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ABSTRACT

ABSTRACT: Magnetic fluid is a new type functional material which is both
magnetic and liquid, and it’s the only super-paramagnetic material at room temperature.
Magnetic fluid accelerometer is an application of magnetic fluid’s self-levitation
theory, and its structure is simple and reliable. With the advantage of detecting low
frequency acceleration, magnetic fluid accelerometer could be widely used in military
and aerospace area.

The main work of this thesis is as follow:

(1) Magnetic fluid’s self-levitation is analyzed; Dependence of levitation on
dimension of magnets and accelerometer’s shell, volume and saturation magnetization
of magnetic fluid are given out by experiments which show the main factors that

influence levitation force are the dimension of magnets and the volume of magnetic
fluid.

(2) The influence of the two factors on the sensor is given out.
(3) The structure of accelerometer is designed by conclusion of experiments.
(4) The frequency of exciting signal is given out by experiment. Finally, the
circuit of sensor is designed.
(5) The sensor is tested which show the sensor’s sensitivity is 15.3V/g.
Dependence of the self-levitation force on several factors are given out, the

structure and circuit of accelerometer are designed and the accelerometer is tested. It’s a

good foundation for next work.

KEYWORDS: magnetic fluid; accelerometer; self-levitation; LVDT
CLASSNO: TP212
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2 BRI R ERXER
21 B RIREE R AR

B A R A T B R R R B R T A R T B —
FEREtRARE, CHEATR. BERMEREEERN=8OHE, BHE
FERBAETREFENER, SHEERAEE NS, B, EHEATH
R KB ENEE, FEEREARESEN,

AR AR AR W E 2-1 Fir.

B 2-1 BRI
Fig.2-1 The composition of magnetic fluid

HABERE 1965 FREFHEDBRAZ NFHURLZEH )% H 1 B h
S.S.P Apple FIFEIIN), TEAERE T R EE—ABA LR H &R
WA TR ZHBERAZEHKD R FEEERR)ERHBEEE—,
TEFRBELPER B B A F 0 vk £ B K BRI & B s ),

REAEBAAIE A—MH R, ERRBISIR T S EREKIZXE,
HAZREARSHRUETKENHEL. BT 80 FR, B-_REBUERE LI,
EHERER R TR #A 90 EAARHIHIL TR =RE KR, BERF
REFHFUR MR N AT RBmAMIERE: TIEA 21 LG, RBLSYEHT
BAESHABHEOERRENE T EXKRY, EAREOTUEMERESR T XR
HfemE, MAEEBERTHRAKAE.

22 M RIRRYI L SRE

REYEW 14 B BT RME— AT DR R T A RSB R: b T
YR, BEPEBIAZER B LA R BB AR S TUAAE 2 M. TN T B %
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R X B KFW & ¥R B e W ¢k R KA OX AW

RRESR UL, BAPERRRIREAL IR R AR KR IR R R EE M,

R HRLY /MY, BERARREEN, ERKENTFHRT PTIERE
i, RFRLRRBEEH . KB HEBR AT RT A 100m B, Eit, BER
EFART AN R BB B E R AR THRABRER RS R. EHE
HEAERAT RS, LRRIERIRBEE AR RS i AL A R

FABAZ T B L(E) R HaiR H
M =nm(ctgé -1/ &) = M _L(¢) -1
M=MH/H (2:2)

K, L(§)=coth(§)—é

R, n HRALARBARRTE, m AR FHE, £=pmHI(kT), u HEZ
MR, H RUSHEE, kb RERZEEY T REMEE. HTEERTHS
REREAE m X B R R RR A e R 1

BB (&> ©), REMBABEABLENE Ms=mn; XA
FRUHRE - B B 0 95 A RS B 10«

M =M [1-k,T [(u,MH)] (2-3)

m bR, %210 B MaMs. MEHEE mr 10T SR FTHBF, XREHENT
Bi3% H>10°Am™,

555, B &<t B, RARHACREREAZ JT (Langevin) BEH HEE £
g b1

M =[p,nm* [(k,])H = yH (2-4)

b R By BRI R AR SR ZR s 3T RO AR R T 3R n~1023m7 (A
P F ERRRAVER AR ) R BB RS m B kT ERT, HBRER y~1, X
B BB TR 2 Ms~10'Am

KENX (23) 2-4) FRBKMEZ SR EABEMNERLER. &
SRILUME)/ M MU/ E) M, RBPRHIBIZ T ek, RifiE & GBI
FE, HATLHEREPHRFRT:

d® =18xk T/ muMM, ;  d°=3f6k,T/zuHM,

B M, RAFHEBACERRE, HoRRAMQ/ &)/ M R R RHBER, Td £
FRARREAL IR VTR K E R FER, d° RAELBABSKBENR TER.

SRR R R AR F R 2 R Sk, KEHIk BT F5LME
£, HhBEEMRLHFUMERA TR FHE S B NERER PR FH2
MW, BFHIERERRETEIEEER.

MR THERETRFRTMIH RS f(dn), WHBREBRTHT
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R X EKEW & EN R X R W I A P WA

R fhib:
M(H)=2M, [ L) f(d,)d(d,)

XEERBEZEBREPRFRMATIER. BT LRMBHM (H) theitmw
LR, AU B RETOR TR M. BEHERRB RGN IBEHL
VR, (BT CURUA &£ EE LRI AL IS, BRI TR
WIRSEH R AR R R BEAGREE Ms FURLF IR T dye BDERIRIBESE mo Ms 1K
/NI MR R H' -0 B EET S HRE, T d, ETUEN L . d°RE
AEE. BRZTT BILR AT 53 55 S hRmAk sk BORT IR R4 . o () BB 43 BRI 2 4
MG, ERERES, HTHFHSHEE, O OERTFLHERTd HE,
ERERT LEMZER . ERED, METFESMS TEEAEN, yRBE. 8
HIRCF WA R LS T A HES),  DRBRAE TR 3% P B AR B A B 2 18 I 48 e
Hd, @UHHZ TR B ES,

ZIBENF RT AR 8, 740 B0 52 AL 1 2% 2% B 72 K 48 (R R 4tk v 1 e
(4,20.05), HiALRIZMBAZ TR %2k 2 [ 2 R RE LR T B0 2 4 B P O
WECRERE. XD HE (£<<1), EEHNRRMEHSER SN T8
%, TREAZRKTHIERN, HENQESLSBHETHIENER: N
WEBTRIEIR, d) Mld; 2 Z7E 30%~40%/Ch, (EA MH) IR T4 Hid 2
Zd; 7 80%~100%, B AR FRIMAEIER, THEZ RS ARE HAEX
Y Hey, = H+AM B . BRGESL MM ETMALR EHE. Bt A
WRHRER R AT MERBE . DI ARLEIEE, b ME)FEN S Rd° 2
E5HT R R BB

