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gboboboboboboboboboboboo

Al 0OOO0O0OO

gbobogoo3soboboboooooboboboooboooboobobobooooon
gooon
jobooobobooobbooobbooobobbooooobbooobbooobo
gobodboobbooboobbooboobboobuoobbooboobobon
goboooooboboobobooobboobboobobooboboobooooobooaon
gobooboboooboobboooboog
gbbodgbuoobbooboobbooboobbooboobbooobooaboo
goooooooopooobobDOoOoUOOobDOOOUbOOOOOODbOOobooOooogo
0000000 POOOOOOUOOOODOOOOUDOO (erigin)0000O0DOOOOOOO
gbobobobobooboooobooooooboooooooooobooooboooonDo
gbobooboobboobooobobooboobboobooobboobooon

A1l OO0O0OOOOO

ocoooooooooooobopooDoDoooOoooopPODODODOOOODODOO CE’)DD
000000 (0 AnooooooooopPOOO0OOOOOOODOUOODOOODODOODO
ocoooo0bOOOO0O0OO0ODOOO0O0ODOOOO0ObOObODOOOOODQODOOOOOO
gboboobooooboogn (DTQ)DDDDDDDDDDDDDDDDDDDDDDDDDD
gbooboooooooooooo &DDDDDDDDDDDDDDDD(positionvector)
oood

O

O Al: 000000 (i;EI

oo0oOoO0d0ob0ooboDOOO00ODOOU0DOOU0ODbDOOObDOOoOOobooogOoo
ooooooooobbooooooopPOObOOOoOobDObOOOoOPOOODOO rpO
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gboooboobootdr-pbbooboobobooboboonobobobboobddrp O
O0000o000oo0o0ooooo0OoOo0UoOoOoOn (Dooo)o00 O-zyz(O
A2)00000000000O0POOO (zp,yp,2p) 000000000 O0OOOzpO0O
POOz00000000000:00000000DO0O00O0O0OOODODODLOOOO
0000000000 —000D000O00C0O0DOODOypO.p0000000O
00000000000 0U0o0ooooo00rp00O00OOPOOO (zp,yp,2p) 0
ubboobuogbboobooboooon

TP == (l‘P,yPaZP) (A]‘)

oobobooo -p000O0bDO0O0ODOODOOD3000O0ODO0O0ODO0ODO0OO2p,yp,2p 00
0000000000 rp0 z,y,200 (component) 0000000000 »p0O (A.1)DO
oooooo0oboOoO0OobOoOooOoOooOoOOoO0obDbo0oobobO OzxyzO0D0DOOODOOOO
ooooooooogng

Zply

0O A2: 0000000 O-zyz0000

Al2 O0O0O0ODOOOOOOO

0000000000000 0U0oo00 »p 0000000 |rp|00C000rp|00O
oooood-poboobobOogoooooooPODOOODOOODOOODOOOO
uboboobodtrpbrep0000onbooonoOooooonoOOg

rp = \/x%%—y%—}—zl% (A.2)

00 A1 3000000000000000
30000000000oonA2oooooool

00000000000000000000000000 +/p 00000000000
000 2,9,:00000000000 6p,¢p,p 000 (0 A3DDO000 Op, ép,vp
00000000000 000-p000»p 000000000 O0DOOOO0O rp0d x,y,2
goooooooooo

cosep:x—P, cosqﬁp:y—P, coswp:Z—P (A.3)
Tp Tp Tp
00000000000 »p 00000 (directional cosine) 0000

l400000«000000000 (hatd0D)00004000000000000
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O A3: 00 ap,gbp,ilip ooon

30000 6p,¢p,yp OO OODOOCO 30000000000 0O0O0O 000 7p0O
oobooooboobobodtbsp0DbO0O0DLOOO0ODOODOODOOOODO

7p = (cos bp, cos ¢p, cos Pp) (A.4)
00000000000 2,y,200000 1000000000000 (A.3)0 (A4)
ggoon

cos? Op + cos? dp + cos® p = 1 (A.5)
O00000»p 000000 (COO0OO0O0OCOOODO1000)0000000 00O

00000 (0 A4)0»p 0000 |#p|000 10000C00OOOCDO 10D0O0OO0OODODO
0000 (unit vector) DO 00O

0O A4 00000000000 -p 00000000000

00 A.2 00000000000
rp=rppp0000000X

0000000 O—zyz: 0000000000000 O0O0O0O0O0O0O0O0O0OC0COCOO0O
00000000000D ej,e2,e3000 (0 A4)DOO0O0O0D0O0OOO (base vector)d
00000000000 (orthogonal unit vector) 00000000000 DOOOOOO
O—xy000000000000O0O00O0O0OC0O0O

e1 = (1,0,0), es = (0,1,0), e3 = (0,0,1) (A.6)
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0000000000000000000000000000000000000000
000000 »-p000000000000000000000000000000000
00000 »p 0000 000000000000000000000000000O00O
00000000 (00 A3)0

00 A3 Q000Doobobooooon
ubboobodgboobbooboobod

(1) 0000000000000 000000000000000
(2) 000000000000 000000000000000000000000
oooooooooooooooooooool]

Al13 0OO0OOOODOOOOOOO

000000000000000000000000000000000000000
000 r000¢t0000000000 »()00000000000 »()0000000
t00000000000000000000 (trajectory) 00 (0 A5)0000000
000000000000000000+@#)000 |r@#)|=r@#) 00000 #¢) 0000
0000000000000000000000000000000 (z,y,2)00000
000000000000000000000000

r(t) = (z(t), y(t), 2(1)) (A7)
gddoodoouoooooooooootooooooooooooa
x=uxz(t), y=1y(t), z = z(t) (A.8)

gobobogoooooo+«oboobobobobobooooobobobobobobo
goobobobooo

O

0O A5 000000

000000000000000000000000000000000000000
000000000 3000000000000020000(000000)00000
000000000000000020000002000000000 O-zy0000
0000000000000 200000000000000000000 (000 20
0)000000000000000000000000000000000000000
000100 (z(¢))000000

Al4 0OO0OOO

gboboooobooooooooooooooooboobooooobboooboooo
gooobooo
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S ¥

0 A6: 000000 (0)000000(0)00000000 ()0

000000 :0A60000000PO (re,2)0300000000000000
redO0O0O000OPODxODOOODOOODOOOOOHOOODO-rOOHODOOO
¢»OOHO x0000000000O0OO00O0O0OO (x,y,2) 000000

T = TCcosy
Yy = rsing
z = z (A.9)

goooooooogooDog

z = z (A.10)

goog
O0000000000200000 (=00000)000000 (r,e)OD0OO

oooo0oO0O :0Ae6e0O0OQ0ODOOO PO (r0,p)030000000000O0ODOOOF
00000 PDOOOOODOAD OPOU 0000000 POOOxzyODOOODODOOO
O0O0HOOOOOODOHUO 000000000 0OOOOOOOO (zv,y,2)000000

x = rsinfcosy
y = rsinfsing
= rcost (A.11)

gboooooboooooan

ro= a2 +y?+ 22
Y = tan ™!

x2+y2

SRS
NT

0 = tan"! (A.12)

goog
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A2 0OJO00O0O0OO0O

O00000000000000 (scalar quantity) 0000 000000000000
goboooboobooobooobbooboobobooboooooooooooboobooon
goboobooobbooobooobbooobboobobooobboobbooo200
gboboboobooooobooooooobooooooooooobooooobooDoonDo
gbbooboobbooboobbooboobboooboobbooobooboan
goobooboobboobooobobooobooboo

A21 0ODO0O0O0OOODOOO

oooooO0 r»=(x,y,2)000000000000000¢+0000O00OOOOO0O
bt «doooouobbtbd »r0ddbb bbb booogn
O00o0O« 0000

r = (az,ay, az) (A.13)

00 >00000r0#0000000000000000a<00000r0 /00
0000000000 (0A7)D000+ 0000 ||00(A2)00 |¢|=|er000
000000000000000000000000

r=ar (A.14)
#0r0a00000(A14)0 (A7)00 (A13) 00000000000
& - (LU,y,Z) = (O[J,‘,Oéy, az) (A15)

0000000o00000oo0oo0U00 e=-10000¢ =— 000000
oo -000o0oooooobooan

—|alr

O A7 r0 —|arD

A22 [Q0O000O0OODOOO

200000000 7p = (zp,yp, 2p)07q = (2q,¥q,2q) 00000000000 xp +
rqQ, Y+, 2p+2q 00000000000000 A8ODOOODOOOrp0 rq 000
0000000000000000000000000000000 rp4+7rq0000

rp +7q = (zp + 2q,Yp + Yq, 2P + 2q) (A.16)

gboboboboboobooooboooooobooooooooooobooboooboooDo
ogboboboobobobo
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O A8: rp+rq0

gbooogbobooooboboboooboboobobbobo 000000
Ub00de,er,es 00 000O00O0OO0OOOOOO

rp = Tpej + ypes + zpes (Al?)
Oo00ddOrqU rq =xqe1 +yqes +zqes DU U OO
rp+rq = (zp +zq)e1 + (yp + yq)e2 + (zp + 2q)e3 (A.18)

ubbooboobboobooodbooooboobbooboobbooboobon
ubobooboobbooboobobooboooboo

rp+rqQ=rq+7rp (A.19)

O
-7y

O A.9: rp —rq0
0000000000000000000000000(A19)0 rq0OO000D ¢ =

(-1)xrqOOO00
rp+7 =rp+(—rq)=rp —TQ (A.20)

00000000000 Doooooo0 A90O0U0OOOOUOOoOODOOoOOoOOOOO
rp —rqQ = (Tp — 2Q,Yp — YQ, 2P — 2Q) (A.21)
O0000000(A2000 OO0 =—rp00000O
rp+7 =rp —rp = (0,0,0) (A.22)

0000000000000 (null vector) DOODOOODOODOOOOODOOOOODODODO
gbooooooooobooooooooooooooonog
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00 A4 000D0O00OO
gbobooboobod

