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Thermoacoustic system using thermoacoustic self-excited oscillation which is mutual conversion
between heat and sound waves has been proposed as a means to effectively utilize waste heat from
factories and automobiles. Thermoacoustic self-excited oscillation is phenomenon which a sound wave
is generated in tube containing a device called stack with many narrow flow channels when a sufficient
temperature ratio is applied to both ends of the stack.

In thermoacoustic systems, it is important to estimate the critical temperature ratio at which self-
oscillation with the desired pressure amplitude occurs for system evaluation and improvement design.
By installing a sound source and a pressure sensor in the tube of a standing wave system and performing
steady-state oscillation control to keep the pressure amplitude at a target value, it was showed that
the steady-state value of the time-varying gain and the temperature ratio were linear. Thermoacoustic
system using thermoacoustic self-excited oscillation which is a furthermore, it has been reported that
the critical temperature ratio at which self-excited oscillation with the desired pressure amplitude
occurs can be estimated using these characteristics. In this paper, we apply this method to loop tube

traveling wave thermoacoustic system. First, we show that the experimental setup is a traveling-



wave thermoacoustic system and that the pressure amplitude during self-oscillation fluctuates. Next,
in order to roughly investigate the relationship between the temperature ratio and the time-varying
gain, amplitude fluctuations are ignored, and steady-state oscillation control is performed using two
sound sources installed in the loop tube traveling wave thermoacoustic system one by one. As a result,
a traveling wave sound field is realized even with a single sound source, and the steady-state value of
the time-varying gain of the control system and the temperature ratio have a linear relationship that
rises to the right, as in the case of the standing wave type system. It is shown experimentally that the
critical temperature ratio can be estimated. Furthermore, it is shown that the amplitude ratio of the
traveling wave pressure component in two directions changes depending on the position of the sound
source used for steady oscillation control.

Then, considering the effect of the fluctuation of pressure amplitude during self-oscillation on the
estimation of the temperature ratio, the relationship between the sound source position and the esti-
mation result was investigated in more detail using the temperature ratio near the critical temperature
ratio. As a result, (i) it is possible to estimate the temperature ratio at which the desired pressure
amplitude may be obtained regardless of the sound source position, (ii) It shows that the temperature
ratio at which the average of the pressure amplitude becomes the desired value can be estimated with

accuracy of two decimal places regardless of the position of the sound source.
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TR HBEHEDOFEEE EIUL - M2 FEO—D22 LT, BEFHOHEERTH 28G5 EHL %R
AUZBEEPEEINTWS [1]. BRICHELZAX Y 7 LIFEN DMl A R i % J o MfERE o 573 o
2 DN SR - ARIEM OB B 2 RE L, ARy 72+ RiBEAR 52 5 & EAISEEBE
U3, ZOBHKABSEAMAIREITR. ZOHKEMHATLHEFE Y AT 5120, KERK 23], TV
Uy 4], B[] BB,

EIFRDE U 2 /N OE L (FRMARE Ty / REARE 7o) 23T 2 Z &1dS 27 A O FEfi
PREREEITO LTEETHD. AGE T (R& vy o L) DIRVEME T2 DY 72 HL
DB TRVEBEITIE, TORELEZRFBEBCIHTLE I IEIRETH D, ERINRHEE DT
bihvd, TNETITAEE T LEEPOMRKINDEERM S AT LOENICHIRE EX v %%
BU, ZOENIREEBEME—E LT 5 EEBRHEHETS 22T, HHEROET A v OEEHEL R
JEEERMBIRE 0B 2 &, TNEFH L THBRRVHG S 2IRELOHEN RS Z P HRE S
TV [6]. ZOFERIGEED (1) EHFIREL R \VRELO T T, IS nz MBS S %
WT QI ESINL, QY EEHOBRY S FHIT 2Tk [7)8] %, (i) EERIET 2RELDO FT, #
JE I & EDHRIE DRIERE R ITE D WT, EHHRIEL RN & 72 2R E A2 BRI G T 5 IEL & U
THET 2FIE 9] 1T UT, HEIFEIRA B 2 i AT O 2 C F — OWIE S EDFI H K 5
EVWSHEDDH L. T oI, R (6] DFEIZEHMFAERL G T 2IRELZ T T, ey (EH
RiE) CHIMAIRT 2IREEHEE T 5 Z ENTMRETH 5.