RS HRFUERAARBEERORRXRAR. BT TR KRR
B M, REEH, BEHEMEERGPOEARIBTRRRLZ

4,=M,IM,

X—HRET MR R THRAREE, FrA BT8R &S S s,
VM AGR A AR R AL & BOR AR

LR B R R MR A TEUE S T IR, A THERET 458948
HER, BARERBHEAREBIMNBAZ MEKR. EBT 25 RSk Hk i
SMEDKRBE—RENZTCHENER. HEERRSTREM 4 e
ZHERH, TERG FRER L FBNAEZ HREAT. KRHEURG SR bN
AEZR, ST R IER TR,

BT EEMER, Vislovich 4 H T BALIZ R —FE RIEM, ©5LR BN
HeERR"L,



B M N . s il B VA D& Bt Wk R K OXHE @

M=MHIH, +H)

X Hy REACEEE M(Hp=Ms/2 W HBA1E, Fdmx RS2 R 80E
A i

SEPr M MBALIRIE . 7E H=Hp8 R 5LREMNFEKMER 8%, %4 H>HT it
WENTF 1%, EEELRREGVHEUN . MEREREHRK H EEAKE MEH)
ML, WA T 5EPFMETERE, TH Ms B HT M FFIRRETLERXERR:

Ms = Mle(Hz -H)) , H, = H\H,(M, -M))
MH,-M,H, MH,-M,H,

XEBH H M H, L H BENESMA SRS REE; M M, 23
R H M Hy SERREYER ARG S R . Vislovich %R H, ZEHIZEEA
0~100kdm™ &, BAERBRAERIBEMRM =M H (H, + H)FEERENTF 1%
BB T Hi R LR R A th 2% o

23 MRIKIIEHN S IE

SO B B AA N R B A R AR U, X B R T R W I 28
WHERMA R, B AIERE SRR SR A EMEREXO EEGH
ANHE: H—REMRAR A 2R, KRR . XFA
Big B KM SE N EEKE.

fEA— R R AR E 712, BRI AT S S @R AR .
HRAGOME—RRES. BERERTEHG=LEH U, THIEG
PERIRE ST HEAEROR R R B AR AT A KA F, B A TR A
Rit IR, A EABRRT U - FRETRRRS, RiFE
ShEEST 52BN 11 BRI AR T REPER A O R 48 I,

R AR B T R B A T R

pf‘fi_lt/=fg+fm+f;z+f;; (2-5)
AF, p REMBANEE; fREH, HRAN:
-f;=pfg
£ REABRE, CR—HETH, HEER:
f,=-Vp (2-6)

fRENS, HR-RRES, HRERXN:

£, =0,V +%UHV(V-V) 2-7)




| AU NI A e il K DA A A B A

K F g, REAEBAELE T AN B H B R . SRS, H=0,
nyBRn, f,5fRREN, fHf,EEN.
TEIR RS B SR A= LRI N
Cowley il Rosensweig & T fe 8%, MAIMERBAARE M 2RI S
DB R, NTIRIHERAENYAEL, 4R2EMERE L&, MEREN
MR M a[RRH
M= nm(cothf—é) = ML) 2-8)

AT E = uymH (K,T) PR EHRET AEMBAEREH . LR (2-8) #
YRR R 2 BE R W7 TR S AR I R 4L, JF Bt R BB AR & ¢
MRS MMM BARLE Y, A © HXEIN. AT H:

M =M(T,H,v,)

RAYE WA N BB NS5 B 2

B= 1, (H +M)

SRR S, BARRUREAL IS, ELBUA 5 i 5 5h i85 77 1 — 3. ATBAR B,

H. MZREVAT, WIHAER KIS R u o] UG Y

)
WTLTNXREATLB A p WRT, He v, W&,
B=B(T,H,v,), p=y0(1+g—) (2-9)
HERATHE AvRBv BETE “f7 BR 29 F—MHS
dB=g—§dT+§g-dH+%dv (2-10)

HYEBAREITN, WA EXRE, ERERERURFENT), B pdv. EHE
ShELSHRS, SMESHM U AT ER D EER AN T E: — MR P B
e MNFREE H MRt H—ARERERARACTTERTD), BRI

MQ%M%ﬁMﬁﬁwﬁﬁm%ﬁ%Wznfﬂumo%Eﬁﬁﬁim%ﬁﬂ%,
MBI, e bRy, FIREE B A H B & BFAT, WA

W, =v| HaB (2-11)
N B R AR SN IR B E I OT T & -
dW = pdv—d(v f HdB) (2-12)

R, pdv REHH SO, ERBIERAERINBENL, Tdo [ HdB)
RAMHHBIERIATTERIS . BIFR (2-12) BUEIAUR, WE:
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dw = pdv—d(vHB—v [ BdH)
EXTvE—MIHEE, TUHBESEARYEZAH. TRERTERK:
dw = pdv—d(vHB— [ BdH)
RIFES AR B E:
dW = pdv~(vB)dH ~ Hd(vB)+(B)dH + [ d(vBYIH

= pdv—- Hd(vB) + f @dvdﬂ
v

=i H=const Ml T=const if, HX (2-10) Mil: FS A (dB/dv)=(B/v). Fi
ULEHNRS 5 AKNIETUSHEROER, FENTESHRSS 25, 8.
dW = pdv~ HBdv~HudB + (db) || %”—fldﬂ

BER:
dW:(dv)[p—HB+ [ 2((_)vvi)arH]-deB (2-13)

AEATUES, [ X o g .

BRER AR ERE LN B FARRELTEND. B 2-2 AR FE
PECEATR Z RN SRR A MR, PR ZBIMPER R 2, BEEELE, Hig
Efs A o, BT AR Z KB ELE D FREKFE, B EHEREEANT LAY
SEEMNR LN REE0. ERRIAMES, AAEERNHSR. XX
RN B AR A, B B=pH, B REMRME, i p EHEK, WATLUHA
AHEMBETE, B (2-11) THE, EXEREHTRE.

