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M DEER —-F L{ERWmEICRIZT.
B2iEMIATH L

F= vrld I (6.3.1)
de?

~oXik, EA(F)XHT, R (%) »*ELCHI L
RTERRTHS.

Newton R WX 201

Koplor DB ROEREAN
(1600, 1618)

1. MEAREDEN

2. BMENX—-EOEMN

3. T?°/R* ~EDRN

LR
R

L LELES S2F )

& lsaac Newton
r4¥ sy

(1642-1727)

“Philosophiae Naturalis

Principia Mathematica®

(Level 0)
Nowton OEMEN
(1687)

1. iR EM
2. EMOEMN
3. MR ROEN

NEANRSERARNNLSE
BALNDHARAIIY, New-
ton IEMBRHELIESR
32 ETABOLEA NN
L7

HhoME SIMERT
[.\'I =2

.

IN] = 1 [kg ms~?




with A
Hisaaki

2R HER

Ordinaes

020

VROBIMIZILTE 2V,

®H-wNRQ
2 IC) (2~

L P 3 (Current )
Re2i2 (A] (7 > 7)

HETURRAOESQRRTD
BREVAZENDIATW
A, BENCEMYAY. B
RORNLIMAILL, + OER
FBRLTVwWI{INMELTR
NEND,

gRnv
M2 [V] (A}

- 1+
axga—

caga O

& Gustay Robert Kirchhoff
PAENT (1824-87)

Kirchhoff &% 1 £

WABENDGAR E L TERE SR E

'BROE : #fm.

0.4.5 WNEMERT
RO OMANRNATRETIZZLEANTRIATE. TONA
LT, RAABOERENEEAREMES SRT IOV TLIENTSE

L P

PREMET ZHMLTHENTIZR, —OBFELELLRFE, + O
BHL Lo RFAMBHFELT, BEANIZ20H-oTvE. RANES
CRU2VTVEEKE, RIEIRFMEELVORTFABHICENRT
AZURIZG-ATEHEY, REILBEMNZHENMLLE, BTFRRBBL
Twe, BFOBREBREWV).

W - WER (Q LT d) oMtz ThHi, BRI
OSSR, BRONERZ 1 BALLNENLTOERSART ST
HRENS. LN-T, ROWM2, EFHoMMREtTFELT, &Y

dQ IC
-2 -MI
BROMEIL, [A] (T¥RT) THS.

[('l (20 7)

| (0.4.81)

CHLI6NG,

E®h
L S ALY CVE R T Vi F
B2 [V] (Hrb) THE,

ER®H (VETE) 2w
ERRLZERII-ROER)N
V=—x
PR TILOCHAREE Lvvvy, 2 L REBENIERIEN
MELLIZERNTLIZRARTR

V = Vsin(2x 1)
Thd, fRI18557:NVEEHEB YT S0 ERTINERT, B2 [He) (~
V7) ThHS. MEBN w=2rf THVWTETZELS,

Kirchhoff @AM

RADIE, 1 2ORBNED + Br6AF—~FL -BTT-AT 2
MABTERZNS. BROAPTRAIRNL TR -2/ M0 E
PHATSE, FITEZAAMN-LMMLRERTYE LS, Kirchhoff
OEME, BRITANIBRALTHINTIEXEZENTH LS.

e Kirchhoff ®% 1 £
MUOBR 1 ATHRIINTVTE [FOAAIRR (ME %
F213) EHTUV(RR (N&% - £13) OBNRS L]
(RHORFEM). ATEYLE

S_‘l., =0

-

(0.4.82)

HE TE

9 5

0.4 MANROEEN R

e Kirchhoff O 2 i£IN
FOLIASUMBBE Lok LTE, IMEBE—NLARERT
O LRRYOIIL23), TebS,

ST EEn) =Y (RENT)

L
waun mun

o, BENVERARIAAN <L, BR—NEH R
IR ARl EOARTASOT, X3
AME-RUTMERRTAS.

