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ABSTRACT
Our college (T.M.C.I.T.) , Arakawa campus, has the Division of Mechanical Engineering, which involves the Instrument and

Control Course. For the teaching subjects of the Division of Mechanical Engineering, especially the contents of the subjects in charge

of the author, relevant to the Instrument and Control Course, are mainly brought in focus in conjunction with the basic vector
mathematics in this paper. The central body of the paper has the matters as the follow: the mathematics of inner product, vector
product, vector operators such as grad., div., and rot., and their applications to the surrounding industrial science, i.e., dynamic
mechanics, electromagnetism, electrics, fluid mechanics, elastical vibrations. The most of descriptions of the fundamental equations
for involved problems might be with the author’s impressions based both on the career of the experience in study-teaching and the

results of research-studies since his graduation.

Key words: Inner product, Vector product, Vector operator, Orthogonal function series expansion, Dynamics of rigid body,
Gyroscopic moment, Coriolis force, Symmetric top, Angular momentum equation, N-th order vector state space equation,
Eigen-value problem, Fluid mechanics, Fluidics, Navier-Stokes’ equation, Maxwell’s equation, Equation of plate vibration, Work.
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OBIMBER~RZ trds m) torEHLds o
T CIlZOWT O U (B) B IL, K C Ao
B [ ORfMIZE LW, ZhET =L DL
(Ampare’s law) & FEOY,

[ﬁCHDds=;Ik

txbansd. ERXRoAD, ThabbEWR 1 oRFnx
R (Magneto-motive force, mmf) & FEEN 5.
Q) ERBEEENICETLI VIV IDEFOE
Al REREENB (Wb/m’) THIHIZERIZBWT, BX
| (M) OEEOEHEENRv (n/s) ThdHLE, Z0D
WRIZOZEO X > RFEEENV (V) B’FAETS
V=vIxB

ZOFHBEREH ORAT DL, EEEE, BRE
BEohmEATFORE, AZELRICHV S TEEE, A
FOFEOFENIRD.

O = P ZEMNCIBWCERq (O 723,
ZBRAE (V/m) BIUORBEAB (Wh/m) O L THEV
(n/s) THEENTSLEICZITHa—LrYH  (Lorentz
force) F (N) &

F=qE+qvxB
Thb.

5) A—NLEE A—NLVZR (Hall effect) |2 &
HFEER—LVBEV (V) 1%, BEBEEB (b/m) o
HECHIEERL ) BMEHTHEE

V =kIxB, k=Ky/d
L7h. T 2O K A — U REREE K (Vm/AT) &
A #roESdm) Lok TEES.

6) BEE—AL b — st ORERF +q,, (Wb) &
—qm(Wb) 725 72 2 AR RIETF O BHE R 753‘1?111) Th
% & &, BEKE— A Y b (Magnetic moment) m (Wom) i,

m=d,l
Thsn. 2Ty hvlizkeEsnl ¢, —quib
+ o ~EDPD FREATS.

BEE—AY bm IcBERHA/m) 3MEHT 5 L &0
FDE—4> s N(Nm) 1%, <7 LY

N =mxH
ERDOES.

(7N =7 AU = VOBRITER

cEBREBE C/n')  p=p(X,Y,2t)

- BREE /) i=(i,.1,,1,)"
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i=cE, o ( Q'w") HHEMEOBRIER,
cBREE (C¢/m) D=(D,,D,,D,)"
D, =D, (x,y,zt), etc.
D=¢,E +P,

g0 =1/(1oc?) =8.854x107™" (/m) HIETOHER,
c IZEZEF DY DEEE ¢ =3x10°(m/s) .

PZ(P)UPy’Pz)T = SOXSE
EHERs by (E2EFTEP=0), X F/m) X8
KRBT R.

- BREWR EMEHR) (A/n?) ?Tlt)
-BROMS (V) E=(E,E.E)
E, =E (X,y,2,t), etc
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H, =H, (x,y,z,t), etc.
c RERBE (Wb/m?) B= (BX’ By’ BZ)T
B, =B, (x,y,z,t), etc.
B=p,H+M,
Lo =4mx107 (H/m) (X2 OFHRER.
M=(M,,M,,M,)" =p,7,H
ISRE DR S (HEALAREY Y OBKRE—RA Y b) (FLZ4EF

TIEM=0), g, () FTEIEZE
s 2y 7 AUz VO FER (Maxwell’s equation) |5 :




divD=p,

rotE:*a—B,
ot

divB=0,

rotH=i+a—D.
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v I ATz )VOBREFBROIE & LT, B/
RPVENCERT 5, 77205 (E,H)=0 &) i
B85, FEExH=S2KRKA T4V T « X7 p i
9. ZHITEEERB IOV T, T MR 2R BT
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3.2 REZMHEBECBTAVATLAREFEX
7 ML EATEINC X AR ER.)
n kT (XF v ) ZERICEWT, BRIREFER