XEH MR R

1) FSRZ [B1# B R4

2) FBURZ B MR B /D TR A ZERTT R ATE A 7T LUE LRI R
PR AR 2 8 7= A Y RS 2 39 50 195

3) RSBy >0, HTFB=pH, BRHERME, FIUTLIAAH >0,
t (21D RAAMXERRS R B EN.
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22 HERREKAMILAE
Fig.2-2 Geometry for evaluating the stress tensor in magnetic fluid
RERKRE LRNHKBA v« BEARERARNE EREE, iAbhRER
. MRHR QBBIHEIK Q) HALH & R—ERRAIEL no AT, XHREN
TIFERITh el B B

dW =-Sn'eref (2-14)
AP, SEXAN. r RRAEATHERELONAKE CYERTERT
BR“i”)e FTEA -7 SRR AR TR LR S. B (2-14) FREAERE
FrsE 30
Bk (2-13) A (2-14) BELSKARTT/E.

w0 - % dvl: o(vB) ] v
=—I|-p+HB- | —*dH |+—HdB
meres S P f ov S

WMEBREDBA S M LTRZBEEHEBARERBMBRE, UFERZ R K
BRI Ay, WE 22 Fx5iE:
v=Sa M dv=_Sda
AH: da RERMHB. XHE—REERTRERRHR
ﬁ°0fcf=da[—p+HB—fa—gfldH}aHdB (2-15)

BB 2-2 F LR R
d(PQ)=PQ'-PQ={cos f
TR PR ERNBE), BT4EPOMEE O, £THN, HREATRE
FIERA 1, W
®, = B(PQ) = const(% %)

Rt 8 2

dB __d(PQ)
B PO




b X EKEWMEEHNBR X A W ) O . I

paem, 8 __[PAEess
B |PQ]PQ
FEUNTFEREPQE £ MBER:
dB PQe¢ zf,iﬁ
|PQ\PQ PO

K, igg%ﬁéﬁm@fﬁuﬁo HIE 2-2 LB IR E Bxi HI77 FIE 4K
HHSAERE, X TREBRAT PO, FUZRBMAMR(Bxi')xB %

F5% 8 PO AT, FRPOHIMENKEL, TURTR, = Ei—”;—;
Bxni')x

FRARBBEANKARy, TBxA')5BEH, WRMRE /2 FTBA
KRBT, XANETH:
20 =(Exﬁ°)xB’

" Bsiny

BESME 2-2 it )UK R POsing =a, TRAI MRERK B/ B HATH
@_—[(Exﬁo)xé]-f

B < -

RETUHER: ad3='[(Bx’7;)XB]"f

MA—ERERAXTUE H:
(an )x§=(1§~§)ﬁ°—(l}-ﬁ°)5

HERGH:
_ (B-7°\(B-&
adB:-g;,o.;.,.(_n_)(_g)
BEAMHE 2-2 R LFAIKXR: da=7"-¢
P EEAANKRAFTARR 2-15 Hid, HATLLEE:

ﬁ°O%OE=ﬁ°OE[—p+HB—fMdH]
+H[ ~Bii’e §+—————(n 'B(B.'f)}
B
WiRI FE 13
77 =i E[—p-fMdH]Jr(ﬁ"-é)(ﬁ-E) (2-16)
dv
BRI MR A eI =aB[°-& = ¢
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bR EKFEH MR A W N A I I

R (216) LB BRENAKE F R N:
?={p+f@§QﬂqP+m? 217

HE, KEBMHRYTH, FINB=pH, NT#XBH =HB. FHA

B=yu(H+M), 3$BHREvERNBIZE. WK (2-17) TTLAKEMK:

?:—l:p+fyo%dH+%Hz]i°+§ﬁ (2-18)

BNREARKMES, NEHBEETRE—MEoThB,, BRERER

ds . fERTFHIT LMAIES fav,, RiEiHdSe7r. T

[dSe7=] f7, (2-19)
e "
[dSe7= LoVo?dVo (2-20)
BHEN (2-19) MK (2200, AJLUEH
f=Ver (2:21)
B (2-18) RARRK (221 WhHH, %A
f=—Vo[p+fﬂoa(—gvlﬂdH+%Hz]I°+VoBH (2:22)

FotTk (2-22) AUME—T. &/ H&Eq, &

b, HEEFIVeB=0MB=pH+M), WX (3.19) HHHNE _TRFTH:
Ve(BH)=H(VeB)+(BeV)H

=y, H oVH + p M o VH
-_-ﬁz"-VszoM.vH
¥ EEPRERNRANT (222) ML
f’=—V|:p+,u0fa(aA/:v)dH]+yOM0V1:1 (2:23)
RITEY, B
f?='V[P+ﬂo_L”MdH*',Uofv%AvidH}poMOVﬁ (2-24)

BHv=1/p,, EALEHN:
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b X RXEK¥EBWLEMHR X MYt W bR KHEXHE R

oM - =
==V|p+u [ MdH -, [ p, == dH |+ p M oVH (2:25)
S PtH f H fp, o, + 4
APHESHE-MAGRS, B TUAMERENBLES, S=HHHE
BXRREEHUBUREENENER.

R AMRE B LM AMRE, Rosensweig M Siliomas FifL i BAE ST
RIUEME T EERMR.

B f BRI TR
f=-Vp'+f, (2-26)
XE
p =p+p,+p, (2-27)
AP p, WA EALE ST
Pu=H, f’ MdH (2:28)

p, REM AT WSS T+ RESA 16 P U ol TR AR AL T 7 2 B JE ) A D R B 4
KA, BRERXAR:

oM oM
P, —ﬂof’vEdH-‘/‘ofPfg;;dH (2-29)
fi & Kelvin 13, "€ R HIMESHBE TS EEIANE S
fi=pM VA (230)
EHtER T, BESRIAM 5AFT. TRLTUER:

= Ms o= M[l_s - - ,
fo=ny o H oV =,uoE[EV(H0H)-Hx(VxH)]

VxH WA SRR, EUtEBAREEESRR, SURRHVH=0, T
V(HeH)=VH* =2HVH , %25 BHNEM R H P44 TH Kelvin :

f,=mMVH (2-30b)
TEHE LR R AL RE B
E X FEHEHAE A Ja IR i
f.=-V(p, +p,)+uMeVH (2-31)

()REYEB A I REAL SR M IE L S5MEA SRS H 5
REMMLBETB. H. M =ZKFF, WE:
B=p(H+M)=pH

e M =(u-p)H (2-32)
BB THAGREM RS E u MREXERA:
M=MT,v,H), pu=uT,v,H) (2-33)

