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Portal vein

Refractive edge shadow
Gall bladder

Reverberation

Specular reflection
Backscatter reflection

Strong reflection from
bowel gas

Transducer face
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Signal drop-out

Reverberation
Transducer face
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��� �����t�����R� �_l c�EF7X5�(Q)�2R&�g4��+\YT3,=\2R&R(V-H7624&,^R+\&,^U+\&#-6+_^D5bBJ7SE,Y ����/8Y6Yy(6EU�R�\4�/8Y6Y��n587S5
YT2@:�5}+<&�(Q),+A-j�L28w�>4w�2�-Qz4+A=A=.5D:�(V5D/1)�&,+A/D+\2R&��L+A(Q),+\&�(Q),56c�5D:�+A/82@= bN)Rw,-6+A/D-j:�583�2R7S(QYj58&4(8l�%'&
-6EFYe59/82@-65D-vur>�C,(6(f�n5D=A:�+\&,^�E@BO(Q),5j(6+A(Q2R&,+\C�Y�urC,-V+<&,^�(*),5W(*C�&,^R-6(658&y+<&,587X(�^F2@-TGhmL%��0Pn�n5D=A:�+<&,^
(65D/D)�&,+A��C,5Ru�2@=A=AE��n5D:b(Q),59YjE,:qC,=<247L/DEF&,-V(Q76C,/D(6+AEF&yE@B[YjEF7X5�/DEFYT3,=A5�3�3�7SER-6(*),5D(6+A/9-Q)�2R3]5D-8l

mL),5b/8C�767S58&4(�2R3�3�7SE,2@/1)�+\&4aRER=AaR5D-}BsE,76Yj+\&,^U2bBh58YT2@=A5�YeEFC,=A:�+\&�(Q),5b-Q)�2R3]5�E@Bf(*),5�+\Y0d
3,=\2R&4(8lTmL),5�YjE,C,=.:�+.-jYj+A=A=.5D:�EFC,(0E@B 2�>,=AE,/1zbE@B !�EF/Dz;BJ2@-V( { 762;=.:�+A(65�G�
�g��RP`583]E 3,w�7X5D-6+\&U>4w
2T�L�`��Yj+A=A=hl { /8C,-6(6EFY�3�7S5D-6-L:�5D-6+A^F&,5D:�2R&,:�>�C,+A=A(�+\&�(Q),58c�5D:�+./82;=	b?)4wF-V+./D-`:�583�2R7S(*Yj58&R(tE@B
�L)�7S+A-6(V/1),C�7S/D)��LE4-Q3,+A(Q2@=~3�7X5D-6-65D-9(*),5j��2@(�(6+A(Q2R&,+\C�Y 3,=\2@(65T+\&4(6E�(*),5�YjEFC,=A:�C�&,:�58793�7S5D-6-*C�7S5D-
762R&,^4+<&,^�BJ7SE,Y��,�R�R�R3,-6+pd_�R�4�R�R3,-6+huO:�583]58&,:�+<&,^�E,&�(Q),5�/DE,YT3,=A5�3F+A(Sw�E@Bf(Q),5�YeEFC,=A:rl %�&R(*7S+A/82@(65
YjEFC,=A:�-�7S5D��C,+<7X5�),+.^,),587�3�7S5D-V-QC�7S5D-8l�MO+A^FC�7S5���l ��+A-�2�-6/1),58Y}2@(6+A/�+A=.=\C,-6(*762@(6+AEF&�E@B�(*),5�3�7S5D-6-8l
{ &,5DEF3�7S58&,5T:�+\2R3�)�7V2@^FY�3�C,-Q),5D-0(Q),5�3,=\2@(65j+\&R(VE�(Q),5�YjEFC,=A:��`),58&�+\&4��2@(65D:rl { =.(*),EFC,^F)b(Q),5
��2@(j3,=<2;(65�+A-j+\&,+A(6+\2@=A=.w��q5�3,+\>,=A5Ru?+A(�BhEF76Ye-W2�7X+.^4+.:�+\YT3,=\2R&4(W�`),58&U3�7S5D-V-65D:rl�mL),+A-T&,5D��B'2R>�7S+pd
/82@(6+AEF&�3�7SEF/D5D-V-W7S58YjE@aR5D-`(Q),5�Y}2R&FC�2;=[2@-*3�5D/D(6-0E@B~�nEF76z4+\&,^�(Q),5TYj5D(Q2@=huk>�C,(�(Q),5�3�7SEF>,=A58Y E@B
:�5D(65876Ye+<&,+\&,^�(Q),5�-*)�2R3�50E@B[(*),5�+<Y}3,=<24&R(�7S58YT2@+\&,-8l