(1) «0 pO000000rp 0 rq0O000D000O00O0O00DOOODOOOOOOOO
goooobooboooboon

(a+B)rp = arp + Brp, a(rp +rq) = arp + arq (A.23)

(2) rp = (wp,yp,2p) 0000 (A17)00000000000000
(3) 000000000 rp,rq00 rp—rq0 00000000000 00OOOO

0000000000000 0000000000000000N000N0N0Nonooo
ooob]

A23 00000

0000000000 rp0rQ0 0000000006 (0<O6<m)O0O000OO0O
0000000000000 D00000 |rp|lrglcosd O rp0 rq 000000 (scalar
product)0 00000 (inner product) D00 rp-rq 000000000 Al000O0O0O
000000000 rqOrp00000000 rqeosé¢ 0 rp0000OO0O

r,

©)

Y

r,cos0
0 A.10: 00000 rp-rql

ODddodooooooooooooooooooooon
TP-TQZ’I’Q-TP (A‘24)

gbooboboooobooboobooboboooboboooboooboobuobooboobg
gbobobobbo «gbobogobobobobgbobobobobon

a(rp-rq) = (arp) -rq =71p - (arq) (A.25)

00 Al OO00O0O00OO00O0
rp 00000000 (zp,yp,2p)0 (2qQ,yq.2q) 00000000 rp0 rqO0OO
godooooooooooodooooooooooooooooon

rp-TQ = rprqcosf = xprq + Ypyq + 2P2Q (A.26)

0]000O0o0ooo
((rp —rqQ) | =1rf + r(% — 2rprq cos 6 (A.27)
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ugobooboogoboboooboodabo 200040000

(wp—2qQ)*+ (yp —yqQ)*+ (2p —2Q)° = Tp +Yp +2p + x4 + Y4+ 24— 2(zpEQ +YPYQ +2P2Q)

(A.28)
D00D0(A27) 0 (A28)0000000(A26)0000<%
dooo0ooooobooooooboooooobooooooooo
€; - ej = 52']' (A.29)
00006, 0000000000000000000000O000O0O0
1 (i=))
8 = Y (A.30)
” {o (i # 4)

OO0 A2 000000000
0000000000000 (A26)0000000

(0] rp = (zper + ypes + zpes) D00 D000 (A30) 00
rp-1rq = (rpe1 + ypes + zpes) - (xqe1 + yqez + zqes) = rprq + ypyq + 2p2q (A.31)

oooooooooooo

r’=r.pr0000000000000000O00OO
vri=|r|=r (A.32)

00 A5 0000000
rp-rq=rprqlrp -rq=—-rprq 0000000000000 COOOOR

A24 00000

goooooooorpdrgudobol0oooooooborsoo0oooooood

(1) s O0D00O0O: |rg| =rprgsinfO
(2) sO000:rp00rq00000000O00O0O00O0O0O0OOOOOOOODOOO

0000(0<0<mO0rp0rq000000000 (0A1)Ors0 rp0 rq000
0000 (vector product)dJ 00000 (outer product) D00 rg =rp x rq 0000
o000 boooonbobobooonbobooobbooon

Tp X TQ=—TqQ X Tp (A.33)
O00o0o00ooooooooooooooobooooooooooon

rpXrp=0 (A.34)
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0 A11: 00000 rp x 70

ggoooooobbobobobotbdddudddd0 «booo
a(rp x rq) = (arp) X rq =rp x (arq) (A.35)

gooooooon
rp X (’I“Q—I—’I‘R):T'p XTrQ+Tp X TR (A.36)

Udoooboboboboobdodddd e,en,es 00 oooon
e; X ey —=e3, eg X ez —=e), €3 Xxep = ey (A37)

e Xxe| =eyXey=e3xe3=0 (A.38)

00 A3 00000000
2000000 7p = (zp,yp, 2p) 0 7q = (£, ¥, 2q) 000000 rp x rq 00D
0000000000000000000000000

rp X TqQ = (Yp2Q — 2PYQ, 2PTQ — TPZQ, TPYQ — YPLQ) (A.39)

(0] (A.17)0 (A.37)0(A38) 000000

TP XTQ = (:L’p61 + ypes + Zpeg) X (a:Qel + yqez + ZQeg)
= (ypzq — zpyq)e1 + (zprq — TP2Q)e2 + (TPYQ — YPTQ)es

(] €y €3
Ip Yp 2p (A.40)

Q YQ *Q

000000000 (A39)0000
0000000000000 00000o0o0o0oa

A3 0O0O0OO0ODOOO

1000000000000 00000O0(OO000000)OD0O0000O0O0O0O0O
000000000000 000000O0000O00O0DO00O00OL200(oOOOOn)
gooooO0Orp, r00rp—rqUO000000O00OO0O0ODOOOOOOOOOOO
0000000000000 00O0O0O000000000DO (D0 A30000 A9OO
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goooooobobbobbtbotbddoooooooboboobobbtbuodouuouooo
goodoboboboobooooobbbtboooooo1looooobobbboooooo
gboboobooboobooboobooboobooboobooboobooDbOon
0000000000000 00000000000000000000 (unconstrained
vector) 0 0000000000000 0ODOOO0OOOODOO (constrained vector) O
ooo

0000000000000 0D0 100 A0D0DO0OO01000000000 O—ayz0O
D000AQ 2,4,:000000000000 A,,4,,A.00000000000000
0000000000 A=(4,,4,,A,)000000000000O0000O000O00O0DO
000000000000000 ODODO0ODU0DU00oOooOoOoOOooDADOOO |A|D

A=Al = [A2 + A2 + A2 (A.41)

00000000000000 A= (A, 4,,4.), B=(B,:,B,,B,) 000000000
0000000000000

A-B=A,B,+ A,B,+ A.B. = ABcos (A.42)
00000000000000

AxB = (AB.—-A.B,, A.B, —A;B,, A,B,— A,By)
|Ax B = ABsinf (A.43)

googoo

OO0 A6 DOODOOO
0003000000 AB,COODO0OO0O0ODOODOOOODOODODOOOODOO

(1) Ax(BxC)=(A-C)B—-(A-B)C

(2) Ax(BxC)+Bx(CxA)+Cx(AxB)=0

(3) 3000000 AB,COO0O0O0OO0O0GOOOODOOOA-(BxC)ODOOOO
ool

A
A
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O 0B 00000000000

gbobbdbobobobobobobobobobobobobboobobOobobo
gobooobobooboooboobooooboobboobooboboobooooobooan
gobooboboobobooboooboobbooboobbooboooboon
gogoboobobooobooooboooobobooooobobooobobooobooon

B.1 00O

+000y=f(z)000000000000000000 20000000 y = f(zo)
000000000 A2000000 23 =20+ Az00000000y; = f(zo+ Az) O
000Ay=y, —yp 000000000000

Ay flzo+ Az) — f(z)
Ax Az (B-1)

0000 AzD00000000000000000000O001'0

oy o f@o+ Ax) — f(wo) _ df(z)
fzo) = Jlim, Az T dr |y, (B-2)

d
000 —@f)x:xommmm f(z)D00000 200 2000000000 f/(z)000

B1O0O0O0OO zOO000 f(x)DODOOOOO

/()4

Af

Ax

=V

X X1

0 B.1: f(z)0000

zoUO0ODO0OD00O0O0D0 2o 200000

000000 (2)0 f(z)0 200000000 f/(2)0 f(z) 0000 (derivative) O O
0000000000000000f(z)0=2z0000000000

J000D0D00000000000000000000000000 10000000000000
goboo gUooboooooooooooooboooooobbooobboobooobboboDbboobDbo
gbooooooooooooooon
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000 f(x)0 200000000 f«)0000 fP@) o000 fP@) 0 f(z)0
000200000020

"(x d df(;:) x 2f(x
o= ot =42 <R L () 4w
goog 1)
iy 4 (A" V@) _ df(a)
I Nx)—dx( - )— pe (B.5)

00f(z)0 2000 n0000000
0000000000+¢000000000000000¢0000000000000
f()000000D0(000)0000000-0000000000000001000
000020000000000000000000¢0003000000000000
0000000000000000000000000000000000000000
000000000000000000000000000 r() = (x(6),y(t),2(t)00
000000000000 ¢t00000000»(1)00000000 «(t)0000000

gbooaoo

Q
—
o~
N~—
Il
=
—~
~
~—
I
—
K:
S
~
N~—
<
—~
~
SN—
IS
—~
~
S~—
SN—

(B.6)

ooooooo
000000000 0O00O00000O00OO00OO0OO0OOD (210000000)O
0000000 (000)0000o0oo0o0o0o0e0ooOOOO

B.2 00O

gobooboobbooboobobooboobbooboonobooboonn

B.2.1 0O0O0O0O

0000 ¢g(x)00000000g(z)00000 (0000)0000g(x)000000
00000000100 GR)O00000000000000000

dG(x)
dx

= g(z) (B.7)

G(z)D00 CcO0000 (B7)00000000000g¢(x)000000000000
ooo

/ g(@)dz' = G(z) + C (B.8)

D000 /000000000(B8)0Dg(z)000000 Gz)+COO0000D0000
00000 COO000D0 (integration constant) D 000000000000 (D0OOODO
02000)0000000002z000000040000000

2(B4)0 4000000000 fP(2)0200000000000000000
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B.2.2 00O

0000 ¢g(+)000000000y=g(x)02a<z<zp00000000000
(0 B2000000)00000000000000 [za,2s]0000000 (0 B.20)0
00000000000 0000 Az=22"A00 g =24+ (i—1)Az000000
0 ADDDDDOO ¢g(z)Az00000000000000000

n

A~ Zg(wi)Aw (B.9)

00n0000000000000000000D000000000000003%0

n o
A= lim Zg(:ni)AxE/ g(z")dx' (B.10)

n~>ooi:1 zA
gdoooobobobbtbtbddoooooooboboobobboooooooooooboobooo
gooooobobobobbobdooooooobobobobooooooooooooooo

oooooooon

1/ (x) J(xy

>

0 B2: 0o00ooooOoOoooo

¢(x) 00000 G(z)00000000 (4.2000000000)