AR TIEAFEEZAGE 7 LIV — TROERDP ORI NIV — TEETIREIBEE S 2T LI
JSH LU, ArEOEHIRIETHBAIRT 2iRE, (BRFRENL) 2#ETLZ22ER 5. V— TEE
RIS 2T MIEAEWIL Y AT L & AR TEF D TR F —BH RV S VR DD B Z & H
Mo TWa, H4ZETIIIL— TENCHRES N 2 HOFEZ 1#HT DV CEFRE LOHE 247
W, HIE1ETHETREGPERI N, RELOHENRETH LI L2 /RT. IoICHHT L HIE
DALEIZ K o TR & EATHTE T 8077 OIRIFH O BIRAZE D 0, BIIFEIRE & RO ISE &2 /R 3 5 IR



fEEZFH U RR2I0E 2R ERMERDH S L 2R T.

LU, H4ETIIEBRBIRGENRIEOLH 2 KE<SERBL TEWED 572728, H5ETIZLH
2EBLU, KOFEMICEIRMEVHEICE A 28R eTND. £ ORGRERFRE ALY S B 72 5
e TR HEE 217 2 1F E EIRORENZ X 23R E X 0, FIALEIC K - THEERIRIZAEE
UCoHEEMEDRH B Z & 2R,



B22E BTERRICOWVT

AIFFRTIMO B BAEFEL YV F, AEEBEENALZHUWIMREE TH 5. @, HhzM
ST 25, ERIEE OFUAR EOYIA L OB ThNR W2, WEAERE(NEL 5.
—J5, EEASHEREN RS 250, REBEHE < ORKIFEREMEEEL, R CIRETRAD
TR TOND 720, BRI ANF— LRI INF—OMHELHEZL ESRIT. ZOLSREL
FHOM AT X)L F —AHh, BEEERTH 5 [10]

BB UV, B IEE Y ARy 7 LIREN D HIE R 2 R OB - AT N1 A TR X
NTWB, ZAX v 7O FOREE]RE 5 X5 281280, BHROKEIE RS 2GT 5. 2
THFHPZFE AR =D T Ty DA ZNVEFEETH D, TDIRI)VF —ZHORIZHEMBRITIT AV
J—REFRETHD L ELNTVS [11]. 1999 4i21E, Backhaus 512K > THIV ./ —%hRD 42%
LT OMGE L YU VNI N [15]. AFE I YU T, AFEEHRICL O REL - HRKIE
AN O&EEHES. B ERZRNZOA VYT FYABRARETH D, —IAEWEE & Lhig Ui
FEEE U DR AT, MRNEEPES TH S, E-HENEEOBEMCEEL, SMAKET
HDI-OMHT BRORBEZEX R\, THPHBHOERAZAMAAT 2R LTHffsh
TW5,

ZOMICEEFEHREMAL T NS AL LT, BRCEVELZEEAT—%2) =7 E— X THIL
THEGEIER [12], AXy JATHEULIREANZFH UM 217 5 BGEme [13][14] 2 &5
REINTVS.

BEEEHRIY 2y PT U Y VRN —F—IZBWTIE, HIRIRIC & > CEEICERNIEE 5 2 %
7 DI BEERENE L WEN, ZoMElE HBE LERE8EE T TWwa, Zodhizi3HE T
FEFAULFROEET S, —f, S8 LY DRGSR Y OaRE2 GRHET 5>
AT LR UT, fHETZZIGH U EI3P 73, AEE Y 2T LADRFURE L OHERE 21T - 72585
DI R T, BT IGH LT, AT O IRIET B RR S 5 B FIRE L O #EE & AR L
THHRGY -V ERHETEZ22HMEZLTVS.
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B3E RERKIE

ARETIIIN — TEMT IS B 25 L ORESBEEIZ DWW TEIAT 5.
K AT LTHT 5 &85 D% Table 3.1 1277
B1HiCIFASZTE DT LIER, AL FHIZRIVLF—DHEEEZTS 2D =y MIDWTHIAT

5. 3.2 8TV — TEEITIRIAEE Y AT LORIZ DWW TEHIIYT 5.