MAFENERETKT Curie BE, WM . pHLLARESRET XX,

22



B A N A s ol L A D R W A . A

B, MTEMHAEE, @ RANMIREM ERSREH, N

MR u BT E I SHE7%E H XX, XA
M=(v,H), p=p®v)

¥ (2-32) RAEF] (2-31). (2-33) F1 (2-30b) 783

2

H
Py = fﬂonH=(ﬂ‘#o)‘2‘

FoMVH = (- p)V 5)
FRA (2-31) Bk

-

ou H?
—p, L dH |+ (1~ u V| —
pfap, (u-m) [2J

",,=-V[p 67"(’{—2]]+H—2Vy (2-34)
QUM AIRRIREALIRE M BT HEE p, M —S M B
HAHE R LR EM RELTRER p,, WNTH Mv=c, W
%:0, FRUN (2-24) 7K
f=-Vp+pMeVH (2-35)
EREH. M¥IT, W f=-Vp+uMVH

B A A REE A RO RERN A ST kelvin 1. 8 Lebniz 3185 RIS HH
AR

2

j;n = 'V[(/“ﬂo)!—;—
LB SR

v f’ MdH = MVH + f’ (VM), dH

BEwMtRENELAIEYE, WEABALBENTFHSTHEX, B

M=MHT), TR(VM), =Z—A]/{VT .

ETRERT, EXNEAAE: OFREZRHON, MVr=0, OB
BERAET Curie B/E, WoM/oT~0, ERE
MVH =V f MdH (2-36)
RAZR (2-31) &, ®E

f=—v(p-yof'MdH) (2-37)
A UG
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f=-vp (2-38)
TRLE ) p" o] LS s
P =p-4 [ MiH =p-p, (2-39)
QMR AL T RE FTRENSBEST:
FrEfRERRRETET Curie B, MYEEHREVI=0. XFEH
BRPER—MEMEER (2-36) L. T (2-36) LFFEERR S, =Vp,, B
P (2-36) AT (231) 40

fo=-Vp, (2-40)
S p* 2
* - - aM -
p —p+p,—p+ﬂofvEdH (2-41)
TORESE B BIRNE ) f R
f=-Vp' =-V(p+p,) (2-42)
2.4 B R BY Bernoulli 572

ETWEERS)F, M/ Bemoulli FRIENKNEMNERFEHOFER. 3¢
TE@EHIK, Bemoulli FRER—/MUMAETIES R, B LURK s
HOERNYER S . EXTEERAE, Bemoulli HEATELEIMAETEN T
B, COBHEEEN, RREGXHEEBARSIMEE. —BHRBEEN IS
HATIRE, SEOREPER AR R H . s bl 2 R e Tl R o

gﬁmO
H E—F B BB ARES F R, BB IFRATAT LA 20,
pf%—It/+pr~VV=pfg—Vp'+,uOM-VH+r]HV2V+—2%Vx(Q—a)) (2-4
’ 3)

fix:
@l%ﬁ?&ﬁiﬂ‘l%}gp,=const, GIE:!

VeV =0
@iz &A%,

VxV =08 w=0

FEGFEEE R, U

V=g, (2-44)

DA EHARACA 18 R TE B PR AL A e i, IR A A BT R REAL SR R B
M M4 H 4T, BEmd (2-30) 41
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4M -VH = y MVH
FIH Leibniz ¥ LRIGHH AKX E

v [ MdH =MVH + [ (VM) aH

YT p, = const BIHEMEW 1K, HHALREM RGNS H T HX, NFE

BEXRAM=M(H,T), FiLk
(VM), _@;vr

RS
MVH = VL”MdH f M vTdH (2-45)

EREESH p,g RAHH, ﬁﬁ%ﬁﬁﬂi%%ﬂﬁ%ﬁz [IAIEE 2 b, M

oh Oh ,Oh
p,8 =ip,gcos(x,h)+ jp,gcos(y,h)+kp,gcos(z,h)= pfg[l—-i-j—— +k— ]

& "y &
]
p,8=-V(p,gh) (2-46)
HEEK
V-VV=V(%V2)-Vx(va)=VGV’)
RiaE=x

VAV =V(V-V)-Vx(VxV)=0
¥ EEFAASER, HMAARNR (243) +RE
pf%(—V(pu)+pr(—;—VZ)=—V(pfgh)—Vp'+ ¥ [ Mat -, [ ZA]{ VTdH =0
EHEFVTHEH, #EF
V[_pf a;u+;pr2+p,gh+p pofMdH]+y0f——VTdH 0 (247
Tt (2-47) R AL AR B Bernoulli FFEM—BER. ETRFAEAT, B

DBEIfL: DERIZEEN, BIVTI=0; ORGTHERETET Cude B,
XEt oM /0T ~0, FRWLIBE

pof—VTdH-—f (2-48)
BURE S () MERRRASRTREEEEN. RAZRE47)H:
Vl:—pf 6(;00 +;prz+pfgh+p'—,uofMdH]=f(t) (2-49)

mRAHZEEN, WKQ-49)5A
p’+%pr2+pfgh—,uofMdH=C (2-50)
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BN CR—ER, XNTHAGRE M 5%%E peIE LHIBAB K, putps=0,
AABNE TR R:
p+—;-pr2+pfgh—pofMdH=C (2-51)

25 RMRIAR N F

AARE PR EEA N EERFOERE, FTEXRITE Bemoulli 75 FE7ERRLR
E NE AR R EHAER ST REYSEH PRI,

— FEVATHSAER TR RARE N

W 2-3 Pir, B—RLTT AR RITR TR AP . AT TR i

W RS R R ELAL R z IR 4L, B
H=H(z) (2-52)

B 2-3 UIRTHMEEAET MR

Fig.2-3 The nonmagnetic body immersed in magnetic fluid
1 Bernoulli 512 (2-51)

P +p,gh — ity | MdH = p} + pgh, ~ [ Mart (2-53)
WR%M: EAABRZETHRERL, pMp 2ETHRREZRE, B
P; =P P; =P,
RATTRE(2-50)% th
P =p,g(h—h)+ [ MaH (2-54)
EAEABBEERE A, WENFE =(p,-p)4, NTTH
ﬂ:pfgm(poj:’MdH)A (2-55)