é%xay:Axa)+Buﬁ) --(10)

EEZD. ZOREBEFBRRO n KTIREBEK~S bV
X(t) iz, EAERRE
AX(t) = Ax(t)
BIED &, TOMFT bbb n RTIREBZERIC R T 2 EH
B BLXOBEAERZ b X, BREETRIE, 2ot
DX OMBEASy MR
det(A-A)=0 e 12)
NHENND, ZOMESEERE, 2X0 X525
HZHRMEMECHE T L0 THD X (1) 1

AX(t) - Ax(H)=(A - A x(H) =B x(t) =0,
B=(A-MD)

EEBTED., 2O T, 0E

detB =det (A —AI)#0
ThrE, X=0228ROENIELND. ZHOXME
MEXECETH L5, x =0 725 FE M (Non-trivial
solution) WFHE T 272 O M E+4HFMH 1T
det B =det(A —Al)=0 Tk % LS b 5.

AEOBEEMEL BIUCEENZ v X ofiT, W
iB (Degeneration) DA MDA O RREIL H D 23 FEARR
CEAEMEOFA (11) & B EEHER) (12) &
Lo TRESND.

BEEEBEORED -S> L Ta=—r RFETH
% “Deflated Matrix Method” @7 /LU X A|ZX 5 n
WREREAZ ML, BEEFFREROa L Ea—F— 7
07T ANREFICIVIERSN TS,

3.3 EHREIMELFED S

3.3 .1 EHHsISELEEECHE (1) FH0 4
W2 DB (AT 2R, K, AN ROric ks
277 A=« HA) B LT, TF0N - BEMICER
LOXHELRTHIXEZTHIZIE, UFDOIE X
&« BT FIHAZBE L2 TR 5720,
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- EREME A A B BE R RIC oW T

- 2 __4Ar
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v
JEMEEE (m*/N) B=1/K (¥%h)
C BITERBEL &= hr v —%1k) HDHWVIE
RY bu—7El
s =a— b OBYREDOER
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- WAL
3.3.2 WHEEDOHEOHEDER (ERITLE)
WLZER < IAACRE S E OPERE - BREFOE B2 LR
WEERIZFESWCTHEAST % BT, FROE) 15 Z6H)
WZB1T 2B OER O BURIRFF D2 OIZ TR (1) 2
5 (5) DEBRITEDONW 2 ZHEICEAL, B
THZENTED.
) (Pa)
£& (m)
HEMEAREL (Pa - s)
FimiE) (N/m)
T (BE) (m/s)
BEHONMEE (n/s?)
BEE (kg/m®)
HE (m/s)
(1) Raynols t (IEMES) R EEER D)
pV?/L  pVL
A0 T
pV?/L V?
Y Lg
(3) Mach £ (1B /TERE D J1 D J5HE)

pVI/L _V
pc’/L ¢

<D MR o o Co

(2) Froude & (1HM: 71,/ & 77)

pV?/L pV’L
(4) Weber 3 (IEMES/£EHES) o2 o
p
(5) Euler &t 2 XJEJ) /18YET7) (pV2 /2)

3.3.3 EAHMLHEGEDONY: 2)

1) £V 7 4 AXHEEFHH WEFHRE IR
DRk 2724 7 4 AL NI T 280 BIRFRE
(Ham, FEBR)

Q) LAV T T yrR— J AT T 8—(T,
TN B 5% 0% PR A 2R O 1R R LS 38 F 2 B L2 B
INTRZERE, T & R AR T WO CEBNR IR E )
L& LTERBIT D205 b Tng. J X
e 7T o R—DRARNFTHDEREEIFiA L
T 556 OF;L, KOS DEME (SEEEE)
BAFHIWBERLZEE LA X—A DEHR
(Bernoulli’s theorem) (ZHSWCEETE 5.

(3) MFEAER T (Fluidics) OFED % FidE
FFIE, AT 2 A L 72W CYEBRAR 23 Sl 372
Lo THNFT 2HIE S, T OMEEN SHIEEIEEZ T 5
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) OIS HRBEAESR (Coanda  effect) DJF

RSSO L TE, Zo8% %% R L7z Henr
Coanda mwv T NEATE) B3 1920 A 5 30 45
IEUDIZT T, Mizekkds X ORISR B T 25
DIz D2 < OWFIE %ﬁ&ott:bhfwé

MTRIAETR F O - MIROFEXFT O DITE, Fieo
FT 4 A b= ZTFTERK (Nav1er-Stokes equation)iZ
FeDS S VRARSRNT DLEENR B A S .

(4) FU4T R b—=F AFBRA (7 MEEFIC
X HFRR)

Ju (DV)u+la—pr uviu,
pop

f(u, p)=0.