!�+\&�&,5Dw ��� ����� 
\�����4g���)�28a4592@(6(658YT3,(V5D:�(6E�7X58YjE@aR5�(Q),5WY}2R&FC�2;=�2@-Q3]5D/D(6-fE;B[:�5D(6587VYj+\&,+<&,^
(Q),5`-Q)�2R3]5fE@B�2R&}+\YT3,=\2R&4(~+\&�(Q),5t/82@-65`�f),587S5�2�:�5*Bh5D/D(~+A-LC�&,+A=\2@(658762@=hlnmL),5Dw�7S5*�q5D/D(N(Q),5`-6EFC�&,:
-6+A:�5�E@Bn(Q),5H24&�2@(6EFY0w�E,&�(6E�(*),5T:�5*Bs5D/D(V+.a45�-6+A:�5�E@BL(Q),5�>�E,:�w�+\&�-6E;Bs(S�L2R7S5T2R&,:UC,-V5�(Q),+A-T2@-
2�YjE,:�5D=kBsE,7`(Q),5T3�7SER-6(Q),5D-V+.-vur�L+A(Q)b(Q),5j+\&R(V58&R(6+AEF&�E@B 3�7SE@a,+A:�+<&,^b-6w�YTYj5D(Q7Sw�(VE�(Q),5j-Q)�2R3�5}E@B
(Q),5�7S583�2@+\7S5D:�-*zFC,=A=hl��LE@�n5DaR587DuN(Q),+A-T(65D/D)�&,+A��C,5�+A-�2R3�3,=A+./824>,=.5�EF&,=Aw��f),587S5�2�-6w�Y}Yj5D(Q7S+A/82@=
C�&,:q2RYT2;^R5D: 7X5D^R+AEF&�E@BL(Q),5T-*zFC,=A=?5�3,+A-6(6-8l ��aR58&��`),58&�(Q),+A-j/87S+A(6587S+AEF&�+.-jYj5D(8uO7S5D-6(VEF7S+\&,^�(Q),5
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Steel casing

Diaphragm

Pressure from oil reservoir

Mould

Titanium plate

Air exhaust
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EF7S+A^R+\&�2@=L-*zFC,=A=n-Q)�2R3]5�+.-T&,ER(T2@=A�L2vwF-0:�5D-6+\762R>,=A5�+pBf=\2R7X^R5�/82va,+A(6+A5D-�7S5D-QC,=A(�>]5D(_�n5D58&�(Q),5�>�762@+\&
2R&,:�(*),5�+<Y}3,=<24&R(8lNM�C�7X(Q),5876YjEF7X5RuF(*),5�-QzFC,=A=k+A-�&,ER(L2@=A�L2vwF-`&�2@(QC�762@=A=Aw�-6w�YTYj5D(Q7X+./Rl