A= /Q::B g(x')da' = /:B dG(a:’)dx/ — [G@)]"® = G(ap) — G(za) (B.11)

L dr Ta
0000000000
000 z=2500002,00000 g(z) = f/(z) 0000
f(z) = / f@)de +C (B.12)

00o0000o0o0oocCcoooUoooUooooUoo (Bl LOUDOOOOOO

B.3 0O0O0OO

goboobbooboobooobbboobooboboobbooboobboobooo
gbooboooboooboobbooboobbooboobboobooboobooooboon
googoobon

000000000000 f[II][IDD[II]I:II][II][IDDDDDDDDDDDDDDDDDDDDDD
0000000 (summation) 00000000000 sOUO0O0OO0O0OOOOOOOUOOODOOODO
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000000 :0000004=+/-1000000000000 (0000 (Euler)O
0)40
z=re? =r(cosf +isinf) (r>0) (B.13)
D000 exp(if) = 0000000000 00000O0D0O (D0 100)0000
000 (Jexp(df)|=1) 00000 »=1000000000006000000O0O0OODOO
050 B.3)0000(B.13)000000000000000000000000000O0
ggoooobbobobbbotbodoooooon

FE il

O B3 0O000O0O0OOOOO

OO0 B.1 sinO0OOcosOOOOO
O0000000O0sinz0cos2z00000000000O0O0OO0ODOOOOOO

dsinx
. = cosz
dcoszx .
e = —sine (B.14)
[0]000000ooo(@B.13)00
) eix o e—iz
sinx = 57
T —ix
cosr = % (B.15)
d 1T )
—— =i (B.16)
T

00000(B.15 00000 (B14)oooo<

goobgooboobogobboobooboo

o0 Ba OOOOOoOoood
O00000000Ocos(a+ B), sin(a+p)00

cos(a+ ) = cosacosf —sinasinf

sin(a+3) = sinacos+ cosasin (B.17)

Dooooooooooooool<

‘000000000:000000000000000j=+/—-100000000000
Se=12.718281828--- 000000 100000000000 (0D)0DO0OO0OOOO
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(B.17)0 g0 —4000000000

cos(a — ) = cosacos 3+ sinasin 3

sinf —3) = sinacosf — cosasinf (B.18)
00000000010 e=p=00000 200000000

cos20 = cos?f —sin?f =2cos’f —1= 1—2sin*6 (B.19)
sin20 = 2sinfcosf (B.20)

o000 B.19oooooooood

1 2
costg — LFcos?f
2
1 — cos26
sin2f = % (B.21)
00 B2 00000000000
ogooooouoood
cosa+cosff = QCosa;—ﬁcosa;ﬁ
cosa —cosf3 = —2sina; sina;ﬁ
sina+sing = 25ina;ﬂcosagﬁ (B.22)

ooooooooooooooP]

B4 0O0000O0OO0OO

000000000 t00O0O0 200 (DO)0D0O0O0OOOOO0DODUOOOODOOOOOO
0000000000000 00000000000010020000%C 000000
gobooooobbooobooon

B.4.1 10000000000
uboolioooboobooboooboboooon

dx(t)
dt
Udb00abcO000D000c=0000000000000000O00O00OOO0OOD
000000oooo0O (b0o0)0OO0O0 (40000000000 DODOOOOOOO)OO

goooooo
goobooooboobooooon

+bx(t) = ¢ (B.23)

a

dx(t)
dt

a +bz(t) =0 (B.24)

‘00000000 (0000 2(+))0000000000000000000000002*)00000
gooooboooooooooooooooon
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000D00z(t) =AM 0000 (B24) 0000000000 ADOOOODOADDD
D000000000000000000%2M X\ M0pp00 A£00000

b
aA+b=000000=—- (B.25)

000000 (B23)00000000000D000000D0DOOx(t)=¢§0000000
00000000000 (B23)000000oooooOoo

x@)::Ae—%t+»g(a323)m[j) (B.26)

O00D00000000000 ADDDO00D0D00 2(0)=200000 x9=A+§00

A:xo—% (B.27)

gooon

B.4.2 20000000000
gboo20000000000000000

dz(t)

Folt) +0b T cx(t)=d (a#0) (B.28)

e d
000D0abcdl00000000000100000000000000000000
00ooooo0on

000d=0(00000)000000001000000000000000

x(t) = AleM (B.29)
000000000000 A#00000
ad?> +bA\+c=0 (B.30)

oboooobooooab 20000

—b+ Vb2 —4
A= ac (B.31)
2a
0000000000
D="V—4ac(0DODO) (B.32)
0D000000300000000000
—b++D
D>0;Ai=2”r,x@:A&#+B&t (B.33)
a
—b+i/[D
D<0 : A= ;H, z(t) = AeM! + Bert (B.34)
a
D=000000XN=-2(00)00000000000000000
z(t) = (At + B)eMot (B.35)

ooooABOOOOOODOOOODOOOODOODOOODOOD
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D0D00(B.28)000 z(t)=4¢0000 (B.28) 00000000000 (B.28)000
0ooooooo

—b++/D
D>0 : z(t) = AeM! + Bert + g, At = b27 (B.36)
& a
d b
D=0 : ﬂ@:gﬁ+m&“+?‘wz—% (B.37)
d —b+i\/[D
D<0 : ﬂﬂ_A&”+B&t+c,M,_:;|’ (B.38)

D<o0OUO0OO0O0ODOODOOOODbDOUObOOODOOD sind cosODOOODOO
Oo0o00O0oooooooABOOOOODODOCODODO

VID|

a

V/ID d
$@)25€N<Aaﬁ t+anfL|O—%c (B.39)

DDDDDDDDDDDD%>0|]DDDDDDDDDDDDDDDDDDDDDDDD
goo

ugobodg boooooan

d’x(t)
72 +wz(t) =0 (B.40)
00 A =4iwOd00O0
x(t) = Acoswt + Bsinwt (B.41)

goobooobod

B4.3 0O00OOO0OOOOOOODOOO

gooooooooooooooooooobooooooooooon
dx

2 = Fw) (.42
pgodoooooooodoood p

ﬁz):g(t)dt (B.43)
Odo0ooooobooooooooo

;Z):/g@mr+c (B.44)

oooocoobooooooo

o0 B2 0000000O00DO0oDOooDOO
googboobooobooboooo

dx
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[0]00D0 (B44)000000000

/dx—/tdt—i-C
z

gobooboobooooboooon

2

t
ln|x|=§—|—C’

ooo0’0oo0000
t2

z(t) = O exp(3)

DDDDDDDDC’:eXpCDDDDDDDDDO

UOdB 0OO0OO0OOOOOOOOO

(B.46)

(B.47)

(B.48)

7[IDDDlnXElogeXDDDDDDDDDDDDD X>00000



21

0 O0C O00ooooood

gbobodboobbogboobbooboobbooboobbuooboabobg
gobooobobooboboboobooooboobbooboobboobooooobooan
goboobooboobobooboooboobbooboobobooboooboon
goboboboboboboboboboooooobooboboooooobooooooDoo
O0grad0divlrot OO OOOOO0OO0OOO0ODOOODOOCOOOOODOOOODOODOOO
goboobooboooboobbooboobooo

gbobobobobobobob11oooooooooooooboooboooon
gobodboooboobooobobooboobbooboobbooboobbon
goboobooooboobooobobooboobbooboobboobooobobon
gboboboboboboboobooooboobooboboooobooooobon

gbbodgboobbooboobbooboobbooboobboobooanbobg
gbobooboooboobboboooboobouoboooboooboboooooobooooon
gobooboboooboobobooboobooboo

C.1l 0000

00000000000000000000000000 (feld)!0000000000O
goobooodooooboobooooooboooooboboooboooooOoboooooboooooon
goboooboooobooboooboboobooobbooboobbooboooboobon
0 (000D)000 (Cartesian Coordinates)(x,y,2) D00 0000000000000
00oo0o0o0o0ooo0ooDo0o0o0 (bobooo0)0DoooooooDoo

C.11 00000

0000 (scalar) DOO0OO0OO0OOOO0DO0DOOOOOOOOOOOODOOOOOOODOO
00 ((@0O0)000000000000O0O0000000000ODOO0D0UooOOOoOO
00 (z,9)m] 00000000000000000000000000000 (z,y, 2)[m]
0000000000000 0000O0O00O000ODO0O0O00¢s|0o0boD0o0oooO
O p[Pa)(pascal) DO OO0 0000000000000 O0OOO0O0OOOOp(z,y,2,t)[Pa
D0D000D000000000000 plPa]000000 #[m]000 ¢00000
goboooooooooooon

p(z,y, z,t) = p(r,t) [Pa] (C.1)

C.1.2 0JO0O0OO0OO

gboopoooboboboobobooboooboboobbooboboobonbooo
0000000000 oO0o0000ooO0o0UbDOo0O0O0U0 rm)DO00O0OOOOOO

D000DDO0O00000000D0000000000000000000000000000000
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0000000000000 0000000¢s]000000000000000 wO O
gd
w(z,y,z,t) = w(r,t) (C.2)

00000

00000000 ADOODOD »m|000¢s|000000000000 A(r,t)00
000000000000000 ADDDODOOOOOOOO0O00000000000
000

C2 0O0OOOOO

ubbod z,y,z00000¢t0000000DO0O0O0OOO0O0OOO0OOOOOOO0O
goobooooon

C.2.1 0O0OO

000 (parital derivative) 0 0000000000000 OOOOOOOOOODOO
gddooooooboooboooouoooboooobooooooooooooon
f(z,y,2,-- )0 2000000000

Oo0oooo2o
DDDﬂ@wDDDDDDDDDDDDDDDD@%ﬂDD(%wDDwDDDDDD
ooooo

goboobooobobooboooboooboooboobooboooobooobobobobon

00 C.1 000000
r=+22+y2+220 f(z,y,2)=t0000% 0000000

O]
af_afar_ 1 1 2 2 2_l . X
9z " Gros T m @tV )X =—g (4

oooo<

C.22 QJOOODOOO

300000000000000000 Vmabla: 0003 000000000000

ooo
o 0 0

V= ((%, i 82) (C.5)

vio3ooobooooboooooooooooooooooooooooooooo

00000000000 round dd 000000 parital derivative 00000000000
‘000000000000 00D00OO0DOOoOOn
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grad

