE] - BXME(E)
- EANBERNEEREEN)
- IRERES NENEBE IR
( pulsed wave Doppler
ultrasound ) Z BV
( sampling ) SRZEET4HHR R
S8R ( Nyquist limit - NL )
- NL=0.5%PRF (k& EBIEX)

| 1]
1

]

TEFUMG, £
Oath of Medical Radiation Technologist

BX T
o SE5R(Priority ~ Threshold)
- L8 RBYREIE
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‘w/@%ﬁ l\gﬂ 55 ‘ X2 &8 > ED-Mirror image artifact (fﬁ@"ﬂﬁis/)

. « MEMFGEE M) RBLEIFHRIES TR G
(NN IES = iREE) W E Al EEE R -
I . B A A R R A R R E S — LR
BAH L | BT AR S
anglesz | - |1 Y
IR R A [ *2
A ——— -
ZE}EEELF | - i
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X &0 NED-Flash Artifact (ZEEREE R 5Y) % B &R N E)-Flash Artifact (Z &1 BIR B 52)
HMAAEDE - AE - OB - [MEEES/OE - BEERBSPIE- FFE color gain
AIRIERIPRE, - _ . .H.ﬁﬁ?@%ﬂ(@ﬂ& DBk .55) - B0 wall filter
Caused by motion -> Doppler shift
— Patient or transducer S ‘
Occurred in -
- Cysts
— Dilated bile ducts
- GB

— Ascites
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X & b&) - Twinkling Artifact(PIEE(ER= "/@%B NES) - Twmkhng Artifact( P9 & Fr 52)

-

Tt
cm/s
L -48
-32
-16
+16

RICAZ

&0 NED - Twinkling Artifact(PS /4B 52) 7
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& NED - Pseudo-vascular quw(fi%;M;;lL)
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PRI IR - e

— * Related to motion
et e o S - Ascites
. J,Rak;’t O . ?S“"_ e ~ Urine ‘h‘:-" v» . ';‘-
g ,—k__/(\\ — Bowel RS
2r .-,? S j J‘? J'*AY_, . - e '_"”q-. .
_—, BIrs » Spectral Doppler reveals e !
3 S | fg‘-'f_; \ atypical for a normal vessel
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&S MEf - Pseudo-vascular Flow(2 M) &S MEf - Pseudo-vascular Flow(2 M)

Jet phenomenon
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SR bty L T -

L ST - PR

T NIRRT T NI B

. o — ) T 0 v
KIBERENE B 4R rFaE MRS s O

B - | A o)

. B NENTHEREER(Doppler power displays) - thd& &L 0 |

RER Dy AFER NENMRAZRY J] £ (strength) A B ¥ 4R
S - !

- AEAaliasingEangle ik 7 4RI RE § a4 "
- $REESEWILR - IREBENNEERSNESR | || )

~ N OJHE ] . S IHERER M Ef(color power Doppler) ~ #BE I reme— o T
(115 B & fii (ultrasound angio) ~ &2 & N E1HES (color 0 M on

Doppler energy) ~ ¥ & IH =R [ & B £ 1ia(color power angio)
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Color flow (I\VVC) Power flow =
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#8 NEhHaE #8 7~ (Doppler spectrum display) a0 N )58 5 #8 7~ (Doppler spectrum display)

E e o JEZE N ¥EE{F(Continuous Wave Doppler)
M 181 BER T (PW) - OERREEE P B M E BN S R BEERENER N ER
- EETBES BOE

- SBEREE
e o _ BNRERE BN

+ BERAASBERIE o W% R R /E(Pulsed Wave Doppler)

o BKES e - : — {E A — TR AE 2R ok 51 3 B B R 5K R B R U (B S

. SES "Lﬁ%h%ﬁ&ﬁ&v%@&&%mm@F
_;f;@ﬁﬁ "(range gating) - PWAE S 51 SR RIIE B R SIS

» Duplex scanners—> 8t [R5 = 3 B-mode 2 & & PW

-cmﬂmﬁﬁ EMB SRR BAEBREIRE NERRE
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