Table 3.1: Experimental equipment

Loudspeaker AURA SOUND NSW2-326-8A
Power Amp. YAMAHA P1000S
Pressure sensor NAGANO KEIKI KP15
Stack NGK INSULATORS honey-comb ceramics
(I =55 mm, ¢ =50 mm, 600 cpi)
Sheath heater HAKKO SWD1040(400 W)
Chiller EYELA NCC-1110
PC Dell PowerEdge840
(RTAI3.6.1/Linux kernel 2.6.20.21)
A/D, D/A CONTEC AD.12—16 (PCI), DA12-4 (PCI)
(12bit, 5V, 10u sec)
Thermometer ANRITSU HPD-2232
Thermo cont. HAKKO DGC2310 (100 V)
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B E a7 OBl E Fig. 3.112, AX v 7D % Fig. 321287, BAEEaTIIA Xy o (Hh=
LTIy A, EX 55 mm, ER50 mm, 600 cpi), O ERMAIEE AR, ORI
AR C T T VIR YNSRI NS, AROMRMESREHEA Xy 7 WHIH, ZMORRMESL
PR IIE CEORERICREI N T WS, AL OKIRMAIBRHERITIEE 7 7 V0 IDE R & OH TR

BXINTW3S

111

R AIEG IR 1 mm, 1% 10 mm O 7 1 Y EFOMRBOMBET Oy 7 TH B, EiRMIES s
WZIEYy— A =R =B EffFoh, Y= bo—J 12X > THERBINS. (KEMNZ BRI
B 1 mm, §§5 mm D7« VEFOIEAKT O Y 7 Th5. KRBT 0y 7 1RSI iz

— A% UEERAK TR EINTF 7 —REIC L > TIREFABEINS.

ER TS & OMEIRMI A HBROEE Ty, T &, BGEN% AW TET TN OB a0 SR %
FELTWS., ToldF I —I2XoTHEIZITCHRZNTEY, Ty 2P —FEar b —J 2KV fEHITS
TETARY M iREN Ty /Tc 252 5.
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Fig. 3.1: Photograph of thermoacoustic core

Fig. 3.2: Photograph of stack
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3.2 I —TEETREAZTES AT LDEMK

IV— TEHEITIRREGE B Y AT A ORI % Fig. 3.3 1R 7. AV AT AIX42E 3639 mm T2 BOE
B 7 e, WA 50 mm O VEICHREEN VY2 D OBE S Nz — TEHEITIHIEE
BLUIVTHD. HRIFZNY IV (PC) 26 D/A LI N EIEREES u BT —T 7 (PA) %
NMUTCANSINEREIT 5. [EHEyH 1, 2081 p1, p lFA/DEBLINTPCIZHDIAEFNS.

HIRERET 5 2 CHEAMMPEM UBMFRELRNE L RS Z EBoNTWE D, AT
FEAZEI N ERRELREHET S22 U, FHHREIC L 2HEIEHAT 5.

14



PC

PA D/A A/D |,
" Ty T Ty To
I [] B ]
/ p 1
core core
] sensorl
@
350 mm B
al I 518 mm iT p
2
SPK1 A
350 mm .
1 sensor2
\ *ffﬁﬁmm
— =" Jf/

il el [
- L

456 mm 456 mm

SPK2

Fig. 3.3: Block diagram of Experimental apparatus

Ty = 370°C, Tg = 17 °C THIFIR S B 2B ORI E OFER % Fig. 3.412, ZDHLAK % Fig. 3.5
IZRT. Fig. 34 &0, py DIRED D3 py DIRIEL D KEWZ 3005, BELETIREETH Y
B, p1 & p DIRIEIZFELUL B2, KRVATLIEHERBEDZEATVWDEEZ 5NSED, Fig. 3.5
E0 pL & pp HHEDRDDZ NS, AVATLAVETEES CTHIMRBIRL TWAZ 2R bh 5. p
PIEFIRIRTH B Z 212U T, po MEBEATWEZ EDRDN 5. po DHFPECHAIIEAED & Z AR
TH5. p1, pp HIZINENOMERB L Z 11 ms THZHZ 205, 91 Hz THEIFIEL TWS EEX
S5ND. TIUIEGTE D T OIFAE % FR U 72 Bll e )L — 778 O R i o B i

co 346
=—2=_""_ —95H 3.1
Jo=7 =34639 =P (3.1)
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CIEVWMETH 5.