Oobood¢00OOODOOOOOODOOO

99 99 99
ox’ dy’ Oz
0000 V¢OOOOOOODOO (2,y,2)[m| 000000 ¢0 2,9,-00000 (gra-
dient) 0000

Vo =( ) = grad ¢ (C.6)

00 C.1 grad0 00
r=ya2+y?+220000gradl 00000000

2000000000DOO00bLO00DbOOOO0ODbOObOOO oD OO

¢  0*¢ 0%

gbooboooo

00 Cc.2000000 (2)
r=+yz2+y?+22>00000
1
V= =0 (C.8)

r
googood

[0](C4)0000200000

T

_3(;0 1 3zor 1 322

it
Ozx r3 ot 0z r3 rd

O0000yO-000000(CYYD 20000090 -000000000000000

(C.9)
1 2 2 2

velo 3 oty 42 33 (C.10)
r r3

oooo<

goood

00000000 A0ODOO0OOvOoooOoDoOooooooooOoooooooooooo
0A, O0A 0A,

. . — 13 — Y
o0 : V-A=divA= o + 3y + s (C.11)
. _ (DA, 0A, 0A, 0A, 0A, 0A,
oo VxA,JmA_(ay e %>
€1 €9 €3
=& & 2 (C.12)

A, A, A,

ooboooboooooobooobobO0ooboobboobboOgooOouDO divergence
Orotation 000 O00O0OD0OODOODOODOOO
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C.2.3 divOOd

000000000dv00000000000000000000000000000
0000000200000000000 2m000000000000000D(z)kg/s|
00000000 Az00000 24 Azm|00000000000000000000
0000000000000000000000000000000000000000
0000000000 (0 C.1)0Azm]0000000000000000000000
p(z)Azkg/s) 000 00000000000000

D(x + Az) — D(x) = p(x)Azx [kg/s] (C.13)

O000A0000D0DOCOO

dD(x)
dx

— p() [kg/(ms)] (C.14)

gooooo

[Nx)——+'¢ —> D(x+4x)

X X+AX

0 (x)ax

0O Cl:divOO0OQO

000000:0000000y,:0000000000000000000000000
0000000000y,:00000000000dydz0000000 D(x,y, z)dydz[kg/s|0
000000 p(x,y,2)dedydzlkg/s| 000 000000000000

OD(z,y, z)

5 dydz = p(z,y, z)dydz [kg/(m-s)] (C.15)

00000200000 (Dx(x,y,2)) 0000000000y 000-00000000
gboobooooboooooooooooooon

dWIKﬂzzaiﬁr)+aigr)+a€¢T):p@)&g“m&@] (C.16)

gooooo
gobooboooboobbooboobobooboooboobbooobobo

oobooobooooooobooobodivD=p0000bo0ooooobobooobogonoog

oooooobOdivB=00OOOOOOO0ODOOODOOOODOODOOOOOODO

C.24 *rotOQoQd

rot 00000000000000000000000000000000
00000000000000000000000 00000000y 000000
0000 v(y)m/s) 0000 (0 C.20)0000000000000000000000
0000000000000
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0 C2. 0000000000000

gbbodgboobbuooboobbooboobbooboobboobooabobg
gobooobobooobooobbooboooboobooboobbooboooooboan
OO0 yOOOOOOw,(y)OOOODOOODO0OO0ODO0O0O0O0O0O00O0O £Ay000000O
O0wvz(yotAy) —v(yo) OO0 O0O00O00CO0OO00O0O0OO0O0DOOOOOODOOOOODOD
oooopO0OO0O0O

00000 = B(ve(yo+ Ay) — ve(yo))
dv
| Ay [N C.
iﬂdyyo y [N] (C.17)

O0000oO0o0o000oDoDOo0o00DOoo0U00oOoDo0UOooOo0UooooOoUooOAyO
000 (DooUoooooooooon)o

DDDDDDK% (C.18)

yyo

DDDDDDDDDDDDD% >000000—-—z000000
Yo

x000000y0000000000D0O (0 C20)000000D0 zxyOOOODOODO
goo

dvy

goooo0 «
dzx

(C.19)

Zo

DDDDDDDDDD% >0000 +200000%02zy00000z,y000000
0

00000000000 w(z,y,2) 00002,y000000000000000O (x0,y0)
DDDDDDDDDDDDDDDDDDD%%—%L;DDDDDDDDDDD(rotv)ZDD
goboodn 000000

UbbDxyO00D0OO0ODOO0ODOOD20000000000000xz,y00DO0ODO
Ubobobob0Oretv 0000 OD0OO0OODOO

O000000oooooooO00ooooooooO0o0O0nD AODDODO rotA#00
O000000o0o00o(@UooOo0oo00ooOoUoOoO0D)boO0oooOo0ooooo
ooo

o0 c2 000000

000 wlrad/s] 000 000000000000 0000000000 rot00000O
ooob]

‘0000000%=, 2+ 00000000000000000000
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C.25 O0OOOOOOOO

OOo0oOo00oDbOoOO0OoOo0oO0oDOoOooOo0ouUD ooobOobO ADBOOODO

grad(A-B) = (A-V)B+(B-V)A+ A xrotB+ B x rotA (C.20)
div(pA) = gradg- A + ¢divA (C.21)
div(Ax B) = B-rotA— A-rotB (C.22)
div(rotA) = 0 (C.23)
div(gradg) = V?¢=A¢ (C.24)
rot(pA) = grade x A+ ¢rotA (C.25)
rot(gradg) = 0 (C.26)
rot(rotA) = grad(divA) — V?A (C.27)
rot(A x B) = AdivB - BdivA+ (B-V)A—-(A-V)B (C.28)

00 C.300000
ooooOoooooooooooooooool]

C3 *00ooono

000000000000 000000000000000000000000000
gboboobbooobouoobbooboobbooboooboobbooboaobon
0000000000000 (waveequation) DO000O00O00O00OO0OOOOOOOO
gboooooooooooooooooooooooooooooooooogo

C.3.1 100000000
00000 0o000000000 zx000¢t000 (DDDDDDDD)DU(Z,t)DDD
oy _ o
o2 922
JoooSo00oo0 10000000 oooon
goooo0ooooooooooooobooooooooooobooooobooooog

gboboobooobboobooobbooboobbooboobbooboobooon
gooooon

(100000O000) (C.29)

gooooo

goobooboobobooboboobobobobobobobobobOoboboboo
gboboboboooooo

‘0000000000000 000D0000D000NDDO00ooDOg

‘0000000000000 00D00O0 SID0DU00O0D mOO0O0O00D0000000000
gooooooooooooobooooooooobbooobooooobbooooboboooLoDbboobLoOoo
gooooobooooboooooboooooooboooooboooon
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00 €.3000000000000000
00 7[N]0 2000000000 ¢keg/m]000000000 »m]0000000
00000000000000000000 om0

vz\/z[m/s](mmmmmmm) (C.30)

gooooboobooobooon

O C3: 0000000

[0]j00 C30000000000000000O0OD00000U00U0OO0 0000000
Oy0O0OO0O0OPQUOODODOOODODOODIK], A0k 1000

F, = 7(cos(d+ Af) — cosb)
= 7 (cosfcos A — sin O sin A — cos 0)

12

2
T ((1+ Ag) )cosH—GAH—cosH) ~0

Fy, = 7(sin(0+ Af) —sin¥)
= 7 (sinfcos Af + cos 6 sin Af — sin )
~ 7 (sinf 4+ Af — sinf) ~ 7AH [N] (C.31)

00000 ~tanf@O0O000tan600 n(z,t)0 :00000000tand ~0n/0-00000
gooooood

0%n
O0D0D0OPQOO (00 €Azfkg]) 0 yOODDODOD (00 xOOO =0)00(C.31)

0 (C.32)000

0%n 0%n
gopooooooog ) )
o“n T On
92 o2 (C.34)

DDDDDDDDDDDDDDDDDDDD(C.30)DDDDDDDDDDDDD<>

goboooobooo

0000000 (000000000 Ostrain) 000000000 O00O0O0O (elastic wave)
obooboobooo



28 O0OC 00000000

000000000000 (longitudinal wave) 0000000000 OOOO

00 C.4 00000000000000
0000 E[Pa]000 pkg/m?| 0000000000000 v[m/s] 00

U:Véhwﬂmmmmmmmmmmmm) (C.35)

gooooooooooooon

P p Q Q

» | :
R | i |_i0(z+az)
z z+4n 2+07 2+az+A0

O C4 0000D0OODOOO

[0]00C3000000000000000000 (0 C4)0000 Am?00000
PQOOOO0O0OOPQO00000000O0O0O0O0O0POOOO0O000 (0O000OO
00 Ostress) o(2,¢) 0000000000000000000000

oot = BN b (C.36)
0z
O000PQUUOD 00000000 F,NJOO
F, = A(o(z+ Azt)—o(z,t) ~ A <0(z,t) + 8aéz,t)AZ - a(z))
0%n
0000PQOD (00 pAAzlke)) D 0000000000
0%n 0?n
ooooooooon ) )
o‘n B0
o2 = 5o (C.39)