AH, V, RAHEHER, ¥, =(h,-h)4

=\ EEEWSER T RIERES

EE 2.3 F, FHIMES Hz)FAT 2 RN EH TRMERIARERTE, WHFRQ-53)
PRI UMER, BEAEE L TREAMLR &N
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P +P. =P, PytD, =P, (2-56)
R, p, NHFETHERGES, MAHEYRLEIE-EN, FUERELp, .
B XA

Hy 22
=M
pn 2 n

ML & Q-56)RATTH(2-53) I 13
Pl"pz=pfg(hz—h|)+ﬂo_':MdH+%)'(M|2n'Mzzn) (2-57)
TFRENARXA
! /‘o 2 2
5=pﬁn+@5ﬁMwﬂA+?@@-Mh) (2:58)

M (2-55) Fx (2-58) ATLAE R, RESMES H BAREN, Bipt sz
NETRR. FHSHEz HRRHAM, WH =H,, M, =M, , LEHHEREKNET
NR—BRAEREH AARE. HIR, TTUEIEERZARE, o SRR
EEAMKA, NI UEEAREENDE. XRERAZE LA,
ot VR A 2 PR B A R R ) P SO R 3 RV R SR R A O R

HOMESANR, DBUEBAM R AR FIEARARE, WK (2-55) MR
(2-58) #aatiw 1, HAREH

F.=p.gV,+uM (H -H,)A (2-59)
=, Bt ERYEZ BN ER . MR LB REE

WA F B (2-56), BRTFHEBETNIEUEYEHRERER p, BT
PUAT DR RE R A X A R AR I PR F D Rkl

F=(£ -pds (2-60)
AP, SEVHMRER. FAK (2-56) FHRE (2-50)
p=p+p,
p =C-pgh+p, f’MdH
TRAE
F=—CJ;|:C—pfgh +yofMdH+%M::|ds (2-61)
EHBEAN:

C}Squ = L’quVo
W= (2-61) AUBH

F=—LV[C—pfgh+/10f’MdH+%M:]dVO (2-62)

AP, V&S ralEmki, FhCRES Bl
VC=0
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M (2-36) 4
v [ MdH = MvH
LAK
V%Mf:M"VM,,
B LEHEPXRALRARR (2-62) F3#B
F= L(pngh+ HMVH - M VM, )dV, (2-63)

£Vh, VHRIM, B5EBY,TX, FEECEHEM MM, %

A?:lLMdV;,, E:lLMndVo (2-64)
Vy Vy %
T (2-63) A
F =(p,gVh~pt, MVH - 1M, VM, )V, (2-65)

R (263) B (2-65) AR TR NERE LI, BNE
REEFRES AN, EREZHFE, #EEEE

h={x+y*'+2°

B
Vh=i—aﬁ+j%+k—qll
ox "oy o
ii]
_aﬁ=i,/x2+y2+zz=-———-—x =£=cos(h,x)
ox 0Ox NPT
EEE:
Zy—h=cos(h,y), %:cos(h,z)
NIk
Vh=icos(h,x)+ jcos(h,y)+kcos(h,z) (2-66)
FNFRFEzFAMSE, WK (2-65) 4
—OH —aM,
F, =[pfgcos(h,z)—,quE—,u0Mn —62—]170 (2-67)
£ h Rz JFAT, WE RN
—OoH — oM
F = -uM-—-uM 2V (2-68)
= [pfg #0 aZ lu() n aZ ] 0
EXHEENER p,, N
MoH M oM
P =P | 1= py——— py —2= —= (2-69)
4 ’[ "pgez 'pg 62}
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W (2-68) BHKA:

F.=p, gV, (2-70)

RAEMBI BRI p', WEp,, > p'W, VKR PE TR HE
L, W% p,, <p'B, YEHRTRTHERAZR. USRI HE, BT
PMEE DA SUE R IR TUR.

PAEARAT i =AY S A TSNS (R A T S REE S A R I JE R 4k
KENVE, FRERERMAMUMEREET SEEEENR . THRER
FhRENRKEANEE, BTHERBNESSHARIEE, RARRRKE
RAERBERT, T—3¥FENKEAERERETRAZHERBTRF,
(R B3 o4 R ARG H B st (45 K 2R IR B R

26 KB NG

AEIBENR T U RANBARE . BE 772 Bernoulli 772 R HIEHKR
VikuS gk il oA B
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3 BRI KR IR B AT 5

IEMER T RENIH, B S & R REE A0 P 1 38 K 2 I A
PR —Wr IR ER . WEAEWRAA B P R B DA R AR T ok 5 R B A ok
®it. MAKES TG KRN R R A BN R BT B e R 4
W RS, TRSIEESER, MAFEKBED, KRAEBHREESRA,
B, AR BT FAE SR R R 0 B R 2 BN W A R A K B R
Bipwiti.

BT RAZRN K HBFRRHET—RIGM IR HRLR, BEEXT
ERE R ITRAERN 3o

3.1 BTN B KR B IFIE IR

XU R AT AR, RFRN: ESMIESKERT, BHER
W DU RSP [ L B A R RO R B TR, KRR K HiAAE
BEYER R BB SR IF T B B0,

Az

el 2 Z b

-

Bl 3-1 BiF T B A P K A
Fig.3-1 Levitation of a permanent magnet in magnetic fluid
ATHATREE, BE 2-5 PRYEBRBUK AR, #MESEE, W 3-1,
[F#, "IEUA Bemnoulli 772 (2-51) $18%:

P+ P8k -1y [,"'MdH = p,+p,gh, - 1, f ' MdH (3-1)
2T, NARREIH.
Fz=png0+(yo.[:'MdH)A (3-2)
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AH, VEANEEHER, V,=(h-h)4.

XBEBEATLNERE, REUZ R ARB R R AP AR, HRAMA
EHERWES. TH, &d 22 WHANMERAS, BHERIKNELRE M
%%%ﬂﬁ%n%&%@&mm.%%mm&mT@¢mmwm&ﬁﬁ.

Me=188KA/0
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A]!E'
[ /
P
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I
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/
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H(RA/ M)

i

B 3-2 JRHEYE M PRI 1 2R
Fig.3-2 The hysteresis loop of a certain magnetic fluid

BB UE S, R 3-2 REEEEGIMITRN.