%'&�(Q),+A-T(Q),5D-6+A-�(Q),5�3�7SEF>,=A58Y E@Bf:�5D-6+A^F&,+\&,^�2�/87V2R&,+\2@=n+<Y}3,=<24&R(�+A-�a,+A5D�~5D:�2;-�2�-QC�7�B'2@/D5
+\&R(6587V3�ER=\2@(6+AEF&�3�7XEF>,=A58Y �f),587S5�(Q),5�-QC�7�B'2@/D5�E;Bf(Q),5�-QzFC,=A=n+A-j:�5D-6/87S+\>�5D:�>RwU2bYT2@(Q),58Y}2@(6+A/82@=
BJC�&,/D(V+.E,&�l~mL),5`3�7SEF>,=A58Y
+.-n(6E oq(~2�BJC�&,/D(6+AEF&}(6E0(Q),5f>�E,&,5f-QC�7_BJ2@/D5t�f),+A/1)}+\&R(6587V3�ER=\2@(65D-L2@/87XER-6-
C,-6587�d':�5*o�&,5D:#:�5*Bs5D/D(T7S5D^R+AEF&,-vl�mL),5�2@+\Y�E@BL(Q),+A-j�nEF76zb+A-W(VE�/87S582@(V5�2bEF&,5*d'-6(6583�3�7XEF/D5D-6-0BhEF7
(Q),5L:�5D-6+A^F&eE@B�/87624&,+<2;=�+<Y}3,=<24&R(6-n>Rwj+\&4(65D^F762@(V+<&,^9Ye5D:�+./82;=q^F76243�),+./D-n2R&,:j-QC�7�B'2@/D5L+\&4(658763�E4=<2;(6+AEF&
�L+A(Q)��t�f��Ye+.=A=A+\&,^ql

C)DdE�D-. V0/��Nq�� � � n�� � gFo�p����\j 	�ldn�p g�	�okj ��	 �>l���i

i�583,(Q)4d_YT2R3,-�E;BW(Q),5�-Qz,C,=A= / -�-QC�7�B'2@/D5RutEF>,(Q2@+\&,5D:�B'7SEFY �Ld_7V28w��Lm�:q2@(Q2�C,-6+\&,^"762vw4d'/82@-6(6+\&,^
(65D/D)�&,+.��C,5D-8u`)�28a45�>�5D58&�C,-65D:#(6E�/DEF&,-V(Q76C,/D(�YjEF:�5D=A-�E@B�/8762R&,+\2@=`:�5*Bs5D/D(6-�

�?2R& b?C,(6(V58&�2R&,:
�?2RYT2@:q2������R��u !�+\&�&,5Dw ��� �����������4g��_l�%�&�(Q),+A-�/1)�243,(6587�:�583,(Q)4d_Y}2R3,-�2R7S5�7S58&,:�587S5D:�EF&�2
^F762R3�),+A/D-��nEF76z4-6(Q2;(6+AEF&�2R&,:�C,-65D:�(6E�oq(�2�-QC�7_BJ2@/D5b�f),+A/1) �L+A=.=�:�5D-V/87S+\>�5�(Q),5�-Q)�243�5�E@BW2R&
+\YT3,=\2R&R(vl { C,-V587?-V5D=.5D/D(V-f20aF+A5D�L+\&,^T:�+\7S5D/D(6+AEF&y(6EW7X58&,:�587L2R&�2R3�3�7SEF3�7S+\2@(V5fa,+A5D��E@B�(Q),5`:�5*Bh5D/D(
7S5D^R+AEF&�lnmL),5��nEF76z4-6(Q2@(V+.E,&�YjE,C,-65�+A-f(Q),58&�C,-V5D:�(6ET^,762R3�),+A/82@=A=Aw�:�+.-V(6+\&,^FC,+A-Q)�(Q),5�:�5*Bh5D/D(nB'7SEFY
(Q),59-*C�767SEFC�&,:�+\&,^T-6E,C�&,:�>�E,&,5W>4w21.3�2;+<&4(6+\&,^
/�(*),5�a�2@=A+A:�-QC�7�B'2@/D5�:q2@(Q2�lOmL),+A-�7S5*�q5D/D(6-L-*C�7S^R+A/82@=
3�762@/D(6+A/D5T�`),587S5j:q2RYT2@^R5D:�>�EF&,5j-QC�7V7SEFC�&,:�+\&,^�2}:�5*Bs5D/D(�+A-�E@Bh(658&�7S58YjE@aR5D:rl�%�&�(*),+.-��L2vw�(Q),5
C,-6587j:�5D(6587VYj+\&,5D-T(Q),5�5�3,(658&R(jE@B`(Q),5H7X583�2@+\7Dl { -*C�7�BJ2;/D5�+A-T(Q),58&�oq(V(65D:U(VE�(*),5�+\&,/DEFYT3,=A5D(65
:�583,(Q)4d_YT2R3�l