0000000D0000000(C.290 (C.39)00000000000 (C.35) 0000
oo

00 Cc4 0DO00O0ODOO0ODODOODO
000 GOO0O p000000DO0OOO (transverse wave) 100 v 00

vzwéhmﬂmmmmmmmmmmmm) (C.40)

oooooooooooooool]
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000 (C.35) 0 (C40)00000 p000000000000000000 E/pOO
0ooooo /G/pOOOOOODO EODDDODOOGOOOO0000O0000 E > GO
0000000000000000000 PO (Primary wave) 10000000005
km/s0 S O (Secondary wave) 0000000000 3km/s000 (000000000
000)00000000000POO00000000000OOOOOOONONONONONOO0O
0000000000000000000000000000000000000000
00000000

ubooboobooboobooboboobbooobooao

OO0 C5 10000000000

N(z,t) = f(z = vt) + g(z + 1) (C.41)
0100000000000 o00b000000oan

[0]0000 1000000000000 U0X =z—wt0000O0f(X)O zOODODDO
god

of _ofox _
8%:87)];@:“ ) (C.42)

ooodooooon

f _

a2 = "X (C.43)
0000000 ,

9

an = v f"(X) (C.44)

000000000 (C29) 00000000000 Ung(z+wt)D000DODOOOODO
D000D000000000D00000D000000o0oooon

00 C.5 000000
(C41)0000 100 4200000000200 —200000000000000
ooooP]

C.3.2 300000000

00000000 300000000000000300000 ¢(z,y,2,t) 00000
ubobooood
0%
ot
000070300000000000000(C4)000000000000000O0O0
0(C46)00000000O0O0ODODOOOOO

= 0’V%¢ (C.45)

f(r—ot) n g(r +vt)

o(r,t) = (C.46)
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goboodobooobobooobooooon

.......
- .~

-~
hLT

0 E10: o00O00oOoOoOoooooo

0] At0D0000000 z=vAt000000000 p=wAt00000000000
0000000 z=Re0000 (E31)00 E.10)0000

vAt = RwAt [m] (E.33)

DO0D0(E32)0000<$

gobooobooboooooobooooon

00 EA2 00000000
000000 é0000D0O00O0UO0OU0O00DD (D EAYOOODDODOOO

ROODODDODmOOOOOOOOD /I000DOODOOOO0ODOODODOODOO0O0OO0
goboooogbbon




E2. 00000 75

0 E1l: 00o000OO0OO

[0]0000000000000O00O000O00O000OO0O0O0OO FOODOO
gobobobobobobobe0bO0obO0bObLObLObOOOD

mdz—x—m sinf — F' [N] (E.34)
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E=-muv®— J F.16
2mv dmegr ] ( )
oooooooooooooool]
00 F7 00D0OODOODOOOOOOOOOOO
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Ub rFr8 00o0ooooooooog
000000000000 000000000000000o0oo0ooooooold

F.1.3 0O00OO0OO0OOO0OODOOO

0000000000000 0D00000000 (wave function) ¥(x,y,2,t) 000000
0000 [¢(x,y,2,)?000000 t000 (v,y,2) 00000000 (0000 (proba-
bilistic interpretation)) 0100 0000000000000 0O0O (normalization condition)

/)dwwmyawP:1mDDDDDDDDD) (F.18)
(V)

oobooooobovoooooobooooooo
0000 (t00000)0000(DO0000DO)0000OODOO0ObOOOOOO
uboboobooooboooooo

Y(x,t) = Nexp (i(kx — wt)) (F.19)

000 NOODOOOO (normalization constant) 0 O 0O O

_ 4T Propo1 _
k= 3 . m™], w - [s7] (F.20)
000000 ‘
Y(x,t) = N exp {;(pmx - Et)] (F.21)
ddd.jooooobobobobbbtbdouoooon
Y(r,t) = Nexp [%(p = Et)] (F.22)
ggd
oy i
2
Vo = py (F.23)

goboobooooobooboon

0
E(—)iha, p < —ihV [kg-m/s] (F.24)
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gboboooobooooboooooooooooobooboobooobbooboboboooo
000000000000 (00000wvwOvxcOOO0)OOOODOOOOOOV(r)O
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0000000000000 000%100 (Schrédinger equation) 0 0 0 0
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100000000000

Y(z,t) = u(z)exp <—i§t> (F.27)
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0000000000000 0000 ¥(x,t) 00000000 OOOODOOOO

[0]00000000¥(x,t)000000<z<e¢000000000O0OOO0O

o R? 9%
o= omont (F.30)

0000000000 +¢00000000000000O0((F.27) 0000 (F.30)0

ih

h? d?u(x)
E = F.31
u(@) 2m  dx? (F.31)
0000A BODOOODOOODOO
2mE
u(z) = Asinkz + Bceoskz, k= ;ln [m~!] (F.32)
00000000000000 w(0)=u(a)=000
u(z) = Asinkpz, k, = nr m™1] (n=41,42,---) (F.33)
a
gooooooon )
(hkn)?  n2R2r2
E, = = F.34
2m 2ma? ] (F:34)
gobodboooboboobooooo
l/1|¢m($ﬂ2dx:: 1 (F.35)
0
00 A=,/2000000000
¢)(rt)—-x/2shlnﬂxex _in*hr, (n=+1,£2,---) (F.36)
n ) - a a p 2ma2 ) - ) ) N

8Schrodinger, Erwin (000 00001887-1961) D00 0000000000000 D0O00O0O0OO0O0O
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[0]0000000200000000000000000000000 v(z,t)00000
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u(z) = Acos(kx + ¢o), k = [m~!] (F.37)

g0o0000000O0O0O0O0O0O0O0OO0ODO0O0O0OOO0O0O0OOODODOOO0O0 wr4a) = u(x)

0o
2
kp = % (m=1 (n = 0,£1,£2, ) (F.38)
a
000000000
(hkn)?  2n2Rh°n?

2m ma?
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242
U (z,t) = \/Zcos (2n7r:17 + ¢0> exp l—i2n h;r t] , (n==+1,4£2,--+) (F.40)

a ma

E, =

[J] (F.39)
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1] 5= VRO =B oy (F.43)

0000e* 00 (+200)00e** 000000000 (C.30)00000000 10
0D0000O0O0|R?00000|T)P00000000A4,BO0OOOOOOOO
AB,RTOO0D0D0000D00000D00D00D0D000 u(z)000000 &)
0z=0,00000000000000000000z=a000

Aena+Be—na:T€ika
Ak (" — Be™"%) = ikTe® (F.44)
O00o0o0o0o0nos=0000000000000000 |T|2DDDDDDDDDDD

|T|2 _ 4o ?
(1 — a2)2sinh?(ka) + a2 cosh?(ka)

D00 e=f0000000 R+ |TP?P=10000000%

(F.45)

F.il14 000000

O00000000000000 (operator) 0000V DO %DDDDDDDDDD2DD
000 P,QUOUO0OO (commutation relation)

[P.Q]=PQ—-QP (F.46)

000000000[P,Q)=000000 (Abelian)O[P,Q] 0000000 (non Abelian)
0000

P=p,= —ihai [kg:m/s], @ =z [m] (F.47)

00000000 ¢(x,t) 0000000
s 10(,1) = o (w0, 0)) — ot t) = —in (ALILDL OV iz
(F.48)

DDDDDDDDDDDDDDDDDDD(DDDDDD l/J(x,t)DDDDDDDD)
[Pz, 2] = —ih [J-s] (F.49)
(F.49) 0 Ap,Az 0O p,,e 000000000
Apxangp.s] (F.50)

00000000 (Doo0oo)Dx(00)0 p,(00D0)D00O0OO0UDOOOODOOODOODO
00000O00O0oOoooooooootoooooon (uncertainty principle) 0 O OO
goo
[E,t] = ih [J-s] (F.51)
goboobooood
AEAtzg[Js] (F.52)

goboboboboboboboobobooboboobobobobooboboooboooo

10Heisenberg,WernerKar(DDDD1901-1976)EIEIDDDDDDDDDDDDDDDDDDDDDDDD
gooooooooooooooooooobobbooooobooooooooooooobooOobbboouOoo
gbooooooooooooooobooooooo
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F2 00000

00000 (relativistic theory) 00 00 0000000000000 O0O0OOOOOO
gobodoboooboboobooobbooboobbooboobboobooboobon
goboobooobobooboobobooboobbooboobboobooobobon
gbobooboooooooooooooboboboboboboboobooobooooD
gobodbooobboobooobboobooaobobo

gbobooboobboobooooboobobooob20b00b0000b00o0nDoDo
gbobobobobobobobobobobobobobobobobobobo

0000000 (special relativity) 0000000000000 O0OOOOOOOOO
0000000000000000 (general relativity) 00 0000000000000
gobodboooboobooboobobooboobbooboobbooboobboon
gbobodgboobbooboobboobooobboobuoobboobuooboban
00000,0000000 (0000000000000 0)0ooOoOOOoooOoOOn
gobodboooobooobooboobobooobooon

F.2.1 0000O0O0O0O0OOOOO
ubogboouboooosubabobooboboooob20oobogbobobobd

(1) DooOO
000000000000000000000000000000000000000
(2) 0000000
000000000000000000 ()0000000

000002000000000000Y0000000000000000000000

F.22 000O0OO0OO

ugb200000000000b0000000

00000000002000S00S00000000SO0000O00OOS o0
SO0000 +200000000000000000000¢t=¢=000S00000
0S000000000o0uooo (O F.1)0

0000 (00)00oo0osoo sS000000oo0oo0oooooooooog
000000 (Do0o00)oDoooosS0oooovo (o,y,2,)0000S00000
0000000 ¢t0 (z,y,2) 0000000000000000O0O0O0O0OO0OO0RO000
gboboobogo

"Lorentz, Hendrik Antoon (000 001853-1928) 0000 (000000000 (0000)00000
00000000000)0000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0ooooooo

12Galilei, Galileo (000 001564-1652) 0000000000000 00001609000000000
000000040000000000000000000002009000000000000
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\4

>
>

O @) X x'

O F.1: SO0 SO

o0 F.5 000000
000 (@0O00D0)0000b0000000 (Galilei transformation) D00 00O
gooooooo

' = z—ovt[m]

y = ym]

2 = 2z [m]

t = tl]s (F.53)

[0]00000+=¢000000¢t00 00 SO000000000 =wt00000

r = 2+ vt [m]

y = y [m

z 2 [m]

t =t (F.54)