=L ulx,y,z,t) z#EE~” pr, p(x,y,7,t)
FEACHEBE p(x,y,2,t) OB, WITHEORERE
Thsd. BEWMAKELTEREEZXDEL, EX (13)
WICBWTENCE 2B ITEHE L. S 5ITEDR
wrmp oz (u=0), FXFE -k ThHz
130 Ly FRATS LIRS, BT,
vhub—FHDHNEIRY he—FBlrEDT
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XTH 5.

(5) A b—2 A (Stokes) DEH (3 KITHHNIZDON
)

mCVDds=J]ArotVDdA. . (14)

TROLLLEOHER C 1o+ 2HMEDGORB/R
(Circulation) TH % & = AD—ERBEZIL, C RLHER
BErEFoEEoOME A IOV TOEE DR OE R
(Rotation) (5 $°EE, Vorticity) ® A ([CTRE Th 2 HAKSY
DN THD & ZAOERBAITHE L.
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AEAT 2B RREMAOERETF LI UM %
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T REBERFERXEL SO #HL RG22 E
AERMEL, LAZEAEL L THOEDLIITRD.
{um=xMwL
B[w]=0, (i=1,2,--,1) e (15)
BHET LBLOMITE biC (FE=HIEERORE) D
KA o-0) BCHMREFCTH Y, HREN (Lo
FX) CEHAEMEAZEE VI oORKREAMEED
(BEE—F) 1L, AIIEERECBEAMEA,A,,
BIOzhicxs L-BEEE W, W, - L5, R

DL LM ERKICERTHIE (IE=MEATHY,
EBO LI ICEL DOB/E M IFEENATH Y 22

DB E 2> TNT, ZOEEITHAS) TXTOEEF
EIFERE 2 5.
BEAEA EBEEBEEW, O r REAE— N2 T
LIW.]=A . M[W,], (r=1,2,---) --(16)
NS ARYASR

WEA A EHELDEAEEEL, W, Wiz Zh
T AEEBEEE TS, FoOBCRMeEEICLY
SXD LS ARIERBEABERKY Lo

[ WLIW]dD =(W,L[W])=0, (r#s), 5
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ool (0,0) 13250 kT EEK O N
ThbH. BFO I uRy H—DOFNHF (Kronecker
delta) THY, TFsDEEX0THVr=sDLX1Th
5. LER-> CZREEFBEEW, (r=1,2,--) 13, E
HERBERAHEEL TN D
3.4 .2 EHRROEXRBEREHEE

EREMB[W]=0 (1=1,2--D) %=L, L[w]
MR TH LM w e LM 13, EAEE W, Otk
W%#éﬂmﬁﬁz

W= Zk\V
;D%bﬁé Z ZTRBEfSREC, X
crzkrIDwM[Wr]dD = o (W, MIW, 1),
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THZLND. ZHIFHEEROEREHEBEEE TH Y,
¥ c TR RREMRE BT 2 B/ N RRET
BRE525BETLH T, FOBREITLEL D
o0 EEOMTIZIE L 5T R/ RIBEL 52 D.
GEBI] 2 (18) OFHLICHEET L 2#1EH S¥, W, &
ORNEE ENE
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LR, ERSEm o CRET L DB EREE (B

PERET LU - L) 2%E L CARTE
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Th576, BEBEKIZOWTOR (16) DEREZMHN
R SEDL IR D

¢ =2 (W, MIW,T)=2 [ wM[W,1dD,

(r=1,2,---)  GEW#Y)
Z 2T e Zkoe eIk D @R IZ D
TOBAERMER XA T— FIC X DREEEEH
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OBMEIRE) R O — RHEIEOFZE I, iR 0L
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WIATIE— KR (B0 —FEHERE L O —
R3O ") O BABKIC X DR L



LT A0 41 Py(X) 212 Ui &3 51 < ool
HOFERS x 12O\ T OFEAE— FEBLEEH 7T
3.4 .3 HHEMOEAT— FEIC L 5 @R
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AITP,(x) P p B K DRBERESE DL D127
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(m=1,2,L )+ (20)

P,(x) =3k, W,(x) D)

k r B r<P1 (X)’ M(X) Wr (X)>
:%%HW@W@M,Uﬂ%mw
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7.

() FEHRICEIT D045 OEAE— R

B AR, © Bn (TREE G (BB RX)
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RO EREABEZE W, :

W,0= A, {(sinb, | sini,  eosb, x~ccsh, 9
~(csb, |+acshb, [)(sinb,_x~sinhb_x)}
A= {1 inb, i, ), o= 121)

EH (1) s &L Rk, st Pi(x), Py(x)
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3 .5 FEIRESO LM RN
57T AMET VIO LD FHER T () EH
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W, T 722 b B O B 2T O EFROE M
F— AV MR SN2 BFHEEARD & HE A
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