AT DB EIZDWT, Fig. 3.5 2H25% p DIIE po DDA 3.0ms £ 8.0ms &> TW5., 58
BRI TH GG, p1 & po OWHEIEG 028 = 1.5 ms & 20390518 — 9 0 ms TH D, HGfE & 7
BHdHEDOD, KV AT LIEB HAOETERES CHMRIEST 2V AT AL EZ 6N, s £H
HBDIFER U7z K S ITAY AT ANZRIGHEITIREL TR BERBID ZBATWSDZEE X
LNb.
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Fig. 3.4: Time response of p; and ps
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Fig. 3.5: Time response of p; and po  (enlarged)
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p1 DHHEZ F v b A 7 AP rad/s DB —8A 7 4 V& (LPF) IZ@L, 7/2 U THESNHE
SEE RN Py (A 4.1 B XU Fig. 4.1 THERTB) 12DOWTHA L =M% Fig. 3.6 12537, #ldD
B TABIZKEL 2o TWADIZ P 2R B 702U TWS LPF OBED b TH 5. 20D/
DG, 2005 200 WO % L2 & ENIRIELSH 15Pa ZH L TWDZ NN 5. RVAT LS
FUOBX OEBEBETIZ—EDOWREL Ty /Tc 525 L 5T CEIENRENZH T LI AT LLES

A5,

550 T T T T T T T T T T
pq @amp.
545 b
= M b
=5
a
E
T 535 B
o
5
@
E
4 530 B
525 B
590 I I I I I I 1 1 I I
a 20 40 60 80 100 120 140 160 180 200 220

time [s]

Fig. 3.6: Time response of P
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3.3 2t VHEKICDOWT

AEITIX, 2 AAOEITIRIENRD 2RO B-HDHETHB 2 HFEIZODVWTERS,
B RIRENR & U CH— B O ERIENEZ SN5E, VAT LADOETOYHE ZFE —ERET
FAMIREN T 5. HFIICHE S NI ERINERENE 5

w(t) = coswt = Re{e/t} | w=2rf (3.2)
NEZoNTR, BEORFHAEZ 2 T5E, #2285 REAEDPSDHENESH) p(z,t) 1F
p(z,t) = Re{p()e’"} = Re{|p(x)|e/“+P))} (3.3)

YD, 22T p(a) IRALE 2 12 B B EERIE L ITEN S EERTH S, T ORI [p(2)| 1 p(x,t) D
g, 2p & w(t) 129 5 pla,t) DRIHETH S, — I, BREERET 2 S RITFHEE LTHS 2
LINTE, ZOHES N E—IOTOWE AR

Pp  10%
— - =—=—==0 (3.4)
ox? 3 ot?

TRED. ZI T dHEETHD. RO MBfRIE — HIANERET 2T f BEL P g 2HWT

plat) = f (t - ””Z) ro (t " ”“’) (35)

o
ERBITED. f(o) & g(e) HMEREDBEET, TNFh o DIESM, AAMIERT 2HETKEZRT. Z

CCIRIHNRE 2 E 2 5720, EAZ

p(z) = Ae 7k 4 Bedk® | | = 2)—0 (3.6)

YEIETIENTES. A, Bldz DIEAM, AHMICERT B ETRITEN KD OEERIE, k2K
WTehsd., FRRITERERE 01X
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BRDEE, SITEOKEETHS.