DoO00O0(F53)00000<%

00 Fe6 UOUOODOopoOoboOoboooboo
gobobobobobobobobobobobobobobob

0]t=000+s0000000000000000000¢0000000 2 = ct
0000S 000000000000 =«/0000000000¢t=+¢#000000
o =ct' =ct=20000 (F53)000000<

gobootbboootbbooobootooobooobbooobouoooboooo
(Lorentz transformation) 0 000000
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o0 F7rooooooOo
000000000sS 00000 ¢0000 (o,y,2)00S00000¢t0000
(z,y,2) 00 0000000000000 OOOOOOOOOOO

¥ = ~(x—Bet) [m]O

y = ym

7 = z[m]

ct’ = ~(ct — Bz) [m] (F.55)

B==, 1= ——; (F.56)

oy

[l:l]|:||:||:||:||:|DDDDDDDDDDDDDDDDDDDDDDﬂZ%DDDD’}/DDD
goooogao
2 =y(x — Bet) [m] (F.57)

0000000000 z=ot0 2 =000000 S 00000 00000000000
O0¢t=¢=000000000 +2x000000000000000000000CO00O0O
t00 SO0000000z=c, 00 ¢ 00 S 000000 =c/0000000O0O
(F57)000000

ct' = v(1 — B)ect [m] (F.58)

gbooaoo
0000000000000S000 S 00000 —w 000000000000 0O0
O00000((F5)00000000OO

z = (2 + Bet’) [m] (F.59)
O00000z=ct, 2’ =’ 000000

ct =v(1+ B)ct’ [m] (F.60)
0000000 (F.58) 0 (F.60)000

(-5 =1 (F.61)

D0004>0000 (F.56) 000000 (F.57)0 (F.59) 00

ct' = y(ct — Bx) [m] (F.62)
00000000 (F55) 0000009
o0 F9 ODOoOobOooooono

0000000 (B« 1)0000000000000000000000000000
ooobP]
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ob Fa10 ODOO0OO00OO0O0O
(Fh)000SOO000O0O0O0DOOOOOOOOOOOOOOO

r = (2’ + Bet’) [m]

y = y [m]

z = 72 [m]

ct = y(ct' + pB2') [m] (F.63)

>

F.23 000O00OODOOOOOO

googobooboobboobuoobboobooo

o0 F.8 0000000
oo UDDDDDD%DDDDDDDD (0000000 (Lorentz contraction)) O
gobodgbood

[0]S000000000000 000 2,2b000Lp=2a,—20000000S0O
oboobob0o L=z—x0000000O00ODODOODO

2y = ~y(z1 — Betr) [m]
xh = y(za— Beta) [m] (F.64)

000000000 SO0000D0D00000t, =t000000000
Lo =24 — 2} = v(z2 — 21) = yL [m] (F.65)
O00000ooooosgonooog Lo

L=< Ly o] (32 ) (F.66)

DooDoooooooooon$

OO0 F.11 SOOO000OO0
SOO00000D00000O0S0000ooooooooooooooooonkPd]

uboooboobooobooooon

o0 F9 OO4oooo
SO0000+4+2’00000«000000000SO0000wOO

U+ v
w =
1+%

m/s] (DODOOD) (F.67)

gboogobboobuodaboan
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[0D]j0o0oooosoo u:%DDDDDDSDDDDDD w:%DDDD(F.GZ’))DD

dx dx’ + vdt u+v
e = m F.68
v dt dt’ + —;’2 dx’ 1+ —Zé’ [ /s] ( )

oooo$

O0000oooo0oO0 (Fer)DO0O0OD0 1000000000000 O0DOODOOO0OODO
0000 0u=cOU00v=c000w=cO0000000u=v=cO0000 w=cl
odooooooooooboooboooooooooooo

0oodooooooooooooooooooooo

o0 Fao O0oodoOd
SO000000SO00000000000O00oooooo

[0]S0000000000000O0t=¢=00S0O00000000O000O0OOSO
000000000000 ¢0000000 < =0000000000 (F.55)000S80
000t00000000 z=vt=0ct0000((F55)00 «'000000

t
ct'zv(ct—ﬁ:ﬁ)zv(l—ﬁ?)ct:c— < ct [m] (F.69)
Y
ooooDoDoooOoSoooooosoooooooooo$

00 F.12 00000 (2)
SO0000000S00000000000000000ooooonnld

F.24 4000000000000DOO

goboobooboobboboboooobbobbuoobuoobuoobbooobo
gobobooboboobobdooobuoo sobuooobbuoobobbo400oobbooo

googd
x = (xo,x1, T2, x3) = (ct,x1, 22, 23) = (ct,r) [m] (F.70)

uboboob cOobbOooboobobooboboobbr-0 300000000000
oob300000p00000D0 EO0UODLDOOD4D000 pOOODOODOODO

p = (po.p1.2,23) = () Ikgrm] (r.71)

pl3000000bOo0bOobobOobOo0boboobobOo0obOobbooo40Dbd
0000000 00000000000 4000000 (FA5)000000OODOOOOO

200 400000 A, BUOOOOODOOOODODODODUOOOOOOODOOOOOO (OO
000000000o0OoO0)oooo

A-B:AoBo—(A131+A2B2+A333):A()B()—A'B (F72)
godoooboboobbotbdooooooon
A-B=A-B— AyBy (F.73)

O0000o0oooooOo (Fr2)00000000
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0ob Fa3 0D00ooogoog
(F.72)DDDDDDDDI:IDDDDDDDDDDDDDDDDDDDDDDDN

00 F.11 000000000000
00mO0000000400000000000000000 p® =p-p0000
000000000p?=m?c?000000000000000000300000
0000000000O0ooooo

O] (F.71)0 (F.72)000
N |p|2 =m?c? [kg?-m?/s?] (F.74)

goon
E? = |p*? + m2&* 17 (F.75)

oooo<

000 |p|=000000000000000000E=mc?000000 mOO00OO
mc200000000000000000 (0000000 (rest energy))d

OO0 Fa12 000000000 O0O0ODO v,p0000
O0mUO0O00O000O0O0 FOOOO |plO

E = ~ymc® [J]
Ipl = ~Bme [kgm/s] (F.76)

gobuodgboboooboooboo

[0]Y00000000000p = (me,0,0,0000040000000000000°S
000 p=(£p,0,0000000000000000

E
— = po=(py+ Bp,) = yme [kg'm/s|

lp| = ~(p, + Bpo) = vBme [kg-m/s] (F.77)

DDDDDDDDDp{]:mc,p’x:ODDDDDDDD(F.?G)DDDDDDQ

@Wﬂmmm@:%&mmmmE_mnmmmﬁH1DDDDDDDDDDDDDDD
0ooooio

00 F.14 0000000
K=E-m000000000000Jw <c000,

p|?
K=2 F.
2m [J] ( 78)
ooooooob]

BEMOODDB=0000 E=mc®0000mO00000 (rest mass) 000000000000m =+ym
0000000000000 000000000000000000000000000000000000
00000000000000 (F77) 0000040000000 000000000000000000
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00000000000000000000000000 (Compton effect) 00000
obooobooo

o0 Fa13 0ooooog
00 ANOO0O0OOO0OOO0O0O0O0OUO (Oom)D00O0O0O0O0OO0AOOOOOOOOO
OO0 NOOOooooo

[0]j00oooOoooo %DDDDDDDDDDDDDDDDDDDDD%DDDDDD
Oo00o00odnD400000 .eODD00D0D0O0OO0OO400000 m,p0dooog
obobob0z0000DL0000xwOO0OODO0OOOOOOODOO

h h
ki1 = (X’ X’O’O) [kg-m/s]
h h h .
ko = (y, v o8 0, 3 Sin 0,0) [kg:m/s|
pr = (mc,0,0,0) [kg-m/s] (F79)

gobo400b00o0oo
ki +p1 = ko + p2 [kg'm/s| (F.80)

D000k 00000 p, =k +p1 -k 00002000 (0000000000)0
pi=m?22000000

m?c® = (ki +p1 — ka)?
= ki + 2kip1 + pt — 2p1ke + k3 — 2k1ks [(kgm/s)?] (F.81)

D000k =k=0000000(F.790000000000
N =X+ i(1 —cos ) [m] (F.82)
N me '
oooo

00000o0oO0o000oooO0o0o0oooo0ooooO (oooobooD)booo0o
DDDDDDDDDDDDDDDDDDDDDDDDDDDDD%DDDDDDDDDD
0 (Compton wavelength) O 0 0 O

00 F.15 000000000 (CoOO)
O0v=pc0000000 (000000 XN)ODODOOOOOOO

1+4
A:,/l_ﬂxo[m](mmmm) (F.83)

00000000000 (ooo)oooooooooolPd

O0F200000000 0000 20000000000000000 (Minkowski)
0000000000000 So00 00 0000000F20000000000

4 Compton, Arthur Holly (0 000 01892-1962) 1923 000X 000000000000000000
ooobooooobooooboooooooboooooooboooooboobooon




92 OdF OO00OD0O0

0000000000000 000000000000000 (world line)DOO0OOO
0000000000000 200¢0045°00000000%08—1(w—c)00
ooS'00e,2’000000000

ct A

O F2.SO00S00000000000

00 Fa14 0000000000 O00000O000
gobooobooooooobooboooooobboobooonboo

ct

O X B X

0 F3: 0000000000000000000

[0]00 F700000002; =002,000 A000 (0 F3)0z5,0S000000
0000S 0000000000 «¢0000000002000000000 20000
Ly=00000000000 Ly=+(ct)2-220000A000 2000 BOO0OOOO
0002, <0OBO0OO L< L0000

F.2.5 *O0OO0OO0OO0OOO

goooobooooboobbooboobooboobooboobbobDboobo
00000oo0O0o00o0 (boooOo0o0oooO)0o00D0DUoOoOOOoUOOobOoOOoOOoOo

00020000000y 00 «¢¢00 000000000000 0000O0D0O0000O0OOOOO
90° 0000000000 DUDOO (light cone) 000000 3000000000O0OUOODOO
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0000019150 000000000000000 (equivalent principle) 10000000
goboobooboboooboobooobooboobbooboobbon