(0.4.83)

WRZOBTH-TEL, FMTERANIEARALTERL, Ao rig
FEO2EMEARLTYRTRIL LY

AXNG 3 DOKREF
RXOSI-EONI3I2ORFERNELTEL,

o KL
BRORNEVITIZ L TRLPEERESCLIRT. RRAOKR
NS SLIRIMM R TRYT. RTELSELINERTIL,
Er=RI £ 5.
VTN (23 F 7))
RN ELIEF. BAONNIRATGERECETS
E, B (%) RQruygA -tdiliz, NETE: = :" 9
RERFIELE, 207 1HYGR-FORKE 6T, WA
KRARRNL 25,
4N ($:34052%)
EERRLOMLIRRLEY, RROKAEFR(ETLE, TR
BRI, FOEELOHTIBBERNIRETIRTIEGS,
% LARERTIZ, B = Lﬁ Lhd. Li2, IAAFGLEE
TREDENIZET, A7 257 2EHEINDS., AT AN
2 D2, BRAOXKASOEREMHLTENMAOEBENESLS
SEERTIEOTHD,

AL, SNE3200XFERANCRRL: RLCAVEREF- 2 L
R, Kirchhoff ¥ 2Nz, EENEZ V(1) ELT,

V4 Ld’) RI+S, 1=% (0.4.84)
a C

dt

EVHRSHBRE LTREND LS. MM2.19, ME220, S
M35 THLD, ORFMCALTRMAM227 TELD,

Kurchhof % 2 &N

e

FROWNE,
LDy I3 THEN
MID I«
L ’(‘/’-“710".'
faTRILL W

W WA

HME R (resistance)

Wi ) (=4

;1:/?;/'7'—”_
t 2 4 (capacitor)

B R C (capacity)

BRI [F (272>

3¢~ W-

KT inductos
{29292 L
(inductance)

BRI [H) (~n¥

RLC KMER

h+h &,

2 F RN
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W55 =IO G

HRZzHF>TH5A2EMZIND
ﬁwﬁﬁﬁﬂ 4.6 RENHTCH

4.6.1 WRRBRPE N
ASLS \ AR EF A BRPLTHORFERMI IR TEFALELTALY,

(Richardson € # M)

7 ) A — VO VRS et MM4.10 AN BEOKREME 2 F00M ¢ ORKE LT

8 T ' = 1T - B e ) - - i) k2 LT & Lowis Fry Richardson | (1), y(t) £45. ZORIMATUITRD~, RPTLB2
9 fit#e. BIFPE Thoré Biirger (ML - ¥a W =) H Vermeer (7 x NV A= N) DfEda e LT - g _
19 ki, WY (4 ) # v = ¥ ¥ (1881-1953) BEBAT, KDL IBPEFALMBLEL .

P L7-2Mi2 70 AL EEDIZzE, LAL, Sh6nEROS IR, TOROEMEILS -)"CXIJ)\{H‘F | NP AR LAY
CHL LWL, KA LESKVAPPLSMIEINTVo, 20 EIZASE, SDEIR 727 ¥ MOXBIHER G 17 e MELOCHFONNNMMMEN A S L61L, TN

e,
a1

A LTS LSS Vermeer DMEIANTL D, PTOLRADAF ¥ X ¥V EVDNRL DA Han : LTHIG RRMRET) 45, ORI, a1, (> 0)
van Meegeren (N> + 777« A=ALY) LE5—EORMEPHFTHS. EHMENE LT, KR CRENG.

TOPHI2 1045 £+ F A - FA7OREXM Hermann W. Goring ("AT 7 - W) ) O¥ dr dy
OERA S Vermeer DME %) 2 b EiROK] 2PMERLZ L ISRERT S, XHEBOBR a - " u
2L 5T, Meegeren 2SR &N, 9 YOETEREIZED &K LAXENELTTHS, &25 _ . nl!lc"fm.mm‘nw:m-k-c L, FnEMT 3R
A%, Meegeren 2 = DEHKIRA LRV LMETHILEALL. TLTEHIC & W Vermeer DN ' MBS, ZOBRL, by, 0 (20) THAENE LT,
HEEEEICRDILTEY, 20k [2T40F VA ] bBEATHDLERL, [X74OFY A :i:: 35 :%,; by
M 121938 0 2 FAY ADOKA T Y ARKMAMALZ6OTHY), MAWD 54 ¥V T 134 o MTFMIZMENZAMN DN, WMELRT 2 BRA:
Sy ENE LTIRAERETNTH -7, %) Meegeren DEANRITANS Niadolzloth, BIEE | 3. SO, o o (>0) EILNEEE LT,

BT dr dy
1

ayx

=

a " dt

r A24L6 x
rb ALIDODMRETRTEOIE, ROMUMS HURIZL 5.