BREGEE T E N KEAEUERETNZLERL, BEFTF,
Rosensweigl R LK ABLSR BAERPER AT, EUNARENG, TiHEE
SAERERT, KA mEERET OBI0EE. MENE, AHE4HE
BT TSR AL, P

/& 3-3 BHERAK BRI EN X WA 1
Fig.3-3 The X-ray image of self-levitation of permanent
magnet in magnetic fluid NO.1
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Bl 34 BEMERIAKEEEFIS X KR A 2
Fig.3-4 The X-ray image of self-levitation of permanent

magnet in magnetic fluid NO.2
BT EE RN EENREBRINBE, ERIMESNERT, —&8
BRI TEFE, ARBARAN LT X LRE, W 33, 34. HARAS
) R 8 TG 7K AT B TECEE A R A o e 4 B0 B AR5 (R L, AR B P R
IATLAB B 9 M BB THFRIESL:; NUNEXE, M%kBFETH
0w TR E .

VL

B 3-5 BEKHIEMBS
Fig.3-5 Magnetic field lines about a permanent magnet

BAMEBEFMCERITON, TUEH: dTFEKFHFAE, K#AREZ
F1 B A P RS TE KT 07 1 EXRR M, RBIME S 2P ORI, Bk
ARBRBIFAT IEPL; MEEEA AL, KEAZHTELHNERRTHE,
TUARF RANFHN), BEHREMR T A RERANE 3-5), b EEM R &N %
THPEAET R ETERMMSRERRE, NTEREH ETRE~4H—4nE
WEAERSEHVE, REERBUEKSERETHERAT R FHLE.

BLESRR LD (0 K i BRI . T TN K B A ZE M AR 32 7
BAT T #H— P HIRIE,

B, BOARHREMER A N:
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F=(p,gVh-pMVH - 4, MM, ¥, (3-3)
Aef, M=y [ MaV,, My= [ MV, MRBHSRGORAERRR:

H RN THAERAN RS ERE. ENEREETHRESEKS, BLF
il

— O0H ——GM
Fz=(pfgcos(h z)- ﬂOMEZ——'uO . ]I{, (3-4)
Hh bz #PaT
—O0H —5M
F, (pfg ~ Ho Ho )Vo (3-5)

EBNAAT RS T RIEBRREAOER DA 0: (DRI
50 AERALA e T ML o T R T M SR M REEE 7,

TS e 0 K AR ) R LI — SRR = R 1)
e

F =tk jHj,n,.ds(n”f“”’] (3-6)
8z A

Ho RS ERIANE BN, HEH, vﬂL,M3VM

1424,
REBAM B HAGRE R &, Vo RELERARR ATLUE Y, IR ) RSB R P AR (B
HolEE, W Fu=0); JREWAIEMEM RN, KB SHARERNERTIANT=
EWHS H JLER U ZIEAT: HERERYAMEME, WAEE M. H, LTINS
HSHIERR, BBRATE B SHGHE T BRZ.

HERSTARAKXTURY, EKESED, KEAME RS, #tt
WA R EE L WE KPR BRE.

ETR, BHULLAREFLEERREPEBREOYT SRIT KB
BFRIIKR.

32k RFER

AT IR SR ERETHE—D Y, AR L WK HEE S KAFIL
MEFE: BERERSH FORURMH, BEEREEMEALERE M, BERIER.
FRURMBIEBAREANE.

SRR E R B B KA MR AT B NER 5 A ZIME
BAZEHRFR. @R, EERHL0E 3-6 PH—IERHHE.
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>

M 3-6 K BFELRTER
Fig.3-6 The sketch of experiment about self-levitation of
permanent magnet in magnetic fluid

Bl 3-6 4, KMAEFTART, HERERFAT: MATRELEERE—
RERTRFEMIRE. HEP, BERTHXEDEETE, EREHRDOE
HRE TS R R AT R E R AR, IHNE, KETRER
FEAENUKERSZEB TN, TRFRERESMEZADM KA.

FEMHRIAT, KAMKZENG, YBBAFAE, HEREREHFR
KEWHKNNAF,, RENNRAEAETR, RIERLZHFETLUEE:

G=F+F+F, -1
N Rk BENF=G-F,-F,;
BRERNVBENRE my, KRNBTHRRERN I m , WL LRI A:

F, =myg-mg
XBEAF = pygVayr G=muyg:
B
F=myy,8—pugViuu —(myg-mg) (3-8)
% F = mg M1,
M= My = PuVisn — (Mg —m,) (3-9)

B RAL IR m 2R AT DAL i R B A B ) 2R
R

MEFRLRT, AT HENBREMEIESTIE, FRA SRR
BB AR ZN B SN RAMBEERAEA BT RR,
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321  KEMEMRENHERENR

YA T L 60 ERBIMTEHE, NIFHHHE, XAORBIESE.
GERK S BN REFEER SERRAE R, FERREENL B3 K0 I8 BB,
G i PR 0 43 T R MR F O I B R B A . (B R ZIERT B I ) 1R
BALE, AfRARBEE .

ZYEHEFERNRINHR, FRUETHEFRHRE. SERE. kiEdh
BEHE, WAEARHRETTREY,

KM KIRTEKP R, SERBNY Fe0, T, HhERWT:

Fe** +2Fe* +80H™ - Fe,0, +4H,0

AR TU L R E A E KB P R, 8T 5I RN AE Fe,0, Bk
! FeCl, +2FeCl, +8NaOH - Fe,0, +8NaCl+4H,0

e m] LRI R AR Bk R8BI Bk L RN Fe,0, . MILTERLIN Fe,0, BB 7B %
MREFKERK, 28T _RPESEES, B4Rtk s,

KHBEH FeCl,-4H,0 F FeCl,-6H,0 TERE A T00M& MRS, MAT EH
NaOH, R/GELENH, A TRESESBIIOE, EEEEUBHRFARK
RIFFERLER, BFH NH,OH % NaOH B HERHE FeO- Fe,0, L Bl %1, &
W mFeO-nFe,0,(m = n) v] LMEF A S I BB AR . S T B R4 BORIAN Fe,0, B F
HIfEH, DARKSRERRNY), UEEC MENET, HTHELTERN
MR, BAOKBEIE. RNAMEER 25—4002 0.

REXFFERI & Fe,O, WL ERTEEN 2—20nm, HFWEHRHK Tnm, Hi
FHIRHARMEEN L.

XM AERME T R HAMGI & Fe,0, HFHEMEBERMR A, % EME=RE
&, RMIBE, BB P, AT T AR g,

ARER T E BB AN T ERELTURE, TRPHR OB EBIAL 6
i, 2B REMEERE LR = e LM B EmT.