B, ZIT, Z RS ES Y E-X VR, plk
“ B DETIE R DEEIRIE A, BZ22 I EIZEORD S, Fig. 37122 U HFEDX Y

PEFVERT. x =0 OMBETOMTENRS OBRIEE A, BLT52, X360,

p(0) = A+B (3.8)
p(ls) Ae=kls 4 Beikls (3.9)
L7425, X3.9DMU% ekl 535 L,
p(ls)e’*s = A4 Bel?ls (3.10)
vib, X38ER310&0 ARWET B L,
(0) = B(ls)e’™s = B(1 — /) (3.11)
L0, BERODLRAIIERTE L
~ p(0) — p(ls)elMs
B = o (3.12)
p(ls) — p(0)e 7K
- R (3.13)
_ ﬁ(ls) B ﬁ(o)e_jkls
N 2j5sinkl (3:14)
Bhkx5., R38rX3.14 &0,
A = p0)-B (3.15)
_ _ﬁ(ls) + ejklsﬁ(o)
N §2sin(kly) (3.16)
AWKEZ. 22T, p0)=p1, plls)=p2 &T5L, R316BL0VOR3.141F
i P2t epy
A= j2sin(kly) (3.17)
- Pp—e ikl
~ j2sin(kly) (3.18)
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LRDBZENTES., 2T, pLidkrd (e =0) 0B BEERE, 5 lde Y 2w =1) 1Bl
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Fig. 3.7: 2 sensor method
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F4E TERBRRAIEICEDSEHRFABELLEE

RETIFIV— TENICERE S iz 2 MO FIEE 1S D CE s RN X 2 B SRS e %
175, BHEOREHLT (1)SPK1 2 H\W TR FHbili, (i)SPK2 & TR A, (i) b L
(BFR) OERZITS. ARTIZASEHRIIET 2PN RITEEA L, HEL L FEHIRIEDE
MRBIFRIZ 5 & UTC, mEORENIRIE (HEME) THEFERT 2 EOMMREL % (i) OFEBR TR LN
AERENL, HEMEERZDLZREE 5. 83 HICTAY AT AITEBIFR T DRSS ZH ¢
52 mBRED, KETIHRELEEET A Y OREPRBARIIOVWTIHANSGZ L & L, ZEITEH
T5.

4.1 TEBFRIRHIEHR

EFFIRGIERO 70y 78X % Fig. 4.1 125R3. AflEROBHWIX, Ehe ¥ 10oHH p, ORE
ZHEE P 12 —HIEEZLTHD. p 2iBAZDIX, HIBRRKREIIRIED py LD KEVWEZOHTH
% (Fig. 3.4) . ZD7=IZ, p; OMAMEZE 7y A 7 FBEE 1 rad/s DO —/3Z 7 4 )V & (LPF) IZ@L,
T/2 % T U THE S N HEETEIIRIE P & HEMW Pr %5 % PLBIRS) #fiEEI AL, ZDH)
%, SFEBEEMES u=Gp(t —7) DRET A Y G L THWS. HEME Py 1700 Pakd5. 22T
&, BEEFIRAMNE] (HEEDIRIEANER) SN2 £ 5 ICHEBIICHHB T 2L ZRETH D, PAFD X
IR IETHBE L /2. Ty = 400 °C, To = 17 °C TEHFRIRGIHZ 4T\, 7% 0.25 ms HIZE(LI TR
WS P A T00 Pa —EICR o 72BED A ¥ G HRUNT R B 7 R R U2, KER, SPK1 BREIRE 3.0 ms,
SPK2 EXEIF 10.0 ms & 72 > 7=.

TR I N O ORIIIZ DOWTU RO LS IZFEZ 2 Z A tiks. udHFRAMEICZ ST
DR TEEIIZIFIBI L, py DEI Y 1 OALEIZE T 2 EITIFIEHHT 2 L IRET 5. flifD7k
OEEE AT OFEEREGET 5L, FEPSENENZMHT 2 &5 @<k, FREHITH L TR
Mz v, TIRERERBUZBIT 2 u 5 pp T TO Y AT LDOAMMHZE 90° (MiFHEMAR) , pr 225
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BHIRE CTOMHEMIC X DA dp, BOARBIZ X B6M%E dp 2EXD AT DO L1275 (RitHiE
AzIE) .

90 — dp, —dp; = —180 (4.1)

" dpt = 270—dpl (4.2)

Fig3.5 TRU&LDIZ, RVATLIZETHOAENB ARITH 5728, p; » 5 SPK1 £ TORHEIC
X AMifHAER 180° £ T 5 & dp, =90° &725. Ko CTENWEEE r XEM T Z2HOWTUTFTDO LS IZRD
S5hb.