0y v bASEREH

* . -~z tay+a
\__ LN (2649 £V LML ERATALI. ——
, WL BEWE 220 LELEE (%1 FHEE) V, 2, V; =78 [km/s|, RROENEEER dy _ —
MTA2OILELEN (2 PN - BHER) Vi 2, V=112 [km/s] THd. 0¥ 7 FOER dt
' NHV =3 [km/s| BETHBETSHE, | (1) MIERCRENETREDN L (=02 =0) £ &, FRBOF
| M (z=ym0) PROYSOZLEMIDL,

Vi= 7.8=3log (%) DEE Mo ~13.5Mp (2) MIFECHENLFEYSHDE, MEFRRIIERE L2V

oy EXHADL,

Va=11.2=3log (ﬁ%) NEE Mo~ 41.8Mp 3) A, B E ORI TR % o 7 (3; = “%J =0
2ah, REEATIATIHNEMRBCF A TOLELAURRO 136OKEZ0Y 7 PER ¥3. COLAD (z,y) DM (2, 7) EROL
BLEZWEWTZWI ENDRS. u=zr-Fo=y-FELT, (uv) EHTIMTHERER

TAZZUDEAMBERLBI0I0E, BELHECRLLABATREY X 2088V O, TNHEOMZ, EH6 6RO HER
ROAMLTETELZ0NZEL. OF o MFSRATESATVEIDRIDL) LRMBICILS. £z, O +0)5E + (b= aa)am0 (4.6.38)
2000 % 9 A, BBFHEAF—Ya >y (ISS) ~OWRMBEO-0, BENFRMELI-HIIBOY 7 +D de? dt
1 HMAHTE B SN, WP LMD, H-IIB 475 ETIEN 2, 1SS Wll~ 16.5 [t] & kxat OMTHL kiR,
A*hTwad, HIBR 1 FROEERIZS3[t) T, 2B - BRT7-A5-R 4 EORETHS. ) RSN (4.6.38) EMVT, FRLBL200EBLEY L.

bay+ e
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MTE RENTRE

7.1.56 Runge-Kutta i%
EDEMECHENECMRICTIHELLT, TR HLTIR
& Carl David Tolmé Runge-Kutta #2422 {#HLHNTWvS. RungeKutta i3, Euler o
Runge ENTIAF 77 Az RGCERL, PEIENACHLT, En60K
A Y (1856-192T7) Aok +g rji 5 ,:‘ FWATAFTTH 5.
& Martia Wilhelm 22 ML 280 Runge-Kutta (2, a5 (7.1.7) W
Kutta - - a ok 1o 23k .
» 7 ¥ (1867-1044) CEXL, M (za,t0) PERDHE 2,4y =2, + A2 128113 yoyy DM
CROLMNE,
|
Yol = Un + ;'kl + kz)
fefil k= Az f(xn, yn)
ks = &z f(z, + Ax, yu + k1)
EFYLHETHS. ky B 2, TOEAEMAT yusor DEME, &y 12
ki LB 208MAT, TN6OEMELIELL22TvE, =
DEXORHYLHNMER, O((Ax)") THH, 2KMEEVRD.
REMCR, 1 A7 2 7¢ERMKIaWML, E6LEERBTCD y, D
FRMELMETFHTHRTSIS L RTHE. —EMLZEAELT,
Runge-Kutes #12,

Unit = o + D biky (7.1.14)

L k=Axf (z,. + AT, Yo + \~u_',i;,)

\ L)
EWMLIENTED, ay, o IREERTHY, BBEMITINSE s L, &
NODEREE LTSI XTI L AR —LYFMISLD.
Runge-Kutta & LCHOND 4 XMED Runge-Kutta i1z, X024 s
(4 C0E)

23X 7.5 (Runge-Kutta & (4 XME))
RTHHUK (TL.T7) EMERE, M (za,p0) PEXRDH 20401
Zn+ Az KBS yoss PHERDINNE, KOOSR ETNT