8rG

0000GOOO0000wv00,1,2300000000

1
gooooooood R/WDDDDDDDDDRDDDDg’WDDDDDDDDDDDDmD

g 00oodoooooooooddoooooooo
-1

Guv = Ny = (F.86)

0
0

O O = O
oS = O O
= o O O

000 ((F.73)00000000)0A0000 (cosmological term) 00 00 00T, 00
0000000000000000
(F.84)0000000000000000000000000000000000000
O00(F.84)00000000000000000000000000000000(F.84)
00000000 (black hole) 0000000000000 000000000000
0o000000000000

F.3 0OO0oodd

O00000000000000000000000000 (nucleus)000O0O00O0O0O
gbobobobobobobobobobooboobo

F.3.1 0O0OOOO

gbbooobooboboobuoobbobobuoobbooboboobooobooboo
00000000001 nm (1.0x1079m)00000000000000000000
0lnmO0O0O0O000O0OO0O0ODOODIODO0OO0ODOLOOOOUODbDOO0 ZO0D0LDO Z
ubboobuogboobbooboobboobooobboobuoaboboonoobg

0000000000 (D00o0O)0bo000o0oO0O00DUooOoOoOOoUoOoOoOOoOo
gboboboboooooboooobobo1ooboboboobobobbobon
gboobooboobooooooooooooooooooooooboooboobobobono
gbobgo20000000b000b0b0o0oboob 200000

(1) 000000
00 (0000000000(000000)000000000(000000)0
000000000 (00)000oooon

(2) 00000000
00 (0000000000)00000000 (00)00000000000

YR=g"R,, ¢ =¢,000000000000000000000000030000000000
gboooooooooboocobocoooboooooooon (ZMZV)DDDDDDDD
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O002000000000000000000000000000000000000O0
0000000000000 000000000000000000000000000
O0oo00Y'0oo0o0000o0o0ooon

OO0 F.as5 00ooooogoog

19090 0000000000000 00O0O00UO0O0 w00 (OODODOOOO
oooooO)ooOoOoOoOO0OOO0OO0OO0O0O0O0O0O0(OoOoOoOOOOO)DDOO
UdbDceddonobooool1boooboboobboooboboooboboooooboog
gobooboooobob2b0000b00b0o0b0bo0oboonbobon

[0j]0000oO0oooooooooo

() Dooo0oUoOoO0DooOoUooOOoooOoUoOo
cU00000O000DOO0ODOOODOOODOOOOOOODLOOODOOODOODbOnO
gboobooboobooobbooboobo

(2) 00000000000 OOOOOOUOODOO
O00D0000000000eO00D0O00000000000<

000 (1)0000¥000000000000000000000000000000
00~107“mOi00000000000O0O0O0D 1000 100000000000000
gobooboobbooboobboooboobooobuoobbooobooboon
ubboobodgboobooon

F.3.2 000000

Jooooooooobbobobbbobooodddddoooooooooooo
O00000000000D0000 (nucleon) 000000000 OQOOOOOODOOOOO
00000000O000000000 (DoboooOoU0UoooOO)oDooooooooo
goooooboboobobooooo

000 (mass number)A0 0000 (atomic number)Z 000000000 Z0000
0(A-Z)00O00000000O0O0O000D0D0O0O0ODOZ00000ODODOOOOOO
000 AD0O0O0ODO0ODOD0O000O0«eOO00‘HeOOOOOODODO 2000002000
ooooogoog

0000000000000 00 (0000000 DO0O00OD)000DDOO0 (isotope)
gdfddddoooooooobbobobbotbotododoooooooobooboooboooo
goooobobooboodooooooooobobobbooooooooooooooon
00000 (atomic weight) 000000000000

1"Rutherford, Sir Ernest (0000 01871-1931) 0000000000000 1895000000000
0000000000000000000000000D0O0O0DNOOOoOoOoOooOO

00000000 000000 «0000000000000000000000 (00 «00)000
000000000000000000

¥ mol000000D0 gO0OD000DDO0OODO
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00 F.16 00000
000000 (6.0x10®¥) 000000 (0000 20)0000 12g0000000O
0000000000000

[0]00000 (00000000)0000000C 00000 1200000000
ooboo1gooodmOOoooD
12 g

- ~1.7x 107 F.87
™= 12 % (6.0 x 10%) x & (F.87)

oooo$

gbboobuoobboobuoobboobuoobboobooboooooaoboo
ugboboobooobboobooobboobooobboobooboboobooooboon
00000000 (nuclear forceD 00 O (strong force) 1000 )0000

F.3.3 00000O0O0DODOOOO

000 A000000O0D0O00O00O000O0OC0OODO0O0OO0DODOOUOODOOOOn (FE=
mc?)00000000000000000000000000000000000000
U0DaeU00p00~y00000D000DO0O0ODO0ODa0D0O0 « 00O pOoobDOO
0(@0oO0O000)UyUODOOODOOOO0O (DODODOUOODODOOO)ODODUOOOODOOOOO
00 ADDDOO0 ZOOOOD 4ZzO0oO0OO00OO

1. «O0O
AODODDOOO0ODOO0O000O00O0O0DOOODODOOO000000O000O0OOO0OO0

Az A= (7 —2) +* He (F.88)

00000000000 (40000000 (2)00000000(000000)
000000 (0000000000000)0

00 F.17 00000000
«0000000000000000000000000000000000
0000000 m(#Z)0000000000

[D]DD mO000000000 E=mA000000000000000000
gobooooboototoooobooocootooobooooobooooonooaooooo
ogooo

m(AZ) > m(A=(Z - 2)) + m(«) [kg] (F.89)

ooooooo$

2. 00O
40000 ADDODOODOOOOOO0 my(0OO0OO0D0O0)000000 Z000O
0000 (z0OOOOOO0)0000000000000000000 (0F42°0Z7

0 F40 ADDODODOOODOOODAOOOOODOOOOODOOOOOOODOOOOODZO00000O0O
0000000000000 U0oO0D (Doboo)Uuooo
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O000000000000000 Z000OO0OO0OO00000000000000
0000000000000000000
00 F400000000 Z000O00O00O00000000000000000O
0000000000000000000000 (3t00)0000000000 Z
0000000000000000000000000000000000000
(3-00)000000

AZ 54 Z 1) +ef +u (F.90)

0000 (DoOoooooooOoOoOoOooOoOOOOO)DOODDODvyOOOOOOOO
O000Oe"0e 00000000 OOOOOOO

E \ /

/
/
/
/

\
\
\
- ¢
\B)’#jﬁ 4
A 7ot i
/B HEE
N

B i

0 F4: 0000 ADDOO0OOD (0DO00O0ODDO)0 ZO0OOOOOO B8*00

3. y0O0O
A,ZOOOODOOOOOOOOOODOOOOOOyDOOOOOODOOO(DOODO
000000)0000000000e00O0p0O0O00OO0O0O00OODODO0ODO (O
000000000)000000000000O0O0O0O00O0OO

U0 Fas ODOoooooon
00000000000O0O0O00000O00Ot0b0O00O NHOOOOo

t

N(t) = Noe™~ (F.91)

O0000000000000000 Ng=NO)OrOOO0OO0ODOODOOOOO

[0]j000000O000O000O0ODO0O0OO0tODt+At000000O0OOO0OO AN
0000000000000 0000 NOOOODODODOODO At0000000 N(t)At
goboobogobbooboobb ~ooboo

At

AN = -N()=

(F.92)

000000000000000000000000O0000At—000000(F.92)0
0000000000000 (F91)000 (0000000 B40000)0<

00 F.16 0O0O0OO0DO0O
r0000o0oooooooooooooooPd]

o0 FA7 ODODO

00000000000000000000 (Th,,)0000T,,,0 700000000
0oP]
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F.34 000O0OO0OOOOOODOO

00000000000 (00000000 F4000)0000(OO0OOOOOO
0000)000000000000000

n—pt+e +v (F.93)

gobooboooobooboooobooboobbooboobboobooobobon
00o0oU00o0oU00O00oo0o0o0o0O0D (0o0oO0bD)b0DoOoUooUooOooo
0000D00004Z000000000

Am = Zmy+ (A — Z)m, —ma, >0 [kg] (F.94)

DDDDDDDDDDDZUDDDD(A—Z)I:IDDDDDI:IAZDDDDDI:IDDAm02
000000000 ((OO0O00000 (binding energy)) D0000O00OO0O0OOOOOO
gooooo

gbooobbooood

4p — MHe+ 2T +20+00000 (F.95)

000000000000o000
000000000040 Zz0000000000Z=260)0000000000
00000 Z00O00O0O00O0O0O0000O000000000O000000000000
000000000000 A0 Z0OOO0OOODODO0O0OO0O0OO000O0000O000000
goo
2y0000000000000000000000000000000000000
00 (000 (nuclear fission)) 0000000000000 0000000OOOOO
000000000000000002' 00000 (000 pl72(11.39))0

BU4n =B Y4420 +32%x107H ) (F.96)

0000000000000000000000000000BCsO PYSsr0000 300
gooooooog
O0F100000000000000010000000000000 1mSvOOOO
0000 mSvOO0O0OO0OO0D0D0D0O0000D0O00O0000O00000000000000
0000000000000 000000000000000000000000

0O F1. 00000000 (SI000)

oo o0 sSIooo o0
ooono Bq st 1000000
000 Gy J/kg 00 1kg0000000D00O0O0O0OO

googd Sv J/kg GyOOoDOOoooooooboooooo

0000000000000 00000000000000000000000000
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F4 000000

gbooboooobooboboobooboboboboobobooboobOon
goboodbooobobooboooboboobooobbooboobobooboooboobon
gboboboboobooooboobobobboboboboobooboobobooobon
gboboboboooooo

F4.1 0O0OO0OOOO

00 (proton) 0000 (neutron)d 0O (electron) D 0000 OO (elementary particles)
joooooobbobbbtotbddooooooobobobobbbbodooooooo
gbobobobobobobobobobobobobobobobobo