{ g@i��Lm :q2@(Q2j-65D(t+<&y(Q),5�BhEF76Y E@B�2}7S5D^FC,=\2R7`2R76762vwTE@BOaRE�3,5D=.-t+.-`EF>,(Q2;+<&,5D:�>Rw�-V(Q2@/DzR+\&,^
20-65D(?E@Br5D��C�2@=A=AwT-Q3�2@/D5D:��Lm�-V=.+A/D5D-L(*2Rz@58&j(Q)�7XEFC,^F)j(Q),5�),582@:�2R&,:T(Q),5�762vw4d'/82@-6(6+\&,^W2;=.^4EF7S+A(Q)�Y
:�5D-6/87S+\>�5D:�+<&y/1)�243,(6587fge+.-�C,-65D:b(6ET5�3,(Q762@/D(f2e:�583,(Q)4d_YT2R3�lL�tE�3�587X-Q3�5D/D(6+AaR5j(Q7V2R&,-SBhEF76YT2@(V+.E,&
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+A-WC,-65D:�+<&�(Q),5T762vw4d'/82@-6(6+\&,^�3�7SE,/D5D:qC�7S5��O762@(Q),587�2�-V5D(9E@BLC�&,+�BhEF76Ye=.w�-Q3�2;/D5D:U3�2R762@=A=A5D=~7V28w,-�+A-
/82@-6(`+\&R(VE�(Q),5T�Lm :q2@(Q2�l { (Q)�7S5D-Q),ER=A:�/DEF767X5D-Q3�EF&,:�+\&,^�(6E�(Q),5j�LEFC�&,-Xoq5D=.:�&FC�Yj>�587 BhEF7f>]EF&,5
G (Sw�3,+./82;=.=Aw 1R�R�RP�+A-?C,-65D:0(6E`+.:�58&4(6+pBhw9(Q),5n>�EF&,5n-QC�7�B'2@/D5RlkmL),5~7S5D-*C,=.(V+<&,^�:�583,(*)4d_YT2R30+A-?7S58&,:�587S5D:
�L+A(Q)�2 -6+\&,^R=A59a,+.5D�n587�d'/D58&4(Q7S5D:�=A+A^F)R(t-6EFC�7S/D5�C,-6+\&,^T(Q),5tb?),EF&,^j-Q)�2;:�+<&,^�Yj5D(Q),E,:�:�5D-6/87X+<>]5D:�+\&
/D)�2R3,(6587?g�G -65D/D(6+AEF&}g�l�g�l\�vPDl { :�:�+A(6+AEF&�2;=.=AwRu�29g@i�YjE,:�5D=qE;B�(*),5L:�583,(Q)4d_YT2R3}/82R&T>]5�Ye+.=A=A5D:�EFC,(
E@B?2T>,=AEF/Dz�E@BO583�E�3,wRd_7S5D-V+<&b>Rw�2T�L�`��Yj+A=A=hl
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i�583,(Q)4d_Y}2R3,-�2R7S5�7S58&,:�587S5D:�2@(�2U7X5D-6ER=\C,(6+AEF&�-QC\u�/D+.58&4(�BhEF7}(Q),5�EF3]58762@(6E,7T(6E�+A:�58&R(V+�Bhw
:�5*Bh5D/D(H7S5D^4+.E,&,-H2R&,:�(*),58&�-QC�>4d'-Q24YT3,=A5D:�BhEF70(Q),5�3�C�763�ER-V5�E@B`oq(6(6+\&,^U2�-*C�7�BJ2;/D5Rl { :�583,(Q)4d
YT2R3�Yj5D-Q)�E@Bf��Y}Y�-6��C�2R7S5D-j3�7SE@aF+A:�5D-TYjEF7S5}(Q)�2R&�2@:�5D��C�2;(65T-Q2RY}3,=.+\&,^�E;B (*),5T-QC�7�B'2@/D5�E@B
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(Q),5�-QzFC,=A=nBhEF7 +<&4(658763]ER=\2@(6+AEF&�+\&�YjER-V(9/82@-65D-vl { =A(Q),EFC,^F)�(Q),5�7S5D-6ER=\C,(6+AEF&��L+A(Q),+\&�2��Lm -6=A+./D5
+A-9C,-QC�2@=A=Aw���l�g�����l21jYTY�u](Q),59-Q3�2;/D+<&,^�>�5D(S�n5D58&�-V=.+A/D5D- BsEF7 /8762R&,+\2@=k5�3�2RYe+<&�2;(6+AEF&,-f+A-`(Sw�3,+A/82@=A=Aw
����gTY}Y�l?�nEF&,-V5D��C,58&4(6=AwRu�2e:�583,(Q)4d_YT2R3y�f),+A/1)b7S5*d'-Q2RYT3,=A5D-`(Q),5�:q2@(Q2}2@(f2T),+A^F),587 BJ7X5D��C,58&,/Dw
�L+A=A=L/DEF&4(Q2@+\&�2�7S+\3�3,=A5��`),+./D)�EF7S+A^R+\&�2@(V5D-jBJ7XEFY�(Q),5�+\&4(658763]ER=\2@(6+AEF&�3�7SE,/D5D:qC�7S5�58YT3,=AE@wR5D:�>4w
(Q),5�762vw4d'/82@-6(6587DlbM�C�7X(Q),5876YjEF7X5RuO-QC,/D)�2�:�583,(*)4d_YT2R3��L+A=A=f7S5D-QC,=A(T+\&�2R&�C�&�&,5D/D5D-6-Q247S+A=.w#=\2R7S^R5
&FC�Yj>]587LE@Bk+<&4(658763]ER=\2@(6+AEF&b&,EF:�5D-8u]^F7S582@(6=Aw�+\&,/87S582@-6+\&,^�(Q),5�-6(6EF7V2@^R5f2R&,:�/DE,YT3�C,(Q2@(6+AEF&�2;=�/DE4-6(6-
E@BO-6ER=AaF+\&,^�(Q),59+\&4(658763]ER=\2@(6+AEF&�5D��C�2@(6+AEF&,-vl