&= =

T

1 N
Pl = Un + 6(”“ o+ 2k + 2ky 4 k)

ky = Q% f(Zn ) <coerrereriiiiai

L‘-;—A.r](z.\+ ‘.A—f_y,‘"l—'kx)
L‘g:.‘)!f(z..+ %4{,‘» '21‘k2)

ks = Ax f(xn + Ax,yn + k3)

'TRunge—Kuttaix,

'Mathematicai

7.1 roys L8N 201

(a) RO ky 2, WRIZ 2, TOMPM f(2.) EMVT 2.4, TOME
EMLECOTHS, (b) R, z. + ‘3’ O M THNM (a) DN

, . LA ky )
DEFI o 12k LEREIEE TORM S (20 + 55,y + = }

EHVT x, PHEOMMTLRMLLM () Rb (d) X6+ hEnm
OEMERYEL, AHORMA Kk, k¢ £ (7.015) DL I ERAD
ATMAZ EV) DN Runge-Kutta 2 CH 5. BB, O((Ax)*) @
F=F=Thh, BFELINDERIZLV, $2500RHEOT, 7

QL LTV,

MM 7.6 y(z) HT IR HUR

d
bl sinzx (7.1.16)
dx

CORET y0) =1 D6 22, Runge-Kutta EEMVTRII. BN L

A Erwin Fehlberg
] ’." - ~ » g
RLTHRER~<L, e B4 (IRACER)

CONRORELL 1969 §

=29 418 =
- Fehlberg # (5 X ® Runge-Kutta i)

Runge-Kutta EOME LSS 1 RETINE, K02 ILERELE SDOY Fehlberg ETH L. ¥
ht, BONNR(TLT) EMCERID, B (2, te) PEXONA 2 4y =2, + A2 128113 yous
DHREROLINNE, KOOSR

(' 16 k GOS0 28561 . 9
Yo = + I — e 4 -
Vndd S T 35 T 12825 0 56430 © %0

ky = Ax f(zn,yn)

S

Asf (2424 e )
- .r[(.x..o4 X, Yn + . 1)

{ 3 1 \
=0Axf ( Tn + ;A:_ VYo + };(Zlk; + ‘.lk,))

4 12
= A "+ Ar, yu +
zf (‘r T v

(1932k, — T200k; + T296k;) |

J

2197
( 439 36850 84S \
—‘_\x,’(x..f.lz.y-,° -k; — 8k3 + — '3 —ky |
\ 216 513 4104

o 1\ 8 ke + 2% .?-suk : m,'.nk nk )

— (’" Fen e R T s T e o
EIABTLROEE ki ks ke ks TR EXKDIHIZ 4 XMED Runge-Kutta L ERKTR2IOT
HNOMEF x 7 2 G YTENTAHL.

25 1408 2197 1 "
nd] = — ey + - — e 4 k kL (7.1.18)
Ynst =¥n ¥ o6 " T 2565 0 T 4104 ;
S~
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FERCRIDRESZX R

A24L 11
®  Legendre £ L & MHE W

PRCTETHNOBNO LI RR S R RN E WHMA (special function) &v+ 5, RRTHA
LT3 Legendre (£ % 7 FA) BN NAA Bessel (72 0) HUAR, SETLICRNETE

[ — —c W0, RENERVWTEELENASRELTREELTVS
l% Wﬁﬁhz Wi, Legendre M SHAONIE, TENZTONTRONRKIZBRTE. AHQ HF 125D

Ir DHRTUREKNCRERIAANYF—- (20 AP x W) ¥r)= kQ (k12
r
HEARRATH). R Q YEHELLABLTVWILMLETHS, | L, BME
X - b FAGLIEAY M
Hisaaki Shinkai ~ ( 2%4L 12 x EHhCo7% -2 ®, )
S | T Br2oRAL, RARCLY 120402 KEMTY, RALET( 20
\ - ER TR B 2 BOTAMELTLZRYY., SOLIGAGEIL(RATIANCSHERN
Laplace (272 1) NAX fion) £, BFYRERRI A aDEZLHIIEN p(z) THELTVWELE AR
y—R AT e NS,