00019340 000000000000000000000-0000000000
O0«-0000 1937000000000 boooobbo0ooooooooooooon
gboboboboboobooooboooooobooooooooooobooboooboooDo
(000000 (fermion)) D000 DO (D00 (boson)) 00000000 D0DO0200
godooobobobbbbotbotbdoooooooooo

00 Fa19 0000000oooogoogon
2000000000 102000000000009(1,2)000000

¥(2,1) = +9(1,2) (F.97)

gbobooooobooon

[0]00000102000000 [»(1,2)200000000000000000000
oo

(2, 1) = [(1,2)] (F.98)
oooooOooon
$(2,1) = mp(1,2), nf* =1 (F.99)
udddinpboooooooul20obbbbbbboddooooooooboo

P(1,2) =n(2,1) (F.100)

O0000o(Fr.100) 0000000000000

U(1,2) = mp(2,1) = n*¥(1,2) (F.101)

gbogboOn==+10 (F.97)DDDD<>

gjoooooooooooboooooboobooboobobobbboboooooobb-o0obo
02¥000000000000000000(000000)0000000000000

20000 (0001907-1981) 00 0000000000000 0DO000000000000019490
gboooooooooboooooooboooobobooooboooboooobooooobooo

ZDirac, Paul Adrien Maurice (0000 01902-1984) 000 0000000000000 00O000O0O
gooooboDoooooooooboooDbboObobOo 280000000000 DODOOOOOOODDOD
oboooooooooboooooooboooooboooboooboooobooooobooo
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goooood
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v = Hor [m/s] (F.112)

gooobbood0o0obooboobUbrobob0b0bO0H OO OO ODODObL OO
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Hp ~ 75 km/(s-Mpc) (F.113)

00000o0oo

ob F.33 0D000O0O
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v= \/GTM [m/s] (F.115)
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[N] (F.114)
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0000*®00000000000000000000000000000000O0000
goo

000 (M. Gellar) 000000000 3000000000000000O0OO0OOO
gbobodbooooboobbooobuoobbooboobboooboboobooon
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(2) 000000000000 (WIMP: weakly interacting massive particle)
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2.0000
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(3 00000000 UDULOOOOO0OOUDUOUODOOOOOOOO20110

3. 00000

() DoooOoUooOooooooo20100
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gobooboooboooo
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00 Al x—y0O0000DODO0C0PODOOOOOOOODOOOOOHDQODOCOO

OH = /a3 + 430000 OPHOOOODO000000000O0P = /OH +0Q° =
Veb+yi+240000

00 A2 rp = (zp,yp, 2p) = p(7L, 5, 75) = rpPpl]
0O0A3 (1) O0D0D0OOO0O OO0 0O0UO0OO0OUD z,y,z000000000000
POOOOO (zp,yp, 2p)0 (£h,yh, 26) 000000000000 000000
gaon
(2) 00000000000 000OO0 Z,y,200000000000000000

0000 OPODO00DO(MOOONDNOO0N000000000/a2 42+ 2% =

VIR +yR+2200000000000)

00 A4 rp = (zp,yp,2p)0rq = (2q,yq,2q) 000000000000 DOOO

(1) (a+B8)rp = ((a+pB)xp, (a+B)yp, (a+B)2zp) = (awp, ayp, azp)+(Bxp, Byp, Bzp) =
arp + OBrp
(2) DOo0ODO0ODUOODOOOoOOOOO
(3) rp = (xp,yp, 2zp) = (p,0,0) 4+ (0,yp,0) 4+ (0,0, 2p) = xpéy + ypés + zpésl]
(4) 000000000000 0O00=,y,z000000000000000O0' 00
0000 pPOQOODOODO ri), T‘/QDDD O'0b0o0oooo0UooonDO R
Oo0000rp =rp+ R, r(Q:rQ—i—RDDDD ri;—r'Q:rp—rQD
00 A5 2000000000000 600000 rp-rq=|rpllrelcosd 0000000
O0@=00000000 =m)0000000O0O0OO
00 A6 (1) BxC = (B,C; — B,Cy, B.Cy — ByCs, BoCy — B,C,) D00 (A x B x
C)s = Ay(BoCy— ByCy) — A(BoCy — ByCs) = (A,Cy+ A.C.) By — (Ay By +
A.B.)C; = (A:Cr + AyCy + A.C.)B, — (Ay By + AyBy + A.B.)C, = (A -
C)B, - (A-B)C,000000000000000000
(2) (1)0O000000O (A-C)B—(A-B)C + (B-A)C — (B-C)A+ (C -
B)A - (C-A)B =00
(3) 06000 BOCOOOOOD4000000 |BxC|ODODOOOOooOBxC
00000000 e0O000O0O0OO060O00D0O0O0 A-eDO0O0O0OOOOOO
oo0oooood

00 B.1 00 et =¢iee 0000000 (B.A3)00O0O0O0

cos(a+ ) +isin(a+ ) = (cosa+isina)(cos + isinf3)

= cosacosf —sinasin 3 + i(sin o cos 5 + cos asin [3)
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000000000000000000000 (B.17)000000
00 B2 (B.17)0 (B.18) 0000000 0a+8,a—A0000 ,4000000000
000

O0C12000000 (C4)000000y,200000 20y,z00000000000

1 (z,y,2) r 1.
grad s =—— 5= =3 = "

(116)

00 C20CAID00000000000 (2,9,0000000000 v[m/s]0 rot00 0
0000w = (—yw,2w,0)0 0040000 (C.12)000000000000000

rotv = (0,0, 2w) (117)

0O CAL: rot 0000

00C300000000000000000

00DCc4 00 C30000000000000000000C30FEO0GOODOOOO
ooo

00 C5n(zt)=f(z—vt) D0000000000000DO 2000000000 t0
000 n=f(z0—vte) 000000 t+At000nD0000 20+A:00000
0000 n = f(zo—vtg+ (Az —vA)) 000000000 Az —0vAt=00000
O00Az=0At000000000 +200000000000000000000
0200 —20000000000000000

0oc6 00 Vm3|0OO00O00OO

R 2 7<R;{)h
Vv :/ dr/ rdgp/ dz [m?] (118)
0 0 0

0000000 :00000000000000000 rmj00o000 $0hy)

R
0000:0,0000000000000000
Rp(R—m)h . 2rh [r2R 1" xR
V=2 dr — I - 3 119
”A R YT R [2 3| = s b 019

YO0poo000000000000000 (2,9,000000000 »007 = (rcos(wt + ¢o), rsin(wt +

$0),0) 00000000 r = y/2?2+y? =00 00000000000 0O00O0DOO0O0OD =7 =
(—rwsin(wt + ¢o), rw cos(wt + ¢o),0) = (—yw,zw,0) 00000
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O0E1000)p=_5000000000000000000000 rdrdedz000
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m h 2 a maQ

I= d d drr? = —— [kg-m? 120

wﬁhA ZA QATTT 5 [kg-m?] (120)
O000O000oO00Oooooo

D0E2 (1) 0000000000000000Ie=3mR: 00000000000

gobooboooboooo

I=1Ig+m{l+ R)?~mf (121)
goon
(2) D00O00DO0DO
d%p .
IW = —mg(R + ¢)sin p >~ mgly (122)

ugbooooboobon

d*p mgl g
e —wlp, w= = \/; (123)

14
T =2my| — 124
\/; (124)
ododno

(3) (2)00U0C0000UO0OU0DOOUOOODDOOUODOOO
o0 E30000000DO0¢=0,z=000000000

goo

in 0
o= (125)
00000¢t00000 v»,00 20
1 2
v=at, x = iat (126)
0000z=L000000
2L
=] — 127
1 - (127)
000000000000
9¢L sin
2aL =, [0 (128)
L+ mR2
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OO0 E4 O0O000OO000OO00O00OOO00OO0O00OO0O00OO0O00O00O000O000O000O0A0
0 (0 9).
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1
0o Ia (+-15)
00 | mR?  1=05
00 | 2mR*  2=0.6
00 | smmR? 2 ~0.67
2 2 5
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OOF1 A=-00000000XA0000000000000O000dv =
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F.15 (F63)00400000000000000O0O
E E’

= _ A= / 132
; V(C + 6p),) (132)
godood )
E h E h h
L A" 133
gogoogood , "
Sy lt1- 134
3 v/\o( I6) (134)
DDDDDDDDD(F.83)DDDD
Fil6 00O oouoooouoono
LN (1) dt
R 1
N T (135)
goooooorOo000OOoO0oOoOoOooo
Filr OoooQoogono .
Ty N
N(Tyj9) = Noe™ 7 :70 (136)
Tyjy = (In2)r ~ 0.693r (137)
godno
F18 0000000000 (F97) 02 = 10000 ¢(1,1) = —(1,1)0000

Y(1,)=000000000000000000O0

F19 00000000 rxpOd000000SIOO0O0kg-m?/s=J-s000 A0O0
goooooo

F20 00000000000000000000000D0000000000A%0
goboodgbod

F21 0OO4O0OoOOan

0.51 x 10% x 1.6 x 10719

0.51 MeV/c? = ~91x103 k 138
ev/e (3.0 x 108)? ) & (138)
oooo
F22 000 mOO0D0O000000O0
va
=1 MV (139)
oo0oooOooon )
2 2 2
= = 2~ (0.046 140
V"= 538¢ ( c) (140)
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00000000000000000000000000000000000
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9.47 x 10'2 km.

F32 100 = jg5i00 = 405 x 1076 radian. 1pc = (L0210 y 0000 1pe =

. £.05x10-0
3.09x10'3
g arxioz =~ 326 ly.

F.33 (F.112)0v=c00000(F113) 0000

_LN3.OX105
- Hy 75

N326x30x1mxlwl

= y~13x10°1y  (141)

r Mpc
000000000 11ooooooooooooaoan
F34 (F.112)0 7 0000000000000000O0O (F.111)0(F.110)0(F.113) O

10 ~3.16x10"s00000
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— ~ — Mpc - s/km ~
T, = 75 Mpe - s/km 75 % 3.16 x 107

y~13x10%y (142
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