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1.[2#4] transducer#@ “input impedance”} output impedance®} A 2
multiport device”2}al A2l Ht}, electromechanical transducerd]+ electrical
port2} mechanical port7}

(a) Z+ porte] impedancex F<Sle17}1?
(b) 7t porte] powere F3RA7E?

2.[3%"] transducer’} AM&HE A5 Aol A2 sensing, conditioning,
storage, display, analysis, processing, actuation =¢] ¥ o & o]Fo]zit}
(a) sensing ¥-#3} actuation &9 &3 a71S 247 AA AL

(b) conditioning %3} processing 2] F&2 ZHz} A A|FHA] L

(c) storage, display, analysis &2 9&S
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3.[48] A=ES RdEs= do AS-¥+ W45 T power conjugate variabl
5& 7} energy domain HE t}&3} o] EFHC)
translational : force F| velocity V
rotational . torque T, angular velocity 2
fluid . pressure P, volume flow rate @
electrical : voltage e, current ¢
magnetic . magnetomotive force M, magnetic flux rate (,/5
thermal © temperature 7, entropy change rate s

(a) ©]5< expanded impedance analogyel] W} flow variable®} effort
variable® F*it3til, 7} domain® impedanceE EdsHA S
(b) expanded impedance analogy? A 37}4 ¢} @& 17K & A|A|5FA L

4.[47] 2-port transducerol]X input port?} output porte] power conjugate
variables 27} (e, f1)%F (ey, f) 2 EAE W, input¥} output®] A& ¥/

62:a€1+bf1 f2:C61+df1
£ Ab&ste] o421l nonenergic 2-port transducer®| transformer equation
3} gyrator relationS T-3}A| S
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5.[641 B3 # capacitor® TA % transducerol A, TR E Py Fo] dA =E
3tal overlap 4o]E y= YERNW, capacitorol] A& EH+= 74 oy

(q : charge, € : permittivity, d : distance)
2ewy

(a) At et dol yo] #A, Hd dolaF & Feof dal ¢o #A, & Fo A
e¢te]l BAE 42t FEAIL

(b) A2l Figure 3.25% 9 dielectric 2|7} o] AW Weko g o3t uj, A
St e} ol yo Jol HH(Z, yol ¥l EDs= FAANS FEdA L.
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6.[64 ] magnetic systemol] T3+ ZFo] T3A] L
(a) A9 Figure 4.39] B-H plot2 EU X, remanence®} coercivity
shar, @A e 54 AL -

(b) 1o AAE magnetic circuito = 5-E
variable inductance motor? ¥#E AHAHIA L
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7.[104] dubAl A Ao oA, mechanical stress 7,

729

electric field £,
magnetic strength A, temperature & S HWE 3}3l, mechanical strain

S;, electric displacement D, , magnetic field B,, entropy o& ZEHEE S

= gutd ol A Al e el 7 Gi=1,2 ,6:; m=1,2 3)
S, = se™r +dlYE, +diH, + oo

D, =d¥T +" P E + mMH + pifde
B, = d2T +ml

mi mk

B+ pltEH + ihEde

mk

(a) magnetic effect®} thermal effectx FAS vk stcta 714 w), <
Festste] Qb (piezoelectric) -3 4] (constitutive equations)<
3L, material propertyE YWEHH = HlEldTE 242o] ou|E AAEHA] L.

(b) (@A T3 AE5S destete], F7(z2) W3 FHY d=3 7B 1-3 oA
Ao 4434 Xé’%a EHA L

(c) (@olA T3t A& matrix e 9 NEE etz (&, T EE %39 S¢
D), o] A&& Wdsle S EE fdE T9 D “%% E A L.

(d) A9 Figure 5.24°] A)A¥l hydrophoned] A F3Eo] e glo] 3|
A 8L, preamplifier?] 7]%5<S AWHSHA| 2

(e) A 2] Figure 5.259] AAl¥ 1> E EHZE hydrophoned A ZA o] A
= BIsHAl L
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1.[84] mechanical stress 7, electric field £, magnetic strength H,,

29

temperature 0 & SHWS 2 S}, mechanical strain S, electric

displacement D, , magnetic field B,, entropy ¢ & FEHEWFRE 3l dubFel
TR R 2. G =1,2 -, 65 m=1,2, 3)
S, = st +dl E, +dul H, + ol

1

D, =d¥T+ B+ mMH A+ phfde

B, =d2'T+ mME+ utEH A iDEde
peg T

do = oP"T 4+ p""E + i"PH + 9 do

(a) 9 AES wdlste] piezomagnetismsS UEU = A HA A (constitutive
equations)S X &slar, o7|d ALEH HlEdTE 2449 QuE AASHA L.
(b) piezomagnetisms UYEINE FTANA2 o2 RE, effort variable(A4, F)<}t

flow variable(¢, )] #A|E X A3t standard formS F 23814 2
(c) 9 &S w<3dle] pyromagnetism= YER = ?*é%}@*—}(constitutive
equations)= FdAstaL, 7| AMEH HHYTE 2 onE AASHA &
(d) @A 6.182] piezomagnetism®] |3+ W3 WAYZI wA] A47de] W3 o
AYUSY T&1 2olds AL

2.[54(=2+3)] Potentiometer?] ¥gj= vt} o] &3 A TdE S At}
€out _ Rl
E’in R1+R2

(a) ZF M52 9nE dHsta, A HYE SAHs= TAAS A|A5HA 2.

(b) nA] Fig. 7.139] A A% attitude transducer?d o]&213} Y= HAHI AL

3.[6%] Optomechanical sensorg°l &3 tha 50 ©HalA L.

(a) optomechanical AA9 FAS 4GAZ EF/sta, 7z dAle WA IS
I R

(b) fiber optic waveguided ¢gE Hotst= dlo] F UH@Q AAA A He]
JAFeE =do] BHE Snelle] W3

H 2 o]
7y 55 9183l9] Snell?] HES AWsIA L.
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AES E33= 2-port HAAE FoA, impedance %3 W23} admittance
d whale 747y o 2o
{ein Zy 2y {fin} {fin} _ [Yn YmH@in}
6out fout fout )/21 }/22 eout

Z21 ZQZ
(a) impedance ¥3d W19 impedance matrix [Z] <Fe] Ul 719 L4492 <one}

admittance 33 W21 9] admittance matrix (2 mobility matrix) [ Y]<ete] 4]
Mo YAe] oulE 7z Ar A Q.

(b) ¥ 925 719 reciprocity ZHAE FEdHA L.

5.[64 1 transducer®] calibrationel] #3F t}g &2 H3lA L.
(a) calibration®] @ FS1¢17}? calibration W% < comparison W5 £9 F 71X

WS 7heks] AHEhAl e,

(b) comparison ¥ oA YEME = A= LA error) Al 7HAE AW SHA L.

6.[44d] ASZSA2~"o| analog-to-digital signal converter?} digital-to—analog
signal converter7} A& T},

(a) o]H & converterg= AH&3she ol & ARsr

(b) analog A& E digital Alz® W o TAYS= aliasing A7} FSAXA]

Ay, o BAE AU A% Wb AN
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