&> &F &F
b o o v=0 (6.4.26)
(, ox*  By' 0P8 ] | oe) 4 o mea

i, S(DTFATERTIRGTUANTHI. ir - x|

(64.26) €ALFYMR ¢ CROMREV S, BY r|=r, | =2, S6Lr>=
WeNAMC LA PR, WZES (r,9,2) 206
(2§ AR) A% i} Uﬁ:;r.l‘,f} 'x:‘i!mi ¥LEOVENCIENS - 1
e, HMIcis, ~

Ordinar; rential Equations : 65 Bessel ORMSHWK 185
with Applications: A Structured Approach

iy vre + x?— Trz cosd

r=rsinfoosy, y=rainfsing, == recosd ' : Ky Bm+st,

renf® omy

RIZ, 2XE (x2,y) FHECERT 2N, B¥ e TOX
e wzyt)ZLT, ABYES ‘ THAGLND, (64.26) ERRBTRETSE,

E (%) Prlocss) (#)

|

}
'
»O

o R 1 8 [ ,09) 1 8 [ ) 1 &y L= i
oo~ (amtas)y o | o %) * o8 \"" ) * Ao

L \ ¢ (. / J . w J n (A0 - - 8 2 =
' 2 By B | rigingd 00 \ M) e’ 08y | EwvA2nd, (2435296 Legendre SMAEREALL) £V
CRESIND. FIBOFIALY, IRRNA z M2 L THKE Led. DR, MEOLD, K9 6,¢) P (3) DATHS.

HETHNL, ZEM (x,y) 29 6EER (r,0) CEBES

RLNVENTHE, NEOHIEIE, XRNEGATHLLHNE

r
ridr \

P(r.0,¢) = Rir) y.(0,9) = Ri(r) 8(6) ®(y) (6.4.28) AtT3E, KOS ENFDYIS,

DEACERIMTALEEELLY. SOLD, by L. 2612 R{r) =r" ) . g
z=roed, y=rsind . NEICERINTIIIREL x, g ,”(.'”;: ¥a(% .’:"(:l'l}illlmﬂln — & Rr)=r I, dolr) =k& L40, BLEACARBOL I LMOAMESLD,
EBCE, (6427) OB 10, S = (P25 )60 = SESROS LLIOT, (64.27) 1 e
(6.6.48) CHERMTRETSL, o o : B2, 6i(r) = hkip T LN, BHEFLOTAOEERF ERLTVS, =2
. $ar) —
a7 5 9 1 d/ 09\ 1 ¢ o J d
Py 18 u 1 &y sin® ¢ 1 " \ } . o i
2 inf— | +n{n+1)8 (6.4.29) / - A3 b (dipo 2
o @ {,m ("-,r ) v 5 ‘._“',,'} O |sinddd (" ) ,' ’ o dp? ploe)ed s (AMEF €~ 2 = b (dipole moment) EPFFINIRTHE.
2 9 9 e - 2142 - b (que e moment), £ = 3 I2ABERE~ X - b (octapol
L& N, MO0, R C bk, Hillit o 203, K20 FHORTHLNE, SOROWERM EBE, 11 ‘. b o® =0 Zi W‘?f A 2 ¢ (quadrupole moment ) \$ - ctapode
ay* . T XD
ult,r, @) = dt, r) = T(¢t) R(r) Fah, @) w &V ZEviL, ¥(p) = C)sinop + Cscoa Jop. REAORY Nid 6 ¢ DM Lrat BWisx=L
. ~ ‘01 ¢ . . s v A~OEWI2 HNRAT aitend, LENaT, o e L M
Tobh, 0 1LEFLT, ENIMTASNERL L. (66.40) 0602 Wit | 122« OMMN O(p) = Blp+2r) E621TLOT, TR VBN mESL(LZHNEZL G P pv~OEW, ATHRIIIIENSG L i et
LEdaT, 6(0) 20500, o OMBMIZMATHMIZ &y, 63, £, INBXOBRFEOMAFRLELI G,