R 3-1 WAHAMEALERE

Tab.3-1 Saturation magnetization of magnetic fluid samples

RKHERS | LRWES WHBILEL | RARLER A (Oe)
(emu/g) (emu/g)
1 RL060416 18.62 0.3800 2
2 RL060417 23.02 0.3022 7
3 RL060418 2535 0.0516 4

35




| I L e ol VA D8

B YE M K BB T DM KW BE R

4 RL060419 25.01 0.1458 2
5 RL060420 30.38 0.05958 -
6 RL060421 32.28 0.5545 3
R32 AHEERSHE
Tab.3-2 Density and viscosity of magnetic fluid samples
R BIEFE ¥E T RIHEA PR T
AT 3 :
(g/em’) (g/cm’) (mPa-s) (emu/g)
1 0.9349 0.9775 1.91 18.62
2 1.0102 1.0563 2.29 23.02
3 1.0148 1.0611 243 25.01
4 1.0328 1.0799 2.51 25.35
5 1.1479 1.2000 3.70 30.38
6 1.2344 1.2907 5.33 32.28
RN T R R AR A B 2R R
£
% 154
5]
0 o w2000
% HiOe

Bl 3-7 1 SR A 2
Fig.3-7 Hysteresis loop of the first magnetic fluid
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Fig.3-8 Hysteresis loop of the second magnetic fluid
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Fig.3-9 Hysteresis loop of the third magnetic fluid
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Fig.3-10 Hysteresis loop of the fourth magnetic fluid
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Fig.3-11 Hysteresis loop of the fifth magnetic fluid
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Fig.3-12 Hysteresis loop of sixth magnetic fluid
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LKA ERRFRFEAMENKMGEER, XRERT L5 TS # 1 S

38




| N B ke 7S B XBMBEEE RN ERR

BENHTHMIBT~ENZL, MEFSREZIER. BELREE, ¥
A LP3102 BUEF R, ATLUKERIZ] 0.01g, RELZTTLATIH 0.1N KB B,
AT UHEALRMERSHEE.

TR PR EY, BIHEETUMMIREEEHFEELTE, T
HEMHM/ARARTUEHRNEK . ATEASHERER T —FERihEk
W T LR 2K &M FREER A4 SRR LFY, XHERTUHE MOHE
XEYREER LRI, FH B 0T DU R4 BB R 3 A B L
B. 220RNR, REEHFERK A4 KKKBEER 0.96mm/10 7. WIEMLHE,
BRI 10 5K A4 KERBBMIBEETUNEH EASERXBEEHRR
FRE,

BEMKRTHNXRRARLFBIEREE 3-6 P—H. b TSEHS, B
ki AB R TERER T, BRBRAFIHUSBER. RAANMEKBEREHR
BREEN RS, BERARESARRE. BRERMERUE, BMEE
BR A 3-13 PR,

Bl 3-13 K EFERKE
Fig.3-13 The instruments of experiment about self-levitation of

permanent magnet in magnetic fluid
—. kR FR
ARERMERBERAN: LRNE B BRMERRAD, BRI AL
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| A N B e e VA DS MRk MEBEFERRMNELRHER

BE. BROANDPURESZHEEREENL O RB BB AP KRR
B BIF K/ IE W o
B, RESCRIERERTAHNKARK. FLRRERAHKM (NdFeB)
PREK AR XHMEBE =R LM E, BYRBEER. ik
R HIKBEM R BRPNAT IR SR, $EATEALRERESE.
%33 TRAKAMKORTERE
Tab.3-3 Dimension and type of magnets

s ikt &g () AR (em’) Mg
®10x30 16.73 2.36 N40
D®14x30 33.04 4.62 N40
®20x32 75.39 10.05 N40
D24x35 119.58 15.83 N40
®24x40 137.77 18.10 N40
®30x35 187.10 26.89 N40

AT W HEEARN MR ARENNEM, ALRERH 6 Mk, REX
LK EFFERBATIEE, HESHA N, K458 010x30, 014x30,
®20x32, ®24x35, D24x40, ®24x40, O30x35. HFBEESHBW ERF=.

ERFAEMESHA 250ml F 500ml 27, XHEMHEFNERAHER, WL
RENEN U RAMEANE, XM YT T LS H BB AR
ARG ERHROTER, TS RIBAT B LR AT MBI A H R 3 BIE S8
W,

THNMBELRHAKDR.

BRERITHRE, RBETFRFRE, BREREWBKNTLRMNE TRER
FEREHFHEEXNMIEm. REHHEREATLE, BEA—EBHEBRE
MERETHENETS. MEREREZBAMEREZ P, ERAEKTH
BERBANRNHEZE, WEBIHBFRPAEE, BRUEHE m REAERMIE,
HNHEKELLTRERET: MURARE m RELHHE—CHEHRMNE, T
EYHERTHRKESE YN S EEREREZEX,

LR—TFR, BARERTHEBFNBFRTFMES; BETHHNERT
M A4 4%, BRI 10 7K, 7ERNER 10 FkIF BT R Fordiiie & B sk AE REAE 4k
PR B F S IER TR BRLBHATKMIR B B B RrE,
BRI BB RNV WA 1k . )18 B MO B0 S5 M Bk O A 75 B S B K 3K 0 5
E-RBLHPEEHE, BEHKEZNNELERSHEEEFRNMLBZ H
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BIXR. LIF B 3-14 iR,

B 3-14 KHEFELR
Fig.3-14 The experiment of self-levitation of
permanent magnet in magnetic fluid
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3MEMARER. AR, MR A B REOBRER&EABIER
TRENRUER;

4 [ERMFAER. MRBEK. SRR LRFOBIER AT A BFLR
TREHNRRUBEDR.

U EBALRAEEMEOM L RALRANM B BB LRERTE, §RE
RHHNERNSENERANER, ARARGOEENETUFHAR, BEHE
ALK,

v KBTS
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5, BALRNEERERMZE, BMLRIES, TEREUATEL
12°C, PbEREWE A FEENE B A RIRE LRI B RRERRHRUE
WX R FEY, TR SCRAERNZAEEEY, FATRTHNEGEY
WRAERERE, MRLRDMEE—NMELN R RIBRER, MR EER
RAFERERARS BHAIR Mt & (R R A s R 4 9 R, Best,
AT RIERFRFHESIER, N ORIESL R 5 B8 A U B 004 3) o i m
SRR R A EATEE .