MO+A^FC�7S5���lp��+A=A=<C,-V(Q762@(65D-�(Q),5�/8762R&,+\2@=n-QC�7�B'2@/D5�+\&4(658763�E4=<2;(6+AEF&�3�7SEF>,=A58Y�l�MO+.^,C�7S5���l��qGJ2RP`+A-
2R&�5�3�2RYT3,=A5bE@B�2�762vw4d'/82@-6(ja,+.5D�ZE@B�(Q),5�-QC�7�B'2@/D5�E@B�(Q),5�-Qz,C,=A=�7X58&,:�587S5D:�B'7SEFY 2��Lm
:q2@(Q2
-65D(8lbMO+A^FC�7S5���l��qGh>�P +A-e2b:�5D(Q2;+.=A5D:�a,+A5D��E@BL(Q),5�:�5*Bs5D/D(j+\&�MO+A^FC�7S5���l��qGh24P`�f),587S5�(Q),5H7X5D^R+AEF&
+A:�58&R(6+poq5D:�2@-j>�5D+\&,^�B'7S5D5�E@BL:�5*Bs5D/D(�>Rw�(*),5HC,-65870+A-T),+A^F),=A+.^,)R(65D:rl�MO+A^FC�7S5���l��xG /8P�+A=A=\C,-6(Q762@(V5D-
(Q),59=AE@�n587L7S5D-6E4=<C,(V+.E,&�:�583,(*)4d_YT2R3�/DE,767S5D-Q3]EF&,:�+\&,^�(6E}(Q),59:�5D(Q2;+.=A5D:�a,+.5D��E@B?(Q),5�:�5*Bh5D/D(`�f),+A=.5
MO+A^FC�7S5W�]l��qG :qPN+A-f(*),593�2R7S(6+\2@=r:�583,(*)4d_YT2R3�/DEF767X5D-Q3�EF&,:�+\&,^�(6Ej(Q),5j),+A^F),=A+.^,)R(65D:�7S5D^4+.E,&�+<&bMO+A^@d
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