1 &7 1 d / dR)
Sy =Ld (.'d’,‘ | -y - o RESENLS. &4
b d. Gl r 29, KR HUORTAENE =0 :v; »aal b nn(‘l ] + {ll‘:'l +1) - ““:,*O}H 0 (6.4.30) (=)
; ) RTBLMG, SOROMERMc LB E sinfdd \ 49,
LT @*T =0 Enit, cosl = pu = THIL, Legendre (&2 7 FA) OMIERES TN (6.4.23) TNLOHOTHS (&
de? Wik, ZOLBI, Legendre MRS HHCHIMRINL). O(0) 12, P=(w) 27212 Q" (0)
N, SOMFARTHLLOHME, c= —w? (w>0) TLHMILLEGY, Zak | TREIALYN, Q (u) 1, 0=0TARTREVWHPLFAR. LENST,
HHEVRT() =Cidnavt + Cromawt £ 235

Y., Rir) $RHSKUL,

» T,

>y

. a(0) ¥(p) = P.™ (cos8)e'™ = Y, ™(0,¢)

e 1 d D 2n + | HORERUMRANYEND,
R4 -—R+w'R=0 Laplace SHROME ¢(r,0,¢) = R(r)Y,™(6,4) EMWETNLL, Rir) DALTHEAL,

dr? r dv
- 14 re
SHUL, F=rw ENERERTL L, no=0® Bessel (<7 4+0) KUK (6,531) + 1z ,_»,‘{“ ~n(rn4+1)R=0

)8, TDLO, Bessel NUXYMBINL), LLEYT, MATHRELZEINE - - .
rd. SOBREMIL, o ket EL3OT, Laplace TRRO—RNE, RAr=0%RVT

FOLOVEE pZ L, MBRPLLT, G(t,p) =0 2L 2, Jolpw) B A
A, (n=1,2 )DEAIYHENIRIZZENE, Rir) = Jo(rAn/p) (n=1
S, LEN>T—8M2, C,..D, tRRELT

- "
wirbo)=% 5 (@™ + 0. r "1 Y. ™(0,9) (a0 : W)
. Lw Lo N

nebmw-n

- ~ 24 . A
ule,r) ‘\_‘ Jo(rwn ) (Cosinaw,t + D, 008 0wnt), wy = —
Al "

EROGNRL,. PORTYREENE SRR LNL:,
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21 MEEREAFESS 71
2.1.5 | #H1 F‘J WAL CHESS RO ORESEOMI-HIRECRE LTH
SO EFTHAVALTENTEENATLY, Fn68360
H-RIZLTEZ ), *H2BCRKEZLD)., R EFOXCERELZS Pr T y— 1
D. RO, g=1-pEth, Ax—ADRECEIORNIHFTL RDIMAE [ m@os

VWEIROH LY, RETIEEERTWALRA LW, HRAa2®
ITAHNEDS M.
L [ 29 [ AemEP(X=k) |ek® | ¥ L -

wirs

nBEn

MMEMS®
L —

Clp

FS(p

Pas (p,r
NB(r,p)

mRY s H(N.n,p) NpCa X ¥gCon-a

| wCa
|

AR b (B ATERRR /() . = [am ok | oE Fa%

nes Ula, b

T | — TRRRTEBHTE5L0
RERSSE Niw. o*) \ —eeep ERBNTEETES L0

xR ENSS N(0.1%)

#RSEROMER
MRLIE S

EOEOPT, RASERBIORENLLOELT,

(1] 2MA® B(n,p) “BWT, pdhE(, ntfkBnEdizid, #
B2 AL Poisson 58 PolA) 2, L22ZL, Amnp.
§ | 29538 Bin,p) BWT, nadK8vE AR, SHRERNEC

242008 > 3 EMTH N(np,npg) B, 2L, g=1-p.
AN n . 273 (n/2) o ' yis1 (3] FHOH - BRENTH L, BREERTHITRTVS,
o, ) 2 |1 ] . 82 EVAOARER, ERTI(E8TS.
AN n f/ 2.3)\ W, . - .
Fas
AhX (m, n)

KNTHENT L.