323 ZEEBEERSSH

AV ET RN BB UEBERTLRMLR S R BT LR IR+ Ak
BRI,

—, FHAREH. HEME. HRABERAEREREEANBRRARNHESR
TRENNZLER

1. ®10x30 BB 250ml B, £/ 6 SRR BT A BEEE
ARG T A K LA BE T 2k

~— 30
— 108
25 e $ 22
- 138

f

o0

S 10 ¢ % 4 56 s 70 s %0 100
ximm
B 3-15 KBEEH SRR BEEE ZEIRXR (D10x30,
250ml 6 SRR, RRBMER AR
Fig.3-15 The force exerted on the magnet versus the distance in the axial direction
(®10x30. 250ml. MF06. different volume of magnetic fluid)
2. O14x30 HiBk7E 250ml B ] 6 SHMEBAIF BAE NHIER AR E
AFBHEOL T =40 LA BT 2 i 2
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B 3-16 KM BEF N S5HEMRBHEEZRAPHXR (D014x30,
250ml. 6 TRAMEBIE. ARBIERATEAR)
Fig.3-16 The force exerted on the magnet versus the distance in the axial direction
(®14x30, 250ml. MF06. different volume of magnetic fluid)
3. ®14x30 BAEK7E 250ml B £/ 1 SHMBAF AEE AR k= E
AFIHEO T =48 LA BF A MR

——14

—16

36 1

—11

20 4
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mig

“0 16

40 < 14
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40 T T T
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ximn

&l 3-17 KB SREB M B R Z AKX R (P14x30,
250ml, 1 SHEBK. NRBEREENR
Fig.3-17 The force exerted on the magnet versus the distance in the axial direction
(®14x30. 250ml. MFO1. different volume of magnetic fluid)
4. D10x30WAEKTE 250ml B . A 3 SHMEREF AEE AT RAEE
AR R T =0 LA & T & 2k
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B 3-18 KEEBZ N G B R BER Z MK R (010x30.
250ml\ 3 SRR FRBERFEAR)
Fig.3-18 The force exerted on the magnet versus the distance in the axial direction
(®10x30, 250ml. MF03. different volume of magnetic fluid)
5. ©20x32WARTE 250ml B, €M 3 SHAERIKIF BEEARIERIESE
AREEOR T =4 R LA &E SR 2

— %5
80 - —%
—_—153
[ 1. 2%
“-
E 04
¢
“0
65
< ] 158
T L S ) T ] T
¢ 20 40 (1] F1-] 1] 120

B 3-19 KHEF D SRS BIEE Z R X R (920x32,
250ml, 3 SRR K. ARBEREEAER)
Fig.3-19 The force exerted on the magnet versus the distance in the axial direction
(®20x32. 250ml. MFO03. different volume of magnetic fluid)
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WEl. MULE 5 AEFATUARERILNIF AR SRBENRES KR
HEBK, MAZETHS BTAHR: MHRAMTBRETRENFSMBR
ML LECFE, HBBE, DR TLER.

AT HBRERTHAMURRZN XA LR ZW, TEANEHARER.
ARERE. AREKAMT LRER. KR L RERREF AR
R, NEBRMARTHRSRREERNAERERBAR. TH, AB4RLR
FrREI i E R aT LAE ), HMERA R AT T B B AT A B R /DRY,
BAMZ KRB B4,

=, BRAREE. MR, HREEREEREEAREARNERLT
BEHRLELR

1. ©10x30 MK 6 SRR BT ABM AR EARRERT,
EREEPEERNRARE RS

15 4
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15 4 big \ sman
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B 3-20 KELETF SRS B HERZ AMXR (910x30,
6 SHMEBE. HRMEREEARE. AR
Fig.3-20 The force exerted on the magnet versus the distance in the axial direction
(P20x32. MFO06. different dimension of measuring cylinder)
2. O14x30 MK 6 SHIME B HEE BB EEARKERT,
RN EHF LN PRARE NN L
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A 3-21 KHEF N SHBEM B R Z /XK (O14x30,
6 SHtEBAE. HRBEERAIARE. RREHD
Fig.3-21 The force exerted on the magnet versus the distance in the axial direction
(®14x30, MF06. different dimension of measuring cylinder)
3. O20x32WKEREA 6 SHMER K BEE MR A= EAERNERT,
ERNMEETENRASE N
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rimm

B 3-22 K BIF N SRR BB MK R (D20x32,
6 THIEBE. HREEREEARE. THEH)
Fig.3-22 The force exerted on the magnet versus the distance in the axial direction
(®20x32. MF06. different dimension of measuring cylinder)
4. ©24x35HIEKIEMEH 6 SHAER IR AAEE A REYER KR LA RIS L T
EREE P ENPRARE NRL MK
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Fig.3-23 The force exerted on the magnet versus the distance in the axial direction
(®24x35. MF06. different dimension of measuring cylinder)
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Fig.3-24 The force exerted on the magnet versus the distance in the axial direction
(MF01. same measuring cylinder. same volume of magnetic fluid. different magnets)
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Fig.3-25 The force exerted on the magnet versus the distance in the axial direction (MF02, same
measuring cylinder. same volume of magnetic fluid. different magnets)
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Fig.3-26 The force exerted on the magnet versus the distance in the axial direction (MF05. same
measuring cylinder. same volume of magnetic fluid. different magnets)
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Fig.3-27 The force exerted on the magnet versus the distance in the axial direction (MF06. same
measuring cylinder. same volume of magnetic fluid. different magnets)
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Fig.4-1 The structure of magnetic fluid accelerometer
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(4)5 R2 FFERRIEBA D B, B X AT IR, BRIL4H 4 1000pf,
(5) Rl AJLUAT AR S HUE Vexc FIA/D, R1 5 Vexc FIKRNE 4-12 By
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Fig.4-12 Excitation voltage Vexc VS R1
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AR,

(7) i R3. R4 HJEHIE. FAMHEEIMERT . WAFEMZEY,
XA BRI R . HMRER TR ARBHA .

V. =12V xRyx| — - (44)
R, +2kQ R, +2kQ

HH Vos RIESE i AEAMEE ., EALRP, HRHATFEHTHELH
2T, TR XA AP TR .
(8) HiPH RS. R6 HXHEMIKR:
R +R, <V, /100u4 (4-5)
R, ATHRS LEEBHER, Nik:

2+10k0] 2125044+ Your
R, +2kQ 4xR,

R >
10014

SERRE R ERES, WA PR R R AT A L.

(9) Cs AF AR, HMENILE 0.1uF~1uF 2 1. 2EREELR, KEK
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Hae.
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PR IR 5K AR,
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