Tl = =T (4.3)
FEOEEL=3.639m &E#Hc, =346 m/s £ D

3.639
346

1
L= X = 2.63 ms (4.4)

5. SPK2IZDOWTH FARRIZIEHEIZ K BAfHZE % 270° 235 & dp, = 0° = 360° & 725 7= O ENIR
1
~3.639

=T=="T=-=10. 4.
To 316 0.5 ms (4.5)

L7%. SPK1, SPK2 &5 5% 0.5 ms PAND 2 CTEBIEIZIEVME L 72 o 72, FERE & FEERIE D 25 1324
BEATDFEDEOEEEZOND.
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Fig. 4.1: Block diagram of feedback system
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4.2 ZEBRAE

FERIFRELLEIZ, (1)—(i)—(iii) DMEIZFEERZ 1T o 72, BENRITe —XREZFH L, Ty % 300 °C
M5 400 °C £T10 °CHIAT 11 S TiTo 7z, 7272L, BIFIROEERITHIMEE L T B FRIRD MR X
N7z 370 °C 75 400 °C £ TD A RDATH 5. EHREELIT 5720, THEh 200 T OHUE -
FEkL, RO 20 EERMEL T 5. FREMEHED 2R A 5 72O FBEIZ 5 MO G 21
7z. WO > 7Y v I 0.25 ms T 5. PLAHESROLEIT 1 > LD T 1 VIZFEBRICHW =2
TOMME L TENIREAFEE L 20 & S ITHE T, £ 24 0.01, 0.001 L RE L 7.

4.3 FERER
4.3.1 BREik

MR L & B DR DRI D BfR % Fig. 4.2 12T, py ODRREIGE % FFT L TRD 507z |py| 1
REREZZXTHEL 2t Y 1128 S ENIRIE (p) OERIRIEZ p) & RT) TH L. LH Iz ERT
UK [p1| = 700 Pa & BIREIZH 2.26 TH D EEZ H5ND.

1000 , ,
16T0] I S T CT—
| s

7io]o]| SERRRRMBIBE S5 SANSHNIS. S——

Pressure amp. [py] (Pa)

G10]0] SRR e —

. , self
50 H H
8.2 22h 23 23h

Temperatire ratio

Fig. 4.2: Ty/Tc and |p1|
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4.3.2 BERENRZICL 2 EERIRREOMESR

Ty = 370 °C, Tc = 17 °C T SPK1 Z W TEFE FIRHIH %2 17 - 7245 R % Fig. 4.3, ZTOILKX %
Fig. 4.4 2”3, Fig. 4.3 B LU Fig. 4.4 & 0 @HEFIRGEEREE BARIFRE (Fig. 3.5) L FHBRIZES py
MIEKIRIRTH B Z D05, PLIZOVWTHEALZD D% Fig. 4.5 13573, A 1V G 2T 5
Z & CHEEE HRIE Py AYEEEAE 700 Pa 23t U T £1.6 Pa BRI HIM S 1, ERIFIRIIC R S
115 Pa DZFAMEL 7o TWDE I E DN 5.

EHIRIEL T2 180 05 200 P ETD /7 1 VIZDOWTHLR L 72X % Fig. 4.6 IZR9. 71 ¥ G
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A B TIEE L ETERFERBIEIC X DRFURELEN RS Z e 2R U7, & SITER SR
A9 2 BIHROAMEIZ K > TEITIRE DD OIRIEL A ZE D S Z &, TNV HEIFRFISENEE
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5.1 EERAE