DIHD "HA R,

- 6.2 HMItROWE
Egl!’bﬁ 6.2.1 [#1 F|mtnkomng

[Level 1) .
A ZINBR, WO RUNEREDFRERAT L
Probability and Statistics FRD 1 20BKI2VWTHERZE ST YIRS E, 2
with Applications: A Structured Approach TRETIMENDE. REIMAL

140 MAeW BEDE-SEEWY e AFBD2oNEOMRERELDI., FNFLBRBREDT— ¥
[Lovel 1] 4.24 | H1 F| STRMHOMRY EMOT. PhOANRID .
ove ‘ . s M Ol
52 BN F=r e FIARLEY, RASFIDR, 20F—2d6 [FME o BEARLTLAPEE, MILFAPERLTVEY, §H0Y
(mulMtivariate analysis) TS5 I BOHET) ) ERESTEZELETHE o R (B & &Y DFEELD LRVREIZZ o 2O ) .
oTRENTVET— 26, [FM) ¢ EH] ey #HNTES
EBHELTSSENHENE, EETIRREANEN, wW{(20rORKEELN
HHERATLY, SZTREREELTES .

GEDHRTHE, [BFHE (Tv)] ZEEHIMBIILTRETS
x* WK (x7-test) HiEThS.
8 ws§a 8.1 CABE LY RN RNV EREELRELT X  REER
708N '"'rb "“:Slw . W, (9% - F AR L RERMMR LAV SRS E
RIF—FI220T, AN7— I HIROF 5, EVIENFDH L. rm.:‘u--.-.nu‘ . n¥NLIRE, FRELWS,

; , F 5 s §483 IS LEWTERATIMEES (R3]0 HA) HIZHBLT
SR (neminad snbs) W) HRRE| (M) CHNELLT— 2T [WE) BRI % ‘

whEo, i) TR e 2F.
MERX (ordisal scale) WY WUERM | THE) S22 [MRS) 2L Eiams

VoD, TN -XB) NR-26-30L) %2

BAON | BRLLVWHIHE F0R0OKIR L3R
[ %9 o B o 2B u
. - M o 2Rt t B
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Using the moon to find the density of the earth

a. Use your knowledge of circular motion and Newton's law of universal gravitation to find an equation expressing the mass of
the earth, M, in terms of the distance from the center of the earth to the moon, r, the period of the moon in its orbit, T, and
Newton's universal graviational constant, G = 2/3 x 10710 N-m?/kg?.

b. Using your result for part (a), and the fact that the volume of a sphere is (4/3)nR3, find an equation for the density of the
earth p (rho) in terms of G, T, r, and R = the radius of the earth.

c. Using your result for part (b), estimate the density of the earth. (The distance from the center of the earth to the moon is
about one-quarter of a million miles.) How does this compare to the density of water? a rock? a chunk of iron?

The fact that if you know G, that standard astronomical knowledge such as the distance to the moon and its period allows you
to measure the mass of the earth is why the experiment to measure G, done by Cavendish in 1789, is often referred to as
"weighing the earth."

The gravity of the situation —

Answer each of the items below by selecting the best possible choice to complete the sentence.
(A) The moon orbits the Earth in a nearly circular path and does not fall to the earth because

. It feels the Earth's gravitational pull.

. The net force on it is zero.

. It is beyond the pull of Earth’s gravity.

. It is being pulled by the Sun and planets as well as by the Earth.
. It is moving with an appropriate velocity.

. None of the above.

(B) A news station shows a video of an astronaut in a space station. She is demonstrating a tool that she used to make a
repair to the station during a spacewalk. When she releases the tool it floats in the air next to her. The reason it does this is:

. There is no gravity in the space station.

. The tool and the astronaut are both in free fall.

. The gravity of the astronaut cancels the gravity of the earth on the tool.
. The net force on the tool is zero.

. They are both moving at the same high velocity.

(C) In Star Wars 1V, Luke Skywalker is seen dropping an object on the planet Tatooine. If the video is analyzed to determine

the acceleration of the falling object, one discovers that g = 9.80 m/s?, the same as one would find on earth. However, the
radius of Tatooine is approximately twice that of the earth. A justification that Qratooine = Oearth IS

. The value of g is a constant in all situations.

. Tatooine has 2 suns and 3 moons.

. The mass of Tatooine is four times that of earth and cancels the effect of the larger radius.
4. Luke is using his Jedi powers to alter the value of g.

. The movie was outsourced and actually filmed in Bollywood (Mumbai, India).
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