EREED L OEERRTERIEATBLAKTDH 5. H 4B TIIEOFRE 2 BRI O
RSN LROTWED, RETIR KD EMRHRNRELEE5 720, HEo & RGO HEE
700 Pa THIRIR S 2IREHOWR 2T o7, R, Tc =16 °C —ET, #4a Ty =287°C & 288 °C
Dl TH2Z 2R L (#238 Fig.5.1, Fig.5.2) . X 0 FEHICZIROALE &I e E OB fR % N
%728, Ty = 287 °C & 288 °C THEZET -7z, Ty = 288 °C Ta : (1)SPK1 % T H R
—(i1)SPK2 % F\\ TR FeHiebil i — (iil) fIEE L (BAEFER) , b: (i)—(1)—(ii) 2 amb—a—b—a ®
JEIZ 58 RE L THT 5. F DEFARRDFEER%Z Ty = 287 °C — 288 °C — 287 °C DIEIZATS. 7z, 4E Tl
200 P OEERZ 572 DITK LU, & 0 EREZEFIRIEE 8T 5720 500 3 D>RE L, HRED 100 B %5
Fk U7z, PLAHEZROIHI T 1 2 DT A Vid 4 BEERKOHETHAITHERL, £NnE00.01, 0.003
LPREL T
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5.2 FHERER

Ty = 288 °C DB D EFHFHR I T HRIE P, OIS E % Fig. 5.1, 287 °C DB F I FsHR T 18R
g DRSS % Fig. 5.2 1R 7. Th = 288 °C TIX 700 Pa % —#T Flal > TWA AV KERS T LAl - T
Wb Z &, Ty =287 °C TREBFHIHKTT700 Paz FE->TWbZ o, HRFURELZERL MR
WY 572 SR 5. BREHTO PORAELR/MEZ 70y b UEb D% Fig. 5.3 1087, HESEMR
i, BEETOENRFEOLEEZRT. ©55DRELTEHFENIRIENH 15 PaZBHLTWEI L
o, BEEEELZGETHREL Y ARFRIEE DIRIE SMRERBERTH D Z b s, B
FEHRIG 2 HRIEAS 700 Pa i 72 2 W REMEDIRE L DIE % sk 5. KIRE Iz 1T 5 P, ORAMER L %
it A TZERRDY 700 Pa & 749 DiE (ZEHIOHERIROIREL) 2Rk B &, TNAHFIFERKHIZES
HRIEAT 700 Pa £ 725 Z L 3D B RUNDIBEIL L B X 5N 5. FRRICKIEEIZS1T 5 P, ORvMER T
G ATZIERRDY 700 Pa & 24T IR (GHIOHIHROEELL) 2k 2 L, TN EBIFERRIZE
SRIEAY 700 Pa £ 725 Z DD 2 HADIRELLLEEZ SND. ARETIHET, HOBAREL%

Case (A) P, =700 Pa & 725 Z L H3% 2IRELHOWE (Fig. 5.3, ZAMERARD & HERR O REE)

CREFEL, ERFIRGEIEIC L SHEEHEE DR REEE TS,
T, ERSHRELEDRE £ 2
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5.2.1 Case (A)

TEHFAREIH 21T - 72D 7 1 ¥ G OREINE % Fig. 5.4 25 Fig. 5.7 2R 3. WINDOREL - &
FEXERIETH 7 1 VA 0.07 205 0.1 FREZHL TWA Z 205 5. KRR - HFIRERENRET D
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ZNE N SPK1,2 BREIRFIZ B 1T 27 1 > O KER L2 KA ZERE G =008 b5HEELT, EFIK
ERERECHEE S N A IREILOBR/NMAEZ RS, FRRICGHIOE IR & R 2 2 SPK1,2 BRE) I

IBIBT A VORMER L EBALERE G =0 7R bSRELT, SEHFEHFEIRECHESNSHE
DR KM Z KT, FREERRIE Fig. 5.3 TR U7z, BEIFERREEIHRIEDY 700 Pa £ 725 2 235 55/
EHRRKDIRELTHS.

B DRGSR E HER R 2T 5 2, SPK1,2 &b 5 & HEE X N 5 IR HL O f/IMiE AYEL 0D il 57
HEOBR/MEL D REL, HESINDRELDORKREPEDHEFIRELORRME L D /NI W &5
N5, ZDOFEPWDOAEIZ K o THEEFRERIZA2ITR LK, HESI NZIRELZ oI 8RS IRRE )
RIEAS 700 Pa 2725 Z DD L FR 5.
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Fig. 5.8: Ty /T¢ and gain G
5.2.2 Case (B)

FIREH T, E8k U 7= EB IR T RIS P, £ T (Fig. 5.1, Fig. 521270y b IR TWALTOD
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